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63100, Sanlurfa, Turkey Arabibarbus grypus (Heckel, 1843), a species endemic in river systems of Euphrates and Tigris, is
an economically important freshwater fish. In this study, the genetic diversity of Arabibarbus grypus
populations was determined basen on partial cytochrome b gene sequence of mtDNA. Totally 31
samples were collected from four localities and five polymorphic sites and five haplotypes were
identified by carrying out mtDNA analysis. Mean haplotype (Hd) and nucleotide diversity () were
calculated to be 0.348 and 0.00144 respectively. All values obtained following neutrality tests were
found to be negative and statistically insignificant. Median joining network revealed that haplotype
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Introduction

Euphrates and Tigris Rivers are from important natural
sources of fish diversity and fishing and also possess a con-
siderable potential for meeting the need of food. Developed
countries have started to conduct overall studies about spe-
cies particularly with economic importance following the
classification of fish in inland waters (Kaya, 2012). A
majority of fish species inhabiting in basin of Euphrates and
Tigris belongs to the family Cyprinidae. Because several
species of this family are consumed for food, they posses
economic importance (Parmaksiz et al., 2016). The fish
preferred most by local people thanks to its delicious meat
is Arabibarbus grypus (Shabbout). The fish distributed in
Iran, Turkey, Syria, and Iraqg is an endemic species thriving
in river systems of Euphrates and Tigris (Nikpei, 1996;
Abdoli, 2000; Khodadadi et al., 2016). Endemic fish species
of fish are important in terms of ecological aspects and as-
sumed as gene banks of an ecosystem (Khodadadi et al.,
2016).

Some studies conducted on this species include age, growth,
and reproductive traits (Oymak et al., 2008); heavy metal
concentration in tissues (Oymak et al., 2009); determination
of spermatological and hematologic characteristics (Dogu et
al., 2014); the relationships between sagittal otolith size and
length of the fish (Dusukcan et al., 2015); investigation for
concentration of mercury in edible muscle tissues (Asefi and
Zamani-Ahmadmahmoodi, 2015); the effects of probiotics
derived from Lactobacillus species on immunologic param-
eters of Shabbout (Mohammadian et al., 2016); sperm mor-
phology, motility and composition of seminal plasma pa-
rameters (Khodadadi et al., 2016); determination of genetic
diversity utilizing from gene sequences of mtDNA COI
(Parmaksiz et al., 2017).

Despite Oymak et al., (2009) stated in their study that Shab-
bout was abundant in the Euphrates, the number of individ-
uals has decreased recently due to overhunting. It is crucial
to know well about genetic diversity of this fish to ensure
continuity of stocks and to obtain high yield from these
stocks of the fish which is considered as an alternative to
carp or trout for inland water fish farming (Gokcinar, 2010).
There are several genetic markers based on DNA, however
mtDNA studies have been made popular by developments
of sequence analysis in recent years (Liu and Zhou, 2016).
MtDNA, as an important and common molecular marker,
has been used widey to estimate molecular variability and
population genetics of numerous organisms (Xu et al.,
2011). Different mtDNA gene sequences can be used to de-
termine the variation in fish (Saraswat et al., 2014). Diver-
sity in mtDNA cyt b gene is suitable for population genetic
studies in cyprinid fishes (Fayazi et al., 2006).

The aim of this research is to determine genetic diversity of
A. grypus populations in Euphrates and Tigris rivers via se-
guence analysis for mtDNA Cyt b fragment.

Materials and Methods

Collection of fish samples: A total of 31 individuals (15 from
Euphrates and 16 from Tigris River) were collected via fish-
ing method. 2 g of specimen was dissected from muscle tis-
sue on the base of pectoral or dorsal fins of fish samples,
held in refrigerator at 4°C inside micro centrifuge tubes with
1.5 mL volume, containing 95% ethanol until DNA isolation
process.

DNA isolation: Total DNA was isolated from muscular tis-
sue using GeneJET Genomic DNA Purification Kit
(Thermo Scientific). Total DNA was obtained by practiced
the protocol for the Kit. To control the existence of DNA, 2
ul was taken from DNA samples of each individual, placed
in to tank including 0.8% agarose gel, 0.5xTBE (Tris/Boric
acid/EDTA Buffer) solution with the addition of 2 ul of stain
(3x Loading dye) and SYBR Green, run in electrophoresis
at 120 Volts for 30 minutes, then viewed in device giving
off ultraviolet (UV) light (SmartView Pro Imager System,
Major Science).

Amplification of target mtDNA site via polymerase chain re-
action (PCR): Primers used for amplification of mtDNA
Cytochrome b gene in the study (Briolay et al., 1998) were
given below:

L15267: 5-AATGACTTGAAGAACCACCGT-3’
H15891: 5>-GTTTGATCCCGTTTCGTGTA-3’

The PCR amplification process was carried out in a BIO-
RAD T100™ Thermal Cycler under the following condi-
tions: 3 minute at 95°C for initial denaturation and 30 sec-
onds at 95°C for the second denaturation, 30 seconds at
58°C for annealing, 45 seconds at 72°C for extension, 35
cycles in total and a final extension at 72°C for 10 minutes.
The amounts of DNA, concentrations of chemicals, and an-
nealing temperatures of primes used in PCR amplification
reactions were optimized by gradient PCR device. PCR
mixture used in order to amplify this gene is as follows; a
total volume of 25 uL containing 0.5 mM of each primer,
0.2 mM of each dNTP, 1x PCR buffer, 2.5mM MgCl,, 1 unit
Taqg polymerase and approximately 60 ng of template DNA.

2% agarose gel was used to control final products of PCR
process. Agarose gel which was included SYBR Green was
run at 100 V electric current for 30 after placing in a tank
with 0.5x TBE solution and loading? pl of PCR product and
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2 pL of stain in to wells, then monitored under UV device.
(Figure 1).

Obtained PCR products were analyzed via 3500 XL Genetic
Analyser (Thermo Fisher Scientific) by a commercial com-
pany.

Analysis of mtDNA cyt b sequences: Raw data of mtDNA
sequences, which were delivered to us by commercial com-
pany, were evaluated and converted in to FASTA format by
using Chromas Pro v 2.0.1 (Technelysium Pty Ltd). Result-
ing sequences in FASTA format were aligned utilizing Bi-
oEdit software version 7.2.5 program.

The number of polymorphic sites and haplotypes, diversity
of haplotypes and nucleotides, Tajima D and Fu’s statistics
for the populations were identified by using DnaSP5.10.01
program (Rozas et al., 2003). The phylogenetic relationship
between haplotypes was identified via Network version 5.0
program.

500 bp

100 bp

Figure 1. Image of PCR Products (M: Marker; bp: base pairs)

Results and Discussion

Genetic variation: Approximately 600 bp fragment of
mtDNA Cytochrome b gene was sequenced from a total of
31 A. grypus samples in Euphrates and Tigris Rivers, 5 pol-
ymorphic sites and 5 haplotypes were identified. Nucleotide
variations of this region were shown in Table 1.

Haplotype diversity (Hd) and nucleotide diversity (n) for
each locality were given in Table 2.

In Table 2, H1 is the haplotype which has the highest fre-
quency commonly seen in all localities. Haplotype H2 was
observed only in Bozova locality, H3 in both Cermik and
Dicle locality, haplotypes H4 and H5 in Dicle locality only.
While Siverek locality had the lowest values in terms of both
haplotype and nucleotide diversity, other localities had sim-
ilar results. The locality with the highest nucleotide diversity
is Bozova.

Table 1. Haplotypes and nucleotide variations of mtDNA Cytochrome b gene

Haplotypes 291 340 417 453 471
H1 G T G Cc G
H2 A C A
H3 A C
H4 . . . T
H5 . . A

105
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Table 2. Genetic diversity of A.grypus localities based on mtDNA cytochrome b gene sequence and neutrality tests (N=
number of individuals, Nh: number of haplotypes, Hd: haplotype diversity, ©: nucleotide diversity)

River System Locality N Nh Haplotype Hd T

frequency

Euphrates River  Siverek 5 1 H1 (1.0000) 0.000 0.00000

Euphrates River Bozova 5 2 H1 (0.8000) 0.400 0.00194
H2 (0.2000)

Euphrates River  Cermik 5 2 H1 (0.8000) 0.400 0.00175
H3 (0.2000)

Tigris River Dicle 16 4 H1 (0.7500) 0.442 0.00135
H3 (0.1250)
H4 (0.0625)
H5 (0.0625)

In Table 2, H1 is the haplotype which has the highest fre-
guency commonly seen in all localities. Haplotype H2 was
observed only in Bozova locality, H3 in both Cermik and
Dicle locality, haplotypes H4 and H5 in Dicle locality only.
While Siverek locality had the lowest values in terms of both
haplotype and nucleotide diversity, other localities had sim-
ilar results. The locality with the highest nucleotide diversity
is Bozova.

In Median-Joining Network created for 31 A. grypus sam-
ples analyzed 5 haplotypes were identified in total, resulting
network includes existence of a central haplotype (H1) indi-
cating an evolutionary connection. It is also likely to say that
all other haplotypes are associated with haplotype H1 (Fig-
ure 2).

Neutrality tests: Neutrality tests (Tajima’s D and Fu’s Fs)
were applied separately for each river. Tajima’s D statistic
was -0.94808 for Euphrates river and -1.26856 for Tigris
river, -1.28294 in total, and found to be statistically insig-
nificant (p>0.05). Fu’ Fs values were determined as -0.006
for Euphrates river and -0.993 for Tigris river, -1.28294 in
total, and found to be statistically insignificant (p>0.05).

In the present study, genetic diversity of populations was
evaluated by conducting sequence analysis of approxi-
mately 600 bp of mtDNA cyt b. five polymorphic sites and
five haplotypes were identified for this gene analyzed. Con-
sidering the fact that haplotype H1 was the most prevalent
one with totally 25 individuals including 3 haplotypes (H1,
H2, H3) in the Euphrates, 4 (H1, H3, H4, H5) in the Tigris,
therefore it is possible to speculate that Haplotype H1 was
ancestral because it was common in all populations. Even
though haplotypes H1 and H3 were commonly seen in both
river systems, haplotype H2 was observed only in the Eu-
phrates, haplotypes H4 and H5 in only in individuals from
the Tigris. Mean haplotype diversity (Hd) and nucleotide
diversity (w) were calculated to be 0.442 and 0.00152 for
individuals from Tigris River; 0.257 and 0.00138 for indi-
viduals from Euphrates River, respectively. Both values of
Tigris River were higher. Therefore, it can be suggested to
collect samples from Tigris River for the studies on aqua-
culture of this species. Mean haplotype diversity (Hd) and
nucleotide diversity (m) were calculated to be 0.348 and
0.00144 for all of the individuals, respectively. Parmaksiz et
al., (2017) identified in their study on mtDNA COI gene of
A. grypus that haplotype diversity and nucleotide diversity
were 0.246 and 0.00045; respectively. The results in the
present study were higher. Haplotype diversity was 0.642
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and nucleotide diversity was 0.00138 in the study by Par-
maksiz and Eksi (2017) conducted for mtDNA COIl gene in
Capoetta trutta populations inhabiting in the same river
systems, while nucleotide diversity was similar compared to
the present survey, haplotype diversity was higher. Environ-
mental heterogeny and population size may support protec-
tion of high population diversity in populations (Nei, 1987;
Avise, 1998). Haplotype diversity of A. grypus species was
found to be lower because the number of individuals de-
creased thanks to overhunting.

