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RESEARCH ARTICLE

ARASTIRMA MAKALESI

Effects of physicochemical factors and Chlorophyll a on diel changes in
vertical distribution of zooplankton in a eutrophic reservoir (Tahtali
Reservoir, NW Turkey)

Otrofik bir rezervuarda (Tahtali, Kuzeybati Tiirkiye) fizikokimyasal faktorler
ve klorofil a'nin zooplanktonun guinlik dikey dagilimina etkisi
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Ozet: Son yillarda diinya capinda artis gdstermesine ragmen, sulama amaciyla yapilan su kiitlelerinde zooplankton komiinitesinin bolgesel ve zamana bagli
degisimleri ok az ilgi gormUstir. Bu calismanin amaci, 6trofik bir rezervuarin su kolonunda zooplanktonun dikey dagiliminin giinliik degisimlerini ortaya
clkarmak ve hangi cevresel ve biyolojik faktorlerin bu dagiimi etkiledigini saptamaktir. Tim fizikokimyasal ve biyolojik (Klorofil a ve zooplankton ttirleri)
degiskenler genel olarak yiizeyden 4,5-6,0 m derinlige kadar azalma ve bu noktadan itibaren dikey su kolonunda dibe dogru artis seklinde benzer bir durum
gostermistir, Copepoda’nin en bol taksa oldugu bunu Cladocera ve Rotifera’nin takip ettigi toplam 15 zooplankton taksonu belirlenmistir. Rotifera ve Copepod
nauplii'nin dagilimi besin tuzlari ve klorofil a ile temsil edilen besin konsantrasyonlart ile iligkiliyken, Cyclopoid ve Cladoceranlarin dikey goctinii etkileyen en etkin
faktérler su sicakligi, bulaniklik ve askida yik yodunlugu olmustur. Rezervuarda, calisilan zooplankton komdinitesinin bollugu Uzerinde giinlik degisimler ve
derinlik 6nemli etkiye sahiptir. Calismanin sonucunda farkli gevresel faktorlerde dngorilemeyen degisimlerin, rezervuardaki zooplanktonun dagiliminina olan
etkileri ortaya konmustur.

Anahtar kelimeler: Zamansal ve bdlgesel dagilim, besin tuzlar, rotiferler, krustaseler, cevresel faktorler, yapay su kitleleri.

Abstract: Despite recent worldwide increase, artificial water bodies have received little attention for spatial and temporal distribution of their zooplankton
communities. Aim of the present study was to reveal diel variations in vertical distribution of zooplankton in water column of a eutrophic reservoir and to detect
which environmental and biological factors affect this distribution. All physicochemical and biological (Chlorophyll a and zooplankton species) variables showed a
similar pattern, generally a decrease from the surface to depths of 4.5-6.0 m and a rise from this point to the deepest part of the vertical water column. In total,
15 zooplankton taxa were determined being Copepoda the most abundant taxa, followed by Cladocera, and Rotifera. Water temperature, turbidity and
suspended load concentration were the most influential factors for the vertical migration of Cyclopoids and Cladocerans whereas the distribution of Rotifers, and
Copepod nauplii were related to nutrients, and food concentrations represented by chlorophyll a. Diel changes and depth had significant impact on the
abundance of studied zooplankton community in the reservoir. Result of the study revealed variable distribution patterns of zooplankton under effect of different
environmental factors in an unpredictable reservoir.

Keywords: Temporal and spatial distribution, nutrients, rotifers, crustaceans, environmental factors, artificial water bodies

INTRODUCTION

Studies in zooplankton ecology usually focus on
characterization and quantification patterns of spatial
variability of zooplankton (Pinel-Alloul, 1995; Bini et al., 1997).
Therefore, vertical migration of zooplankton has largely been
documented in literature from various kinds of environments.
Modifying and inducing these migrations are associated with
many abiotic and biotic factors, such as light, temperature,
oxygen, nutrients, invertebrate and fish predation, and the
available food conditions (Leibold, 1991). Furthermore, the
role of competition between particular zooplankton species or

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

groups, and between zooplankton and other freshwater
organisms, cannot be rule out (Wickham and Gilbert, 1990).

Although diel vertical migration (DVM) pattern of
zooplankton has been widely explained by predation pressure
of visually orienting predators, physicochemical properties of
the water and particularly temporal nutrient availability in the
water column should also be important aspects in this
common zooplankton behavior (Lampert, 1993) because
zooplankton provides a flow of energy through the food chain,


http://www.egejfas.org/
http://dx.doi.org/10.12714/egejfas.2014.31.4.01
mailto:zdorak@gmail.com
http://dx.doi.org/10.12714/egejfas.2014.31.4.01

Dorak et al., Ege J Fish Aqua Sci 31(4): 167-179 (2014)

and they are strongly affected by environmental alterations
directly or indirectly (Berzins and Pejler, 1987; Mikshi, 1989).
Especially in unstable water bodies such as newly established
reservoirs, contribution of zooplankton communities would be
much more significant for energy and nutrient flow in the food
web (Bonecker et al., 2007). Indeed, nutrient amount in the
water column can be affected by several mechanisms
including size and abundance of zooplankton communities;
stronger migrations of larger Cladocerans than smaller ones,
presence of thermocline layer, nutrient intake at the daytime
by zooplankton and uptake at night (Wright and Shapiro,
1984; Dini et al., 1987).

