J Aquacult Eng Fish Res

Vol. 1 Issue 2 2015 E-ISSN 2149-0236

Journal of

Aquaculture Engineering

and

Fisheries Research

ScientificWebJournals
(SWJ)




Journal of

Aquaculture Engineering and Fisheries Research
E- ISSN 2149-0236

Journal abbreviation: J Aquacult Eng Fish Res

© 2015 ScientificWebJournals (SWJ)
All rights reserved/Biitiin haklar1 saklidir.

is published in one volume of four issues per year by

www.ScientificWwebJournals.com

Contact e-mail: jaefr@scientificwebjournals.com and ozkanozden@scientificwebjournals.com

Aims and Scope

“Journal of Aquaculture Engineering and Fisheries Research’ publishes peer-reviewed articles that
cover all aspects of Aquaculture and Fisheries research in the form of review articles, original articles, and
short communications. Peer-reviewed (with two blind reviewers) open access journal published quarterly
articles in English or Turkish language.

General topics for publication include, but are not limited to the following fields:
Agquaculture Science/Aquaculture Diseases/Feeds/Genetics/

Ecological Interactions/Sustainable Systems/Fisheries Development

Fisheries Science/Fishery Hydrography

Agquatic Ecosystem/Fisheries Managment

Fishery Biology/Wild Fisheries/Ocean Fisheries

Biology/Taxonomy

Stock Identification/Functional Morphology

Freshwater, Brackish and Marine Environment

Chief editor:
Prof. Dr. Ozkan OZDEN Istanbul University, Faculty of Fisheries, Turkey

Vice editors:
Asist. Prof. Dr. Ferhat CAGILTAY Istanbul University, Faculty of Fisheries, Turkey
Dr. Deniz Devrim TOSUN Istanbul University, Faculty of Fisheries, Turkey

Cover photo:

Prof. Dr.Carsten HARMS Applied Univ. Bremerhaven, Bremerhavener Institute of
Biological Information Systems, Germany


http://www.scientificwebjournals.com/
mailto:jaefr@scientificwebjournals.com
mailto:ozkanozden@scientificwebjournals.com

Editorial board:

Prof. Dr. Mamcarz ANDRZEJ
University of Warmia & Mazury, Faculty of Environmental Sciences, Poland

Prof. Dr. Bela H. BUCK
Alfred Wegener Institute for Polar and Marine Research, Germany

Prof. Dr. Nihar Ranjan CHATTOPADHYAY
West Bengal University of Animal & Fishery Sciences, Faculty of Fishery Sciences, India

Prof. Dr. Frerk FELDHUSEN
Landesamt flir Landwirtschaft, Lebensmittelsicherheit und Fischerei Rostock, Germany

Prof. Dr. Mohd Salleh Bin KAMARUDIN
University of Putra, Faculty of Agriculture, Department of Aquaculture, Malaysia

Prof. Dr. Masashi MAITA
Tokyo University of Marine Science & Technology, Applied Biosciences, Japan

Prof. Dr. Saleem MUSTAFA
University of Malaysia Sabah, Borneo Marine Research Institute, Malaysia

Prof. Dr. Predrag SIMONOVIC
University of Belgrade, Faculty of Biology, Institute of Zoology, Serbia

Prof. Dr. Yordan STAYKOV
University of Trakia, Agricultural Faculty, Bulgaria

Prof. Dr. Davut TURAN
Recep Tayyip Erdogan University, Faculty of Fisheries, Turkey

Assoc.Prof.Dr. Yildiz BOLAT
University of Siileyman Demirel, Egirdir Fisheries Faculty, Turkey

Assoc. Prof. Dr. Lyudmila NIKOLOVA
Agricultural University — Plovdiv, Faculty of Agronomy, Department of Animal Sciences, Bulgaria

Assoc. Prof. Dr. Ertan Emek ONUK
University of Ondokuz Mayis, Faculty of Veterinary Medicine, Turkey

Assoc. Prof. Dr. Cui ZHENGGUO
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, China

Assist. Prof. Dr. loannis S. BOZIARIS
Univeristy of Thessaly, School of Agricultural Sciences, Department of Ichthyology and Aquatic Environment,
Greece

Dr. Yannis P. KOTZAMANIS
Hellenic Centre for Marine Research, Institute of Marine Biology, Biotechnology and Aquaculture, Greece

Dr. Ricardas Paskauskas
Institute of Botany, Nature Research Centre, Lithuania



Journal of

Aquaculture Engineering and Fisheries Research
E- ISSN 2149-0236

Journal abbreviation: J Aquacult Eng Fish Res

© 2015 ScientificWebJournals (SWJ)
All rights reserved/Biitiin haklar1 saklidir.

Vol. 1 Issue 2 Page 57-103 (2015)

Table of Contents/Icerik

1. THE ZOOPLANKTON COMMUNITY AND ITS RELATIONSHIP WITH
ENVIRONMENTAL VARIABLES IN A HIGHLY POLLUTED SYSTEM, GOLDEN
HORN, TURKEY

Zeynep Dorak, Mustafa Temel
pp. 57-71

DOI: 10.3153/JAEFR15006

2. CANAKKALE BOLGESI’NDE KUPES (Boops boops, L. 1758) AVCILIGINDA
KULLANILAN GALSAMA AGLARINDA DONAM FAKTORUNUN AV VERIMINE
ETKIiSi

(Effect of Hanging Ratio on Catch Efficiency for Bogue (Boops boops, L. 1758) Gill Nets in
Canakkale Region)

Can Ali Kumova, Ugur Altinagag, Alkan Oztekin, Adnan Ayaz

pp. 72-79

DOI: 10.3153/JAEFR15007

3. KULTUR GOKKUSAGI ALABALIGI (Oncorhynchus mykiss)’NDAN iZOLE EDIiLEN
GRAM-NEGATIF PATOJENLERIN LiPOPOLISAKKARIT PROFILLERI

(Lipopolysaccharide Profiles of Gram-Negative Pathogens Recovered from Cultured
Rainbow Trout (Oncorhynchus mykiss))

Tiilay Akayli, Ozgiir Canak, Cigdem Urkii
pp. 80-89
DOI: 10.3153/JAEFR15008



5. AEMATOLOGICAL AND BIOCHEMICAL INDICES OF Sarotherodon melanotheron
FROM A SLUM NEIGHBOURHOOD ENVIRONMENT

Olufemi O. Soyinka, Simeon O. Ayoola, George C. Ugwu

pp. 90-97
DOI: 10.3153/JAEFR15009

6. ABNORMALITIES IN THE WEDGE SOLE Dicologlossa cuneata (MOREAU, 1881)
AND BLACK SEA TURBOT Scophthalmus maeoticus (PALLAS, 1814) FROM
TURKISH SEAS

Efe Uluturk, Bahar Bayhan, Halit Filiz, Deniz Acarli, Erhan Irmakk
pp. 98-103
DOI: 10.3153/JAEFR15010



Journal of

Aquaculture Engineering and Fisheries Research

1(2): 57-71 (2015) E-ISSN 2149-0236 doi: 10.3153/JAEFR15006

ORIGINAL ARTICLE/ORIJINAL CALISMA
FULL PAPER TAM MAKALE

THE ZOOPLANKTON COMMUNITY AND ITS
RELATIONSHIP WITH ENVIRONMENTAL VARIABLES IN A
HIGHLY POLLUTED SYSTEM, GOLDEN HORN, TURKEY

Zeynep DORAK, Mustafa TEMEL

Department of Freshwater Biology, Fisheries Faculty, Istanbul University, Istanbul, Turkey

Received: 25.11.2014 Corresponding author:

. Zeynep DORAK, Istanbul University, Fisheries Faculty,
Accepted: 25.12.2014 Ordu Street, No:200 34134, Laleli- Istanbul, Turkey

Published online: 02.02.2015 E-mail: zdorak@gmail.com

Abstract:

The Golden Horn Estuary (istanbul) nutrient-rich, eutrophic
and turbid at the inner part based on discharges from
Alibeykdy and Kagithane creeks. The pollution had been
drastically increased by the accretion in the industry and ur-
ban development around the estuary since 1950s. The
Golden Horn rehabilitation project was carried out during
the 1998-2002 period. The present study was conducted
following the rehabilitation process between November
2002-October 2003 at selected four stations, three at the in-
ner part and one at the middle part of estuary. This is the
first study on zooplankton community in the Golden Horn
Estuary. The seasonal variation of zooplankton composition
and density and 14 environmental variables (temperature,
salinity, Secchi disc depth, turbidity, pH, dissolved oxygen,
carbonate, bicarbonate, calcium, magnesium, total hardness,
NO2-N, NOs-N, 0-POg4) and Chlorophyll-a concentration,
which indicates the intensity of life in the Golden Horn Es-
tuary have been studied, monthly. A total of 29 taxa was
identified. Zooplankton composition was characterized by
freshwater, estuarine and marine species. Zooplankton of
Golden Horn Estuary was composed mainly by holoplank-
tonic organisms (53% of the total), with Copepoda as the
most abundant group and a high number of taxa. Diversity
were higher at all stations. A distinct relationship between
zooplankton taxa composition and their environment, deter-
mined by a redundancy analysis, indicated that the measured
environmental variables contributed to the variations in the
zooplankton community structure to some extent. Four envi-
ronmental variables and Chlorophyll-a explained 73.7% of
the variation in the taxonomic structure. The results showed,
that distribution of zooplankton was significantly associated
total hardness, NO2-N, NOs-N, temperature and Chloro-
phyll-a (p<0.05).

Keywords: Golden Horn Estuary, Redundancy analysis,
Water quality, Zooplankton

This study is a part of master thesis of Zeynep
DORAK entitled "Seasonal Changes of the Density
and Composition of in Istanbul Hali¢".
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Introduction

Estuaries as transition areas between land and sea
form aquatic ecosystems that are characterized as
one of the most dynamic ecosystems by a variety
of inter-related biotic and abiotic structural com-
ponents and intensive chemical, physical and bio-
logical processes which influence species density
and diversity (Aslan-Yilmaz et al., 2004; Telesh,
2004; Yuksek et al., 2006; Sterza and Fernandes,
2006; Sun et al., 2009).

Because of the unusual dynamic conditions expe-
rienced in estuaries zooplankton distribution is
spatially and temporally heterogeneous, more so
than in other aquatic ecosystems (Kibirige and
Perissinotto, 2003; Sterza and Fernandes, 2006).
High primary production levels make estuarine
zooplankton very abundant, however some other
biological factors, like environmental variables,
may restrict the variety of the zooplankton spe-
cies when compared to that of the marine areas.

Golden Horn lies to Sarayburnu-Tophane in
northwest-southeast direction in the junction of
Istanbul Bosphorus and Marmara Sea as a mean-
der. Golden Horn formed by the invasion of sea
with the junction of Alibeykoy and Kagithane
streams. The length of coasts on both sides are
approximately 7.5 km. (Bastiirk et al., 2001). The
maximum depth of the estuary is around 15 m in
mid-estuary and 4-5 m in the upper parts. The
main source of the freshwater flowing into the
Golden Horn is rainfall (Sur et al., 2002).

The Golden Horn Estuary has been polluted by
wastewater of pharmaceutical, detergent, dye,
leather industries and domestic discharges since
the 1950s (Yuksek et al., 2006). The building of
dam on the Alibeykdy stream weakened freshwa-
ter input. Furthermore, bridges, floating on large
buoys and shipyards with large buoyant dry
docks blocked circulation of upper layer and
strengthen the pollution effect. Poor renewal of
estuarine water and heavy nutrient load including
numerous types of organic and inorganic efflu-
ents resulted in low diversity, with planktonic or-
ganisms (Tas and Okus, 2003) at the outer part of
the estuary. The inner part had only anaerobic life
characterised by hydrogen sulfide formation
(Dogan et al., 2001). The anthropogenic pollution
at the estuary not only adversely affected the
communities living in the estuary but also human
life, giving a heavy odor of hydrogen sulfide and
an unaesthetic appearance of this once recrea-
tional area (Aslan-Yilmaz et al., 2004).
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Hence, life cycles of zooplankters are related to
environmental factors. The study of the spatial
and temporal variability of the Golden Horn Es-
tuary zooplankton communities becomes im-
portant for a better understanding of the function-
ing of estuary ecosystems. For this reason, pre-
sent study carried out throughout a year to esti-
mate the zooplankton composition, the abun-
dance and distribution of zoo-fauna and their re-
lationships with environmental variables and
Chlorophyll-a properties.

Materials and Methods

Study area and stations

The Golden Horn Estuary is in conjunction with
Bosphorus and Marmara Sea covers an area of
approximately 2.5x10°® m? Golden Horn is be-
tween 28° 42’ and 29° 01’ East Longitudes and
41°01’ and 41° 15* North latitudes.

Sampling

Three sampling stations were selected at the inner
part of the Golden Horn Estuary (St.1, St.2, and
St.3), determined mainly by their proximity to
freshwater inputs, and one station was selected at
the mid-estuary (St.4), is defined by proximity to
the sea (Fig.1). Physicochemical and biological
variables including Chlorophyll-a and zooplank-
ton community structure and diversity were in-
vestigated monthly intervals from November
2002 to October 2003 (except February 2003).
Water samples were collected vertically using 1.5
L Nansen bottle. Water salinity and pH were
measured by plONneer 65 Portable Multi-
parameter Instrument and light permeability with
a 20 cm diameter Secchi disc onboard at each sta-
tion. Turbidity was measured spectrophotometri-
cally (Palin, 1955). Samples for nutrient analysis
were pre-filtered. Nitrite was analyzed by color-
imetric method (Parsons et al.,, 1984) and
NO,+NO; was detected by cadmium reduction
method. 0-PO4 was detected spectrophotometri-
cally following procedures of ADD Parsons et al.
(1984). For Chlorophyll-a analysis, 1000 ml of
seawater was filtered through GF/C filters and
deep-frozen. Chlorophyll-a analyses were per-
formed by acetone extraction method (Parsons et
al., 1984). Dissolved oxygen (Winkler method)
was measured following procedures of APHA
(1989). Calcium, magnesium, total hardness, car-
bonate and bicarbonate were analyzed by titration
methods following procedures of Boyd (1992).

Dorak and Temel, 1(2): 57-71 (2015)
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Zooplankton community structure and
diversity

The samples were collected with a plankton net
(mesh size 55 um), taking vertically. All zoo-
plankton samples were immediately preserved in
4% borax-buffered formaldehyde. In the labora-
tory, organisms were identified to species level,
when possible, and counted; all the densities are
presented as number of individuals per cubic me-
ter (ind. m3). The following references were re-
viewed to identify the specimens: Rose (1938),
Rose and Tregouboff (1957), Boubee (1969),
Mozdukhay (1969), and Pontin (1978).

Data analysis

Shannon-Wiener diversity index (H") (Shannon-
Weaver, 1949) were calculated for each zoo-
plankton sample.

Spearman’s correlation analysis was used to
count the matrix of correlation coefficients

among environmental factors completed using
the SPSS 16.0 for Windows (Renner, 1970).

The mean values with a 95% confidence interval
were presented in all and mean * standard devia-
tion described. Analysis of variance (ANOVA)
was applied to the physicochemical variables and
Chlorophyll-a in order to test differences be-
tween samples (temporal patterns/ seasonally (4
season x 4 stations x 3 replicate)) and sampling
stations (spatial patterns (11 months x 4 stations
x 3 replicate)). Towards equalizing the variance
and normalize distribution, all data used in the
ANOVA were log transformed In(x+1). Where
significant differences in the ANOVA were de-
tected, a Tukey's Honestly Significant Different
(HSD) test was applied to identify sources of var-
iation. Measurements (physicochemical variables
and Chlorophyll-a) were conducted in triplicate
for each station at each month (except February
2003) during the study period.
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Stream  Stream 125
N S
. j
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Figure 1. Golden Horn Estuary with the sampling stations.