This fish species is caught by fishermen and local people
because all of the localities where samples of our research

H 1

Original Article/Full Paper

were collected are near to residential areas. The fish caught
are both consumed by locals and sold to neighboring prov-
inces. Genetic diversity of A. grypus populations has been
decreasing due to overhunting.

Median joining network analysis revealed that haplotype H1
was at the center of network and dominant, also all other
haplotypes consisted of haplotype H1 indicating it was the
ancestral one.

Some haplotypes identified in the present study possess new
results for mtDNA cyt b gene, created an important data set
for genetic diversity of this species. (Table 3).

Figure 2. The model of A. grypus cyt b haplotypes

O
5

Table 3. Total cyt b haplotypes of A. grypus in the present study and GenBank

Haplotype GenBank Data

H1 This study and KF876028, KF876027, AF145945
H2 This study

H3 This study and KF876026

H4 This study

H5 This study
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Conclusions

This species is endemic and the most economically im-
portant species in the region. The population of this species
have been influenced by pollution, destruction of habitat and
especially over fishing exploitation. In this study, the samp-
ling localities were only four localities. Further study based
on microsatellite markers and mtDNA marker (D-loop) a
comprehensive sampling collection is needed to extend for
genetic diversity.
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ABSTRACT

The purpose of this study is to evaluate the effect of a dietary savory extract supplement on the survival
rate, growth performance, feed conversion ratio and economic efficiency of common carp (Cyprinus
carpio L.) reared in a recirculation system. Thirty-two carps were allotted into two experimental var-
iants, each of them comprising two replications with 8 fish in a group. The average initial live weight
of fish from both replications from the control group (CG) and experimental group (EG) was
866.56+113.99 g and 866.81+119.10 g, respectively (p>0.05). They were kept in concrete tanks with
efficient water volume of 0.8 m®, elements of the recirculation system. Carps were fed pelleted carp
feed with 25% crude protein, produced with pellet size of 6 mm. The feed of fish from the EG was
supplemented with 1% powdered savory extract, after lubricating the pellets with 5 ml sunflower oil
per 100 g feed. Control carp received the same amount of sunflower oil-lubricated feed. The daily
ration of fish from both replications was 1.8% of their live weight. The experiment duration was 45
days. Survival rates during the experiment showed 100% survival in carps, supplemented with 1%
savory extract as well as in control fish. The average individual weight gain of carps from the two
EG replications (supplemented with 1% savory extract) was 154.63+28.39 g, which was higher than
that of controls by 57.18% (Table 3), as the differences were statistically significant (p<0.001). At the
end of the trial, the analysis of consumed feed amount showed that feed conversion ratio in the group
supplemented with 1% savory extract was 2.25+0.43 e.g. by 67.11% lower than that of control group,
as the differences were statistically significant (p<0.001). The group that received 1% savory extract
exhibited better economic conversion ratio (1.98), by 42.42% lower than that of the non-supplemented

group.
Keywords: Common carp, Savory extract, Feed conversion ratio, Weight gain, Survival rate,
Economic efficiency
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Introduction

The monitoring of fish nutrition and the amount of uncon-
sumed feed help optimize feeding and economic manage-
ment of the farm, improve profitability and reduce the neg-
ative impact of fish production on the environment (At-
anasov et al., 1999). In recent years, the fish feed has in-
cluded a variety of nutritional supplements to improve its
quality. Furthermore, dietary additives should improve feed
utilization. Conducted experiments with various types of
feed supplements (Jayaprakash and Euphrasia, 1996; Polat
and Beklevik, 1999; Citarasu et al., 2003; El-Dakar et al.,
2007). One of the requirements of this approach is the use
of organic ingredients in the production of feed for various
species, including biologically based immune-stimulants,
which improve the health status and reduce the mortality of
cultivated hydrobiones (Raa 1996). They are a requirement
of organic agquaculture and are widely used in the feed in-
dustry (Galleoti, 1998; Best, 2002; Li and Gatlin, 2004;
Costa — Pierce, 2010). The use of plant extracts as supple-
ments in fish feed is harmless to fish and the environment
(Gabor et al., 2010; Gabor et al., 2011). At present, interest
in modern standards and requirements related to organic ag-
uaculture is increasing in the European Union, the US and
other countries (Staykov et al., 2005). The ultimate success
in aquaculture depends on thorough knowledge of biology,
controlling the production cycle and maintain a close link
between nutrition and health status (Wedemeyer 1997, Stay-
kov et al., 2005). Many authors have described the benefi-
cial effects of the use of food additives on the survival and
productivity of fish and treatment of various infectious dis-
eases and parasites in fish (Zhou and Li 2004; Culjak et al.
2006; Stratev et al., 2018). However, studies that have as-
sessed the effect of phytoadditives on growth indicators and
feed conversion parameters for different farmed fish species
are few.

The savory (Satureja hortensis) is a species of the Lami-
aceae family, grown in warm temperate regions of the north-
ern hemisphere, whose fresh and dried leaves are used as a
spice. They are known to have antimicrobial, antitumor, an-
timutagenic, antigenotoxic, analgesic, antispasmodic, anti-
inflammatory, angiogenic, antiparasitic, antiplatelet, and an-
tioxidant properties (Charles, 2012). The influence of sa-
vory (Satureja hortensis) on the gut micro flora, immune re-
sponse and blood biochemical parameters of juveniles carp
(Cyprinus carpio) is reported by Mousavi et al., (2016).

The purpose of this study is to evaluate the effect of a dietary
savory extract supplement on the survival rate, growth per-
formance, feed conversion ratio and economic efficiency of
common carp (Cyprinus carpio L.) reared in a recirculation
system.

Materials and Methods

Thirty-two common carps were allotted into two experi-
mental variants, each of them comprising two replications,
with 8 fish in a group. The average initial live weight of
carps from the control group (CG) and experimental group
(EG) was 866.56+113.99 g and 866.81+119.10 g, respec-
tively. Fish were kept in concrete tanks with efficient water
volume of 0.8 m® elements of the recirculation system.
They were fed pelleted carp feed with 25% crude protein,
produced by the Top mix company, with pellet size of 6 mm.
The feed of fish from the EG was supplemented with 1%
powdered savory extract after lubricating the pellets with 5
ml sunflower oil per 100 g feed. Control carps received the
same amount of sunflower oil-lubricated feed. The nutrient
content in the pelleted feed of both groups’ common carp
(Cyprinus carpio L.) is as follows presented:

» CG: Crude protein- 25%; Crude lipids -3.10 %; Crude
fiber -6 %; Crude ash - 8%; P- 1.04%; ME-
11.10MJ/kg; Vitamin A-4800 1U/kg; Vitamin D-900
1U/kg;

» EG: Crude protein- 25%; Crude lipids -3.10 %; Crude
fiber -6 %; Crude ash - 8%; P- 1.04%; Savory extract 1
%; ME- 11.10MJ/kg; Vitamin A-4800 1U/kg; Vitamin
D-900 1U/Kkg.

The daily ration of fish from both replications was 1.8% of
their live weight and they were fed three times per day. The
experiment duration was 45 days.

e The hydrochemical parameters in the recirculating sys-
tem of the common carp (Cyprinus carpio L.) were de-
termined using methods adapted for fish-farming and
MultiLine P4 as follows: Quantity of the dissolved ox-
ygen/mg.I""; pH; Electrical conductivity/ uS.cm™ and
BDS EN 27888; Quantity of nitrates, mg.I* — BDS
17.1.4.12:1979; Quantity of nitrites, mg.I* — BDS 1SO
26777:1997.

The above water parameters were daily measured.

e The economic efficiency analyses of the savory extract
supplementation in the diet of carp (Cyprinus carpio
L.), cultivated in recirculation system, data for feed
conversion ratio, weight gain and survival rate were
used. Comparisons of these traits were made between
the fish of the different experimental groups and the
costs for the pelleted feed were determined. The price
cost for 1 kg weight gain of the fish, cultivated in recir-
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culation systems was determined. The economic con-
version ratio (ECR) was calculated, using the following
equation (Piedecausa et al., 2007):

> ECR = Cost of Diet x Feed Conversion Ratio (FCR)

Statistical evaluation of the data was done by STATISTICA
6.0 software (StatSoft Inc., 2002).

Results and Discussion

During the trial period the hydrochemical parameters in the
recirculation system were maintained in the optimal limits
for common carp. Their values during the experiment are
presented in Table 1.

Original Article/Short Communaction

The water temperature for the two experimental groups was
24.00 +1.48°C. Dissolved oxygen content from both repli-
cations of control and experimental variants was 6.63 +0.32
mg.I" and 6.68 +0.36 mg.I?, respectively, but differences
were not significant (p>0.05). Water pH from both replica-
tions of CG and EG was 7.66 =0.24 and 7.64 +0.21, respec-
tively, as no significant differences between the replicates
were found (p>0.05). Electric conductivity of water during
the experiments was 675 +£25.00 uS.cm™.

The results of Table 2 shows fish production parameters in
both experimental groups and economic efficiency of com-
mon carp.

Table 1. Water parameters in the recirculation system during the experiment with common carp

CG EG Optimum values (Reg-
Parameter n = = .
X £SD X £SD ulation Ne 4/2000)
Temperature, °C 45 24.00 £1.48 24.00 +1.48 22.0-26.0
Dissolved oxygen, mg.I* | 45 6.63 +0.32 6.68 +0.36 >5
pH 45 7.66 £0.24 7.64 £0.21 6.5-8.5
Electric conductivity, | 45 | 675 425,00 675 +25.00 .
uS.cm

Table 2. Fish production parameters and economic efficiency of common carp, grown in recirculation system

CG EG
Parameter n
X+SD X+SD

Initial body weight, ¢ 16 866.56 +£113.99 866.81+119.10
Final body weight, g 16 964.94 +92.04 1021.44 +£118.28
Survival rate, % 16 100 100
Average individual weight gain, g 16 98.38 +25.63 154.63 +28.39™"
FCR 16 3.76 +1.39 2.25+0.43""
ECR 2.82 1.98

**% n<0.001
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The average initial live weight of carps from both replica-
tions of control and experimental variants was 866.56
+113.99 g and 866.81 +119.10 g, respectively, but differ-
ences were not statistically significant (p>0.05). By the end
of the experiment, there was a tendency to higher average
live weight of fish, fed with 1% savory extract supplemented
pellets — 1021.44 +118.28 g vs 964.94 +£92.04 g in control
fish (p>0.05).

Survival rates during the experiment showed 100% survival
in fish supplemented with 1% savory extract as well as in
control carps.