Diel changes in vertical distribution of zooplankton have
been relatively less studied in artificial water bodies such as
reservoirs and ponds despite their recent increase in
worldwide scale and variable ecological structures (Bozkurt
and Dural, 2005; Guevara et al., 2009). Given rapid changes
in environmental variables caused by mainly water level
fluctuations and nutrient inflow, man-made reservoirs offer
unique opportunities to understand ecological dynamics of
these environments focusing the role of biotic and abiotic
factors on the interactions of living organisms. To this end,
DVM of zooplankton in a recently created reservoir, Tahtall
reservoir was recently studied only with some restricted
variables, such as conductivity, water temperature, turbidity,
dissolved oxygen, water transparency, pH and Chlorophyll a
(Dorak et al., 2013). According to the results of that study,
however, it was not determined any clear migration pattern.
For this reason, a new study at the same area but different
times with more variables including nutrients, to investigate
DVM in the reservoir was planned. It was aimed with this way
that it could also be possible to clarify the effect of nutrients on
the DVM of zooplankton community. For this purpose, in the
present study by studying in the same reservoir our specific
goals to elucidate: (i) spatial and temporal diel distribution of
zooplankton in water column and (i) which environmental and
biological factors affect this distribution.

MATERIAL AND METHODS
Study Area

The Tahtali Reservoir is a small reservoir (surface area of
1.6 km2), which was created with the aim of irrigation and
flood control. It is located 30 km from the city of Kocaeli in the
district of Derince (Figure 1). The reservoir has a eutrophic
character because of frequent nutrient inflows from
surrounding residential areas and intense agricultural
activities. Its average depth is quite variable due to frequent
water level fluctuations varying between approximately 1 and
5 m. Two relatively large streams and a couple of small
seasonal streams feed the reservoir. However, the reservoir
shows very unstable and unpredictable ecological character
because of its deep draft and human interventions (e.g. mainly
nutrient inflow and water droughts for agricultural use).

—_—Z

Tahts
Tahtls Ishakeilar
k

500 m

Figure 1. Study area and sampling station.
Zooplankton and Water Sampling

Since the reservoir suffers from constant water level
fluctuations, the deepest part of the reservoir is quite variable.
Hence, we took the samples between 6 and 8 May 2011,
which was the best suitable time allowing vertical migration of
zooplankton in a maximum 9 m deep-water column
throughout the year. The samples were collected for a 24-h
period at 4-h intervals starting from 07 00 hours on 6 May
2011. Sampling was done from the surface to the deepest part
of the water column (9 m) and repeated at 1.5-m intervals.
Zooplankton was collected in each interval by filtering 5 L of
water through plankton net with 55 pm mesh size, preserved
with 4% formaldehyde solution immediately and then identified
under a binocular microscope and counted under an inverted
microscope. All the zooplankton densities are presented as
number of individuals per five litre (ind. 5 L-1) (Czerniawski
and Pilecka-Rapacz, 2011). The following references were
used to identify the species: Dussart (1967, 1969), Koste
(1978) and Margaritora (1983).

Water samples for environmental variables were taken
simultaneously with zooplankton samples from each sampling
depth. Water samples were collected vertically using a 5-L
van Dorn bottle. Conductivity (EC), water temperature,
turbidity, pH, and dissolved oxygen (DO) measurements were
recorded in situ with a multiparameter (YSI 650 MDS). Water
transparency was determined using a Secchi disc (sd) and
was used for the calculation of the euphotic zone (Parsons et
al., 1977). To determine Chlorophyll a (Chl a) content, water
samples were filtered and extracted through ethanol. After
centrifugation, absorbance was measured before and after
acidification in a spectrophotometer and then calculated
(Nusch, 1980). The suspended load concentration (SPM) was
determined in the laboratory on a 47-mm cellulose acetate
filter with a 0.45 um pore diam. Samples for nutrient analysis
were pre-filtered. Nitrite  (NO2-N), nitrate  (NOs-N),
orthophosphat (PO4-P), total phosphorus (TP) and silica
(SiO2) were detected spectrophotometrically following APHA
(1989).
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Statistical Analyses