Cluster analysis was carried out with biological
data (zooplankton taxa abundances (In(x+1)) us-
ing the Bray-Curtis similarity index, applying
squared root data transformation). In this study,
two sets of explanatory variables were built: bio-
tic (zooplankton community and Chlorophyll-a)
and abiotic (physicochemical factors). The abiot-
ic matrix contained all measured physicochemi-

cal variables (including turbidity, salinity, dis-
solved oxygen, water temperature, pH, Secchi
depth, calcium, magnesium, total hardness, bi-
carbonate, carbonate, nitrite, nitrate, ortho-
phosfate). Principal Components Analysis (PCA)
was used to determine the importance of envi-
ronmental variables and Chlorophyll-a. To eval-
uate the association between zooplankton taxa
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composition and their environment, we opted for
a linear model of ordination instead of unimodal
since preliminary Detrended Correspondence
Analysis (DCA) showed a short gradient length
on the biological data (SD=gradient length <2)
(ter Braak and Smilauer, 2002). In principle, en-
vironmental variables are displayed by their
weights in an ordination diagram. In this study,
there were 14 measured environmental variables
and Chlorophyll-a (Table 1.) and 11 samples. To
abstain from multicollinearity among the envi-

ronmental variables, Forward Selection Method
was used to reduce the number of environmental
variables. The biological data in RDA were
log(x+1)-transformed so as to downweight large
values. To guard against interpretation of spuri-
ous axes, the statistical significance of the first
and all the ordination axes was tested by Monte
Carlo permutation test (999 unrestricted permuta-
tions). DCA, PCA and RDA were performed by
the computer program Canoco 4.5 for Windows.

Table 1. Physicochemical characteristics of water quality and Chlorophyll-a concentrations in Golden

Horn, during the study period.

Dorak and Temel, 1(2): 57-71 (2015)

Station

Variables 1 2 3 4
Turbidity (nm) min.-max. 0.053-0.15 0.038-0.16 0.049-0.09  0.043-0.08
y average-stdev.  0.089+0.03  0.083+0.04  0.063+0.01  0.060+0.01
Salinity (%) min.-max. 7.45-19.15 14.6-19.15 14.4-1955  17.1-21.45
Y (o average-stdev.  15.94+3.29  17.21+1.67  17.35+1.71  18.59+1.39
Dissolved oxygen (mg L) min.-max. 1.65-3.52 1.6-4.24 1.38-5.5 1.82-4.9
ygen (mg average-stdev.  2.36+1.01  2.91+0.87  3.33+1.18  3.55:0.88
Water temperature (°C) min.-max. 8.0-21.3 7.9-21.1 6.7-21.3 6.7-21.5
P average-stdev. 14.0+4.8 14.1+4.8 13.9+£5.0 13.3+5.2
H min.-max. 7.8-10.6 7.8-10.7 7.9-10.8 8.0-10.9
P average-stdev. 8.2+0.81 8.3+0.82 8.4+0.81 8.5+0.80
Secchi-disc depth (m) min.-max. 0.5-2.21 0.75-2.57 1.0-4.8 1.5-7.2
P average-stdev. 1.33+£0.51 1.56+0.53 2.22+1.04 2.9+1.6
Calcium (mg L) min.-max. 4.3-9.4 5.0-8.2 4.8-9.4 4.7-85
g average-stdev. 7.7£1.4 7.4+1.2 7.7+1.4 7.5+1.3
Magnesium (mg L) min.-max. 5.5-9.0 4.6-9.2 45-11.4 4.7-10.3
g g average-stdev. 7.7+12 8.1+1.3 8.8+1.7 8.7+15
Total Hardness (mg L") min.-max. 10.5-18.3 9.8-19.2 9.8-21.5 10.2-20.1
g average-stdev. 16.2+2.5 17.0£2.6 17.4+2.8 17.5+2.7
Bicarbonate (mg L") min.-max. 451.4-658.8  396.5-652.7 353.8-640.5 366.0-640.5
g average-stdev. 502.97+62  493.55+66. 466.37+83.7 448.63+75.5
Carbonate (mg L) min.-max. 2.44-2.75 3.05-6.71 3.36-5.2 1.22-4.88
g average-stdev. 2.59+0.22 4.37+2.03 4.27+0.9 3.38+1.37
Nitrite (mg L") min.-max. 0.71-3.03 0.49-3.26 0.3-2.48 0.15-3.1
g average-stdev. 1.68+0.73 1.76£0.85 1.59+0.72 1.4+1.04
Nitrate (mg L) min.-max. 0.51-15.48 0.29-12.13 0.18-13.05  0.11-11.53
g average-stdev. 5.04+4.87 5.59+4.35 5.47+4.1 4.88+4.02
Orthophosfate (mg L) min.-max. 0.27-5.09 0.40-4.6 0.2-5.29 0.12-1.73
P g average-stdev.  1.78+1.49 144139  145:145  0.86+0.64
Chiorophyll-a (mg L) min.-max. 1.33-65.49 0.67-39.29 0.44-12.21  0.67-10.43
pny 9 average-stdev.  15.24+20.82 12.51+14.01 5.6525.1 4.2+3.76
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Results and Discussion
Environmental variables

Physicochemical characteristics of water quality
and Chlorophyll-a concentrations are summa-
rized in Table 1.

Regarding sampling locations, significant differ-
ences occured for turbidity (ANOVA
F128=4.777, p= 0.003, p<0,05; 1n=0.32 p<0.5);
for dissolved oxygen (ANOVA F3128=9.878, p=
0.000, p<0,05; 1n=0.43 p<0.5); for Secchi disc
depth F,128=16.898, p= 0.000, p<0,05; n=0.53
p>0.5); for magnesium (ANOVA F@ 128=4.567,
p= 0.000, p<0,05; 1n=0.31 p<0.5); for bicar-
bonate (ANOVA F@3126=4.184, p= 0.007,
p<0,05; 1n=0.30 p<0.5); for orthophosphate
(ANOVA F@3128=3.058, p= 0.031, p<0,05;
n=0.26  p<0.5); for Chl.-a (ANOVA
F(3.128=6.252, p= 0.001, p<0,05; 1=0.36 p<0.5);

According to Tukey's HSD post hoc test these
variables showed significant differences among
the stations. Highest dissolved oxygen values and
Secchi disc depths occured at the mid-estuary sta-
tion (Station 4), whereas the lowest values oc-
cured in the inner estuary region. Tukey's HSD
post hoc test showed that turbidity, magnesium,
bicarbonate, orthophosphate, and Chl.-a values in
inner part of the estuary (first three stations),
were significantly different from those collected
in the middle part of the estuary (4th station),
during the study period.

Significant seasonal differences occured for all
physicochemical variables and Chl.-a (for turbid-
ity (ANOVA F4s=4.058, p= 0.012, p<0,05;
n=0.45 p<0.5); for salinity (ANOVA
F42=5.402, p= 0.003, p<0,05; 1=0.52 p>0.5);
for dissolved oxygen (ANOVA F(44=2.928, p=
0.044, p<0,05; 1n=0.42 p<0.5); for temperature
(ANOVA F(44=1816.874, p= 0.000, p<0,05;
n=1.00 p>0.5); for pH (ANOVA F344=208.635,
p= 0.000, p<0,05; n=0.97 p>0.5); for Secchi disc
depth (ANOVA F44=5.540, p= 0.003, p<0,05;
n=0.52 p>0.5); for carbonate (ANOVA
F(344=37.249, p= 0.000, p<0,05; 1=0.85 p>0.5);
for bicarbonate (ANOVA F3us=27.392, p=
0.000, p<0,05; 1n=0.81 p>0.5); for nitrite
(ANOVA F@as=117.145, p= 0.000, p<0,05;
n=0.94 p>0.5); for nitrate (ANOVA
F(344=69.446, p= 0.000, p<0,05; 1n=0.91 p>0.5);
for orthophosphate (ANOVA F44=56.832, p=

0.000, p<0,05; 1n=0.89 p=>0.5); for Chl.-a
(ANOVA F(44=19.635 p= 0.000, p<0,05;
n=0.76 p>0.5); for calcium (ANOVA

F3449=202.294, p= 0.000, p<0,05; 1n=0.97
p>0.5); for magnesium (ANOVA F.4=3.986,
p= 0.013, p<0,05; 1n=0.46 p<0.5) and for total
hardness (ANOVA F3as=11.569, p= 0.000,
p<0,05; 1n=0.66 p>0.5)). Tukey's HSD post hoc
test showed that nutrients (NO2-N, NOs-N, o-
PO,) were significantly higher in autumn than the
other seasons. Salinity, dissolved oxygen, Chl.-a,
temperature, turbidity, and pH samples deter-
mined in spring, which are closely related with
each other, were significantly different from
those determined in other seasons. According to
Tukey's HSD post hoc test Ca, Mg and total
hardness spring values were significantly differ-
ent from the other seasons. Bicarbonate concen-
trations in winter were significantly difference
from other seasons, where carbonate values were
significantly different in summer.

PCA was applied to 14 environmental variables
and Chlorophyll a, first axis constituted 42.6% of
the total variance. The highest positive values of
the first axis were determined in Chl.-a (0.96)
and temperature (0.81), and the highest negative
value of the first axis was determined in Secchi
disc depth (-0.20) (Fig. 2). Second axis consti-
tuted 22.5% of the total variance, 0-PO4 (0.42),
pH (-0.03) and NO2-N (-0.07) determined signif-
icant for the second axis (Fig. 2). The relation-
ship of the environmental variables according to
Spearman's rank correlation analysis is given in
Table 2.

Zooplankton

During the study a total of 29 taxa was observed,
with 22 taxa of holoplankton and 7 taxa of mero-
plankton (Table 3). A total of 22 taxa of holo-
plankton, 7 taxa for Copepoda, 4 taxa for Cla-
docera, 6 taxa for Rotifera, 1 taxa for Dinophyta,
2 taxa for Chordata, 1 taxa for Ctenophora, 1 taxa
for Chaetognatha and 1 taxa for Protozoa, was
recorded in Golden Horn Estuary (Table 3). Zoo-
plankton community was characterized by the
presence of freshwater, estuarine and marine spe-
cies. Zooplankton of the Golden Horn Estuary
was composed mainly by holoplanktonic organ-
isms (75% of the total), with Copepoda as the
most abundant group and a higher number of
taxa. Among them, the most abundant taxa were
Copepoda nauplii and Acartia clausi Giesbrecht,
1889 (Copepoda) (Table 4). The protozoan spec-
imen Favella ehrenbergii (Claparéde ve Lach-
mann, 1858) comprised 21.04% of the communi-
ty (Table 4). Among the Cladocerans Podon pol-
yphemoides (Leuckart, 1859) was the most abun-
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dant (1.95%, Table 4) particularly in summer.
Among the Rotifera the most abundant taxa was
Asplanchna priodonta Gosse, 1850 (11.47%, Ta-
ble 4) and was followed by Asplanchna sieboldi
(Leydig, 1854) (2.63%, Table 4). The meroplank-
ton comprised 25%, with 15.65 being polychaeta
larvae, they were increased especially in spring
(Table 4). The greatest zooplankton number was
determined at 3rd station, while the lowest num-
ber was recorded at 4th station (478226 and
151066 org. m=3, respectively) (Fig. 3). Zooplank-
ton community showed also seasonal variations.

The maximum zooplankton number was recorded
during summer (450134 org. m'®), while the low-
est number was recorded during winter (59516
org. m3).

The hierarchical classification of the 29 taxa, in a
rank order of abundance, based on monthly aver-
aged data from the total period, can be summa-
rized the above mentioned (Figure 4). Those spe-
cies can depict the zooplankton community and
their main assemblages in the Golden Horn Estu-

ary.

Table 2. Correlations among the 14 environmental variables and Chl.-a selected for multivariate
analysis of the species-environment relationships (n=44)

Dorak and Temel, 1(2): 57-71 (2015)

Sal. DO Temp. pH SD Ca>* Mg* TH COs* HCOs  NO2>-N NOs-N 0-POs Chl-a  Turb.
Sal. 1 .307" 457 4437 300" ns ns  .502™ ns ns ns ns -.676™  .490™ ns
DO 1 ns .378° 510" 321" ns ns  .499™ -301°  -.481™ ns -.351" ns ns
Temp. 1 .595™ ns ns ns 324" ns ns  -590™ -662" -587" 721" ns
pH 1 451" 313° 4117 562" ns .398™ ns  -479" -411™ ns ns
SD 1 .403™ ns ns ns -.445™ ns ns ns ns ns
(or: 1 ns 313" ns ns ns ns ns ns ns
Mg?* 1 .679" ns -.344" ns ns ns ns ns
TH 1 ns ns ns -390 ns ns ns
COs* 1 -576™ ns -.344" ns ns ns
HCO3 1 ns ns ns ns ns
NO2-N 1 559" 453 472" ns
NOs-N 1 ns  -.448" ns
0-POq4 1 -.490™ ns
Chl.-a 1 -.452"
Turb. 1
*: Correlation is significant at the 0.05 level (2-tailed).
**:Correlation is significant at the 0.01 level (2-tailed).
ns: not significant.
Table 3. Zooplankton species composition in Golden Horn.

Holoplankton Holoplankton

Copepoda Dinophyta

Acartia clausi Giesbrecht, 1889 Noctiluca scintillans (Macartney, Kofoid et Swezy, 1921)

Microsetella norvegica (Boeck, 1865) Chordata

Oncaea mediterranea Claus, 1863
Oithona nana Giesbrecht, 1892

larvea of Ascida aspersa (O.F.Mueller, 1776)
Oikopleura dioica Fol, 1872

Paracalanus parvus (Claus, 1863) Ctenophora

Thermocyslos oithonoides G.O. Sars, 1863 larvea of Ctenophora

Cladocera Chaetognatha

Bosmina longirostris (O.F. Mller, 1776) Parasagitta setosa ( Mueller, 1847)
Evadne normanni Lovén, 1836 Protozoa

Penilia avirostris Dana, 1849

Podon polyphemoides (Leuckart, 1859)
Rotifera

Asplanchna sieboldi (Leydig,1854)
Asplanchna priodonta Gosse, 1850
Keratella cochlearis (Gosse, 1851)
Gastropus stylifer Imhof, 1891
Synchaeta litoralis Rousselet, 1902
eggs of Asplanchna spp.

Favella ehrenbergi (Claparede ve Lachmann, 1858)
Meroplankton

Cypris

larvea of Bivalvia

larvea of Echinodermata

larvea of Gastrapoda

larvea of Ostracoda

larvea of Polychaeta

larvea of Zoea
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Table 4. The average number of the dominant zooplankton genera (org. m*) and their frequency to the total

zooplankton number in Golden Horn Estuary.

No. of % total
Group Dominant taxa org. m?3 zooplankton
Holoplankton
Copepoda A.clausi 2453 3.03
Copepoda nauplii 19146 23.67
Subtotal 22093 27.31
Cladocera P.polyphemoides 1561 1.93
Subtotal 1738 2.15
Rotifera A.priodonta 9280 11.47
A.sieboldi 2130 2.63
Subtotal 14521 17.95
Dinophyta N.scintillans 4567 5.65
Subtotal 4567 5.65
Chordata larvea of A.aspersa 147 0.181
O.dioica 117 0.145
Subtotal 264 0.33
Ctenophora larvea of Ctenophora 470 0.58
Subtotal 470 0.58
Chaetognatha S.setosa 1 0.001
Subtotal 1 0.001
Protozoa F.ehrenbergi 17015 21.04
Subtotal 17015 21.04
Meroplankton larvea of Polychaeta 12661 15.65
Subtotal 20217 25.00
Grand total 80885
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Figure 2. PCA on environmental variables. Numbers of 1-12 represented samples taken monthly.