The average individual weight gain of fish from the two EG
replications (supplemented with 1% savory extract) was
154.63 £28.39 g which was higher than that of controls by
57.18% (Table 2), as the differences were statistically sig-
nificant (p<0.001).

At the end of the experiment, it was calculated that feed con-
version ratio in experimental carps, supplemented with 1%
savory extract, was 2.25 +0.43 on the average, e.g. by
67.11% lower than that of control group, as the differences
were statistically significant (p<0.001) (Table 2).

The better utilization of the pelleted feed supplemented with
1% savory extract had a beneficial effect on the growth per-
formance of experimental carps. In the beginning of the
trial, the body weight of all carps was similar were similar
866.56 +113.99 g and 866.81 +119.10g (p>0.05). At the
end, supplemented fish tended to have insignificantly higher
average live weight than controls whose live weight were by
5.86% lower (p>0.05) (Table 2 ). These results confirm
Mousavi et al. (2016), whose reported better indicators of
the gut microflora, immune response and blood biochemical
parameters by adding 1% savory powder to juveniles carp
feed. The results obtained in these studies are probably due
to improved metabolism of nutrients in fish that receive sa-
vory extract.

The chosen experimental period was comparatively short,
but some tendencies were established in current study. More
experiments with long trial period were needed in the future
to confirm the received results.

In the Table 2 are presented and the results of the economic
conversion ratio of the used pelleted feed. Its price was 750
BGN per ton, VAT excluded for CG. To this feed price, the
costs for the savory extract supplement should be added,
which made the pellets of the experimental group more ex-
pensive by 130 BGN per ton, VAT excluded.

Original Article/Short Communaction

The group that received 1% savory extract exhibited better
economic conversion ratio (1.98), by 42.42% lower than
that of the non-supplemented group.

Conclusion

The study showed that the savory extract might successfully
be used as a feed additive to the diet of common carp. Its
supplementation to the pellets influenced positively the
growth, did not have negative effect on the survival rate of
the fish, enhanced the weight gain, reduced the feed conver-
sion ratio, as well as the economic conversion ratio.
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ABSTRACT

Fillet yield, length-weight relationship and condition factor of four commercial fish species in-
cluding: Protopterus annectens, Labeo coubie, Auchenoglanis occidentalis and Mormyrus
rume from lower river Benue Makurdi Nigeria were determined. A total of 600 fish samples were
used, 50 individuals regarding each species for the period of three months. Fish samples were
collected and transported to the University of Agriculture Makurdi, Department of Fisheries and
Aguaculture laboratory where data were recorded on: The Total weight (TW), Total length (TL),
Standard length (ST), Visceral weight (VW), Head length (HL), Weight of bones (WB), Weight of
fins (WF) and Weight of fillet (WF) from the four fish species. Large differences in the fillet yield
were observed among the species studied. Labeo cuobie had the highest fillet percentage yield
(65.51 %) while Auchenoglanis occidentalis had the lowest fillet percentage yield (56.85 %). There
was a linear relationship between fish length and fillet, also, significant correlation was found be-
tween fillet yield and body measurements (weight and length).

Keywords: Filleting yield, Physical characteristics, Fish species, River Benue, Condition factor
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Introduction

Study of characteristics of fish quality requirement and as-
sessment indices are basic trade relations processes in de-
ciding prosperity of commercial fisheries products. There-
fore, study of fish products are deemed to be of paramount
importance (El Tay, 1994). Processors, nutritionists and
consumers, all have direct interest in the physical and chem-
ical composition of fish. This can be done through the stud-
ying of general condition of fishes via studying their body
weight, body length and filleting yield indices. This allows
some flexibility in assessing the actual amount of fish tissue
consumed and inedible parts discarded.

River Benue is the major tributary of the Niger River and
itis approximately 1400 km long and is almost entirely
navigable during the summer months. At this occasion,
it is an important transportation route in the regions
through which it flows.

It rises in the Adamawa Plateau of northern Cameroon, from
where it flows west, and through the town of Garoua
and Lagdo Reservoir, in to Nigeria south of the Mandara
mountains, and through Jimeta, Ibi and Makurdi before
meeting the Niger at Lokoja.

The river's largest tributary is the Mayo Kebbi, which con-
nects it with the Logone River (part of the Lake Chad sys-
tem) during floods. Other tributaries are Taraba River and
River Katsina Ala. The river overflows its banks during
the rainy season (May-October), but decreases drastically
in volume leaving tiny island in the middle of the river
during the dry season (November-April). The river
contains several species of fresh water fishes of different
families such as Protopteridae, Claroteidae, Mormyridae
and family Cyprinidae. Little work has been done in these
fish species concerning fish flesh quality, filleting yield and
body weight characteristics particularly in River Benue.
However, fragmented studies were done by a few research-
ers on these river namely Solomon and Akogu (2005),
Olufeagba and Okomoda (2015) and Solomon et al.,
(2015), these researchers worked on the aspect of morpho-
metric characteristics composition of some commercial fish
species of the River Benue. The species studied included,
Protopterus annectens, Labeo coubie, Auchenoglanis
occidentalis and Mormyrus rume. The results of body
weight composition and yield indices revealed clearly that
the percentage decreased in the order of fillet, head, skele-
ton, viscera and skin for the most of studied fish species.
Therefore, this study is designed to determine the fillet yield,
length-weight relationship and condition factor of four
commercial fish species from lower river Benue Makurdi
Nigeria.

Materials and Methods
Sampling Site

The fish samples were collected from River Benue at
Wadata Market, Makurdi the capital of Benue State, Nige-
ria, located at longitude 7° 43' N and latitude 8° 32'E.

Experimental Fish Species

A total of 600 individuls, belonging to four families, were
sampled for this study. These families include, Pro-
topteridae, Claroteidae, Cyprinidae and Mormyridae. The
studied fishes were represented by four species, namely,
Protopterus annectens annectens, Labeo coubie,
Auchenoglanis occidentalis and Mormyrus rume. Each
species were composed of 50 samples each for the period
of three months. The samples were collected fresh with cast
and set net by the fishermen at landings area. The fish with
crushed ice for preservation during assessment. The
whole fresh samples were taken to the Department of
Fisheries and Aquaculture laboratory Federal University of
Agriculture Makurdi where their total and standard
length were recorded (in cm) using measuring rule (ruler)
and total body weights were recorded in grams using an
electronic weighing balance. The fishes were then fil-
leted, eviscerated, beheaded using a sharp knife. The
weight of viscera, fillets, heads, and skeletons (frames)
were weighed separately using weighing balance. A
pooled mean of these weights were calculated and used
to estimate the percentage of each part of the dress out -
Fillets, head, gut and frame relative to the weight of whole
fish.

Data Collection

Data were collected on: the total weight (g), total Length
(cm), standard length (cm), visceral weight (g), head length
(cm), weight of bones (g), weight of fins (g) and weight of
fillet (g) from the four fish species.

Statistical Analysis

The data was analyzed using one way ANOVA statistical
methods according to social science software (SPSS, ver-
sion 17.0), followed by Duncan multiple range tests, and the
difference between species was investigated by Independent
sample T test Correlations between body size (weight and
length) and fillet weight and yield were analyzed by Pear-
son’s coefficient for linear regression (r). The differences
were considered significant at P<0.05. All data were ex-
pressed as mean £S.E.M
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Results and Discussion

Results from this study shows a significant variation in the
mean, carcass composition and filleting yield indices of fish
investigated. The fillet percentage was highest for the Labeo
coubie (65.51 %) and lowest for Auchenoglanis occiden-
talis. (56.85 %). The highest filleting yield of Labeo coubie
was due to small viscera (5.63 %) and skeleton (8.27 %)
while the lowest filleting yield of Auchenoglanis occiden-
talis sp. was due to its large head, which measured (25.87
%). These results were in agreement with Eyo (1991),
Abanu and lkeme (1988) and Ali et al., (1992). Aucheno-
glanis occidentalis possessed large head (25.87 %) which
had an adverse effect on the filleting yield of their bodies.
Also there were some attributes, which were responsible for
decreasing the filleting yield such as skeleton and fins in the
case of Auchenoglanis occidentalis, which recorded 8.89%,
for skeleton and 3.69% for fins. Labeo coubie had moderate
head and skeleton weights which resulted in the high fillet-
ing yield (65.51 %) among the studied fishes, although the
head of the Labeo coubie was large and long compared to
the rest of its components. This did not affect its filleting
yield which was (65.51 %) because it had lower skeleton
percentage (8.27 %).

Generally, the filleting yield of the studied fish species was
a reflection of their anatomy i.e. species with large heads
and skeleton relative to musculature give lower filleting
yield than those with smaller heads and skeletons (Eyo,
1991; Ali et al., 1992). On the other hand, Auchenoglanis
occidentalis had high inedible parts (head, skeleton and
fins). These inedible parts are often discarded except for a
few considerations where head, skeleton and gonads are
used as by-products and sometimes used as diet for low-in-
come people.

The edible parts (fillets) weight of studied fishes was very
low when compared with fishes such as carp (53 %) and
trout (70 %) (FAO, 1985). Since these inedible body com-
ponents (head, skeleton, skin and viscera) are usually dis-
carded except for a few considerations where heads and
skeletons are eaten, the purchaser may thus suffer economic
loss. Therefore, the use of such inedible parts for manufac-
ture of fish silage or fish meal in different fisheries sectors
is suggested. Length-weight relationships of fishes are often
used to study the indication of fatness, general well-being or
gonad development. It is also assumed that heavier fish of a
given length are in better condition. Venu and Kurup (2003)
noted that for an ideal fish, which maintain dimensional
equality, the isometric value of b would be 3. The correla-
tion coefficient was all positive and highly significant for A.
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occidentalis in River Benue which indicates that the length
increases with increase in weight of the fish. This is in agree-
ment with previous studies on different fish species from
various water bodies (Layeye, 2006), (Ayoade and Ikula,
2007). However, Shinkafi and Ipinjolu (2010) reported al-
lometric growth pattern for A. occidentalis in River Rima,
North-western Nigeria and consistent ‘b’ value for A. occi-
dentalis in this study. Ikongbeh et al., (2012a) reported al-
lometric growth pattern for B. docmac, from Lake Akata,
Benue State, Nigeria. Isometric growth pattern was also re-
ported for C. auratus. (Ikomi, and Odum, 1998). It was ob-
served in the present study, that mean condition factor for A.
occidentalis were less than ‘1’ which indicates that the con-
dition of the fish species can be improve, this implies that
increase in length brought about little proportional increase
in weight. Ikongbe et al., (2012b), reported similar observa-
tion in C. nigrodigitatus, and B. docmac from Lake Akata,
Benue State, Nigeria. Condition factor is not constant for a
species or population over a time interval and might be in-
fluenced by both biotic and abiotic factors such as feeding
regime and state of gonadal development. There are also
suggestions that fish condition can be influenced by certain
extrinsic factors such as changes in temperature and photo-
period (Youson, et al., 1998). It was observed that the yield
of fish was a reflection of its structural anatomy. Fish with
small heads and viscera regardless of the season of spawn-
ing as in the case of Labeo coubie and Mormyrus rume
produced a higher filleting yield than those with larger heads
and viscera as in the case of Auchenoglanis occidentalis and
Protopterus annectens. Auchenoglanis occidentalis had
the height mean value of condition factor 0.88 and R? value
was 0.56 which indicates a negative allometric growth with
the variation in the body weight correlating with changes in
the length.