In order to approximate better to normal distributions,
abiotic and biotic variables were log-transformed (log (x + 1)).
Relationships among environmental variables, Chl a, and
zooplankton were tested by Pearson’s correlation factor (Zar,
1999). Spatial and temporal variations of zooplankton species,
Chl a, and physicochemical values were tested by analysis of
variance (ANOVA). To determine the effects of spatial (depth)
and temporal (time of the day (day/night)) variations on
environmental factors and zooplankton communities,
multivariate analysis of variance (MANOVA) was conducted.
All of these statistical analyses were performed using SPSS
19.0. Canonical ordination was performed to appraise the
association of zooplankton with environmental factors. The
species data matrix was first analysed by detrended
correspondence analysis (DCA) to determine their distribution
pattern (linear or unimodal). The length of the gradient (SD <
2) showed that the linear method (redundancy analysis: RDA)
was appropriate (ter Braak and Smilauer, 2002). In this study,
there were 13 measured environmental variables, Chl a and
six samples (after averaging the data sets on each sampling
occasion). Downweighting of rare species was performed. The
biological data and environmental variables in RDA were log
(x+1)-transformed. To guard against interpretation of spurious
axes, the statistical significance of the first and all the
ordination axes were tested by Monte Carlo permutation test
(999 unrestricted permutations). Because large values of
Variance Inflation Factors are (VIF) indicators of
multicollinearity, and RDA analysis is affected by highly
correlated variables, VIF was measured to determine
collinearity. As a rule of thumb, if VIF of a variable exceeds 20
that variable is said to be highly collinear. Therefore,
variables with high variance inflation factors (VIF>20) were
eliminated from the RDA analysis (ter Braak and Smilauer,
1998). The computer program Canoco 4.5 performed DCA
and RDA analyses for Windows.

RESULTS

Physical and Chemical Factors and Chlorophyll a
Distribution

All physicochemical and Chl a values showed a similar
pattern, generally a decrease from the surface to depths of
4.5-6.0 m and a rise from this point to the deepest part of the
vertical water column (Figure 2). There were mostly significant

correlations among environmental parameters (Pearson, P <
0.05) (Table 1). Regarding temporal variation of environmental
variables, significant differences were determined only for pH
and TP values (ANOVA, P < 0.05). Depending on depth,
significant differences were detected for all environmental
variables, except for 0-POs, TP, SPM, Secchi disc depth, and
euphotic zone (ANOVA, P < 0.05). Euphotic zone and Secchi
disc values did not change according to the time of the
sampling (ANOVA, P < 0.05). It was between 1.84 m and 4.27
m for the euphotic zone, and 0.68 m and 1.58 m for Secchi
disc. MANOVA indicated the significant effects of time of day
(day/night) (Wilks’A = 0.146, F(12, 17) = 8.311, P = 0.000) and
depth on abiotic factors and Chl a (Wilks'’A = 0.000, F(z,
98.304)= 4.580, P = 0.000) (MANOVA, P < 0.05). However, the
combined effects of time of day and depth did not show any
significant impact on physicochemical parameters and Chl a
(Wilks’A = 0.080, F(72, 98.304) = 0.807, P = 0.830) (MANOVA, P
> 0.05).

Zooplankton Composition, Abundance, and Vertical
Distribution

During the sampling period 15 taxa were determined
(Table 2). Copepoda was the most abundant taxa (53%),
followed by Cladocera (33%), and Rotifera (14%). Copepoda
was represented by 3 species and Copepod nauplii. Cyclops
abyssorum was the most abundant species for the Copepoda
(12.821% of the total zooplankton), and followed by
Metacyclops stammeri 7.485% of the total zooplankton),
Metacyclops gracilis (3.505% of the total zooplankton),
respectively. From Cladocera, Bosmina longirostris (16.540%
of the total zooplankton) was the dominant species while
Alona rectangula (0.148% of the total zooplankton) was
encountered in small numbers. Within the Rotifera group the
most observed species were predator species, Asplancha
priodonta (2.678% of the total zooplankton), Polyarthra
vulgaris (2.342% of the total zooplankton), and Filinia
terminalis (1.477% of the total zooplankton), respectively.
Some other rotifer species appeared in the plankton samples
in low numbers. They were Brachionus angularis, B.
calycifloris, B. diversicornis, Euchlanis dilatata, Keratella
cochlearis, Pompholyx sulcata, and Synchaeta pectinata. All
zooplankton species declined in abundance in the water
column until the depth of 6 m and then relatively increased
again towards the deepest part of the water (9 m) (Figure 3).
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Figure 2. The vertical distribution of physical variables of A) water temperature, B) dissolved oxygen (DO), C) electrical conductivity (EC), D) pH, E) suspended
particulate matter (SPM), F) turbidity and G) Secchi disc depth and euphotic zone, denoted by time of the sampling.
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Figure 2 continued. The vertical distribution of chemical parameters of A) 0-POs4, B) TP, C) SiOz, D) NO2-N, E) NOs-N, and F) Chlorophyll a (Chl a),
denoted by time of the sampling.
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Table 1. Correlation (r) between physicochemical variables and Chl a from Tahtali Reservoir (Kocaeli, Turkey).