(11:November, 12:December, 1: January,

3: March, 4: April, 5: May, 6: June, 7: July, 8:

August, 9: September, 10: October; rectangle: St.1, star: St.2, triangle: St.3, circle: St.4.)
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Figure 3.  Distribution of numbers of zooplankton groups (org. m?) in Golden Horn Estuary
during 2002/2003.
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Figure 4. Dendogram using group average linking on Bray—Curtis similarity of the main species
(variables) and months (samples) found from November 2002 to October.
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There are three separate groups according to the
dendogram. One large group is constituted by
species showing a higher presence during the
study period. Among these, A. sieboldi, A. pri-
odonto, Cypris, Noctiluca scintillans,
P.polyphemoides and Copepoda nauplii are the
most abundant in summer, whereas larvae of bi-
valvia, A. clausi, eggs of Asplanchna, polychaeta
larvae and F. ehrenbergi are more important in
spring. Another large group includes the species
Gastropus stylifer, Keratella cochlearis, Micro-
setella norvegica, Oithona nana, Oikopleura dio-
ica, Oncea mediterranea, Bosmina longirostris,
Thermocyclops oithonoides, larvae of ctenephora
and larvae of ostracoda. Other three groups con-
stituted by Paracalanus parvus and Penilia avi-
rostris; Parasagitta setosa, larvae of zoea and
larvae of gastrapoda; Evadne nordmanni and
echinodermata larvae, respectively.

The cluster analysis of the mean monthly abun-
dance of zooplankton taxa showed the three main
assemblages, coinciding with the main annual
environmental situations temporally (Figure 4).

Shannon-Wiener diversity index of the log-
transformed means of zooplankton species densi-
ty for the separate reaches of the estuary showed
high values (2.3-4.1) during the study period for
all stations. Generally, the lower reaches showed
a higher zooplankton diversity index (Figure 5).

Table 5. Summary of the RDA analysis.

Relationships between zooplankton and their
environment

With the submission of the first four synthetic
gradients to RDA, the first two eigenvalues ex-
plained 26.3% of the cumulative variance of spe-
cies data. Also, the species-environment correla-
tions of axis 1 (0.900) and axis 2 (0.909) were
high. The first four environmental variables ex-
plained 73.7% of the total variance in species da-
ta. The Monte Carlo permutation test was signifi-
cant on the first axis (F-ratio = 6.034, P-value =
0.001) and on all axes (F- ratio = 3.920, P-value
=0.001) (Table 5).

In Figure 6a, the upper quadrant was completely
confined to the distribution of zooplanktonic
Crustaceans (Copepoda, Cladocera) and the low-
er one mainly to the distributions of two rotifers
(A. priodonta, A. sieboldi). In Fig. 6b, the upper
guadrant was restrict largely to the distribution of
samples taken autumn and winter. Therefore,
samples taken in autumn and winter were cha-
recterized by more Crustaceans, while samples
taken in spring and summer were characterized
by more meroplankton, two rotifers and
N.scintillans. According to the centroid principle
and distance rule implied in RDA, in Fig. 6a
NO,-N and NOsz-N were both associated mainly
with Crustaceans and two Rotifers (A. priodonta,
A. sieboldi), while temperature, Chl.-a and total
hardness mainly with meroplankton, two Rotifers
and N. scintillans.

AXes 1 2
Eigenvalues 0.155 0.109
Species-environment corrlations 0.900 0.909
Cumulative percentage variance
of species data 15.5% 26.3%
of species-environment relation 41.5% 70.7%
Total variance explained 73.7%
The Monte Carlo permutation test F-ratio P-value
on the first axis 6.034 0.001
on all axes 3.920 0.001
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Figure 6. RDA ordination plots. (a) with species, Chl.-a and environmental variables. (b) with
samples, Chl.-a and environmental variables. Numbers of 1-12 represented samples taken
monthly. (11:November, 12:December, 1:January, 3:March, 4:April, 5:May, 6:June, 7:July,
8:August, 9:September, 10:October; rectangle: St.1, star: St.2, triangle: St.3, circle: St.4.)

This work characterize the variability of zoo- Kagithane) and sewages in the area. Rehabilita-
planktonic species and their relationship with en-  tion workings in Golden Horn Estuary started in
vironmental variables in the inner- and middle 1998, and the floating bridge (Valide Sultan

part of the Golden Horn Estuary. Bridge) was opened partially. The semi-opening
of the bridge enhanced of water circulation at the

Study area characterized by a water mass with  g,rface layer, relatively. The highest salinity val-
high salinity and low dissolved oxygen. Thus, es js the evidence of a strong input of Marmara
low dissolved oxygen values might be related to  geq ang reflecting homogenization of water mass

organic matter decomposition processes, due 10 throughout the surface waters of estuary.
great input of two streams (Alibeykdy and
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Secchi disc depth increased to the sea direction,
whereas turbidity decreased in this direction.
These results correlates ascended depth and sea
water circulation. Also, salinity values increased
from the inner part to the middle part of the estu-
ary, as a result of the impact of sea.

In the present study, the highest pH values were
found in summer in general, and following heavy
rains in the basin pH values dropped. The highest
pH values recorded in summer can be controlled
by decreasing rainfall and increasing phytoplank-
ton production due to increasing temperature.

According to Yiksek et al. (2006), eukaryotic
photosynthetic organisms dominated the plankton
and succession of different species was observed
in very small temporal scales following the open-
ing of the bridge, and the heavily polluted upper
layer began to show dense and frequent phyto-
plankton blooms. In this study, determined high
dissolved oxygen concentration might depend on
above-referred increasing photosynthetic activity.

Dissolved oxygen concentration and pH values
ascended at the same period. There were signifi-
cant positive correlations between pH-DO
(Spearman's rho correlation, r=0.962, p= 0.378,
p<0.05, n=44) and pH-temperature (Spearman's
rho correlation, r=0.699, p= 0.595, p<0.01,
n=44).

Free carbon dioxide, carbonate and bicarbonate
are the three forms of carbon dioxide in melts.
Bicarbonate-carbonate equation determines the
alkalinity of the aguatic environments. Measured
pH values can be used to determine to amount of
the free CO,, or the alkaline/asidic situation of
the environment. Bicarbonate uptake is defined
as indicator of algal activity (Currie and Kalff,
1984), because some plants use CO; in the struc-
ture of bicarbonate, when increased pH values.
Because of bicarbonate concentration buffers the
alteration of pH, its important variable in natural
waters. According to the results, pH values and
bicarbonate showed significant positive correla-
tions (Spearman's rho correlation, r=0.398,
p=0.008, p<0.01, n=44), similar to the literature.
In the present study, the carbonate and
bicarbonate values decreased from 1st Station to
4th Station. These members are more abundant in
streams, and this case originate from pH balance,
biological processess and the chemical structure
of substratum. 4th Station is away from the
impact of the creeks, so flow of the creeks,
carrying the minerals in water, not attains to the
middle part of the estuary.

Magnesium and calcium are the most important
cations in aquatic environments, which constitute
the total hardness of fresh water. Thus there was
a significant correlation between total hardness-
magnesium (Spearman's rho correlation, r=0.679,
p= 0.000, p<0.01, n=44), and total hardness-
calcium (Spearman's rho correlation, r=0.313, p=
0.039, p<0.05, n=44). On the other hand, they
build up the salinity with other some cations and
anions (eg. carbonate). Therefore, despite the
first three stations are far from the sea, the salini-
ty values were higher than in fresh water because
of high anion and cation values. Magnesium is
the important component of Chlorophyll, but ac-
cording to Bohn et. al. (2004) Chlorophyll-bound
Magnesium contributes a small and nutritionally
insignificant part of total Magnesium intake in
industrialized countries. Calcium can be used by
some lime-stored plants to change to monocar-
bonate or shell forming animals (eg. Crutaceans).

The Golden Estuary was in eutrophic state and
the main source of various nutrients were the dis-
charges, as mentioned earlier. Also, its sediment
has a fine-grain structure, and this type of sedi-
ment include high concentrations of soluble ni-
trogen and phosphorus (Fisher et al., 1982). Re-
suspension of sediments following disturbance
generally causes rapid release of nutrients to the
water column.  For these reasons the nutrient
values (NO;, NOs, 0-PO,) in the present study
were determined in high concentrations. It was
seen, that the values of nutrients were increased
toward inner side of the estuary (from 4th station
to 1st station), especially. Because 1st station is
closer to the creeks, the quantity of pollution and
sediment carried by creeks are higher in this re-
gion than the other three stations.

According to the results, the significant increase
in Chl.-a content at the inner part of estuary may
indicate an icrease in algal biomass. This was
probably due to the decreased transparency and
declined phosphorus levels. There were signifi-
cant negative correlations between Chl.-a and
phosphorus levels (Spearman's rho correlation,
r=-0.490, p= 0.001, p<0.01, n=44) and Chl.-a
and turbidity in the study (Spearman's rho corre-
lation, r=-0.452, p= 0.002, p<0.01, n=44).

According to our results, some of the determined
physicochemical variables (salinity, dissolved
oxygen, water temperature, and pH) affect the
distribution of zooplankton directly, whereas oth-
ers indirectly.
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Zooplankton community in Golden Horn Estuary
was characterized by the presence of freshwater,
estuarine and marine species. Zooplankton com-
position in Golden Horn Estuary is similar to
other estuarine systems which holoplanktonic or-
ganisms, particularly Copepoda (Biiyiikates and
Inanmaz, 2010), dominated in this kind of envi-
ronments. Copepoda nauplii, the most abundant
taxon of Copepoda, have poor swimming ability,
and therefore they can not change their habitat,
until their size and swimming ability increase,
after which they can then return to regions of
preffered salinity (Chinnery and Williams, 2004).
The other abundant Copepoda specimen A. clausi
is known as non-migratory (Ergiin, 1994). A.
clausi population is often among the most abun-
dant zooplankton specimen settled in many
coastal and open water environments. Local pop-
ulations of Acartiidae family may present accord-
ing to highly variable temperature, salinity and
available nutrient conditions (Hubareva et al.,
2008). Cladocerans are not effective indicators to
determine the level of pollution of estuaries (Uri-
arte  and  Villate,  2004),  conversely
P.polyphemoides (the abundant taxon of Cladoc-
era in the present study) and A. clausi were re-
ported as that they preffered highly polluted wa-
ters (Tarkan and Ergiven, 1988; Unal et al.,
2000; Benli et al., 2001). Determined abundant
Rotifer species Asplanchna spp., noted by some
authors that in general they are dominant zoo-
plankton taxa in lotic areas, and are predatory
(Bekleyen, 2001; Guher, 2003).

Also tintinnids (tintinnids represented in this
study by F.ehrenbergii) are an important compo-
nent in most marine environments (Cordeiro et
al., 1997), and they can be important occasionally
in estuarine environments (Dolan and Gallegos,
2001). Meroplanktonic forms, have also im-
portant components of plankton in this estuary,
like the other estuary around the world (Tan et
al., 2004; Ayon et al., 2008; Moderan et al.,
2010).

Zooplankton community composition associates
with trophic status of water body tightly, and the
outcome of impacts like nutrient enrichment can
be reflected in zooplankton community structure
(Conde-Porcuna et al., 2002; Hietala et al., 2004).
This can be illustrated by the RDA analysis in the
context, which displayed a distinct relationship
between zooplankton taxa composition and their
environment. The first five determined variables
explained 73.7% of the taxonomic structure. The
zooplankton community structure responded rap-
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idly to the environmental changes. As indicated
by the RDA, temperature, NO,-N, NOs-N, Chl.-a
and total hardness were significant variables that
controlled species composition and temporal var-
iations of abundance of the zooplankton assem-
blages.

According to the results, all the selected variables
(NO2-N, NOs-N, Chl.-a, temperature and total
hardness) associated with Rotifers and mero-
plankton, and NO2-N, NO3z-N mainly with zoo-
planktonic Crustaceans.

The relation among zooplankton taxa, water tem-
perature and high concentrations of nutrients has
been detected by many authors (Park and Mar-
shall, 2000). It is a consensus that an increase in
the concentration of nutrients influences the top
levels of a food web through a cascade of interac-
tions (Anderson et al., 2002).

Rotifers are usually regarded as bio-indicators of
water quality (Sladécek, 1983), and their abun-
dance and population characteristics are used as
effective indicators of environmental changes
(Attayde and Bozelli, 1998). Rotifera species,
we have identified in present study, are common-
ly found in eutrophic waters (Kolisko, 1974). The
abundance of Rotifers decreased, while the densi-
ty of zooplanktonic Crustaceans increased mark-
edly. Increase in temperature during spring al-
lowed the development of total Rotifers in high
abundances up to 51106 ind. m3, while abun-
dance of Crustacea was 24418 ind. m=. Inorganic
nitrogen such NO>-N and NO3-N can help the in-
crease of Rotifer density. According to the results
NOs-N concentration increased in spring.

Calcium is an essential structural component of
crustacea carapaces (Korosi et al., 2008), and is
an integral part of total hardness. Consequently
has been shown to be important in influencing
Crustacean assemblages in our study area.

Because zooplankton taxa are key components of
aquatic ecosystems, this pattern may reflect the
ability of larger Cladocera to competitively ex-
clude smaller species when nutrients are limiting,
as larger Cladocerans have lower limiting thresh-
olds for nutrients (Brooks and Dodson, 1965).
When nutrient levels are higher, competition
pressures decrease and smaller individuals can
proliferate. This situation could explain the rela-
tionship between nitrate and nitrite with Cladoc-
erans. Copepoda affected indirectly by NO2-N
and NOs-N. The presence of phytoplankton is
controlled by utilizable nitrogen and phytoplank-
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ton is an important diet for Copepoda (Lawrence
et al., 2004).

Conclusions

The Golden Horn, in the center of Istanbul city,
has been the favourite settlement area of the city
in 1970s, because of its clean water, and shel-
tered harbors (Eyice, 1975). Therefore, it was an
important fishing and recreational area, and also
had touristic value and for this reason the Golden
Horn is among the most important ecosystems in
Turkey. In conclusion, this study presents the re-
lationship between zooplankton distribution and
the spatio-temporal patterns of environmental
variables at the inner- and middle part of the
Golden Horn Estuary. Longitudinal gradient has
also an importance on variation of zooplankton
species and physicochemical variables. Accord-
ing to the Water Pollution Regulation by the
Ministry of Forestry and Water Affairs (Anony-
mous, 2004), study area was found to have 1Vth
class of water quality according to the nutrient
concentrations. However, species richness was
found very high in all stations as meroplanktonic
and holoplanktonic species contributes highly to
the total species numbers. This study revealed
the zooplankton fauna of the Golden Horn Estu-
ary for the first time.
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Oz:

Bu calismada, Canakkale kiyilarinda Kasim 2011 ile
Ocak 2013 tarihleri arasinda ticari balik¢ilikta kullani-
lan 210d/3 numara ip kalinlig1 olan 18 - 20 - 22 - 25
mm g6z agikligina sahip kupes aglar1 kullanilmistir.
Aglar, her biri (E= 0.40 - E= 0.50 - E= 0.60) donam
faktoriine sahip olacak sekilde donatilmistir. Her ag
105 gbz yiiksekligine sahiptir. Aglarim mantar ya-
kalarinda 3 numara plastik mantar ve kursun ya-
kalarinda 50 gram kursun kullanilmistir. Avcilik
yontemi olarak voli yontemi uygulanmistir. Yapilan
15 avcilik denemesinde E=0.40 donam faktorlii 22
mm goz genisligine sahip aglar 174 adet kupes baligi
ile en fazla avcilik yapan aglardir. E=0.50 donam fak-
torlii aglarda ise 22 mm goz genisligine sahip aglar
280 adet kupes baligi ile en fazla avcilik yapan
aglardir. E=0.60 donam faktorlii 25 mm goéz ge-
nisligine sahip aglarda ise 403 adet kupes baligi ile en
fazla avcilik yapan aglar olarak goze ¢arpmaktadir.