The length weight relationship of Protopterus annectens
were as shown in figure 5, 6, 7 and 8 showed that the four
fish species under this study exhibited negative allometric
growth. This indicated that growth in length increase as
weight increases and also the rate of increase in body length
was not proportional to the increase in body weight. This
result is different from the one obtained by Oniye et al.,
(2006) when he obtained the b-value for male and female P.
annectens in Jachi dam, Nigeria to be 3.12 and 3.22 respec-
tively. This could be due to the condition of the fish caught
during different season, location, sex, sample site and nature
of the water body. The regression coefficient of 0.83 com-
pares favourably with the 0.86 and 0.84 obtained by Oniye
et al., (2006) for Murmyrus rume. Fafioye and Oluajo
(2005) also obtained a condition factor of 1.00 for some
other fish species from Epe Lagoon.
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Conclusion

In conclusion, there was a higher correlation coefficient
value in the length-weight relationship for all the fish spe-
cies in this study. Also, yield of fish was a reflection of its
structural anatomy. Fish with small heads and visceral re-
gardless of the season of spawning as in the case of Labeo
coubie and Mormyrus rume produced a higher filleting

Original Article/Full Paper

yield than those with larger heads and viscera as in the case
of Auchenoglanis occidentalis and Protopterus annect-
ens. Auchenoglanis occidentalis had the highest mean value
of condition factor 0.88 and R? value was 0.56 which indi-
cates a negative allometric growth with the variation in the
body weight correlating with changes in the length.

Table 1. Mean Percentage Carcass Composition and Fillet Yield of Four Fish Species from Lower Rive Benue.

Body Characteristics  Protopterus Auchenoglanis Labeo coubie Mormyrus rume P-Value
annectens occidentalis
Total Weight (g) 27031 £14.81° 211.34 +12.85° 158.04 +10.00° 169.18 +11.81° 0.00
Total Length (cm) 42.85 +1.24° 29.87 +0.852 28.97 +0.75% 30.03 £1.05° 0.00
Standard Length(cm) ~ 37.95 +1.15° 24.58 +£0.70° 23.84 +0.65° 24.82 +0.78% 0.00
% Visceral Weight(g) ~ 13.57£0.39°  6.41 +0.34° 5.63 £0.23% 5.24 +0.14° 0.00
% Weight of Head (g)  13.25+0.25%  25.87 +£0.64° 15.54 +0.44° 16.60 £0.37° 0.00
% Weight of Fin (g) 1.24 £0.10° 3.69 £0.15° 2.40 £0.09" 2.26+0.11° 0.00
% Weight of Bone (g)  9.79 +0.34¢ 8.89 +0.21° 8.27 +0.26° 7.22 +0.15° 0.00
% Fillet Yield 60.29 +0.61° 56.85 £0.69? 65.51 £0.60° 65.40 +0.46° 0.00

*Mean in the same row with different superscripts differ significantly (P<0.05)

(a, ab, b, and ¢ denote the levels of significant different)

Table 2. Body Characteristics of Selected Four Fish Species from Lower River Benue

Body Characteristics Protopterus Auchenoglanis Labeo coubie Mormyrus rume  P-Value
annectens occidentalis
Total Weight 270.31 +14.81° 211.34 +12.85° 158.04 +10.00? 169.18 +11.812 0.00
Total Length 42.85 +1.24° 29.87 +0.852 28.97 +£0.75% 30.03+1.052 0.00
Standard Length 37.95 +1.15° 24.58 +0.70? 23.84 +0.65° 24.82 +0.78% 0.00
Visceral Weight 33.42 +1.54° 12.29 +0.89" 9.66 +0.86® 8.38 +0.58? 0.00
Head Length 6.23 +£0.24° 6.36 +0.23° 5.72 +£0.20° 4.73 £0.28° 0.00
Weight of Head 37.90 +2.65° 55.07 £3.73¢ 2291 +1.26° 25.95 +1.63? 0.00
Weight of Fins 3.54 +0.34° 7.28 +0.48" 3.56 £0.23? 3.84 +0.32° 0.00
Weight of Bone 28.70 +2.42¢ 18.21 +1.13° 12.70 +0.822 13.51 +1.052 0.00
Fillet Weight 161.84 +8.91° 119.81 +7.97° 107.93 +7.03? 114.57 +8.44° 0.00
Condition Factor 0.47 +0.04% 0.88 +0.06° 0.73 +0.05" 0.63 +0.04° 0.00
Fillet Yield 60.29 +0.61° 56.85 +0.69° 65.51 +0.60° 65.40 £0.46° 0.00

*Mean in the same row with different superscripts differ significantly (P<0.05)
(a, ab, b, and ¢ denote the levels of significant different)
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Table 3. Correlation of the Body Characteristics of Protopterus annectens in Lower River Benue Makurdi.
T™W TL SL VW HL HW WF wWB WFL K

T™W

TL 0.603*

SL 0.649* 0.956*

VW 0.862* 0.643* 0.672*

HL  0.713* 0.800* 0.835* 0.752*

HW  0.935* 0.469* 0.511* 0.755* 0.600*

WF  0.636* 0.316* 0.279* 0.502* 0.383* 0.668*

WB  0.853* 0.355* 0.395* 0.673* 0.488*  0.950* 0.602*

WFL 0.973* 0.614* 0.661* 0.840* 0.712* 0.862* 0.600* 0.742*

K -0.160 -0.636* -0.618* -0.233* -0.430* -0.123 -0.062 -0.065 -0.143
FY -0.020 -0.032 -0.014 -0.049 -0.065 -0.161* --0.043 -0.282* 0.175* 0.217*

*Correlation significant at P<0.05

KEY: TW= Total Weight, TL=Total Length, SL=Standard Length, VW=Visceral Weight, HL= Head Length, HW=Weight of Head (g),
WF=Weight of Fins, WB=Weight of Bones, K Condition Factor, WFL=Fillet Weight.

Table 4. Correlation of the Body Characteristics of Mormyrus in River Benue Nigeria.

T™W TL SL VW HL HW WF WB WFL K
T™W
TL 0.929*
SL 0.888* 0.976*

VW 0.925* 0.877* 0.850*

HL 0.876*  0.829* 0.772* 0.821*

HW 0.955*  0.906* 0.878* 0.900* 0.812*

WF 0.835*  0.700* 0.676* 0.731* 0.688*  0.790*

wWB 0.973*  0.909* 0.863* 0.912* 0.890* 0.904*  0.753*

WFL 0.977* 0.919* 0.877* 0.911* 0.885*  0.932*  0.837* 0.976*

K -0.237* -0.448* -0.451* -0.247* -0.309* -0.210* 0.012  -0.247* -0.239*

FY 0.487*  0.442* 0.452*  0.373* 0.456*  0.296*  0.441* 0.506*  0.542* -0.138

*Correlation significant at P<0.05
KEY: TW= Total Weight, TL=Total Length, SL= Standard Length, VW=Visceral Weight, HL= Head Length, WH=Weight of Head,
WF=Weight of Fins, WB=Weight of Bones, K Condition Factor, WFL=Fillet Weight.
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Table 5. Pearson Correlation of the Body Characteristics of Auchenoglanis occidentalis in River Benue Nigeria
T™W TL SL VW HL HW WF WB WFL K

T™W
TL 0.769*

SL 0.729*  0.957*
VW 0.812*  0.654* 0.636*

HL 0.622*  0.666* 0.610*  0.439*

HW 0.903* 0.586* 0.567* 0.710*  0.507*

WF 0.794*  0.565* 0.536* 0.766*  0.442*  0.726*

wB 0.939* 0.723* 0.696* 0.763* 0.612* 0.820*  0.760*

WFL 0.929* 0.757* 0.712* 0.723*  0.590* 0.766*  0.689* 0.876*

K -0.065  -0.509* -0.526* -0.102 -0.249*  0.030 0.002  -0.056 -0.103

FY -0.062  0.122 0.134 -0.148 -0.033  -0.326* -0.139 -0.059 0.121 -0.271

*Correlation significant at P<0.05

KEY: TW= Total Weight, TL=Total Length, SL=Standard Length, VW=Visceral Weight , HL= Head Length, WH=Weight of Head, WF=Weight of
Fins, WB=Weight of Bones, K Condition Factor, WFL=Fillet Weight

Table 6. Pearson Correlation of the Body Characteristics of Labeo coubie in River Benue Nigeria
T™W TL SL VW HL HW WF WB WFL K

T™W

TL 0.692*

SL 0.674* 0.973*

VW 0.898*  0.495*  0.459*

HL 0.622* 0.906*  0.907*  0.379*

HW 0.959* 0.706*  0.681* 0.912*  0.646*

WF 0.904* 0.584*  0.546* 0.856*  0.520*  0.894*

wWB 0.962* 0.681*  0.652* 0.899* 0.616* 0.952*  0.880*

WFL 0.985* 0.719*  0.714* 0.861* 0.668* 0.937*  0.881* 0.940*

K 0.047 -0.439*  -0.423* 0.092 -0.328* -0.019 0.080 -0.019 0.031
FY 0.294* 0.343*  0.399* 0.044 0.386*  0.159 0.136  0.133 0.394*  0.188*

*Correlation significant at P<0.05

KEY: TW= Total Weight, TL=Total Length, SL=Standard Length, VW=Visceral Weight , HL= Head Length, WH=Weight of Head, WF=Weight of
Fins, WB=Weight of Bones, K Condition Factor, WFL=Fillet Weight
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Figure 1. Body Weight and Fillet Yield Relationship of Auchenoglanis occidentalis from River Benue
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Figure 2. Body Weight and Fillet Yield Relationship of Mormyrus rume from River Benue
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Figure 3. Body Weight and Fillet Yield Relationship of Labeo coubie from River Benue
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Figure 4. Body Weight and Fillet Yield Relationship of Proptopterus annectens from River Benue
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Figure 5. Length-Weight Relationship of Auchenoglanis occidentalis from Lower River Benue
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Figure 6. Length-Weight Relationship of Mormyrus rume from Lower River Benue
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Figure 7. Length-Weight Relationship of Labeo coubie from Lower River
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oz

Yiiksek nehir desarjina sahip yar1 kapali bir deniz olan Karadeniz’de, ¢6pler 6nemli bir ¢evresel prob-
lemdir. Plastik ¢opler diinya genelinde oldugu gibi Karadeniz’de de deniz ¢oplerinin en yaygin olanidir.
Giineydogu Karadeniz’de Rize ili Saraykoy plajinda plastik ¢opler Haziran 2016-Mart 2017 tarihleri
arasinda izlenmistir. Plaj ¢opleri mevsimsel olarak OSPAR plaj izleme metodolojisi takip edilerek 100
m’lik plaj kesitinde toplanmis ve tiplerine ayrilmislardir. Calisma siiresince, 43 farkli tip plastik ¢op be-
lirlenmistir. OSPAR ¢6p fotograf kilavuzunda kaydi olmayan 1 yeni plastik ¢op tipi (borular) listeye ilave
edilmistir. Plajda en yiiksek yaz ve en diisiik ilkbaharda olmak iizere ortalama 1.90 +1.49 adet/m? ve
14.85 +£12.83 g/m? plastik ¢op bulunmugtur. Calisma siiresince kpiik siingerler ve plastik/polistiren par-
calar (2.5-50 cm) en sik rastlanilan ¢op tipi olarak bulunmustur. Plajda plastik ¢opler kullanim alanlarina
gore degerlendirildiginde, yiyecek, igecek ve genel paketleme ilk ii¢ sirada yer almistir. Plajda bulunan
kiigiik plastik parcalar riizgarlarla kolaylikla denize taginabilirlikleri ve yakin gelecekte mikro- ve nano-
plastikleri olusturacak olmalart g6z 6niinde bulunduruldugunda, Karadeniz ekosistemi i¢in bilyiik tehdit
olusturduklarn diigiiniilmektedir.