Pearson's Correlation (**p<0.01; *p< 0.05; ns: no significance)

Water | go oH | DO | Tubidity | SN | chia | oPOs | TP | NO=N | NOAN | si0, | spm | Euhotic
temperature disc zone
Water " . " " X " « - 3
1| -0.967 |-0.268" | 0.905" | -0.324" | 0.635" | 0.327 ns ns ns | -0.450" | -0.511 ns 0.635
temperature
EC 110.312% [ -0.918" | 0.406 ns -0.332% ns ns ns| 0.478" | 0.534" ns ns
ns
pH 11 -0.253 ns ns ns ns ns ns ns ns ns
DO 1] -0.534| 0.637°| 0.394" ns ns ns | -0.541” | -0.572* ns 0.637
Turbidity 11 0923 ns ns ns ns | 0.428” | 0.406" ns ns
Secchi disc 1 ns| 0.907 ns ns ns ns ns| 1.000"
Chla 1 ns ns ns | -0.382" ns ns ns
0-PO4 11 0.320° ns ns ns ns 0.907
TP 1 ns ns ns ns ns
NOs-N 1 ns ns ns ns
NO2-N 1] 0.526" ns ns
SiOz 1 ns ns
SPM 1 ns
Euphotic 1
zone

Significant correlations in bold (**P<0.01,*P<0.05; n=42).
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Figure 3. The vertical distribution of A) Total Cladocera, B) Total Rotifera, C) Total Copepoda, D) Total Zooplankton, E) A.priodonta, F) F.terminalis, G)
P.vulgaris, H) B.longirostris, 1) M.stammeri, J) C.abyssorum, K) M.gracilis, 1) Copepod naupli; denoted by the time of sampling.
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Table 2. Classifications of the zooplankton species identified in the study area (Ustaoglu, 2004).

Rotifera

Asplanchna priodonta Gosse, 1850
Brachionus angularis Gosse, 1851
Brachionus calyciflorus Pallas, 1766
Brachionus diversicornis (Daday, 1883)
Euchlanis dilatata Ehrenberg,1832
Filinia terminalis (Plate, 1886)
Keratella cochlearis (Gosse, 1851)
Pompholyx sulcata Hudson, 1885
Polyarthra vulgaris Carlin, 1943
Synchaeta pectinata Ehrenberg, 1832.

Cladocera

Alona rectangula Sars,1862

Bosmina longirostris (Muller,1776)

Copepoda

Cyclops abyssorum Sars, 1863
Metacyclops gracilis Lillieborg, 1853

Metacyclops stammeri Kiefer, 1938

Regarding sampling times, significant differences were
determined for all zooplankton taxa (ANOVA, P < 0.05).
Depending on depth, there were significant differences for all
zooplankton taxa except P. vulgaris and M. gracilis (ANOVA,
P < 0.05). According to the statistical analyses, time of day
(day/night) (Wilks’A = 0.333, F(11,18) = 3.281, P = 0.012), and
depth significantly impacted the abundance of zooplankton
(Wilks’A = 0.028, F(es, 101.771) = 1.457, P = 0.043) (MANOVA, P
< 0.05), whereas they jointly had no effect on zooplankton
abundances (Wilks'A = 0.060, F(es, 101.71) = 1.064, P = 0.384)
(MANOVA, P > 0.05).

Physicochemical and Biological Association

The correlations between abundances of the selected
zooplankton species and groups, and environmental
parameters showed that only some resulting values were high
enough of statistical significance (Table 3). Total Copepoda
had significant relationship with Chl a (r = 0.328, P = 0.034)
and 0-PO4 (r = -0.328, P = 0.034). Copepod C. abyssorum
significantly correlated with Chl a (r = 0.344, P = 0.026) and
PO4 (r = -0.339, P = 0.028), and M. gracilis showed significant
correlation with 0-POq (r = -0.339, P = 0.028), while Copepod
nauplii correlated with Chl a (r = 0.361, P = 0.019) and 0-POq4
(r=0.315, P = 0.042). M. stammeri abundance showed no
significant correlations with any environmental variable. Total
Rotifera was significantly correlated with Chl a (r = 0.394, P =
0.010) and TP (r = 0.310, P = 0.046). A. priodonta abundance
was inversely related to the EC (r = -0.332, P = 0.032) and
NO2-N (r = -0.350, P = 0.023), on the other hand it showed a
positive significant relationship with water temperature (r =
0.343, P = 0.026), DO (r = 0.440, P = 0.004), and Chl a (r =
0.517, P = 0.000). F. terminalis was significantly correlated
with pH (r = 0.320, P = 0.039). P. vulgaris had significant
positive correlation with EC (r = 0.334, P = 0.031), TP (r =
0.432, P = 0.004, and it was inversely related with water
temperature (r = -0.311, P = 0.045). Total Cladocerans and B.

longirostris were significantly correlated with Chl a (r = 0.332,
P =0.032; r = 0.328, P= 0.034, respectively). No significant
correlations were obtained between any taxa and turbidity,
Secchi disc depth, NOs-N, SiO2, SPM, and euphotic zone
(Table 3).