Anahtar Kelimeler:

Canakkale, Kupes (Boops boops), Galsama agi,
Donam faktéri, Av verimi

Abstract:

Effect of Hanging Ratio on Catch Efficiency
for Bogue (Boops boops, L. 1758) Gill Nets in
Canakkale Region

This study was conducted between November 2011 -
January 2013, using bogue nets with 18 - 20 - 22 - 25
mm mesh size that targets bogue which used in com-
mercial fishing commonly at Canakkale shores were
rigged in three different hanging ratios (E=0.40 -
E=0.50 - E=0.60). Each net has 105 meshes height.
Number 3 plastic floats were used on the floatline of
nets and 50 gr leads were used on the leadline of nets.
Drive-in fishery technique was used in fishery opera-
tions. At the end of 15 fishery operations, 174 bogue
were caught with 20 mm mesh size, E=0.40 nets; 280
bogue were caught with 22 mm mesh size, E=0.50
nets and 403 bogue were caught with 25 mm mesh
size, E=0.60 nets, as maximum.

Keywords:

Canakkale, Bogue (Boops boops, L. 1758), Gillnet, Hanging
ratio, Catch efficiency
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Giris

Galsama aglar, diisiik maliyetli ve uygulamasi
kolay oldugundan biitiin diinyada yaygin olarak
kullanilan bir av aracidir (Hamley, 1975; Laevas-
tu ve Favorite, 1988; Kurkilathi ve Rask, 1996).
Canakkale Bogazi’'nin Ege cikis1 tiir ¢esitliligi
acisindan olduke¢a zengin bir yapiya sahip olma-
sindan dolay1 her tiirlii galsama ve fanyali uzatma
agmin bu bolgede kullanimina rastlanmaktadir.
Galsama aglar1 diinya balik¢iliginda oldugu gibi
Canakkale Bolgesinde de yiiksek kullanim orani-
na sahiptir (Ozekinci ve dig., 2006). Galsama ag-
lar ile avcilikta baligin ag1 gérmemesi ¢ok dnem-
lidir. Bu ylizden galsama aginin diisiik goriiniirli-
liikte olmasi istenir (Aydin ve dig., 2006).

Galsama aglarimin yapisi, materyali, goz agikligi,
ip kalinligi, rengi ve donam faktoriiniin av verimi
iizerinde etkili oldugu bildirilmektedir (Brandt,
1984; Millner, 1985). Donam faktori galsama
aglar ile avcilikta, aglarin av verimini etkileyen
en 6nemli faktorlerden birisidir. Donam faktori
agin yiizdiiriici ve batiricilarin bulundugu yaka-
lara donami sirasinda, bir birim agin kag¢ birim
halata donatildigini belirtir. Ag goziiniin geomet-
rik sekli, donam faktorii ile dogrudan iligkilidir
ve ag goziiniin sekli yakalanabilirligi etkilemek-
tedir (Balik ve Cubuk., 1998a). Genellikle, diisiik
donam faktoriyle donatilan aglar, yiiksek donam
faktorii olan aglar ile karsilagtirildiklarinda ayni
tirin daha iri bireylerini yakalayabilmektedir.
Ciinkii aglarin donam faktorii azaldikga baliklarin
dolanarak yakalanma ihtimali artmaktadir (Karl-
sen ve Bjarnason., 1986). Kuzey Ege’ de faaliyet
gosteren balik¢ilar tarafindan kullanilan aglarin
%27’ si barbun aglari, %46.4> i marya aglari,
%12.2° si tim sezon boyunca kupes avlamada
kullanilan galsama aglar1, %11.8" i karides aglar
ve %2.4° {i kopek baligi aglar olarak belirlenmig-
tir Ayaz ve dig., (2010). Canakkale Bolgesi’ndeki
aglarin geneline bakildiginda %12.2 oranla kupes
aglar ile ayrica kullanilan diger aglar ile de ku-
pes baliginin avciligi yapilmaktadir.

Bu calismada Canakkale kiyilarinda siirdiiriilebi-
lir kupes avciliginin devamimin saglanabilmesi
igin 18 - 20 - 22 - 25 mm g6z agikligina sahip
kupes aglar1 ile denemeler yapilmistir. Calisma-
da, aglarin donatiminda uygulanan donam faktor-

lerinin av verimine etkisini, belirlemek hedef-
lenmistir.

Materyal ve Metot

Bu c¢alisma, Kasim 2011 - Ocak 2013 tarihleri
arasinda, Gelibolu Yarimadasinda ticari balikgila-
rin aveilik yaptiklar: 2 - 15 m derinlige sahip sa-
halarda gergeklestirilmistir. Alt1 farkl istasyonda,
sonbahar ve ilkbahar mevsimlerinde av operas-
yonu yapilmistir (Sekil 1).

Avciligin yapildigi istasyonlarda en fazla av ve-
rimi bir no’lu istasyon olarak tespit edilmistir.

Caligmada 210d/3 numara ip kalinhigi, 36 - 40 -
44 - 50 mm go6z acikligina sahip aglar kullanil-
mistir. Aglar, her biri E=0.40; E=0.50; E=0.60
donam faktoriine sahip olacak sekilde do-
natilmigtir. Her ag 105 goz yiiksekligine sahiptir.
Aglarin mantar yakalarinda 3 numara mantar ve
kursun yakalarinda 50 gram kursun kullanilmis-
tir.

Aglarin her biri 30 metre uzunlugunda hazirlan-
mus ve farkli goz genisligine sahiptir. Ancak ayni
donam faktoriine sahip aglar vertikal olarak birbi-
rine kii¢iik goz acikligindan biiyiik goz acikligina
gidecek sekilde dikilerek eklenmistir. Bdylece
her bir donam faktdriinde farkli gbéz ge-
nigliklerine sahip toplamda 120m uzunlugunda 3
adet ag elde edilmistir.

Avcilik Operasyonu

Ornekleme calismalarinda; havanin kararmasin-
dan sonra baligin hareket yoniine paralel olarak
suya birakilan aglara baligin ses ve 1sik ile aga
dogru siiriilmesi esasina dayanan voli yontemi
kullanilmistir. Operasyonlarda aglar donam fak-
torleri dikkate alinarak gruplandirilip uguca ek-
lenmistir. Her yenilenen operasyonlarda yerleri
degistirilerek tekrar denize atilmistir. Yakalanan
baliklar aglardan temizlenip gruplandirilarak; to-
tal boylar1 1 mm hassasiyetli 6l¢iim tahtasi ile
agirliklart (W) ise = 0.01g hassasiyetli dijital te-
razi kullamilarak Ol¢limleri yapilmistir. Aglara
yakalanan baliklarin maksimum ve minimum
boylari tespit edilmistir.
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Sekil 1. Arastirma sahasi
Figure 1. Study area
Av verimi hesaplamalari

Her bir agin yakaladigi hedef av bireylerinin sa-
yist veya toplam agirliklari; operasyon sayisi ve
agin uzunluguna olan orantisindan yararlanilmis-
tir (Av verimi= Toplam Av (N) / (Operasyon sa-
yist X Ag uzunlugu (m)) ve Av verimi= Toplam
Av (kg) / (Operasyon sayist x Ag uzunlugu (m)))
(Ayaz, 2010).

Bulgular ve Tartisma

Caligma boyunca aglarda toplam 2.048 adet
(221.005 kg) kupes balig1 (B. boops) yakalandigi
tespit edilmistir (Tablo 1).

Calismalar sonunda elde edilen verilerde 0.4 do-
nam faktorii ile donatilan aglara toplam 438 adet
kupes balig1 yakalandigi tespit edilmis, aglara
yakalanan baliklarmn total boy - frekans dagilim
¢ikarilmistir (Sekil 2). Yakalanan baliklarin total
boyu en biiyiik olan1 22 mm g6z genisligindeki
agda 28.3 cm; en kiiciik olan1 ise 18 mm g0z ge-
nisligindeki agda 15.9 c¢m olarak Olgilmiistiir.
Agirlik olarak bakildiginda da 25 mm goz genis-
ligindeki agda en biiyiik 239 g; 18 mm g6z genis-
ligindeki agda en kiigiik 40 gram olarak olgiil-
mistiir. E=0.40 donam faktorii ile donatilan ag-
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larda 22 mm g6z genisligine sahip aglar 174 adet
balik ile en fazla balig1 tutan aglar olarak goze
carpmaktadir. Aglarin goz agikliklarina gore av-
ladiklar1 baliklarin ortalama total boylar1 18 - 20 -
22 - 25 mm g6z genisligindeki aglarda sirasiyla;
18.55 - 20.59 - 21.88 - 23.25 cm olarak hesap-
lanmugtir.

Caligmalar sonunda elde edilen verilerde 0.5 do-
nam faktori ile donatilan aglara toplam 687 adet
kupes balig1 yakalandigi tespit edilmis, aglara
yakalanan baliklarin total boy - frekans dagilimi
cikarilmigtir (Sekil 3). Yakalanan baliklarin total
boyu en biiyiik olan1 18 mm g6z genisligindeki
agda 29.5 cm; en kiigiik olan1 ise 25 mm g6z ge-
nigligindeki agda 15.6 cm olarak Ol¢lilmiistiir.
Agirlik olarak bakildiginda da 22 mm goz genis-
ligindeki agda en biiyiik 195 g; 18 mm g6z genis-
ligindeki agda en kiigiikk 38 gram olarak olgiil-
miistiir. E=0.50 donam faktorii ile donatilan ag-
larda 22 mm g6z genisligine sahip aglar 280 adet
balik ile en fazla balig1 tutan aglar olarak goze
carpmaktadir. Aglarin g6z agikliklarina gore av-
ladiklar1 baliklarin ortalama total boylar1 18 - 20 -
22 - 25 mm g6z genisligindeki aglarda sirasiyla;
18.95 - 19.85 - 21.57 - 22.90 cm olarak hesap-
lanmustir.
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Tablol. Calismada yakalanan baliklar ve miktarlart (agiklama: ilk rakam goz genisligi, ikinci rakam
ip kalinligi, iiglincii rakam agda uygulanan donam faktorii).Ornek; 18 3 04: 18 mm goz
genigliginde, 210d/3 numara ip, E= 0.40 donam faktorlii ag.(105 goz: vertikal goz

yiiksekligi).
Tablel. Fish caught in the study and amounts (note: fist valve is mesh size, second valve is rope thickness and
third valve is hanging ratio. E.g 18 3 04: 18mm mesh size, number 210d/3 rope thickness, E=0.40
hanging ratio net. (105 meshes, vertical mesh height).
| 18 mm 20 mm 22 mm 25mm
Tarler 0.4 Dn. 0.5 Dn. 0.6 Dn. 0.4 Dn. 0.5 Dn. 0.6 Dn. 0.4 Dn. 0.5 Dn. 0.6 Dn. 0.4 Dn. 0.5 Dn. 0.6 Dn. Toplam

Turkee . Ad | Az |Ad |Ag |Ad |Ag |Ad | Az | Ad | Ag Ad | Ag Ad | Ag Ad | Ag Ad | Ag Ad | Ag Ad | Ag Ad | Ag Ad
Adi Tiir Ismi M @ [ |@ |M {@ [(M [@ [Mm](@ M | @ M [ @ M | @ M | @ M [ @ M | (9 M @ (M | Ag(®
Barbun M. barbatus 1 |55 1 55
B.iskorpit | S.notata 1 [38 1 38
Cipura S. aurata 1 | 266 1 | 266
C. Hani S.scriba 1 |69 1|69
Dil Balign | S.solea 1 |25 1 25
Iskatari S. cantharus 2 |79 1 |42 3 121
Isparoz D. annularis 1 |30 1 |39 2 |51 7 | 294 1 |40 1 |26 1 | 45 2 |4 16 | 566
iskorpit S. porcus 2 |77 2 | 122 2 | 270 1 |43 7 |512
istavrit T.mediterranus [ 17 | 744 | 9 [356 |22 |891 | 5 |371 |7 |434 4 | 412 1 |38 4 | 294 7 | 368 1 |32 77 | 3940
Izmarit S.maena 3 [115 [10 |407 | 4 |147 | 2 |118 | 4 |201 1 |47 4 | 265 1 |24 29 | 1324
Kalamar | L.vulgaris 2 | 618 1 | 180 3 798
Karagoz D. vulgaris 1 |18 2 |55 1 |48 4 |11
Kirma M. | P. erythrinus 1 [38 1 65 2 103
Kolyoz S. japonicus 1 |84 1 84
Kupes B. Boops 63 | 4127 |40 | 2828 | 46 | 2778 | 101 | 9558 | 186 | 15909 | 133 | 11562 | 174 | 20532 | 280 | 30793 | 341 | 32425 | 100 | 14451 | 181 | 22935 | 403 | 51103 | 2048 | 221005
Lufer P.saltatrix 2 | 279 2 | 143 6 | 485 1 |72 2 | 258 |10 [1102 | 4 |447 |27 | 2786
Mandagéz
M. P.. bogarevo 2 |57 1 |26 9 |306 | 4 |169 3 | 2 | 119 4 | 163 1 |62 26 | 1013
Melanur | O. melanura 5 [390 | 3 |344 | 3 |107 [11 [1046 | 2 | 217 2 [158 |14 | 147 7| 697 9 [1026 | 3 |274 |59 |5730
Palamut S.sarda 1 | 2580 1 | 2580
Sardalye | S. pilchardus 6 | 278 1 |57 2 | 108 1 |60 1 |14 30 | 2.386 1 |69 42 2972
Sarpa S.sarpa 1 | 274 1 | 274
Tekir M. surmuletus 1 [114 1 {300 2 414
Tirsi A.alosa 3 |181 3 | 218 6 [ 399
Tiryaki U.scaber 1 |56 1 |33 1 | 186 1 [130 4 405
Turna S.hyalina 1 100 | 2 |175 | 2 | 182 5 | 617 1 [ 1 | 116 12 |1.301
Uskumru | S.scombrus 1 |116 1 [116
Yabani M. | P.acarne 1 |64 1 |42 1 |70 2 |9 2 | 127 1 |85 2 | 100 1 |81 11 665
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Sekil 2. E=0.40 donam faktorii uygulanan ag g6z genisliklerinin toplam boy frekans dagilimi.
Figure 2. Total lenght — frequency distribution of E=0.40 hanging ratio nets.
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Sekil 3. E=0.50 donam faktorii uygulanan ag goz genisliklerinin toplam boy frekans dagilimu.
Figure 3. Total lenght — frequency distribution of E=0.50 hanging ratio nets.
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Sekil 4. E=0.60 donam faktorii uygulanan ag goz genisliklerinin toplam boy frekans dagilimi.
Figure 4. Total lenght — frequency distribution of E=0.60 hanging ratio nets.

Tablo 2. Donam faktorlerine gore aglarin birim av giicii miktarlari. (Agiklama: ilk rakam ag goz
genisligi, ikinci rakam ip kalinligi, tglincli rakam donam faktoriinii temsil etmektedir.
Ornek; 18 3 04: 18 mm goz genisligine, 210d/3 numara ip kaligma, E= 0.40 donam
faktorline sahip ag)

Table 2.  Fish caught in the study and amounts (note: fist valve is mesh size, second valve is rope thickness
and third valve is hanging ratio. E.g 18 3 04: 18mm mesh size, number 210d/3 rope thickness,
E=0.40 hanging ratio net). CPUE valves of net with different hanging ratios.