Anahtar Kelimeler: Plastik, Kopiik Siinger, Kirlilik, Karadeniz

ABSTRACT

PLASTIC POLLUTION ON RIZE SARAYKOY BEACH IN THE SOUTHEASTERN BLACK
SEA

Marine litter is an important environmental problem in the Black Sea which is a semi-enclosed with high
river discharge. Plastics are the most common marine litter in the Black Sea as it’s in the other regions in
the world. Plastic litter were monitored in the Saraykoy beach of Rize in the South-Eastern Black Sea
between June 2016 and March 2017. The beach litter collected seasonally following OSPAR beach mon-
itoring methodology and collected in 100 m beach section and separated into types. During the study, 43
different types of plastic litter were identified. A new plastic litter type (pipes) was added to OSPAR litter
photo guide. In the beach, average 1.90 £1.49 pieces/m? and 14.85 +12.83 g/m? plastic litter were found
with the highest in summer and the lowest in spring. During the study, foam sponges and plastic/polysty-
rene pieces (2.5-50 cm) were the most common type of litter. According to usage, food related, beverages
and general packaging comprised top three in the beach. Our results suggest that small plastic pieces
might easily transport to the sea by wind and break down to micro- and nanoplastics which would be
harm to Black Sea ecosystem.

Keywords: Plastic, foam sponge, pollution, Black Sea
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Giris

Deniz ¢opleri, nehirlerle, kanalizasyon veya drenaj sistem-
leri yoluyla, erozyon, riizgar gibi dogal yollarla denize ve
kiyisal ortama tasinan iretilmig/islenmis kalict madde
olarak tanimlanmaktadir (UNEP, 2005; Galgani vd., 2010).
Deniz ¢opleri, okyanuslarda, denizlerde, nehir agizlarinda
ve kiyt seritleri boyunca yaygin bir problemdir (OSPAR,
2007). Deniz cevresinde her gecen giin artarak biriken
¢opler, okyanus ve denizlerdeki yasami tehdit etmektedir
(Derraik, 2002). Plastikler, diinya genelinde kiy1 ve deni-
zlerde ¢oplerin biiyiik bir kismini olusturmaktadir (Galgani
vd., 2010). Plastikler diisik yogunlugu, hafif olusu, da-
yanikliligi, kolay islenebilirligi ve diisiik maliyetli olmas1
dolayist ile 20. ylizyilda giinliik yasamin her alaninda
kullanilmaya baglanmistir (Derraik, 2002). 1950’lerden bu
yana plastik iiretimi y1llik ~ %8.6 oraninda artarak, yaklasik
330 milyon ton/yil diizeyine ulagmustir (PlasticsEurope,
2017). Yapilan hesaplamalara gore yillik plastik iiretiminin
%10’u denizlerde sonlanarak, deniz ¢Oplerinin %80’inini,
plaj ¢Oplerinin ise %50-80’ini olusturmaktadir (Derraik,
2002; OSPAR, 2007). Kiyt ve denizlerde akiimiile olan
plastikler, besin zannedilerek tiiketilmekte ve canlilarda sin-
dirim, bosaltim, iireme problemlerine, dolanma yoluyla
yasamsal fonksiyonlarini kisitlamaya hatta sonlandirmaya
varacak bir dizi olumsuz etkiye sahiptir (Laist, 1997; Der-
raik 2002; Kiihn, vd., 2015). Su ana kadar yapilan ¢aligsma-
larda yaklasik 267 denizel tiiriin etkilendigi rapor edilmistir
(Laist, 1997; Derraik, 2002). Ayrica plastikler canli yasami
i¢in substrat olusturarak (Chapman ve Clynick 2006), pato-
jen/istilac tiirleri akintilar ve riizgarlar yolu ile ait olma-
diklar1 bolgelere tasiyarak, biyocesitliligi de etkileye-
bilmektedirler (Kiessling vd., 2015). Bentik bolgede
akiimiile olan plastik ¢Opler yapay resif gibi davranabilseler
de bircok canli i¢in habitat kaybina neden olmaktadirlar
(Laist, 1997; Derraik, 2002). Plastik ¢opler ayrica kiyisal
bolgede estetik olarak istenmeyen goriintiillere sebebiyet
vererek turizmi olumsuz etkilemekte, hatta yaralanmalara
neden olarak insan sagligimi da tehdit etmektedir (UNEP
2011; Galloway, 2015).

Karadeniz yiiksek nehir desarji ile karakterize olan yar ka-
pal1 bir denizdir ve 21 iilkeden ~170 milyonun iizerinde in-
sanin drenaj alanini olusturmaktadir (BSC, 2007). Yerlesim
merkezlerinin kiyisal bolgeye yogunlastigi Karadeniz,
yogun bir balikeilik alani ve 6nemli bir nakliye giizergahidir
(BSC, 2007). Tiim bu &zelliklerinden dolay kirlilige kars1
savunmasizdir ve deniz ¢dpleri en bilyiik ¢evresel problem-
lerden biri haline gelmistir (BSC, 2007). Karadeniz’in Ti-
rkiye kiyilarinda yapilan ¢alismalarda, deniz dibinde (Topgu
ve Oztiirk, 2010) ve plajlarda (Giineroglu, 2010; Topcu vd.

2013; Visne ve Bat, 2016; Terzi ve Seyhan, 2017; Sime-
onova vd., 2017) yiiksek miktarda ¢6p rapor edilmis ve plas-
tiklerin en yiiksek orana sahip ¢op tipi oldugunu bild-
irilmigtir. Tiim Karadeniz’i saat yOniiniin tersine donen
kivrimli sirt akintisi (Oguz vd.,1993) plastikleri kaynagin-
dan c¢ok uzak noktalara tastyarak, kirliligin smir 6tesi bir
problem olmasina neden olabilmektedir (Topgu ve Oztiirk,
2010; Aytan vd., 2016).

Plastiklerin artan kiiresel bir sorun olmasi dolayisi ile
gelecekte miktarin azaltilmasi ve gerekli tedbirlerin alina-
bilmesi i¢in, mevcut durumunun, olasi kaynaklarinin ve
tasinim yollariin belirlenmesi 6nem arz etmektedir. Bu
calisma ile, Rize ilinde segilen Saraykdy plajinda mevsimsel
olarak plastiklerin, tipleri, sayica ve agirlikca miktarlari,
olas1 kaynaklar1 ve taginim yollar1 arastirtlmistir.

Materyal ve Metot
Calisma Alam

Dik yamagli daglarin kiyiya paralel uzandigi Giineydogu
Karadeniz, dar bir kiyisal serit ile karakterize olmaktadir.
Sehirlerin biiyiitiilmesi ve yol yapimi gibi amaglarla sahilin
doldurulmasindan dolay1 dogal plajlarin cogu yok olmustur.
Halkin kullanimina agik, ulagilabilir, sinirh sayida plaj
bulunmaktadir. Saraykdy plaji, Rize ilinin batisinda (13
km), Iyidere Ilgesinin dogusunda (2 km) ve en yakin akarsu
olan Ikizdere ¢ayinin dogusunda (5,8 km) yer alan ve kuzey-
bat1 yoniinde bakan bir plajdir. 330 m uzunlugunda ve yak-
lasik 20 m genisligindeki plaj, ortalama egime (egim %20-
30) sahiptir ve irili ufakli taglardan olusmaktadir. Plajin her
iki yaninda biiyiik kayalardan olusan dalgakiranlar mevcut-
tur. Plaj yalnizca Haziran ayimin ikinci yarisi ile Eyliil ayinin
ikinci yaris1 arasi (flk-, ortadgretim yaz tatili periyodu),
giinesli giinlerde halk tarafindan ylizme/glineslenme amagli
kullanilmaktadir. Bu dénemde plajda iki kiiciik 6l¢ekte kafe
isletilmektedir. Plaj etrafinda yer alan evlerin biiyiik kismi
eski ve terkedilmis olup, geri kalan evler yazlikgilar tarafin-
dan kullanilmaktadir. Bu donemler disinda plaj nadir olarak
amator balikeilar tarafindan ziyaret edilmektedir.

Saha ve Laboratuvar Calismalar:

Plaj 6rneklemeleri 12 Haziran 2016, 2 Ekim 2016, 26 Aralik
2016 ve 19 Mart 2017 tarihlerinde gergeklestirilmistir.
Orneklemeler, OSPAR (Kuzey-Dogu Atlantik Deniz
Cevresinin Korunmasi S6zlegmesi) plaj arastirmalari proto-
kolii takip edilerek 100 m plaj kesitinde (denizden 20 m,
kiyiya paralel 100 m) gerceklestirilmistir (OSPAR, 2007)
(Sekil 1). Copler bes kisi tarafindan, kiy1 ¢izgisinden kenar
cizgisine kadar, esit araliklarda hatlara boliinerek taranmig
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kiigiik, biiyiik ayirt etmeksizin tiim ¢opler toplanmustir. Top-
lama isleminin ardindan ¢alisma alaninda ¢opler OSPAR
tarafindan olusturulan metodolojiye gére ana kategorilere
ayrilarak siniflandirilmigtir. Ayrilan plastik ¢opler laboratu-
var ortamima getirilerek, OSPAR (2010) fotograf

kilavuzundaki kategorilere gore ayrildiktan sonra sayim,
tartilma islemi yapilarak fotograflanmistir. Her bir plastik
¢Op tipinin sayisi ve agirliklar kaydedilmistir. Plastik ¢op
bollugu, sayica adet/m? ve agirlikga g/m? olarak ifade
edilmistir. Plastik ¢dplerin tahmini kullanim alanlarinin be-
lirlenmesi amaci ile ¢opler genel paketleme, yiyecek,

RS i ) o :

Eskisetir = Google'

Sekil 1. Calisma a
Figure 1. Study area (a) and general view of Saraykoy beach (b).