In the present study, high VIF values were determined for
water temperature, EC, DO, and euphotic zone (VIF > 20).
These variables were co-varied with other variables (Pearson
correlation r > 0.60, P < 0.05). Therefore, EC, DO, and
euphotic zone variables were removed, and VIF values of
residual variables are suitable to use in the same analysis (ter
Braak and Smilauer, 1998). The significant last RDA model
produced in this study did not have variables that have VIF
values higher than four. With the presentation of first four
synthetic gradients to RDA, the first two eigenvalues
explained 50.7% of the cumulative variance of species data.
Furthermore, the species-environment correlations of axis |
(0.843) and axis Il (0.684) were high. The first four
environmental variables clarified 49.3% of the total variance in
species data. The Monte Carlo permutation test was
significant on the first axis (F-ratio = 23.084, P-value = 0.001)
and all axes (F-ratio = 3.250, P-value = 0.001). In Figure 4,
the upper quadrant was entirely qualified to the distribution of
rotifers and the lower one mainly to the distribution of
zooplanktonic crustaceans (Cladocera and Copepoda).
Similarly, in Figure 4, the upper quadrant was to the
distribution of samples taken at daylight (07:00, 11:00, 15:00),
while the lower one was completely to the distribution samples
taken at night (19:00, 23:00, 03:00). Samples taken at daylight
were characterized by higher number of rotifers and Copepod
nauplii, whereas samples taken at night were characterized by
higher abundance of zooplanktonic crustaceans. According to
the RDA results, TP, Chl a, pH, 0-POs, and NOz-N were
associated mainly with rotifers and copepod nauplii, while
zooplanktonic Crustaceans were associated with SPM, SiO-,
turbidity, Secchi disc depth, and water temperature.
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Table 3. Correlation (r) between physicochemical variables, and selected zooplankton species and major zooplankton groups abundance from Tahtali Reservoir
(Kocaeli, Turkey).

Aprio.  Fterm.  P.wulg. Blong. C.abys. M.grac. ~M.stam. naup.  tcope troti.  t.clado.
W.temperature 0.343°  -0.244 -0.311° 0.087 0.015  -0.049 0.060 -0.217 0.004  0.007 0.086

EC -0.332° 0224 0334  -0.096 -0.029 0.001 0111 0261 -0033 0005 -0.095
pH 0214 0.320° 0287  -0.241 0172 -0.244 0.075 0212 -0.155 0122 -0.236
DO 0.440"  -0.067  -0.193 0.119 0.137 0.080 0147 -0.081 0137 0178 0.117
Turbidity 0198  -0.143 0122 -0.089 0.166  -0.136 0.144  -0047 -0179 -0.244  -0.090
Secchi disc 0.681 0.384  -0.689 0.123 0113 0727 -0.085 -0497 -0260 0472 0.102
Chl-a 0.517" 0.150 0.108  0.328' 0.344' 0.218 0.168  0.361"  0.328' 0.394"  0.332'
0-PO4 0.153 0.214 0237  -0179  -0.339"  -0.339° 0268 0092 -0.328" 0247 -0.179
P 0.014 0271  0.432"  -0.001 0.118  -0.223 -0.063 0315 -0.094 0310 0.007
NOz-N -0.088  -0.075 0.006  -0.285 0.158  -0.202 -0.103 0070 -0.158 -0.055  -0.284
NOz-N -0.350°  -0.153 0132 -0.004 -0.011 -0.038 0.025 -0.055 -0.009 -0.204 0.003
Si0, -0.278 0.053 0.041 0171 0.150 0.180 0122 -0.056 0.150  -0.165 0177
SPM 0.042  -0.055 -0.101 0.059 0302 -0.114 0.108  0.163 0219 -0.102 0.059

Euphotic zone 0.681 0.384  -0.689 0.123 0113 0727 -0.085 -0497 -0260 0472 0.102

Significant correlations in bold (**P<0.01,*P<0.05; n=42)

o :
= :

5 ¢
a

Axis 11 (10.8%)

-1.0 Axis | (76.7%) 1.0

Figure 4. RDA ordination plot for zooplankton taxa, factors (environmental variables), sampling times and depths. Sampling stations in RDA plot indicated with
07:00: filled circle, 11:00: triangle15:00: filled star, 19:00: square, 23:00: filled triangle, 03:00: cross; sampling depths in RDA plot indicated with surface water: 1;
1.5 m depth: 2; 3.0 m depth: 3; 4.5 m depth: 4; 6.0 m depth: 5; 7.5 m depth: 6; 9.0 m depth: 7. Taxa in RDA plot indicated with abbreviation instead of arrows:
Asplanchna priodonta-A. prio.; Filinia terminalis-F. term; Polyarthra vulgaris-P..vulg., Bosmina longirostris-B. long.; Metacyclops stammeri-M. stam.; Metacyclops
gracilis-M. grac.; Cyclops abyssorum-C. abys.; Copepod nauplii-naup; Total Copepoda-t. cope.; Total Cladocera-t. clado.; Total Rotifera-t. roti.
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DISCUSSION

Results of this field study determined the vertical
distribution pattern of zooplankton in Tahtali Reservoir over a
48-h period in late spring. It also displayed the effect of causal
environmental factors on distribution of zooplankton in the
sampled water column.