Hedef Tlr Av Verimi
Kupez Aglan Operasyon sayisi  Adet (N) Agirlik (kg)  Adet/m Agirlik/m
18 304 15 63 4.127 0.14 0.0091
18305 15 41 2.828 0.0911 0.0062
18 306 15 46 2.778 0.1022 0.0061
20304 15 101 9.558 0.2244 0.0212
20305 15 186 15.909 0.4133 0.0353
20306 15 133 11.562 0.2955 0.0256
22304 15 174 20.532 0.3866 0.0456
22305 15 280 30.793 0.6222 0.0684
22 306 15 341 32.425 0.7577 0.0720
25304 15 100 14.451 0.2222 0.0321
25305 15 181 22.936 0.4022 0.0509
25306 15 403 53.107 0.8955 0.1180
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Caligmalar sonunda elde edilen verilerde 0.6
donam faktorii ile donatilan aglara toplam 923
adet kupes baligi yakalandigi tespit edilmis,
aglara yakalanan baliklarin total boy - frekans
dagilimi ¢ikarilmstir  (Sekil 4). Yakalanan
baliklarin total boyu en biiyiik olan1 22 mm goz
genisligindeki agda 30.2 cm; en kiigiik olam ise
18 mm goz genigligindeki agda 16.3 cm olarak
Olglilmiistiir. Agirlik olarak bakildiginda da 25
mm goz genisligindeki agda en biiyiik 237 g; 18
mm goz genisligindeki agda en kiiclik 43 gram
olarak Ol¢iilmiistir. E=0.60 donam faktorii ile
donatilan aglarda 25 mm g6z genisligine sahip
aglar 403 adet balik ile en fazla balig1 tutan aglar
olarak g0ze carpmaktadir. Aglarin g6z
acikliklarina gore avladiklar1 baliklarin ortalama
total boylar1 18 - 20 - 22 - 25 mm g0z
genisligindeki aglarda sirasiyla; 18.20 - 20.10 -
20.57 - 22.44 cm olarak hesaplanmistir.

Hesaplamalar sonunda aglarda en fazla balig1
tutan ve en yiksek av veriminin 25 mm g6z
genisligi ve 0.60 donam faktoriine sahip agda
oldugu gozlenmistir. En diisiik av verimine sahip
ag ise, av adeti oranina gore 18 mm goz genisligi
0.50 donam faktoriine sahip ag ve toplam agirlik
oranina gore 18 mm goz genisligi 0.60 donam
faktoriine sahip ag oldugu gozlenmistir (Tablo 2).

Sonug

Bu c¢alisma, siirdiiriilebilir kupes avciligimin
devami agisindan, Canakkale Bolgesi’nde kupes
avciliginda yaygin olarak kullanilan galsama
aglarinda donam faktdriiniin av verimine etkisini
aragtirmak i¢in 18, 20, 22 ve 25 mm ag goz
genisligine sahip aglar 3 farkli donam faktoriiyle
donatilarak ¢alisilmistir. Aglarda yakalanan balik
sayisina oranla yapilan av verimi
hesaplamalarinda; 0.6 donam faktoriine sahip 22
ve 25 mm ag gbz genisligi, 0.5 donam faktdriine
sahip 20 mm ag goz genisligi ve 0.4 donam
faktorline sahip 18 mm goz genisligindeki aglar
ait olduklar1 ag g6z genisligi grubu igindeki en
verimli aglar olarak gbze carpmaktadir.
Baliklarin toplam agirlik miktarma oranlanarak
yapilan av verimi hesaplamalarinda; 18 mm goz
genisligindeki aglarda 0.4 donam, 20 mm goz
genigligindeki aglarda 0.5 donam, 22 ve 25 mm
g6z genisligindeki aglarda ise 0.6 donam
faktoriine sahip aglar en verimli olarak goze
carpmaktadir. Hesaplamalarda 0.4 donam
faktord, 20, 22 ve 25 mm g6z genisligine sahip
aglar hem yakalanan balik adedi hem de toplam
agirhk oranlamasina gore en verimsiz aglar
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olarak gbze carpmaktadir. 18 mm g6z
genigligindeki  aglarda ise 0.5 donam
faktoriindeki ag toplam yakalanan balik adedine
oranla, 0.6 donam fakt6riine sahip ag ise
baliklarin toplam agirligina oranla en verimsiz ag
olarak dikkati ¢ekmektedir. 22 ve 25 mm g6z
genisligindeki aglarda donam faktorii biiyiidiikce
yani aglari sudayken gerginliklerinin artmasiyla
adet ve agirlik oranlarina gore av verimliliginin
arttiglt gozlenmistir. Buna karsin, 18 mm goz
genisligindeki aglarda 0.4 donam faktori ile
donatilan ag yakaladigi balik sayis1 fazla
olmasindan dolay1 diger iki donam faktoriine
sahip aglardan daha verimli ¢ikmistir. 20 mm g6z
genigligindeki aglarda 0.5 donam faktdriine sahip
aga yakalanan birey sayist ve toplam agirlik
miktar1 daha fazla olmasindan dolayr birim av
giicli bakimindan diger iki donam faktdriine sahip
aglardan daha verimli ¢iktig1 gozlenmistir. Aydin
ve Yiksel (2014) Luciobarbus mystaceus (Palas,
1814) avciliginda kulanilan farkli  donam
faktorlerine gore donatilmig galsama aglarinda
0.4 donam faktoriine gore donatilan ag diger
aglara gore daha verimli bulunmustur. (Ayaz ve
dig., 2010) yaptiklar1 ¢alismalarinda 0.4-0.5-0.6
donam faktorii ile donatilmis galsama aglari
kullanmig ve yine 0.4 donam faktorii ile en fazla
isparoz (Diplodus annularis) balig1
yakalamiglardir. (Duman ve dig., 2006), Keban
Baraj Golii'ndeki ¢aligmalarinda  0.50-0.60
donam faktorii ile donatilan galsama aglarinin
daha verimli oldugu sonucuna ulasmislardir.
(Nomura, 1978), galsama aglarinda en uygun
donam faktorinin 0.30-0.50 arasinda oldugunu
bildirmigtir. Balik ve Cubuk (1998b) diisiik
donam faktoriiyle donatilmig galsama aglarinda
daha fazla sudak (Stizostedion Lucioperca) balig
yakalamiglardir. Bu da ¢alismamizdaki 18 ve 20
mm goéz genisligindeki aglarda, kiigiik donam
faktoriine sahip aglarin daha fazla balik
yakalamast ve daha verimli ¢ikmast ile
eslesmektedir. Bunun nedeni ise av operasyonu
sirasinda tesadiifi olarak baliklarm ilk olarak bu
aglara siiriiklenmesiyle yakalanmasindan dolayi
kaynaklandigi diisiiniilmektedir. Galsama aglari
ile aktif olarak avlanilan voli yontemiyle kupes
baliginin yogun oldugu bdlge ve zamanda
avlamildigt  i¢in  aglarin  avladigr  tiir
kompozisyonun biyiik kismmi kupes baligt
olusturmaktadir. Bu sayede hedef dis1 av orani
az, birim av gilicii kayb1 diisiiktiir. Son olarak
aglarda uygulanan donam faktoriiniin, av
verimine aglarin goz genisliklerine bagli olarak
suda gorundrliklerinin  de etkisiyle beraber
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Oz:

Bu c¢alisma, Tiirkiye’nin farkli bolgelerindeki kiiltiir
gokkusagi alabaliklar1 (Oncorhynchus mykiss)’ndan
izole edilen patojenik Gram-negatif bakterilerin lipo-
polisakkarit (LPS) profillerinin belirlenmesi amaciyla
ylriitiilmiistir. Bu amacla, hasta balik 6rneklerinden
izole edilen Vibrio anguillarum, Aeromonas hydrophi-
la, A. schubertii, Pseudomonas fluorescens ve Yersi-
nia ruckeri izolatlarimdan LPS numuneleri elde edil-
migtir. LPS profilleri, Sodyum Dodesil Silfat-
Poliakrilamid Jel Elektroforezi (SDS-PAGE) ve
giimiig-nitrat boyama metodu ile belirlenmistir. Bu
caligmadan elde edilen sonuglar, LPS analizi ¢aligma-
larinin bu bakterilerin karakterizasyonunda ve degisik
cografik bolgelerden izole edilen suslar arasindaki
farkliliklarin tespit edilmesinde kullanilabilecek fay-
dal1 araglar oldugunu gdstermistir.

Anahtar Kelimeler:
Gokkugagi alabaligi, O. mykiss, SDS-PAGE, LPS

Abstract:

Lipopolysaccharide Profiles of Gram-Negative
Pathogens Recovered from Cultured Rainbow
Trout (Oncorhynchus mykiss)

The aim of this study was to determine the lipopoly-
saccharide (LPS) profiles of pathogenic Gram-
negative bacteria recovered from cultured rainbow
trout (Oncorhynchus mykiss) in different regions of
Turkey. For this purpose, LPS samples were obtained
from 10 bacterial isolates of Vibrio anguillarum, Aer-
omonas hydrophila, A. schubertii, Pseudomonas fluo-
rescens and Yersinia ruckeri recovered from diseased
fish. LPS profiles were determined by using Sodium
Dodecyl Sulphate Polyacrilamide Gel Electrophoresis
(SDS-PAGE) and silver-nitrate staining method. Re-
sults of the study demonstrated that LPS profiling is a
useful tool for characterization of these bacteria and
geographic discrimination of their isolates.

Keywords:
Rainbow trout, O. mykiss, SDS-PAGE, LPS
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Giris

Gokkusagi alabaligi (Oncorhynchus mykiss), ul-
kemizde 1970°1i yillardan beri basartyla kiiltiirii
yapilan bir balik tiiriidiir (Celikkale vd., 1999).
TUIK (2013) verilerine gore iilkemizde 2012 yi-
linda i¢ sularda ve denizlerde toplam 114.569
ton/y1l gokkusagi alabaligi iretilmistir. Bu bali-
gin kiiltiirinde goriilen en 6nemli problemlerden
birisi kirlilik ve uygun olmayan yetistiricilik ko-
sullarina bagli olarak gelisen bakteriyel hastalik-
lardir (Timur ve Timur, 2003; Roberts, 2012;
Austin ve Austin, 2012).

Ulkemizin tiimiine yayilan ve iiretim miktar1 her
yil artan gokkusagi alabaligi kiiltiiriinde de iire-
tim miktarim kisitlayan bir faktor olarak Gram-
negatif karakterdeki bakterilerden kaynaklanan
hastaliklara siklikla rastlanmaktadir. Giinlimiize
kadar gerceklestirilen pek ¢ok ¢alisma sonucun-
da, iilkemizde kiiltiirii yapilan gokkusagi alaba-
liklarinda Aeromonas hydrophila (Baran vd.,
1981; Diler ve Altun, 1994; Kopriicii ve Sariey-
yipoglu, 2010), A. schubertii (Akayli vd.,
2011a), A. salmonicida (Kirkan vd., 2003), Vib-
rio (Listonella) anguillarum (Timur ve Korun,
2004; Tanrikul, 2007; Tanrikul ve Giiltepe,
2011), Flavobacterium columnare (Kubilay vd.,
2008), F. psychrophylum (Kayis vd., 2009), Pse-
udomonas fluorescens (Akayli ve Timur, 2004),
P. putida (Altinok vd., 2006), P. lutoeola (Alti-
nok vd., 2007), P. plecoglossicida (Akayli vd.,
2011b) ve Yersinia ruckeri (Cagirgan ve Yi-
reklitirk, 1991; Timur ve Timur, 1991, Altun vd.,
2010) gibi Gram-negatif karakterdeki patojen
bakterilerin hastaliklara neden oldugu rapor
edilmigtir.

Gram-negatif bakterilerdeki htcre c¢eperi, zorlu
cevre sartlarina karst hiicreyi koruma, hiicreye
seklini verme ve secici gegirgen bir bariyer ola-
rak gérev yapmanin yani sira bazi enzimatik sis-
temleri de blnyesinde bulundurur (Lima de Faria,
1969; Koebnik vd., 2000). Gram-negatif bakteri-
lerde hiicre ¢ift kath bir membran ile ¢evrilidir ve
dis membran; tamami sitoplazmada sentezlenen
fosfolipidler, lipopolisakkaritler, lipoproteinler ve
integral dis membran proteinlerinden (OMP)
olusmaktadir (Bos ve Tomassen, 2004). Bakteri-
lerin antijenik yapilarini olusturan lipopolisakka-
ritlerin baliklarin spesifik ve spesifik olmayan
bagisiklik sisteminin gelismesi iizerinde Snemli
etkileri olup bu yapilarin belirlenmesi as1 gelis-
tirme ¢aligmalarina temel teskil eder (Fulop vd.,
1995, Sakai, 1999). Solem vd. (1995) A. salmo-

nicida’ya ait LPS’lerin Atlantik salmonu (Salmo
salar)’nda immunostimulant olarak kullanilabile-
cegini belirtilirken, Acosta vd. (2004) V. anguil-
larum’a ait bu antijenlerin ayn1 balik turtinde an-
tikor seviyesini arttirdigini ve asi ¢aligmalarinda
kullanilabilecegi bildirilmistir.

Bakteriyel balik patojenlerinin teshisinde, anti-
jenik yapilarinin belirlenmesinde ve serotiplen-
dirme ¢aligmalarinda agliitinasyon (Sorensen ve
Larsen, 1986), ELISA (Enzyme-linked Immuno-
sorbent Assays) (Knappskog vd., 1993; Akayl,
2001, Kubilay ve Timur, 2001), IFAT (Immune
Fluorescent Antibody Technique) (Kubilay ve
Timur, 2001), SDS-PAGE (Sodyum-Dodesil-
Siilfat Poliakrilamit Jel Elektroforezi) (Dooley
vd., 1985; Knappskog vd., 1993) ve Western-blot
(Pazos vd. 1993) gibi immunokimyasal yéntem-
ler yaygin olarak kullanilmaktadir. SDS-PAGE
teknigi bakteri hiicrelerinin, lipopolisakkarit yapi-
larinin tespit edilmesinde yaygin olarak kullani-
lan elektroforetik yontemlerden biridir (Laemmili,
1970; Ingram, 1993). Farkli arastiricilar bu tekni-
gi kullanarak V. anguillarum (Chart ve Trust,
1984; Knappskog vd., 1993; Boesen vd., 1999),
A. hydrophila (Dooley vd., 1985), P. fluorescens
(Swain vd., 2003) ve Y. ruckeri (Sousa vd., 2001)
gibi g¢esitli Gram-negatif balik patojenlerinin
LPS profillerini incelemislerdir.

Bu ¢alismada da yurdumuzdaki kiiltiir gokkusagi
alabaliklarindan izole edilen Gram-negatif karak-
terdeki bakterilerin identifikasyonu ve bu izo-
latlarin Lipopolisakkarit (LPS) profillerinin SDS-
PAGE metodu kullanilarak tespit edilmesi amag-
lanmustir.