lani

Bulgular ve Tartisma

Saraykoy plajindan Haziran 2016 ile Mart 2017 tarihleri
arasinda toplam 15193 adet/100 m (ortalama 3798 +2546)
ve 118.7 kg/100m (ortalama 29.6 £19.45) agirliginda plastik
toplanmistir. Caligmada yil genelinde, plastik yogunlugu
(ort + std) 1.90 +£1.49 adet/m? ve 14.85 +£12.83 g/m? olarak
hesaplanmistir. Topcu vd. (2013)’nin Bati Karadeniz’de
yaptig1 calismada, 0.88 £0.95 adet/m? plaj ¢opiiniin %91’ini
plastiklerin olusturdugunu rapor etmistir. Giiney Karadeniz
Sinop Sarikum Lagiinii kiyisinda gerceklestirilen calismada
plaj ¢6p yogunlugunun 1.033-2.352 adet/m? oldugu ve plas-
tik ¢oplerin toplam ¢opilin %95.6’sim olusturdugu rapor
edilmistir (Visne ve Bat, 2016). Yakin zamanda Terzi ve
Seyhan (2017) Tiirkiye’nin Dogu Karadeniz sahillerini
kapsayan ¢alismalarinda 0.16 £0.02 adet/m? plaj ¢opiiniin %
61.6’sim1 plastik ¢opler olusturmustur. Simeonova vd.
(2017)’de = Karadeniz’in  Bulgaristan  kiyilarindaki
caligmasinda 0.0587 +0.005 adet/m? olan plaj ¢dpiiniin %
84.3’linli plastik ¢Op olarak rapor edilmistir. Karadeniz
plajlarinda bulunan ortalama ¢6p yogunlugu bdlgesel

a) ve Saaykéy plajinin genel goriintii
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icecek, insaat, sigara ile ilgili, balik¢ilik, giyim ve
tanimlanamayan kategorilerine de ayrilmistir. Toplanan
plastik ¢oplerin arasinda yabanci kdkenli ¢opler sayilmis ve
hangi iilke kokenli olduklar kaydedilmistir.

Plaj ¢opii dagiliminda mevsimsel farkliliklar olup olmadig
one-way ANOVA ile test edilmistir. Istatistiksel analizlere
baslamadan once verilere logaritmik doniisiim yapilarak
normal da gilim gosterip gostermedikleri test edilmistir.

sii (b).

farkliliklar gosterse de plastik baskinligr tiim ¢aligsmalarda
ortak sonug oldugu goriilmektedir.

Yapilan c¢alisma sonucunda, OSPAR ¢6p fotograf
kilavuzuna gore 43 farkli tip plastik ¢op belirlenmistir.
OSPAR ¢op fotograf kilavuzunda kaydi olmayan 1 yeni ¢op
tipi (borular) listeye ilave edilmistir (Tablo 1). Plastik
¢oplerin mevsimsel 6lgekte 100 m’lik plaj kesitinde yogun-
luklar1 incelendiginde; en bol 7591 adet (% 50) ile yaz
mevsiminde oldugu gozlenmistir. Onu takip eden mevsim-
ler, kis 2934 adet (% 19), sonbahar 2444 adet (%16) ve en
son ilkbahar 2224 adet (% 15) olmak iizere mevsimsel
olarak baskin oldugunu kaydedilmistir (Sekil 2a). Plastik
copler agirlik bakimindan mevsimsel agidan incelendiginde,
yaz mevsimi ilk siray1 alirken (% 49), kis (%20.2), ilkbahar
(% 19.6) ve sonbahar mevsimi (%]11) tarafindan takip
etmistir (Sekil 2b). Plastik yogunlugu mevsimler arasinda
istatistiksel anlamda farklilik go6stermistir (one-way
ANOVA, p<0.05). Yaz mevsiminde plastik yogunlugu istat-
istiksel olarak onemli derece yliksek bulunmustur (t-test,
p<0.05).
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Sekil 2. Saraykoy plajinda plastik ¢oplerin sayica (a) (adet/100 m) ve agirlik¢a (b) (g/100 m) mevsimsel dagilima.

Figure 2. Seasonal distribution of plastic litter in terms of number (a) (humber/100 m) and weight (b) (g/100m) on Saraykoy Beach.

En sik rastlanan ilk 15 plastik ¢op listesi incelendiginde
(Sekil 3), yaz mevsiminde 100 m’lik plaj kesitinde ilk siray1
cips/tatli ve lolipop paketleri 1159 adet (%15) ile alirken,
plastik/polistiren pargalar (2.5-50 cm) 1023 adet (%13.5) ile
ve kopiik stinger 1015 adet (% 13.4) ile ilk ii¢ sirada yer
almigtir. Plastik ¢Oplerinin yaz mevsiminden sonra en bol
bulundugu kis mevsiminde, kopiik stinger 609 adet (% 21)
ile, plastik/polistiren pargalar (2.5-50 cm) 525 adet (% 19)
ile ve yiyecek kaplar 340 adet (% 12) ile; sonbahar
mevsiminde, cips/tath ve lolipop paketleri 413 adet (% 17)
ile, kopiik siinger 401 adet (% 16) ve plastik/polistiren par-
calar (2.5-50 cm) 299 adet (% 12) ile; ilkbahar mevsiminde
ise kopiik siinger 833 adet (% 17) ile, plastik/polistiren par-
calar (2.5-50 cm) 322 adet (% 14) ve yiyecek kaplar: 227
adet (% 10) ile ilk iice yerlesmistir (Sekil 3). Yapilan
calismalarda, Simeonova vd. (2017) Bulgaristan kiyilarinda
ve Terzi ve Seyhan (2017) Dogu Karadeniz kiyilarinda plas-
tik ¢opleri sayica en yiiksek yaz mevsiminde rapor
edilmistir. Topgu vd., (2013) ise Bat1 Karadeniz kiyilarinda
plastik ¢oplerin sayica en fazla sonbahar mevsiminde
gbzlendigini ve bu durumun siddetli yagislar, dalgalar ve
orneklemeler oncesinde ve sirasinda giiclii kuzey riizgar-
lardan kaynaklanabilecegini bildirmistir. Giineydogu Ka-
radeniz’de yiiriitilen bu c¢alismada yaz mevsimi
orneklemesi plaj, halk kullanimma agilmadan Once
yapilmistir. Dolayisi ile yazin bulunan yiiksek ¢op yogun-
lugunun uzun siireli akiimiilasyondan kaynaklandigi
diistiniilmektedir. Sonbahar mevsiminde 6rnekleme plaj,

halk tarafindan kullanmimin sona erdigi ve kafelerin ka-
pandig1 dénemi takiben gerceklestirmistir. Dolayisi ile plaj
yaz ve sonbahar Orneklemeleri arasinda halk tarafindan
kullanilmis olsa da plajdaki isletme sahipleri tarafindan da
temizlenmistir.

Calisma genel olarak degerlendirildiginde, en sik rastlanan
¢Op sirastyla, kopiik siinger (%19), plastik/polistiren par-
calar (2.5-50 cm) (%14), kapaklar (%11), cips/tathi ve lo-
lipop paketleri (%10.7) ve yiyecek kaplar1 (%9) olarak
bulunmustur. Topgu vd. (2013) Bat1 Karadeniz’de yaptiklari
calismada, plastik iginde tanimlanamayan kiigiik par-
caciklari (<10 cm) 6nemli yer isgal ettigini bildirmislerdir.
Sinop Sarikum Lagiinii kiyisinda hizli tiiketim {irlinleri ve
tamimlanamayan plastiklerin en ¢ok rastlanilan ¢Op
oldugunu bildirilmistir (Visne ve Bat, 2016). Dogu Ka-
radeniz kiyilarinda yapilan calismada genel paketleme
iiriinleri iginde yer alan kopiiklerin 6nemli bir yer tuttugu
bildirilmistir (Terzi ve Seyhan, 2017). Calismanin sonuglari
Tiirkiye’nin Karadeniz kiyilarinda yapilan diger ¢aligma-
larla uyum gostermektedir. Bulgaristan kiyilarinda sigara iz-
maritleri ve filtreleri (%43.7), plastik kapaklar (%13.7) ve
plastik bardaklar (%11.5) baskin ¢op olarak bildirilmistir
(Simeonova vd., 2017). Giineydogu Karadeniz’de yapilan
bu ¢alismada, sigara izmaritleri (OSPAR No: 64) OSPAR
plaj ¢opii fotograf kilavuzunda kagit/karton kategorisi
icerinde degerlendirildigi i¢in bu ¢alismada yer verilmem-
istir.
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Tablo 1. Saraykdy plajinda tespit edilen plastik ¢oplerin birim alandaki m? adet ve agirliklar: (Ort: ortalama, Ss: standart

sapma).
Table 1. Number and weight of plastic litter found in Saraykoy Beach (Ort: mean, Ss: standart deviation).

No (NJ(fPAR Tip ;%Z'f)‘m ort  Ss@ éﬁ‘“‘k ort  Ss()
1. ]1 4/6 -poset baglari 47 11.75  20.9 330 82.5 119.6
2. |2 Cantalar (Aligveris vb.) 1170 2925 2446 4109 1027.3 917
3 |3 Kbu§:uk plastik posetler (buzdolabi poseti 216 54 95.1 761 190.3 368.1

VvD.

4, | 4 Icecek Siseler (kaplar ve bidonlar) 1071 267.75 150 23904 59759 38615
5 |5 Temizleyici (siseler, kaplar ve bidonlar) 155 38.75 548 2429 607.3 1139.9
6. | 6 Yiyecek kaplar (fast food kutular1 dahil) 1395 348.75 261.2 8157 2039.2 1287.1
7. |7 Kozmetik (sampuan, deodorant, dus jeli vb.) 60 15 22.8 1631 407.7 586.8
8. |8 Motor yagi kaplari ve bidonlart <50 cm 20 5 8 1681 420.2 599.9
9. 19 Motor yagi kaplari ve bidonlari> 50 cm 1 0.25 0.5 1177 294.3 588.5