Water quality is an important aspect for survival and
reproduction of colonizing individuals in terms of biological
recovery (Gray and Arnott, 2009). Distribution of vertical
temperatures indicated no thermal stratification in the
reservoir. According to the results, decreases in Chl a content
towards the bottom in the water column may be indicative of
reduced algal biomass. This was probably due to the
decreased transparency and phosphorus levels, also high
SPM, which were measured at the bottom. The EC showed
significant differences depending on depth. The increases in
EC and turbidity levels might indicate the re-suspension of
particulate metals and their release from the sediment to the
aqueous phase. EC values are affected by human-induced
pollution, and tend to increase with increasing pollution
(Reavie and Smol, 1998). Due to the increase in farming
around the reservoir area during the study period, nutrients
concentrations increased, and so that has led to the increase
in EC values towards the bottom in the water column. In the
present study, an increasing trend for levels of nutrients after
6 m depth towards the deepest part of the water (9 m) partly
due to the trophic state of reservoir. This suggests that
sediment of the study area was not the main source of various
nutrients and intense agricultural activities around reservoir
might be partly responsible for the nutrient enrichment of the
reservoir. On the other hand, another reason of this may be
the water abstraction for irrigation by a pipe located at the 6-m
depth.

In the present study, most of the identified taxa (A.
priodonta, B. angularis, B. calyciflorus, E. dilatata, F.
terminalis, K. cochlearis, P. vulgaris, S. pectinata, A.
rectangula, and B. longirostris) are cosmopolitan species
(Kaya and Altindag, 2007; Ustaoglu et al., 2012). Among the
zooplanktonic species identified in the study area; Brachionus
spp., E. dilatata, F. terminalis, K. cochlearis, B. longirostris are
typical species of eutrophic waters (Kolisko, 1974; Sladécek,
1983; Apaydin-Yagci and Ustaoglu, 2012). Further, recorded
zooplankton species such as K. cochlearis, P. vulgaris,
Asplanchna spp., and B. longirostris in the Tahtali Reservoir
are common species encountered in temperate reservoirs of
Turkey (Bozkurt and Dural, 2005; Demir, 2005; Bozkurt and
Sagat, 2008). However, we also collected some previously
unreported taxa (A. rectangula and S. pectinata) in our study
and found no mention by others of their presence in the
Tahtali Reservoir (e.g. Dorak et al., 2013). However, Dorak et
al. (2013) reported more abundant and diverse zooplankton
groups than that found the present study. This variation
between the studies from the same reservoir can be attributed
to sampling time and water temperature.

Our samplings clearly indicated that all zooplankton species
declined in abundance in the water column until the depth of 6
m and then relatively increased again towards the deepest
part of the water (9 m). For reservoirs, densities of
zooplankton are regulated by rain intensity, phytoplankton
productivity, wind action and predation (Nogueira et al., 1999;
Roldan and Ruiz, 2001). However, it is not possible to quantify
the impact of predators on the zooplankton in Tahtal
reservoir, as we do not have sufficient data about the
influence of planktivorous fish. Indeed, crustacean
zooplankton (B. longirostris and Cyclopoid Copepods)
occupied mostly the upper layers (to the depth of 6 m) at night
(19:00, 23:00, and 03:00), occurring in lower numbers in the
deeper ones. On the other hand, crustacean zooplankton
increased from 1.5 m depth to 6 m depth at day sampling
(07:00, 11:00, and 15:00), but the abundances of species
were lower than the night samplings, except than Copepoda
naupli. Many Cyclopoid Copepods change their feeding
habits during development. Cyclopoid nauplii are obligate
herbivores (Pourriot and Lescher-Moutoué, 1983) while older
stages are usually omnivores. The fact that one finds only a
portion of the local species pool in any habitat can be
attributed either to chance or to the presence of predators,
competitors, or unsuitable environmental conditions. Nauplii
should migrate to feed on algae where they are most
abundant, whether in the upper layers during the day or the
deeper ones at night (Perticarrari et al, 2004), as the
distribution of Cyclopoid nauplii at the present study. The
determined most abundant Cyclopoid C. abyssorum is
regarded as markedly carnivorous (Hansen and Santer,
1995). They have limited ability to produce eggs when fed
only on small algae (Hansen and Santer, 1995). The other
Cyclopoids were determined less abundant than C.
abyssorum. M. stammeri was described or recorded as
stygobiont specimen of Cyclopoid Copepod (Pesce, 1985).
The character of this species clarified their low abundance in
the study period. As follows, at the sampling time the air
temperature was not high enough to dissolve the snow on the
mountain peaks, which support to the ground waters.
According to Ustaoglu et al. (2001) M. gracilis has a
regenerated population when the water temperature becomes
>18 °C. In the present study, water temperature varied from
9.9 t0 14.6 °C. This result may explain the low abundance of
M. gracilis. The distribution and abundance of Cyclopoid
Copepods were the result of a counteracting stimulus
represented by low DO concentrations beneath 7.5 m, and to
avoid from predators. Avoidance of poorly oxygenated layers
by migratory crustaceans is common and has been reported
for other studied water bodies (Perticarrari et al., 2004). The
daylight distribution of Cyclopoids might be the result of water
transparency, and high DO concentration. On the other hand,
the dominance of Cyclopoids may explain, that copepods are
more successful than Cladocerans in facing predation
pressure in the reservoir due to their ability to change from
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nocturnal to reverse migration, i.e. they are not the main
microcrustacean prey of fish.