Materyal ve Metot

Bu calisma kapsaminda Ege bolgesinde bulunan
3 adet ve Marmara bdélgesinde bulunan 2 adet
kiiltiir gokkusagi alabaligi isletmesinden ornek-
leme yapilmistir. Agirliklart 5-130 g arasinda de-
gisen ve ¢esitli hastalik belirtilerini gosteren top-
lam 40 adet balik Orneginden bakteriyolojik
ekimler yapilmustir. Isletmelerdeki baliklarin bu-
lundugu havuzlarin su sicakliginin Ege bdlgesin-
deki isletmelerde ortalama 18-20 °C oldugu goz-
lenirken, Marmara bolgesindeki isletmelerde ise
16-18 °C arasinda oldugu dikkati ¢cekmistir.
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Bakteriyolojik inceleme

Havuzlardan canli olarak temin edilen hasta balik
ornekleri 6ncelikle 2-phenoxyethanol (0,1 mL/L)
ile anesteziye tabi tutulduktan sonra dis ve i¢ kli-
nik bulgularin tespiti i¢in otopsi islemleri gergek-
lestirilmistir. Incelenen balik 6rneklerinin karaci-
ger, bobrek ve dalak gibi i¢ organlarmmdan TSA
(Triptik Soy Agar) ve BHIA (Brain Hearth Infu-
sion Agar), Pseudomonas agar ve TCBS agar
(Thiosulphate Citrate Bile salts Sucrose) gibi be-
siyerlerine bakteriyolojik ekimler yapilmistir
(Buller, 2004; Austin ve Austin, 2012; Roberts,
2012). Petri kutular1 18°C’de 4 giinliik inkiibasy-
on sonrasinda primer izolasyon ile elde edilen
bakteri kolonileri saflagtirilarak rutin bakteri-
yolojik metotlar ve API 20E hizli teshis kiti kul-
lanilarak identifiye edilmistir (Alsina vd., 1994;
Austin ve Austin, 2012; Roberts, 2012). izole
edilen bakterilerin Gram boyanma 6zelligi, hare-
ket testi, Oksidasyon/Fermentasyon testi, sitok-
rom oksidaz ve katalaz aktiviteleri ile 0/129’a
duyarlilik testleri ile genus bazinda iden-
tifikasyon gergeklestirildikten sonra tiir diizey-
inde identifikasyon icin indol, MR, VP, re, sit-
rat, ONPG, nitratlar1 indirgeme, sekerlerden asit
tiretimi gibi testler yani sira Vibrio anguillarum
Medium besiyeri, TCBS, Waltman-Shotts agar ve
Pseudomonas agar besiyerlerinde (reme gibi
ayirt edici biyokimyasal 6zellikleri incelenmistir
(Alsina vd., 1994; Buller, 2004; Kimberley ve
MacNair, 2004; Altun vd.,, 2010; Austin ve Aus-
tin, 2012).

LPS orneklerinin hazirlanmasi ve SDS-PAGE
analizi

Bu ¢alismada incelenen bakteri izolatlarinin iden-
tifikasyonundan sonra aym bakterilerin hiicre za-
rinda bulunan LPS Ornekleri elde edilmistir
(Hitchcock ve Brown, 1984; Santos vd. 1995).
Bu amagla, kat1 besiyerinde iiretilen taze bakteri
kulturinden elde edilen koloniler steril bir e-
kiivyon ¢ubugu yardimi ile mikrosantrifiij tiipii
icerisine toplanarak fosfat tamponlu tuz (PBS)
sollisyonu ile yikanmig ve 1.5 ml PBS igerisinde
yogunlugu ODgsp’de 0.8 olacak sekilde su-
landirilmigtir. 10.000 g’de 5 dakika stre ile sant-
rifiij edilen siispansiyonun {istte kalan sivi kismi
uzaklastirilmis ve pelet kismu 50 pL’lik 6rnek
tampon (12.5 mM Tris-HCI [pH 6,8], %2 SDS,
%10 [vol/vol] gliserol, 90,002 bromfenol
mavisi, %5 2-merkapto ethanol) soliisyonu ile
sulandirilmistir. Bu siispansiyona 100°C’lik sicak
su banyosunda 10 dakikalik kaynatma isleminden
sonra, ortamdaki protein molekdllerinin elimine
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edilmesi amaciyla tizerine 10 pL proteinaz-K
(2,5 mg/mL) eklenmis ve 60°C’de 1 saat inkiibe
edilmistir. Elde edilen LPS 6rnekleri kullanilana
kadar -20°C’de saklanmistir. SDS-PAGE analizi
ise Laemmli (1970)’in metoduna goére %3’lik
yiikleme jeli ve %12’lik ayirma jeli kullanilarak
ThermoScientific marka dikey elektroforez ciha-
zinda gergeklestirilmistir. Yiikleme jelinde olus-
turulan kuyucuklara 10 pL LPS Ornegi yiiklen-
mistir. Her bir jelde, kuyucuklardan bir tanesine
de LPS &rneklerinin molekiiler agirliklarinin be-
lirlenebilmesi icin protein belirteci (Fermentas
PageRuler unstained protein ladder) yliklenmistir.
80V elektrik akiminda 2 saatlik elektroforetik ay-
rigtirmanin sonrasinda LPS profillerinin goriilebi-
lir hale gelebilmesi amaciyla giimiis-nitrat boya-
ma yontemiyle boyanmis (Tsai ve Frasch, 1982)
ve fotograflanmistir.

Bulgular ve Tartisma
Klinik bulgular

Caligmada materyal olarak kullanilan hasta balik
orneklerinin dis baki muayenesinde genel olarak
deride pul kaybi, yiizge¢lerde erime, viicut yiize-
yinde hemoraji ve ulserlerle seyreden bakteriyel
hemorajik septisemi tablosu (Sekil 1) gozlenirken
bazi balik orneklerinde ise bu gibi bulgulara ek
olarak agiz bolgesinde hemorajiler ile 6zellikle
sirt yiizgecinde erime tespit edilmistir. Hasta ba-
lik 6rneklerinin i¢ baki muayenesinde ise bobrek-
te erime, dalakta biiyiime ve karacigerde hemora-
jiler gibi gesitli klinik bulgular tespit edilmistir
(Sekil 2).

Bakteriyolojik bulgular

Hasta balik 6rneklerinin i¢ organlarindan yapilan
bakteriyolojik ekimler sonucu elde edilen izolat-
lardan farkli biyokimyasal 6zelliklere sahip
Gram-negatif karakterdeki 10 adet bakteri izolati
secilerek caligsmaya dahil edilmistir. Fenotipik ve
biyokimyasal 6zellikleri Tablo 1’de gdsterilen bu
izolatlar Vibrio anguillarum, Aeromonas hydrop-
hila, Aeromonas schubertii, Pseudomonas fluo-
rescens ve Yersinia ruckeri olarak identifiye
edilmistir.
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Tablo 1. Hasta kiiltiir gokkusag1 balig1 6rneklerinden izole edilen bakterilerin (1-10) fenotipik ve

biyokimyasal ézellikleri

Akayl et al., 1(2): 80-89 (2015)

Table 1. Phenotypic and biochemical properties of bacterial isolates (1-10) recovered from diseased cultured

rainbow trout samples

10

Gram - - - - - -
Hareket +
O/F F
Sitokrom oksidaz +
Katalaz +
0/129 (150 pg) H
indol -
MR - -
VP +
Laktoz

Maltoz

Mannitol

+ I + + M +
+ O + + T +
v+ O + + T o+
1
1

+
+
+
N

Arabinoz
Nitrat
Ureaz

+ 4+ + o+
+ 4+ + o+

+
1

Amilaz
Jelatinaz
ONPG

Sitrat kullanim

+ + + N + + + +
1
1
1
1
1

+
N +

+ N + +
]

Floresan pigment

Farkl besiyerlerinde iireme
VAM S
TCBS S S - - - -
WS -

QO + m

+

+

+ N + +

QO + m

+

QO + m

+ + 4+ o+ o+

<

N + O + m

+

Identifikasyon

Vibrio anguillarum
Vibrio anguillarum
Aeromonas schubertii
Aeromonas hydrophila
Aeromonas schubertii
Pseudomonas fluoresens

Yersinia ruckeri

Yersinia ruckeri

Yersinia ruckeri

Yersinia ruckeri

+: pozitif reaksiyon; -: negatif reaksiyon; K: krem; F: fermentatif; O: oksidatif;
H: hassas; D: direngli; S:sar; Y:yesil; Z:zayif reaksiyon

+: positive reaction;  -: negative reaction; K: creamy coloured; F: fermentative;
O: oxidative; H: sensitive; D: resistant;  S: yellow; Y:green; Z:weak reaction
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Sekil 1. 130 g agirhigindaki hasta balik 6rneginde deride pul kaybi, yiizgeclerde erime ve deride

iilserler (okla gdsterilmistir)

Figure 1. Loss of scales, swelling of the fins and ulcers (arrowed) on the body of a 130 g diseased fish sample.

Sekil 2. 110 g agirligindaki hasta balik 6rneginde deride kasa kadar inen {ilser, hemorajik karaciger

ve dalakta biiyiime (okla gosterilmistir)

Figure 2. Ulcers expanding through the muscles on the skin, haemmorhagic liver and spleenomegaly (arrowed)

in a 110 g diseased fish sample.

Ture 6zgu secici bir besiyerlerinden VAM be-
siyeri, V. anguillarum izolatlarinin; Pseudomonas
agar besiyeri ise P. fluorescens izolatlarinin iden-
tifikasyonunun dogrulanmasinda kullanilmstir.
V. anguillarum izolatlar1 VAM besiyeri tizerinde
24 °C’de 24 saat inkiibasyon sonrasinda sari
renkli koloniler olustururken (Sekil 3a), P. flu-
orescens izolatlar1 Pseuodomonas agar besiyerin-
de inkiibe edilip UV 15181 altinda incelendiginde
floresan pigment igeren koloniler olusturmustur
(Sekil 3b). Waltman-Shotts besiyerinde ise Y.
ruckeri olarak identifiye edilen 4 adet izolatin
yesil renkli, etrafinda sar1 renkli hidroliz zonu
bulunan koloniler olusturdugu goriilmiistiir.

LPS analizi bulgular

Bu calismadaki hasta balik 6rneklerinden izole
edilen bakterilerin LPS profilleri incelendiginde
farkl1 cografi bolgelerden izole edilen ayni tiire
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ait bakteri izolatlar1 arasinda homojenite veya he-
terojenite olabilecegi goriilmiistiir. iki farkli &r-
nekleme bdlgesinden izole edilen V. anguillarum
izolatlarinin birbirinden tamamen farkli iki LPS
profili olusturdugu ve izolatlar arasinda LPS pro-
filleri bakimindan heterojenite oldugu tespit
edilmistir (Sekil 4a). Bununla beraber ayni bol-
geden izole edilen iki adet A. schubertii izolat1 ve
hareketli Aeromonas turu olan bir adet A. hydro-
phila izolati ise birbirlerine benzer LPS profilleri
olusturmuslardir. Benzer sekilde Y. ruckeri izol-
atlarinin LPS profilleri incelendiginde bu izolat-
larin sik ve ¢ok sayida bant olusturdugu ve farkl
bolgelerden izole edilen bu izolatlar arasinda da
LPS profili bakimindan homojenite bulundugu
tespit edilmistir (Sekil 4b).

Balik hastaliklarinin tedavisi amaciyla antibiyotik
kullanimi  konusunda gergeklestirilen yanlis
uygulamalar nedeniyle bakterilerde antibiyotik
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duyarliligt  gelismistir ve bu da balik
hastaliklarinin tedavisini giiclestirmektedir (Aus-
tin ve Austin, 2012; Roberts, 2012). Bu nedenle
hastaliklara karsi onleyici 6nlem olarak ag1 ge-
listirme ¢aligmalar1 6nem kazanmistir. As1 iireti-
minde kullanilacak sug sec¢imi sirasinda bakterile-
rin identifikasyonu ve serotiplendirilmesi igin ge-
nel olarak kullanilan biyokimyasal metotlar bak-
terilerin  tir i¢i ayriminda yetersiz ka-
labilmektedir. Halbuki farkli cografi bolgelerden
izole edilen ve aymi tiire ait bakterilerin ve LPS
profillerinin belirlenmesiyle daha detayli ve
giivenilir tiir i¢i karakterizasyonlar1 yapilmaktadir
(Knappskog vd. 1993; Pazos vd., 1993; Boesen
vd., 1999)

Bu calismada {ilkemizin iki farkli cografik bolge-
sinden temin edilen ve ¢esitli hastalik bulgulari
gosteren gokkusagi alabalik drnekleri incelenmis
ve ¢esitli bakteriler izole ve identifiye edilmistir.
Ege Bolgesi’nden temin edilen kiiltiir gokkusagi
alabaligi 6rneklerinden V. anguillarum, A. schu-
bertii ve Y. ruckeri izole ve identifiye edilirken,
Marmara Bolgesi’ndeki isletmelerden temin edi-
len kiiltiir gokkusagi alabaligi 6rneklerinden ise
V. anguillarum, P. fluorescens ve A. schubertii
izole ve identifiye edilmistir.

Hasta baliklarda gozlemledigimiz ve Vibrio, Aer-
omonas ve Pseudomonas tiirii bakterilerin neden
oldugu bakteriyel hemorajik septisemi vakalarin-
da gozlenen deride pul kaybi, yiizgeglerde erime,
vicut yuzeyinde hemoraji ve (lserler gibi klinik
bulgular, diger arastiricilarin raporlarinda belir-
tilen klinik bulgularla benzerlik gdstermistir
(Austin  ve Austin, 2012; Roberts, 2012).
Ulkemizde balik hastaliklar1 konusunda calisan
diger arastiricilarin da belirttigi gibi (Cagirgan ve
Ydureklitirk, 1991; Timur ve Timur, 1991) Y.
ruckeri ile enfekte baliklarda ise bu gibi bulgu-
lara ek olarak agiz bolgesinde hemorajiler ile
ozellikle sirt yiizgecinde erime tespit edilmistir.

Bakterilerin tlr ici karakterizasyonunda ve sero-
tiplendirilmesinde biyokimyasal testler yetersiz
kalabilirken, hiicre membraninda bulunan protein
ve lipopolisakkarit gibi yapilarm SDS-PAGE
analizi ile belirlenmesi sonucu daha kesin
sonuglar elde edilebilmektedir (Knappskog,
1993; Pazos vd., 1993; Pedersen vd., 1999; Bo-
esen vd., 1999).

Sekil 3. a) VAM besiyeri iizerinde 24 saatte gelisen sar1 renkli V. anguillarum kolonileri
b) Pseudomonas agar besiyeri iizerinde 24 saatte gelisen ve UV 15181 atinda incelendiginde
floresan pigment Ureten P. fluorescens kolonileri

Figure 3. a) Yellow coloured V. anguillarum colonies on VAM medium after 24 h incubation.
b) Fluorescent pigment producing P. fluorescens colonies under UV light on Pseudomonas Agar

medium after 24 h incubation
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Sekil 4. a) Farkli cografi bélgelerden izole edilen V. anguillarum suglarinin LPS profilleri (Siitun 1-
2), b) Farkli cografi bdlgelerden izole edilen Y. ruckeri izolatlarinin LPS profilleri (3-4). M:

belirteg

Figure 4. a) LPS profiles of V. anguillarum isolates recovered from different geographical regions (Lane 1-2),
b) LPS profiles of Y. ruckeri isolates recovered from different geographical regions. (Lane 3-4) M:

Marker

Caligmada incelenen bakterilerden olan V. an-
guillarum  izolatlarin  LPS  profillerinde
go6zlenen heterojenite durumu, daha 6nce salmon-
id baliklardan izole edilen ve ayni tiire ait izo-
latlar arasinda da tespit edilmistir (Pazos vd.,
1993; Pedersen vd., 1999; Boesen vd., 1999).
Bunun yani sira V. anguillarum’un ayni serotipe
ait izolatlar1 arasinda da LPS profili bakimindan
birtakim farkliliklar bulundugunu bildirilmistir
(Pazos vd., 1993; Boesen vd., 199). Boesen vd.
(1999) ise serotip igerisinde farkli LPS profiline
sahip olan V. anguillarum izolatlarim, LPS pro-
fillerine gore siniflandirmis ve bazi izolatlarin
hem yiiksek hem de diigiik agirlikli LPS molekul-
lerine sahip oldugunu, bazilarinin ise yalnizca
diisiik agirlikli LPS molekiillerine sahip oldugunu
tespit etmistir.