10. | 11 Enjektorle sikilan kutular (silikon vb.) 40 10 5.8 1412 353 476.2

11. | 12 Diger siseler, kutular ve bidonlar 53 1325 11 2561 640.3 646.5

12. | 13 Kasalar 178 445 53.3 3741 935.2 1366.3

13. | 14 Araba pargalari 4 1 2 129 32.2 64.4

14. | 15 Kapaklar 1648 412 339.9 6924 17311  1396.2

15. | 16 Cakmaklar 34 8.5 6.4 349 87.3 67

16. | 17 Kalemler 18 45 25 135 33.8 34.5

17. | 18 Taraklar/ sag firgalar1 7 1.75 2.2 130 324 45

18. | 19 Cips / tatl1 ve lolipop paketleri 1624 406 534.2 1399 349.8 422.8

19. | 20 Oyuncaklar & parti egyalari 250 62.5 70.5 3497 874.3 666

20. | 21 Bardaklar 469 117.25 483 988 247 95.3

21. | 22 Catal-bigak/ tabak/ pipet 124 31 44.1 109 27.4 23.8

22. | 24 Fileli sebze torbalari 69 1725 121 1926 481.6 297.8

23. | 113 Eldivenler (sanayi/ profesyonel eldiven) 1 0.25 0.5 27 6.6 13.3

24. | 114 Istakoz/ balik etiketleri 5 1.25 1 27 6.7 5.1

25. |31 Halat (cap> 1 cm) 11 2.75 15 335 83.7 60.3

26. | 32 Ip ve kordon (¢ap <1 cm) 24 6 10 40 9.9 11.8

27. | 115 Aglar ve ag pargalar1 <50 cm 122 30.5 28.5 500 125 133.8

28. | 116 Aglar ve ag pargalar> 50 cm 20 5 3.9 152 38.1 37.1

29. | 33 Dokunmus aglar / kordon / halat ve ip 16 4 4.1 352 88 103.8

30. | 35 Olta (misina) 4 1 14 618 154.5 244.6

31. | 37 Samandiralar ve dubalar 22 5.5 1.7 2231 557.7 823.4

32. | 39 Cemberleme bandi 62 15.5 5.9 141 35.2 15.4

33. | 40 Endiistriyel ambalajlar, plastik kaplama 123 30.75 36.9 1010 252.6 3425

34. |41 Fiberglas 2 0.5 1 129 32.2 64.5

35. | 42 Kasklar/Baretler 1 0.25 0.5 122 30.6 61.2

36. | 43 Av tiifegi kartuslar 52 13 14.8 222 55.4 82.1

37. | 44 Ayakkabi/ sandaletler 50 125 11.7 6043 1510.8 12147

38. | 45 Kopiik siinger 2858 7145 266.9 8692 21729 1367

39. | 117 Plastik / polistiren pargalar 0-2.5 cm 358 89.5 126.3 117 29.3 19.9

40. | 46 Plastik / polistiren pargalar 2.5-50 cm 2169 542.2 336.2 16675 4168.8 2950.1

41. | 47 Plastik / polistiren pargalar >50 cm 24 6 5 1720 660.1 475.2

42. | 48 Diger plastik / polistiren 6geler 167 4175 29 2769 692.1 367

43. | Yeni Borular 449 112.25 94.8 8440 2110 2198.5

TOPLAM 15193 3798.2 2971.7 118761 29690.3 25661.5
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Tablo 2. Plastik ¢oplerin tahmini kullanim alanlarinin mevsimsel dagilimi (adet/100 m) (ort: ortalama, Ss: standart sapma).

Table 2. Seasonal changes on possible usages of plastic litter (number/100 m) (Ort: mean, Ss: standard deviation).

Yaz Sonbahar  Kis flkbahar  Toplam Ort Ss %
Icecek 1640 506 662 480 3288 822 551.2 21.6
Tanimlanamayan | 1705 417 649 414 3185 796.25 615.8 21
Yiyecek 1969 526 380 268 3143 785.75 795.9 20.5
Genel paketleme | 874 607 724 246 2451 612.75 267.8 16
Balikgilik 810 181 102 489 1582 395.5 322.9 10.4
Insaat 547 189 412 312 1460 365 151.8 10
Giyim 28 13 0 9 50 125 11.7 0.3
Sigara 18 5 5 6 34 8.5 6.4 0.2
Toplam 7591 2444 2934 2224 15193 3798.25 2723.33
Diger plastik/polistren Ggeler Agl g lari <50 |
y (,!Jatal-hlg:;kftabak/:ipet || YaZ Temizleyici (gi:;l\::, akga:;rrc \area::idonl::; | KI§
Temizleyici (siseler, kaplar ve bidonlar) Wl Diger siseler, kutular ve bidonlar |
Kasalar Cips / tatli paketleri ve lolipop I
Oyuncaklar & parti esyalar . Kasalar 0
Borular | Ovyuncaklar & parti esyalann
Bardaklar N Diger plastik / Polistren dgeler 0
Plastik/polistilen parcalar 0-2,5cm I Bardaklar HH
igecek siseler (kaplar ve bidonlar) IEEG—_——— Borular [N
Cantalar (alisveris vb.) G icecek Siseler (kaplar ve bidonlar) N
Yiyecek kaplar (fast food kutulari... I Kapaklar |
Kapaklar I Cantalar (Ahgveris vb.) I
Kopiik siinger I Yiyecek kaplar (fast food kutulari... I
Plastik/polistilen pargalar 2,5-50 cm  IEE——— Plastik / polistilen parcalar 2,5-50 cm I
Cips/tath ve lolipop paketleri I Kopiik siinger  II—————
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ip ve kordon (gap <1 cm) Cips / tath paketleri ve lolipop | i
Diger plastik / Polistren 6geler Sonbahar Kasalar | likbahar
Ovyuncaklar & parti esyalari Temizleyici (siseler, kaplar ve bidonlar) |
Borular Diger siseler, kutular ve bidonlar |
Plastik / polistilen parcalar 0-2,5 cm Catal-bicak/ tabak/ pipet |
Aglar ve ag parcalari <50 cm Cantalar (Ahgverisvb.) |
Bardaklar Borular |
Yiyecek kaplar (fast food kutulari... Plastik / polistilen pargalar 0-2,5cm I
icecek Siseler (kaplar ve bidonlar) Bardaklar W
Kiigiik plastik posetler (buzdolabiu... Endiistriyel ambalajlar, plastik... Il
Cantalar (Ahsveris vb.) igecek Siseler (kaplar ve bidonlar) .
Kapaklar Kapaklar [N
Plastik / polistilen par¢alar 2,5-50 cm Yiyecek kaplar (fast food kutular:... I
Kopiik siinger Plastik / polistilen parcalar 2,5-50 cm [N
Cips / tatl paketleri ve lolipop Kopik siinger III——

0 200 400 600 800 1000 1200

o

200 400 600 800 1000 1200

Sekil 3. Plajda en sik rastlanan 15 plastik ¢opilin mevsimsel dagilim (adet/100 m).

Figure 3. Seasonal distribution of most common 15 plastic litter (number/100 m).

Calismada, Tiirkiye piyasasinda bulunmayan ve yabanci
iilkelerce barkodlanan gesitli plastik sise, kapak ve yiyecek
ambalajlar1 bulunmustur. Toplamda 32 adet (%0.2) olmak
izere y1l boyunca en ¢ok yabanci orijinli plastik ¢op ilkba-
har (%0.09) ve kis (%0.07) mevsimlerinde tespit edilmistir.
Topgu vd. (2013), Bati Karadeniz kiyilarindan toplanan
¢oOplerin yarisinin yabanci kokenli oldugu ve en ¢ok sonba-
har mevsiminde goézlendigi rapor edilmistir. Visne ve Bat
(2016), Sinop Sarikum Lagiinii kiyisinda yabanci kokenli

¢Op miktarmi %2.38 olarak belirlemis ve ¢ogunlukla Ka-
radeniz’e komsu {ilkelerden kaynaklandigini rapor etmistir.
Bu calismada Karadeniz’de yiiriitiilen onceki c¢aligsmalara
gore daha diisiik oranda yabanci etiketli ¢op bulunmustur.
Bu farkliligmm plastik ¢oplerin ¢ogunun etiketlerinin
okunamaz durumda oldugu ve bir¢ogunun kiiciik parcalara
ayrildigindan  kaynaklanabilecegi gibi, bdlgesel bir
farklilikta olabilecegi diisiiniilmektedir. Saraykdy plajinda
bulunan ¢oplerin etiketleri incelendiginde, Giircistan,
Rusya, Ukrayna iilkelerine ait olduklar1 ve kiyisal akintilar
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yoluyla komsu iilkelerden gelen karasal ¢oplerden ya da Ka-
radeniz’deki uluslararas1 gemi tasimacilifiyla plaja
ulastiklar1 diistiniilmektedir.

Plastik Coplerin Tahmini Kullanim Alanlart

Yapilan ¢aligmada, plastik ¢oplerin kullanim alanlarina gore
miktarlar1 belirlenmistir. Calisma yil genelinde deger-
lendirildiginde, en fazla iceceklerle (%21.6) ilgili plastik
¢Op bulunmustur. Diger kaynaklara bakildiginda sirastyla,
en ¢ok tanimlanamayan (%21), yiyecek (%20.5), genel pa-
ketleme (%16), balik¢ilik (%10.4), insaat (%]10), giyim
(%0.3) ve sigara ile ilgili (%0.2) olarak siralanmistir (Tablo
2).

Kullanim alanlarina gore plastik ¢oplerin mevsimsel olarak
dagilimi tablo 2’de verilmistir. Yaz mevsimine
bakildiginda, en fazla yiyecek (%26), tanimlanamayan
copler (%22) ve igecek (%21.6) ile ilgili ¢6p toplanmustir.
Sonbahar mevsiminde, en fazla genel paketleme (%25),
yiyecek (%22) ve icecek (%21) alanlar1 olarak devam
ederken; kis mevsiminde en fazla genel paketleme (%25),
icecek (%23) ve tanimlanamayan (%22) ¢opler; ilkbahar
mevsiminde ise, en fazla balik¢ilik (%22), igecek (%21.6)
ve tanimlanamayan (%19) ¢opler toplanmistir (Tablo 2).
Topcu vd., (2013)’nin yaptig1 ¢alismada, ¢opilin %52'sinin
kullanim kategorisinin tanimlanamadigi ve geri kalan
coplerin cogunun farkli kaynaklara sahip olabilecek
icecekle (%19) iliskili oldugunu rapor edilmistir. Terzi ve
Seyhan (2017)’nin yapt1g1 calismada, ¢oplerin bir kismi par-
calanma nedeniyle ayirt edilemez durumda olmasindan
dolay1 kullanim alanlarina gore siniflandirilamadigi ve
tanimlanabilen ¢oplerin cogunun icecek ve genel paketleme
alanlarina dahil oldugu rapor edilmistir. Tanimlanamayan
plastik ¢opler, UV ve dalga hareketi sonucunda her gecen
giin daha kii¢iik parcalara ayrilmaktadir (Arthur vd., 2009).
Mikro- (<5mm) ve nanoplastik (<100 pm) olarak
adlandirilan bu kiigiik plastik pargaciklar denizel yasami ve
dolayli olarak insan sagligini tehdit etmektedir (Thompson
vd., 2004; Browne vd., 2008; Boerger vd., 2010; Cole vd.,
2013). Giineydogu Karadeniz’de genis bir alan1 kapsayan
calismada Aytan vd. (2016) yiizey sularinda yiiksek mikro-
plastik konsantrasyonu (0.6-1.2x10° adet m?) rapor
etmisglerdir. Yakin zamanda Sinop Sarikum kiyilarindan ra-
por edilen bir diger ¢alismada da yiiksek konsantrasyonda
mikroplastik rapor edilmistir (Oztekin ve Bat, 2017).
Dolayisi ile bu calismada yiiksek miktarda bulunan ve
riizgar ile kolaylikla denizel ortama taginabilecek bu plastik
parcaciklarin, Karadeniz ekosistemi ic¢in ciddi tehdit
olusturdugu diistiniilmektedir.
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Y1l genelinde en sik rastlanan plastik ¢op tipi olarak
kaydedilen kopiik stinger (OSPAR No:45) Topcu vd. (2013)
tarafindan Bat1 Karadeniz’de yapilan ¢aligmada kopiik siin-
gerin %9’luk kismi olusturdugu ve %0.5’lik kisminimn
balik¢ilik kaynakli oldugu bildirilmistir. Terzi ve Seyhan
(2013) tarafindan yapilan ve Dogu Karadeniz sahillerindeki
deniz ¢oplerinin incelendigi ¢aligmada ise balik¢ilik sezo-
nunda (1 Eyliil-15 Nisan) yiiksek oranda balik¢ilar tarafin-
dan kullanilan strafor kopiik kutulara rastlanmistir. Bu du-
rumun Kutularin uygunsuz sekilde elden ¢ikarilmasindan
kaynaklandig1 ve hafif olduklar i¢in akintilar ve riizgarlar
vasitastyla bir bolgeden digerine kolayca taginabildigi sonu-
cuna vartlmistir. Giineydogu Karadeniz yogun balik¢ilik
faaliyetlerinin gerceklestigi bir bolge olmasi dolayist ile
balik¢illik faaliyetlerinin plajda yliksek miktarda bulunan
kopiiklerin 6nemli bir kaynagi oldugu diisiiniilmektedir.