The abundance of B. longirostris is usually controlled by
the abundance of flagellated algae. B. longirostris abundance
in lakes typically is bimodal with peaks in early summer and
early autumn (Demott, 1989). In the present study, the
occurrence trend exhibited by B. longirostris was similar to the
other studies. High winds, which are common at the sampling
time in our study area in the reservoir, may create enough
turbulence to further mix the water. Alternatively, our results
may suggest that food limitation may have been a factor in
decline of B. longirostris. Chl a concentration, a measure of
algal biomass, decreased from the surface to the bottom at
the sampling station. Similarly, the abundance of zooplankton
decreased from the surface to the bottom. This decline can be
attributed to food limitation. Bosmina remains almost
exclusively in the middle of water column (Horppila, 1997).

Diurnal migrations of rotifers were limited varying
temperature, food and oxygen levels. Nevertheless, the
amplitude of vertical migration of rotifers is related to the
animal body size (Karabin and Ejsmont-Karabin, 2005), and it
was observed that amplitude of daily migrations of several
rotifer species ranging between 0.2 and 5.6 m (Miracle, 1977).
In the present study, the abundances of rotifers were higher at
daylight sampling than night, and they occupied mostly from
surface to the depth of 6 m at all sampling times. The majority
of rotifers arrived their maximum densities near the surface
water, but it was reported that with the increase in depth
amount of rotifers decreases (Kolisko, 1974), as observed in
our study. Significant correlation between Chl a
concentrations and rotifer densities suggest that the factor that
triggers vertical migrations of Rotifera is food resource
including both its quality and quantity. Distribution of Rotifera
in the upper layers of the water was due to the temperature
preferences of rotifers. This relatively a high-temperature layer
allows development and reproduction of thermophilic species
an optimum level (Zotina et al., 1999).

High level of nutrient concentrations, water temperature
and zooplankton have previously been reported to be closely
associated in several studies (e.g. Park and Marshall, 2000).
Interactions among these variables lead an altered food web
(Anderson et al., 2002). Since the Tahtali Reservoir is a
eutrophic reservoir, phytoplankton production is expected to
be high and sufficient for herbivorous zooplankton feeding.
Moreover, the sampling was carried out in early spring, a time
when edible phytoplankton peaked. Inorganic nitrogen such
as NO2-N, and NOs-N can help increase the rotifer density.
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Abstract The fish composition of five different stations in Gandarli Bay (Aegean Sea) were studied by means of seasonal trawl surveys between March 2003
and August 2004. Samplings were carried out onboard R/V Egesuf by employing a conventional bottom trawl commercially used in Turkish waters during
daylight hours. A total of 60 fish species of 49 bony and 11 cartilaginous fishes from 33 families were collected in the study area. The species of the group
osteichthyes was the highest percentage in terms of number and weight. Mullus barbatus (% 15.63), Citharus linguatula (% 13.36), Diplodus annularis (% 13.27),
Serranus hepatus (% 12.28) ve Merluccius merluccius (% 10.89) were determined dominant fish species during the studying period. While catched fishes's rate
of among the whole prey was 89 %, following that cephalopods are 9.52 % and crustaceans are 1.42 %. successively Total 37 fishes species in station IIl and
total 36 fishes species in station Il and also total 35 fishes species in station IV were found. According to statistical analyses, species diversity, maximum species
richness and Evenness Function were computed as H'=2.950, Hmax=4.17 and J'=0.715 respectively.

Keywords: Gandarli Bay, bottom trawl, fish composition, species diversity.

Ozet: Mart 2003 ve Agustos 2004 tarihleri arasinda bes farkli istasyonda mevsimsel olarak gergeklestirilen trol 6rneklemeleri ile Candarli Kérfezinin balik
kompozisyonu ortaya konmustur. Orneklemeler, Trkiye sularinda ticari olarak kullanilan geleneksel bir dip trol adinin, arastirma gemisi Egesif tarafindan
gunduz saatlerinde gekilmesi ile yapilmistir. Calisma bolgesinde 33 familyaya ait olarak 11 kikirdakli, 49 kemikli toplam 60 balik tiiri tespit edilmistir. Kemikli
baliklar grubundaki tirler sayi ve adirlik bakimindan baskin olarak bulunmustur. Mullus barbatus (% 15.63), Citharus linguatula (% 13.36), Diplodus annularis (%
13.27), Serranus hepatus (% 12.28) ve Merluccius merluccius (% 10.89) tirleri tim istasyonlarda ve tim mevsimlerde dominant olarak yaklanan tirlerdir. Tiim
av icinde yakalanan baliklarin orani % 89.06 iken, bunu sirasiyla sefalopod % 9.52 ve krustase % 1.42 ile takip etmistir. Ill nolu istasyonda toplam 37, Il nolu
istasyonda toplam 36 ve IV nolu istasyonda ise toplam 35 balik tiir{i tespit edilmistir. Istatiksel analizlere gére, tiir esitliligi, maksimum tiir zenginligi ve Evenness
Fonksiyonu sirasiyla H'= 2.950, Hmax= 4,17 ve J'= 0.715.