Yiriitmiis oldugumuz bu ¢alismadaki Yersinia
ruckeri izolatlarinin LPS profili ise Davies
(1989) ve Bastardo vd. (2011) tarafindan bild-
irildigi gibi tiir icinde homojenite gostermistir.
Ancak farkli arastiricilar Y. ruckeri izolatlarinin
LPS profilleri arasinda biyotip (Tinsley vd.,
2011) ve serotipe (Sousa vd., 2001) baglh olarak
ufak farkliliklar goriilebilecegini bildirmislerdir.
Caligma kapsaminda hasta gokkusagr ala-
baliklarindan izole edilen A. hydrophila izolatinin
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Dooley ve Trust (1988) tarafindan; A. schubertii
izolatlarinin Kokka vd. (1992) tarafindan; P. flu-
orescens izolatinin ise Swain vd. (2003) tarafin-
dan bildirilen LPS profili ile benzer profiller
olusturduklar tespit edilmistir.

Sonug

Bu ¢alismadan elde edilen veriler dogrultusunda
yurdumuzun degisik bolgelerindeki kiiltiir gok-
kusagi alabaliklarindan farkli patojen bakteriler
izole ve identifiye edilmistir. Farkli cografi bolg-
elerden izole edilen bakterilerin SDS-PAGE
teknigi ile yapilan LPS profili analizleri
incelendiginde tiir i¢inde heterojenite gosterdigi
tespit edilmistir. Lipopolisakkaritler, bakterilerin
antijenik  profillerini  olusturduklarindan as1
gelistirme ¢alismalarina da temel teskil eder. Bu
nedenle, kiltiir balikgiliginda bakteriyel has-
taliklarin 6nlenmesinde oncelikle yerel bakteriyel
izolatlarin antijenik karakterizasyonunun yapil-
mast ve sonrasinda bu bakteriyel izolatlar
kullanilarak bdlgelere 6zgli balik asilarimin
gelistirilmesi ile hastaliklara karsi daha etkin
koruma saglanabilir.
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Abstract:

A total of 18 live specimens of the black jaw tilapia,
Sarotherodon melanotheron, mean weight (82.95
+3.27g) and mean length (13.1 £0.35cm), were sam-
pled bimonthly for three months from the Makoko ar-
ea, a slum neighbourhood, of Lagos Lagoon, to estab-
lish the haematological and biochemical indices of the
fish species which will serve as baseline for further
studies and ascertain the health of the environment.
The mean value and standard error of mean of some of
the haematological parameters analyzed were: Hb:
89.65 £3.63¢/l, PCV: 27.47 %0.58%, RBC: 3.05
+0.06T/L, WBC: 10.02 +0.40g/L, MCV: 86.87
+1.39fl, MCH: 29.64+0.62pg, MCHC: 33.29
+0.13¢g/dl, Neutrophils: 22.89 +0.63%, Lymphocyte:
79.67 £1.49% and Monocyte: 0.72 £0.25%. No Eo-
sinophils and Basophils were recorded in this study.
While the mean and standard error of mean of the bio-
chemical enzymes analyzed in IU/L, were: AST
(76.84 +4.08), ALT (23.06 +2.12) and ALP (77.74
+6.12). There was statistical significance (p<0.05) in
the following haematological parameters: Hb, WBC,
MCV, Neutrophils and Lymphocytes. There was sta-
tistical significance (p<0.05) in all the biochemical
indices. It was established that the water was polluted
with heavy metals, sewage and other organic pollu-
tants such as wood wastes, and that these pollutants
have altered the haematology and biochemistry of the
fish species.

Keywords: Makoko, Lagos Lagoon, Pollutants,
haematological, biochemical indices,
Sarotherodon melanotheron
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Introduction

Fishes are highly sought after today because of
their high nutritive values. According to Ademo-
la-Aremu et al (2009), fish constitute a major
source of animal protein to a large number of Ni-
gerians, particularly in the Lagos environs; they
contain a high level of protein (17 - 20%) with an
amino-acid profile similar to that of meat in ru-
minants and fowl, and when compared to beef,
mutton, chicken and bush meat, fish tissues are
less tough and more digestible. Today, these fish-
es are being threatened by pollution. Emmanuel
and Ogunwenmo (2010), on their study of the
Macrobenthos and the Fishes of a Tropical Estua-
rine Creek in Lagos, South-Western Nigeria, re-
ported a low density of species for both macro-
benthos and fish species. They attributed this de-
cline to an unstable physically controlled envi-
ronment resulting from anthropogenic induced
stressors. As observed in this present study in
Makoko Area of Lagos Lagoon, these anthropo-
genic stressors include, among others, discharges
from: industrial effluents, urban wastes, agricul-
tural runoff, untreated or partially treated sewage,
oil and smoke from the engine and exhaust pipes
of motorized boats and vehicles plying the third
mainland bridge. Fishes are being used as biosen-
sors to monitor the health of aquatic ecosystems,
because of their sensitivity to water pollution.
This point is supported by that of Summarwar
and Deepali (2013) who stated that fish are rela-
tively sensitive to changes in their surrounding
environment, including an increase in pollution;
and that fish health may as a result reflect, and
give a good indication of the health status of the
aquatic ecosystem in which the fish occurs. They
further stated that the initial toxic effects of the
pollution may, however, only be evident on cellu-
lar or tissue level before significant changes can
be identified in fish behavior or external appear-
ance. Thus the health of an ecosystem is thus of-
ten reflected by the health of its fauna (Sum-
marwar and Deepali, 2013). According to Nte
and Akinrotimi (2011), the effects of exposure of
fishes to sub lethal levels of pollutants can be
measured in terms of their biochemical and phy-
siological responses. The physical and chemical
changes reflect in the blood component of the
fish. Blood is therefore recognized as a potential
index of fish response to water quality (Hickey,
1982). Biomarkers are measurements in body flu-
ids, cells or tissues indicating biochemical or cel-
lular modifications due to the presence and mag-
nitude of toxicants, or of host response (NRC,

1987). Fish haematological and biochemical in-
dices have been described by Nte and Akinrotimi
(2011) as biomarkers used to ascertain the health
status of the fish and that of the aquatic ecosys-
tem where the fish is gotten from. Variations in
blood indices in response to environmental con-
ditions have been a major biomarker of stress in
organisms. Alteration in enzymes activities of the
exposed fish is one of the major biomarker indi-
cating the level of changes consequent of pollu-
tants in the tissues, the organs and body fluid of
the fish that can be recognized and associated
with established health impairment process
(Akinrotimi et al., 2009). However, Gabriel and
Akinrotimi (2011) noted that biomarker can also
be used to confirm and assess fish exposure to
toxicants, providing a link between external
exposure and internal structure and degree of res-
ponses to toxicant exposure observed between
different individuals. The most compelling rea-
son for using biomarkers is that they can give in-
formation on the biological effects of pollutants
rather than a mere quantification of their envi-
ronmental levels (Olakolu et al., 2012).

The use of haematological parameters as fish
health indicators was proposed by Hesser (1960)
and has since been used as an index of fish health
status in a number of fish species to detect physi-
ological changes as a result of exposure to differ-
ent stressful conditions such as handling, pollu-
tants, metals, hypoxia, anaesthetics and acclima-
tion (Duthie and Tort, 1985; Ogbulie and Ok-
powasili, 1999; Alwan et al., 2009). Haematolog-
ical indices are essential parameters for the eval-
uation of fish physiological status. Early diagno-
sis is possible when evaluating haematological
data (Folmar, 1993; Golovina, 1996; Luskova,
1997). In addition, analysis of blood parameters
will reveal conditions within the body of the fish
long before there is any outward manifestation of
disease or effects of unfavourable environmental
factors such as stress (Sampath et al., 1993, Musa
and Omoregie 1999). Thus haematological analy-
sis of fish can be used for monitoring the aquatic
ecosystem, where the fish lives, for early detec-
tion of pollution.

Enzymes are chemical substances (proteins) that
help speed up a chemical reaction in the body
(Ramalingam, 2011). Biochemical or liver func-
tion test also helps to determine the health status
of fish as well as that of its environment. Bio-
chemical constituents and some enzymes in the
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blood are used as biomarkers as they are very
sensitive, less variable and conserved between
species (Owolabi, 2011). Changes in the activi-
ties of these enzymes could be an indication of
tissue injury, environmental stress or diseased
condition (Kori-Siakpere et al., 2010). An in-
crease in enzymatic activity in the extracellular
fluid or organs is a sensitive indicator of even
minor cellular damage, since the levels of these
enzymes within the cell exceed those in the ex-
tracellular fluid by more than three orders of
magnitude (Das et al., 2004). On the other hand,
toxicants can also inhibit the activity or synthesis
of enzymes (Jung et al., 2003), resulting in de-
creased activities in the organs. This present
study sought to establish baseline values for the
haematological and biochemical parameters of
Sarotherodon melanotheron (black jaw Tilapia)
from the Makoko area — a slum neighbourhood
on the Lagos Lagoon.

This present study sought to determine the impact
of pollution of the Makoko Area of the Lagos
Lagoon on the fish species, through the determi-
nation of the alterations in the haematology and
biochemistry of the Black-jawed Tilapia (Sa-
rotherodon melanotheron) caught from the area.

Materials and Methods

Study site: Makoko (Figure 1) is a slum neigh-
bourhood community located on the eastern part
of Lagos Lagoon, Nigeria. It lies approximately
within  latitude 6°29'46"N  and longitude
3°23'16"E within the Lagos Lagoon. Majority of
the people live in floating shanties built on the
Lagoon and they engage in fishing as means of
livelihood. Over a thousand fishing boats (pad-
dled and motorized) could be located at a time.
The water was observed to be darkly coloured,
with offensive odour and human waste (faeces)
was commonly observed floating on the water
surface. The most discernible floras observed
were the floating aquatic macrophytes; Vossia
cuspidata and Eichhornia crassipes (water hya-
cinth).

Fish species:

Sarotherodon melanotheron (Ruppell 1852) is a
cichlid that occurs commonly in West Africa and
supports a major fishery in the lagoons. This sta-
tus earns it the common name ‘West African la-
goon tilapia’ (Eyeson, 1979). Pauly (1976) had
earlier mentioned the species as a possible candi-
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date for aquaculture. S. melanotheron is a demer-
sal (bottom-associated) species inhabiting fresh
to brackish water where it occurs. It is a tropical
West African native occurring from Senegal to
Zaire and southern Cameroon (Trewevas 1983,
Robbins et al. 1991). The species is common in
quiet muddy backwater habitats where aquatic
vegetation is abundant (Jennings and Williams
1992). S. melanotheron, the blackchin (or black
jaw) tilapia, is a pale (variable light blue, orange,
golden yellow) cichlid whose common name re-
fers to the dark pigmentation usually (but not al-
ways) concentrated on the underside of the head
(the chin) in adult animals. Melanie pigmentation
is usually also present on the posterior edge of
the gill (the cleithrum) and on the tips of the soft
dorsal rays. Irregular bars, spots or splotches on
the body are also typical. The mouth is small and
filled with up to several hundred very small teeth
arranged in 3-6 rows (Trewevas 1983). In the
Makoko area, the various species of Tilapia, in-
cluding S. melanotheron, are the most landed fish
species. The fishes were landed through the assis-
tance help of the local fisher men using cast nets
of various mesh sizes. The weight of specimens
used in this present ranged between 47.9 — 96 g
while the length ranged from 10 — 15¢cm.

Blood Sampling:

Bi-monthly collection of 18 live specimens of S.
melanotheron was carried out for three months
(May - July, 2013). The fishes were carefully
netted and handled to minimize stress. They were
put in large container (containing the lagoon wa-
ter) for 2hrs prior to collection of blood samples.
Collection of blood samples was done on the
field to avoid stress due to transportation. Ap-
proximately 2ml of blood was collected using
2ml sterile plastic disposable syringes fitted with
0.8x38-mm hypodermic needles. The recovered
blood was expressed into a vial containing dried
or powdered potassium salt of ethylene diamine
tetra acetic acid (EDTA) as anticoagulant. The
blood sample was rocked gently in the vial to al-
low thorough mixing of its contents. A further
2ml was taken with Lithium heparinised bottle
and used to prepare blood films and for the de-
termination of serum biochemical levels. The
blood samples were taken in the morning time
(between 08:00 and 10:00 hours) and held on ice
chest until all samples were collected.
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Figure 1. Map of Lagos Lagoon showing the Makoko Slum Area

Haematological and biochemical techniques

Haemoglobin (Hb) count was done with the cy-
anomethaemoglobin method; Packed Cell Vol-
ume (PCV) by micro haematocrit method. Red
blood cell (RBC) and total white blood cell
(WBC) counts were done using the Neubauer
haemocytometer. Differential counts (neutro-
phils, monocytes and lymphocytes) were done on
blood film stained with May Grumwald-Giensa
stain. The mean corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC)
were calculated from the data using standard
formulae.

Serum was separated from the cellular blood
components by centrifugation for 5 min at 14,000
rev/min. Blood alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and alkaline
phosphatase (AP) were determined using a porta-
ble automated chemical analyzer following the
procedure and using the reagents recommended
and as described by the manufacturer (RANDOX
Laboratories Ltd, UK; AST/ALT (Cat. No. Sc
2643) and ALP multi-sera level 2 (Cat. No. 1530)
and level 3 (Cat. N0.1532)), assay kits. All blood

analyses were carried out within 48 hours of col-
lection.

Haematological parameters and biochemical in-
dices were analysed using one-way analysis of
variance (ANOVA) at 5% level of significance.
While post-hoc comparison of significance of
variance result gotten from ANOVA was done
using Duncan Multiple Range Test (DMRT).

Results and Discussion
Haematological parameters

Table 1 showed the mean and standard error of
mean for the haematological parameters. The
analysis of variance (ANOVA) for the haemato-
logical parameters showed that only Hb, WBC,
MCV, NEUT, and LYMP are significant
(P<0.05). Post-Hoc analysis using DMRT (Dun-
can Multiple Range Test) showed that there was
significant difference (P<0.05) in Hb, WBC,
MCV, MCH, NEUT. and LYMP.

Biochemical parameters

Table 2 showed the mean and standard error of
mean for the biochemical parameters. ANOVA
showed that there was significant difference
(P<0.05) in the three biochemical parameters.
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But DMRT showed that there was significant dif-
ference in: AST for weeks 1, 2, 3 and 5; ALT for
weeks 1, 2, 4, 5 and 6; ALP for weeks 1, 2, 4,5
and 6.

In this present study, the analysis of the physico-
chemical parameters of the water showed that the
Makoko Area is polluted with heavy metals and
organic pollutants — sewage and wood wastes,
and oil film. These lead to low/depletion of the
oxygen level. All these, in turn, cause physiolog-
ical stress to the fish. This could be responsible
for the low RBC and Hb and the comparable
higher WBC recorded in this study. This view
conforms to that of Ugwu et al. (2006) who re-
ported significant changes in blood haemoglobin
and neutrophil concentrations of Heterobranchus
bidorsalis and concluded that the changes reflect

the responses to the effects of stress caused by
toxicants - crude oil and its fractions. According
to Witeska and Kosciuk (2003), this results in
cell swelling deformation and damage. Accord-
ing to Atamanalp and Yanik (2002) the low Hb
levels may impair oxygen supply to the various
tissues and result in slow metabolic rate and low
energy production. Long term exposures of fish
to effluents and sewages have been reported to
alter haematological parameters by disrupting
haematopoiesis, consequently resulting in anae-
mia condition (Nikinmaa and Oikari, 1992; Ellis
et al., 2003). Landman et al., (2006) also ob-
served changes in blood profiles of Cyprinus
carpio and attributed it to the effect of effluents
from paper mill industries.