Sonu¢

Calisma bolgesinde plastik ¢oplerin yiiksek miktarda bulun-
masi, denizel yagsam ve insan sagligi bakiminda olusturabi-
lecegi olasi tehditler goz oniine alindiginda endise vericidir.
SaraykOy plajinda yiyecek-icecek paketleri ve torbalari
icine alacak seklide hizli tiiketim ve genel paketlemeden
gelen friinler kirliligin baslica sebebi olmustur. En sik
rastlanan plastik ¢op tipi olan kopiik siingerlerin ise yliksek
oranda balikgilik sektoriinden kaynaklandigi diisiiniilmekte-
dir. Onemli bir balikgilik alanim temsil eden Giineydogu
Karadeniz’de kiyiya ve denizel ortama terk edilecek
balik¢ilik kaynakli ¢Opilin azaltilmasi igin balike¢iliklara
cevre egitimleri verilmesi bilylik 6nem arz etmektedir.
Ayrica yerel yonetimlerin daha etkili ¢op yonetimi sagla-
mast ve halkin plastikleri az kullanmaya, yeniden
kullanmaya ve geri doniistirmeye tesvik edilmesinin uzun
vadede denizel ortama ulagsmasi olas1 ¢oplerin miktarinda
azalmaya yardimci olacagi diisiiniilmektedir.
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EQ{Z“‘E;ﬁ;xﬁj?éﬂgai?ﬁgifﬁf 1 Rearing of Japanese catfish (Silurus asotus) requires special considerations for designing of facilities
and management. Information on its biology in natural environment provides ideas for developing
suitable culture systems. For this species, underwater artificial microhabitat structures are needed to
perform its normal behavior. The fish shows distinct preferences for some designs based on visual
cues and its decision to make use of these structures is guided by other cues probably related to light
and water flow. Microhabitat structures can make a real difference to managing stress of captivity
in this species. Absence of a suitable structure causes ‘habitat bottleneck’ that develops aggressive
behavior. However, the intraspecific antagonistic behavior gives way to social tolerance among con-
specifics. Microhabitat metrics is important in addition to physical attributes of the structure so as
to allow social grouping in the fish under favorable conditions.
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Introduction

Habitat preferences of fish have been a subject of much at-
tention in conservation and management of fish populations
(Peterson et al., 2004; Gaillard et al., 2010). Recent years
have witnessed a growing interest in mimicking natural con-
ditions in culture systems for reasons of sustainability
(Shapawi and Shaleh, 2015). Habitat as a package of re-
sources (food and shelter) and environmental conditions
(abiotic and biotic) determines the presence, survival and re-
production of a population (Sinclair et al., 2005). In aqua-
culture, efforts are made to provide suitable conditions for
the stocked species but entirely replicating a vast environ-
ment with its enormous variety of resources is not achieva-
ble in a limited space. However, it is possible to imitate cer-
tain basic features (microhabitat) of the larger ecosystem.

There are many underwater environments and objects but
fish selects resources and conditions that enable it to per-
form normal activities. Obviously, suitability of those mi-
crohabitat features would greatly influence the living condi-
tion, feeding and growth of the captive stocks. Generally,
the animals select structural microhabitat (i.e., available re-
sources or conditions) in a way that is intended to increase
their performance while reducing stress (Gaillard et al.,
2010). A sustained stress would obviously reduce growth
and promote disorderly behavior. Underwater structure in
the form of a shelter where fish spends considerable part of
its time is an important microhabitat.

In this study an attempt has been made for developing a suit-
able culture system for the Japanese catfish (Silurus asotus)
and for this purpose some essential information on environ-
mental biology of the fish was necessary. A survey of pub-
lished literature shows that while there is a great deal of in-
terest in habitat selection of many fish species, there is a
glaring knowledge gap as far as the Japanese catfish is con-
cerned. The authors are not aware of any published paper on
preferences of artificial microhabitats of this fish in a culture
system. A pertinent research hypothesis for this study is to
accept the microhabitat selection by the fish in a culture sys-
tem as a process of behavioral response and making choices
which would influence its condition. The objective of this
work is limited to observing the artificial microhabitat pref-
erences of the catfish when provided with a mosaic of un-
derwater structures in the culture tanks.

Materials and Methods

Specimens of the Japanese catfish from the same stock av-
eraging 16.9 cm and weighing 30 g were selected for the
experimental trials. This size group of a sibling class was
available in adequate numbers for the experiment. After 7
days of acclimatization in the hatchery, the fish were

stocked at the rate of 10 specimens/ton The tanks (5-ton ca-
pacity) were aerated to maintain dissolved oxygen in the
range of 5-6 ppm. The fish were offered pellet feed daily at
the rate of 3% of body weight. Feed was supplied by a local
company, Leong Hup Feedmill Private Limited. This feed
is considered suitable generally for tropical carnivorous cat-
fishes that require protein-rich diets.

Water was renewed daily in the morning to remove waste
and maintain a good environment for the fish. One tank that
served as control did not contain any artificial microhabitat
(AHO) while the others were provided with underwater
rounded and elongated structures of different designs that
included: green high-density polyethylene net (AH1) (Fig-
ure la), green plastic grass structure (AH2) (Figure 1b)
green polyvinyl chloride pipe (AH3) (Figure 1c), and grey
polyvinyl pipe (AH4) (Figure 1d). These structures were
similar in length (30 cm) and diameter (8 cm). Observations
on the behavior of captive fish were made during day and
night. These included their activities related to feeding, pref-
erence for underwater structures, swimming and other activ-
ities. Except the control set (AHO) that contained no micro-
habitat structure, all the other underwater structures (AH1,
AH2, AH3, AH4) were placed in the same tank so as to offer
equal choice to the fish to select the microhabitat structure
according to its preferences. Experiment lasted three weeks.
This period was enough to establish microhabitat prefer-
ences of the fish because the pattern was repeated, with no
departure or exceptions under conditions the fish was ex-
posed to.
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Figure 1d. Grey PVC structure (AH4).
Results and Discussion

Japanese catfish showed nocturnal feeding habit. Generally,
it was inactive during the day but moved freely at night, ac-
tively looking for food. The fish did not pick up food from
water column but consumed when it settled down at the tank
bottom.

Original Article/Short Communaction

During the day, in tank without underwater structure (AHO),
the fish showed obvious signs of stress in the form of unu-
sual frantic movement and frequent rubbing against tank
bottom. The stress appeared to have resulted in extreme ag-
gression among conspecifics that were seen biting and in-
juring each other.

In order to determine what types of underwater structures
can contribute to welfare of the fish, its response to a mosaic
of four artificial microhabitat structures was observed. Fish
were seen entering the structure AH1 that allowed a free
flow of water and did not curtail light penetration. Installing
structure AH2 next to AH1 resulted in the fish moving out
of the latter and entering AH2 whose surface was grassy in
design.

Placing other structures (AH3 and AH4) provided better in-
sights into microhabitat selection. The fish entered AH3 and
AH4 and showed no tendency to move out throughout the
day. The AH3 and AH4 structures were devoid of mesh
holes of the type developed for AH1 and perforations de-
signed for AH2. These were made up of solid walls that pro-
vided more stable conditions, prevented water flow from
sides and curtailed light penetration. Probably, in the dim
internal environment of these opaque structures the prefer-
ence for background color was not so important.

When the fish entered the stable microhabitat structures
there was no aggressive behavior even though the specimens
were in close proximity. Obviously, stress of not being able
to find a suitable underwater shelter turns into aggression.
Interestingly, this intraspecific antagonism is not a continu-
ous process or an inherent behavior, since the same individ-
uals interacted differently in a short period of time when
conditions changed. The antagonism was strong, in the form
of indulgence of physical harm, but the way it rapidly paci-
fied when the shelter was made available was remarkable.

Nocturnal feeding behavior of the fish seen in this study is
concordant with the observations made earlier in its native
environment by Dulmaa (1999) and Kim et al. (2005). This
pattern of behavior is probably linked to negative buoyancy
of heavy anterior region and small swim bladder that do not
support active forays in the water column for extended peri-
ods.

Tendency of the fish to enter the artificial microhabitat
structures is consistent with its behavior of hiding under
submerged objects during day time in the natural habitat.
Thus, absence of any facility for shelter in the tank (AHO)
was the reason for stress and aggression. Aggressive behav-
ior displayed was typical of captive fish under stress as doc-
umented by HMC (2015). Oldfield (2011) also observed
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cichlid fish in the aquarium and attributed aggression to lack
of optimum conditions.

It is possible that in the absence of a microhabitat mosaic,
the fish would prefer having any shelter (AH1) rather than
not having any (AHO), and this might leave the fish with no
option but to accept whatever physical shelter is available.
Lack of a proper artificial microhabitat can be interpreted as
a ‘habitat bottleneck’, which in this case is physical in na-
ture. This is bound to affect the welfare of the captive fish.

It is most likely that a combination of factors, including the
grassy appearance of the structure (AH2), and ability of
thick artificial grass to impede free flow of water and pre-
vented light penetration accounted for preference for AH2
vis-a-vis AHL. Investigations carried out by Katano et al.
(1988) who noticed the Japanese catfish seeking areas with
underwater vegetation and studies made by Huckstorf
(2012) that revealed the fish’s avoidance of fast-flowing wa-
ter in the rivers lend credence to the present observations.

Conclusion

It seems that the fish seeks intraspecific social stability ex-
cept when stress spikes and disrupts it. Based on the above
observations on behavior of the catfish, it is evident that mi-
crohabitat metrics is important in a culture system. In addi-
tion to physical attributes (structure and material stability),
size consideration is also necessary since this species has a
tendency of staying in groups while resting, and thus the
structures should have accommodating size.
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