Soyinka et al., 1(2): 90-97 (2015)

Table 1. Mean and S.E for Haematology of Sarotherodon melanotheron caught at the Makoko area
of the Lagos Lagoon
GRAND

PARAMETER WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 MEAN
Hb(g/L) 94.57+3.35%  90.17+10.62%® 84.30+7.54* 83.90+4.91*  111.334#6.77° 73.63+3.82°  89.65+3.63
PCV(%) 27.00£1.53*  29.67+0.55? 26.67+2.03°  25.67+1.45*  29.47+0.64*  26.37+0.86*  27.47+0.58
RBC(T/L) 3.06+0.03? 3.18+0.11° 3.24+0.18° 2.87+0.20° 3.07+0.07¢ 2.87+0.07° 3.05+0.06
WBC(g/L) 10.14+0.88®  8.96+1.43? 11.93+0.41>  8.29+0.65? 10.77+0.45®  10.03+0.50%*  10.02+0.40
MCV(fl) 91.21+1.06°  89.88+1.24° 78.87+2.63%  89.83+1.30°  90.74+1.20° 80.67+3.04%°  86.87+1.39
MCH(pg) 32.18+0.04°  30.10+0.55% 26.73+1.23*  29.60+0.46® 30.67+1.0°®  28.57+2.78%®  29.64+0.62
MCHC(g/dL) 33.59+0.48%  33.10+0.06% 32.93+0.12*  33.10+0.45*  33.10+0.15* 33.904+0.21*  33.29+0.13
NEUT (%) 23.33+0.88*  20.67+1.76° 23.00+1.15*  26.67+0.67°  23.33+0.88% 20.33+0.88°  22.89+0.63
LYMP(%) 78.33+1.45°  88.00+1.15° 78.00+1.73  70.33+0.88%  78.33+1.86°  85.00+2.52°  79.67+1.49
MONO(%) 0.33+0.33? 0.67+0.67° 0.33+0.33? 1.67+0.882 0.33+0.33% 1.00+1.00? 0.72+0.25
EOS(%) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
BAS(%) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00

NB: Mean frequencies (mean + S.E, Standard Error) with different superscript letters in a row are significantly

Table 2. Biochemical Parameters of Sarotherodon melanotheron caught at the Makoko area of the

Lagos Lagoon

PERIODS PARAMETER
AST(IU/L) ALT(IU/L) ALP(IU/L)
Weekl 76.52 £0.84% 2267 +0.67¢ 63.48 +5.52b
Week?2 7473 +13.63®  22.56+1.39¢ 74.52 +1.59%
Week3 94.93+1.85°  11.14 42,57 45,08 +5.12?
Week4 66.11+0.77°  26.33%0.38° 73.62+2.43
Week5 92.49+0.62" 16.94+0.91° 125.12+6.44¢
Week6 56.24+1.98*  38.71+1.34¢ 84.64+3.31°
GRAND
MEAN 76.84+4.08 23.06+2.12 77.74+6.12

different in the DMRT (p<0.05)
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In the present study, the lymphocytes, mean val-
ue 79.67 +1.49, were observed to be numerous
than any other differential cells, this is typical of
most fishes (Owolabi, 2011). The abundance of
neutrophils and monophils in this fish species is
also typical of most fishes (Owolabi, 2011). No
eosinophils and basophils were recorded in this
study; this is also typical of most fish species and
could be attributed to the influence of the heavy
metals especially cadmium. It has been evidenced
that cadmium influences the differential blood
count (Gill and Eple 1993).

In this present study, there are significant differ-
ences (P<0.05) in the values of the serum en-
zymes; AST, ALT and ALP. This could be an in-
dication that the water contains some stressors
that cause damage to some organs and tissues
such as the liver and the cardiovascular tissues of
the fish, leading to the liberation of these en-
zymes into the blood. Gul et al. (2004) consid-
ered enzymes as sensitive biochemical indicators
of toxicity in organs of fish. Blood is an active
transport medium in higher animals, especially in
vertebrates (Ramalingam, 2011). It constantly
bathes all the organs and tissues of the body, en-
abling exchange of materials between the internal
and external environment of these organs and tis-
sues (Ramalingam, 2011). Therefore, a biochem-
ical analysis of the fish blood should confirm the
level of these enzymes — and this should be an
indicative of the pollution status of the environ-
ment they are caught from. This view is con-
firmed by Parma et al. (2007) who stated that the
enzymes AST and ALT are transaminases which
are basically intercellular enzymes found in most
organs of fish.

In Makoko area of Lagos Lagoon, raw sewage is
commonly seen floating on the water surface.

This sewage could act as stressor and cause dis-
tress to fish. According to Ortiz et al. (2003), dis-
tress is one of the early symptoms of sewage poi-
soning in fish. Distress in fish leads to damage in
cells and tissues of the organs, which, in turn,
elicits the liberation of these enzymes into the
blood stream; prompting their high levels in the
blood as recorded in this present study. This view
is supported by that of Nte et al (2011) who also
recorded high levels of these enzymes in the or-
gans of S. melanotheron exposed to different
concentrations of industrial effluents. They no-
ticed that the levels of the enzymes increased as
the concentration of the effluents increased. In
this present study, the levels of the enzymes are

relatively constant throughout the period under
survey; this could be due to continual introduc-
tion of pollutants into the Lagos lagoon all year
round, causing their consistency in concentration.

The significant difference (P<0.05) in the ALT
mean values of the S. melanotheron could be due
to several reasons such as differences in mode of
feeding, age and species. This view is supported
by the report of WHO (1989) and Hunn et al
(1993) who observed that effluents acute toxicity
varies widely depending on the species, age and
formulation.

Conclusion

This study has shown that the Makoko Area of
Lagos Lagoon is polluted. The various pollutants
are inducing serious physiological stress on the
commercial feral fish species. This has resulted
in alterations in the haematology and biochemical
indices of these fish species, as shown by the rel-
ative high values recorded in this present study.
There is, therefore, need to abate pollution of the
area, to prevent decline in the commercial fish
species, such as S. melanotheron, that serve as
rich source of protein to the inhabitants of Lagos
and its environs.
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Abstract:

Both color and morphological abnormalities on two
different flatfish species [Dicologlossa cuneata (Mo-
reau, 1881) and Scophthalmus maeoticus (Pallas,
1814)] have been recorded from Turkish seas. Ab-
normal flatfish species, Dicologlossa cuneata (Mo-
reau, 1881), wedge sole, was sampled from two dif-
ferent localities in Aegean sea. First wedge sole from
Izmir bay (Aegean sea) had three different colour ab-
normalities (ambicoloration; albinism and xanthochro-
ism) on eyed and blind sides of their body. Other ab-
normal wedge sole specimen from Ekincik cove (Ae-
gean sea) had ambicoloration on blind side of the
body. Second abnormal flatfish species Scophthalmus
maeoticus (Pallas, 1814), Black sea turbot, was caught
from the Black sea coast of Istanbul and the specimen
had totally ambicolored (blind side of the body was
colored as like as eyed side) and morphological ab-
normalities (a fleshy piece-hook-above the head).

Keywords: Dicologlossa cuneata, Scophthalmus
maeoticus, Wedge sole, Black sea turbot,
Anomalies, Albanism, Turkish seas
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Introduction

Flatfish, of the order Pleuronectiformes, has re-
ceived much attention from biologists for more
than a hundred years because of their complex
behavior (Burton, 2002). Flatfishes have asym-
metrical external pigmentation (Norman, 1934).
The eyed side of the fish is colored while the
blind side is completely white (Venezilos and
Benetti, 1999). A variety of abnormalities have
been noted among the flatfish specimens. These
are morphological deformities (particularly the
head and/or caudal regions) and pigment anoma-
lies (Gartner, 1986).

There are two main pigmentation anomalies, a
deficiency or absent of pigment cells on ocular
side called as albinism and excess pigmentation
on the blind side called as ambicoloration (Bolker
and Hill, 2000). Another pigmentation anomalies
is presence of yellow chromatophores (xantho-
phores) on the eye-side, called xanthochroism
(De Veen, 1969). Color abnormalities have been
reported for a variety of flatfish species (e.g.
Cunningham, 1907; Hussakof, 1914; Norman,
1934; Gudger, 1936; Gudger and Firth, 1936; De
Veen, 1969; Houde, 1971; Fujita, 1980; Gartner,
1986; Chaves et al., 2002; Quigley, 2003; Car-
nikian et al., 2006; Diaz de Astarloa et al., 2006;
Macieira et al., 2006; Da Silva Junior et al., 2007;
Akyol and Sen 2012).

As a result of unsuccessful eye migration, dorsal
fin is blocked by anterior movement of the fin
and this results in as a fleshy piece-hook-above
the head. These flatfishes are called ‘hooked” and
sometimes it can also cause abnormal pigmenta-
tion (Norman, 1934). There were a few records
for head anomalies in flatfishes (Gudger and
Firth, 1936; Fujita, 1980; Gartner, 1986; Diaz de
Astarloa et al., 2006; Macieira et al., 2006).

A record of any type of abnormality is important
in environmental impact and background studies,
and documentation of color anomalies may be
particularly useful: As diffuse pigmentation may
indicate a recent parasitic infestation--probably
from localized sources, records of incidence of
this anomaly may be useful in determining a po-
pulation's residence time at a specific location
(Gibson, 1972).

Here we report first record on colour anomalies
in two species of wedge sole (Dicologlasso cune-
ata) and addition record on head and color anom-
alies of Black sea turbot (Scophthalmus maeoti-

cus) in the eastern Mediterranean sea. We hope
that findings obtained from the study will contri-
bute to management of natural flatfish populati-
ons.

Materials and Methods

We found color anomalies on two the wedge
sole, Dicologlossa cuneata (Moreau, 1881) spec-
imen and one head and color anomalies on Black
sea turbot (Scophthalmus maeoticus) from Turk-
ish sea. First abnormal wedge sole specimen was
caught by using trammel net (mesh size 30 mm
nominal bar length and hanging ratio was 0.50%)
from the Homa lagoon in Izmir bay (Aegean sea).
(38°30-38°35'N; 26°48'-26°53'E). Trammel net
was used sovernight for a day in November 2008.

Second abnormal wedge sole specimen was
caught by using the traditional type trawl net
(mesh size 44 mm) from the Ekincik cove in SE
Aegean Sea (36° 48’ 77" N - 28° 33’ 317"E ; 36°
47" 250""N - 28° 35’ 420" E) (in December 2009).
The other abnormal flatfish is Scophthalmus
maeoticus (Pallas, 1814), Black sea turbot,
caught by using gill net (mesh size 160 mm nom-
inal bar length and hanging ratio was 0.33%)
from Black sea coast of Istanbul region (41° 13’
18" N- 29° 06’ 16" E) (in April 2011) (Figure
1).
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Figure 1. Sampling locations of the documented
abnormal flatfish records in Turkish seas waters
(1: Scophthalmus maeoticus; 2 and 3: Dicolo-
glossa cuneata)
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Results and Discussion

First color abnormal wedge sole specimen from
Izmir bay was female. Total length of specimen
was 18.8 cm and weighted 53.8 g. The specimen
had three different types of abnormality; ambi-
coloration (approximately 15% coloration on the
blind side). Xanthochroism (especially this char-
acteristic was observed on two sides of the body)
and albinism (ocular side of the specimen was
none or less pigmented, approximately 70% of
the body and also approximately 80% of the ce-
phalic region) (Figure 2).

Second abnormal wedge sole specimen from the
Ekincik cove was female. Total length of speci-
men was 27.0 cm and weighted 150.0 g. The
specimen had ambicoloration (approximately
35% coloration on the blind side) (Figure 3).

Total length of head and color abnormal turbot
was 55.5 cm and weighted 3.5 kg. The specimen
was female and had totally ambicolored (whole
blind side was colored as eyed side) and also had
little curve (like a hook) above head region (Fig-
ure 4).

Flatfishes have typically asymetrical external
pigmentation (Norman, 1934) and also the ocular
surface of the fish is pigmented while the blind
side is entirely white (Venizelos and Benetti,
1999). Pigmentation of teleost fishes are affected
by both neural and hormonal controls (Venizelos
and Benetti, 1999; Burton, 2002). Abnormalities
in Pleuronectiform fish are caused by several rea-
sons (environmental, nutritional and neurologi-
cal) which are mostly caused by eye migration
(Venizelos and Benetti, 1999).

Figure 2.Partial albanism and ambicolouration in Dicologlossa cuneata specimen from Izmir bay (a:
Abnormal specimen-upside and normal specimen-downside; b: Albanism c: Partial ambicol-
ouration, on the blind side d: Albanism on the cephalic region x: refers to xanthochroism on

the blind and eyed sides).
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Figure 3. Partial ambicolored specimen of Dicologlossa cuneata from Ekincik cove (a: Eyed side of

Figure 4. A totally ambicolourate (duble) specimen of Scophthalmus maeoticus from the Black sea
(a: Eyed side of the specimen b: Blind side of the specimen c¢: Hook above the head in
view of eyed side d: Hook above the head in view of blind side).

Pigment abnormalities are also very common in
aquacultured specimens because of several rea-
sons such as temparature, feeding protocols when
they are in eye migration, etc. (Venizelos and
Benetti, 1999; Bolker and Hill, 2000; Burton,
2002; Aritaki and Seikai, 2004; Tong et al.,
2012). Abnormally pigmented flatfishes are very
common in nature (Da Veen, 1969). For exam-

ple; a study from the North Irish Seas showed
that flatfish population was made out of ambi-
colorate European flounder (Platichthyes flesus,
28%), European plaice (Pleuronectes platessa,
8%) and common dab (Limanda limanda, 0.8%)
individuals (Shelton and Wilon, 1973). Norman
(1934) mentioned that there were several exam-
ples of abnormally pigmented flatfishes such di-

101

Uluturk et al., 1(2): 98-103 (2015)



Journal of Aquaculture Engineering and Fisheries Research

Journal abbreviation: J Aquacult Eng Fish Res

verse genera as Scophthalmus, Limanda, Platich-
thys, Pleuronectes and Solea.

There were some records of abnormally pigment-
ed flatfishes in the Mediterranean Sea. First rec-
ord of Solea solea from western Mediterranean
Sea had two forms of colour abnormality (albani-
sim and ambicoloration) (Paris and Quingnard,
1986). The other common sole record was given
from Izmir bay (Aegean Sea) which had partially
ambicolorated, xanthochroistic and albanist fea-
tures (Akyol and Sen, 2012). The found of ab-
normal colored specimen of Dicologlossa cune-
ata is the first record for wedge sole from the
Mediterranean sea.

The first record of turbot (totally ambicolorate)
was from Istanbul coast, which probably was S.
maeotica (Black sea turbot) but there was not any
photo or illustration (Devecian, 1915). This is
additional record of S. maeotica, which was total-
ly ambicolored (duble) and hooked, for the Medi-
terranean sea region.

Norman (1934) reported that hook above head
and bony tubercules, which are developed on the
blind side, are characteristic features for turbot
individuals and also corresponds with our find-
ings on the specimen from Istanbul coast.

In Norway Von Ubisch (1951) reported that,
fishermen called abnormally pigment flatfish as
‘Biologist Fish’ (the pseudo-albinic plaice) be-
cause they were released by fisheries biologists
after experiments.

Further totlly ambicolorate turbots are called
“double turbot” by Turkish fisherman and French
fisherman (Devecian, 1915; Paris and Quignard,
1968).

There are many reasons for color abnormalities
on flatfish individuals (Norman, 1934; Venizelos
and Benetti, 1999; Bolker and Hill, 2000; Aritaki
and Seikai, 2004), but it still unknown (Venizelos
and Benetti, 1999). Many studies have indicated
that light intensity, feeding during larval stages,
or neurological aspects such as hormones (i.e.
endocrine system) are involved in body color pat-
terns, while genetic factors and environmental
stressors are reported as possible hypotheses to
explain ambicoloration (Bolker and Hill, 2000;
Tagawa and Aritaki, 2005). Moreover, environ-
mental contamination of sediments due to anth-
ropic and industrial activities could also contribu-
te to the effect (Yamamoto et al., 1992).
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Conclusions

So this subject needs to be studied further, and
must be detailed on the subjects of frequence of
occurrence in flatfish populations and genetic dif-
ferences between normal and abnormal ones.
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