Anahtar kelimeler: Candarli Kérfezi, dip trolii, balik kompozisyonu, tiir ¢esitliligi.

GIRIS
Candarli Korfezi Turkiye'nin  batisinda, Kuzey Ege
kiyllarinda, 380 58' N ve 380 44" N enlemleri ile 260 45' E ve

ve olta ile yapilan balikgiliga elveriglidir. Yaz aylari boyunca
Dikili ve gevresi yogun bir turist akimina ugramaktadir. Bunun

270 05' E boylamlari arasinda yer alir. Candarli Kérfezi'nin
alani 325 km2dir. Korfezin kuzey-gliney burunlari arasindaki
uzaklik 20 km’dir. Korfez genelde si§ olup, en si§ bdlgeleri
dogu ve kuzey sahilinde, en derin bolgeleri ise korfez
girisindedir. Buna gdre kérfezin en derin yeri 138 m olup bati
girisinde yer alir. Kuzeyinde Dikili Korfezi, giineyinde izmir
Korfezi bulunur (Sahin, 1985; Atalay, 1987).

Dikil'nin giineyinden, Foga’nin kuzeyine kadar olan
bdlgeyi icine alan ve yer yer oldukga diiz zemine sahip olan
kérfez, hem dip hem de pelajik balikgilik agisindan dnemlidir.
Bu alan sardalya, uskumru ve kolyoz gibi baliklarin gé¢ yolu
Uzerindedir. Korfezin iclerine dogru olan bélimler dip
yapisinin diizgin olmamasi nedeniyle paragat, manyat aglari

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

yani sira Aliaga, icerdigi sanayi, gemi sokiim alanlari ve petrol
rafineleri nedeniyle, Candarli Korfezi igin bir kirlilik kaynagidir
(Benli vd., 2000).

Kuzey Ege Denizi'nin ihtiyofaunasi birgok Yunanli ve Tirk
arastirici  tarafindan incelenmistir. (Papaconstantinou ve
Tsimenides, 1979; Papaconstantinou ve Tortonese, 1980;
Kaya, 1993; Kaya ve Mater, 1994; Cihangir vd., 1998; Benli
vd., 1999; Kara ve Gurbet, 1999; Bilecenoglu vd., 2002;
Tosunoglu vd., 2006; Bayhan vd., 2010; Girkan vd. 2010;
Coker ve Akyol, 2012).

Bu calisma, Candarli Korfezinin demersal
faunasinin ortaya konmasi amaciyla gerceklestirilmistir.

balik
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MATERYAL VE YONTEM

Calisma materyali, Candarli Kérfezi'nden Mart 2003-Ekim
2004 tarihleri arasinda 3 mevsimi iceren ve 5 istasyonda
gerceklestirilen trol gekimlerinden elde edilmistir (Sekil 1).

w DARLI
sesen] X
@ I .

& 61m

- 56m 47mKarga Br.
CANDARLI KORFEZI |

58m

Tavsan Ad.

Sekil 1. Calisma sahasi ve istasyonlar.
Figure 1. Study area and sampling stations.

Deniz calismalari, “Egesuf’ aragtirma gemisi ile ve 22 mm
g6z acikligindaki Akdeniz tipi ticari trol adi kullanilarak
yapilmistir. Trol gekimleri zeminde yaklagik 2.5mil/saat’lik
sabit bir hizla 30 dakikalik stirelerde gergeklestirilmistir.

Her c¢ekimden sonra torbadaki av drlinleri tiir bazinda
ayrilip tanimlandiktan sonra alkol veya formol icinde fikse
edilerek laboratuvara getirimistir. Laboratuvara getirilen
orneklerin catal boylari £1 mm hassasiyetli balik dlgme cetveli
ile yapilmig, sonuglar 1.0 cm boy gruplarina alinarak
degerlendirilmistir. Agirhk olglimleri £0.001 gr hassasiyetli
Sartotius marka dijital terazi ile yapilmistir. Esey tayinleri
ornekler Gizerinde makroskobik olarak gerceklestirilmistir.

Tim taksonlar ve familyalar Whitehead vd, (1984) ile
Fischer vd. (1987)a gore belirlenmistir. Balik tirlerinin
sistematik kategorileri ise Eschmeyer (1999)'a gore verilmigtir.

Calisma bodlgesinin  tir  gesitliligini  belilemek icin
Shannon-Wiener tiir gesitliligi indeksi kullaniimigtir (Pielou,
1975).

h
H' = —Z(pr’ *1n pi)
=1

Burada H’; tir gesitliligini, pi; i.nci tirGin toplam tlr sayisina
oranini, f; toplam tlir sayisini gdstermektedir. Bu indeksin
genellikle 0 ile 5 arasinda degisim gosterdigi ve familya
sayisinin az, ayni familya altinda toplanmig tlir sayisinin gok
olmasi durumunda ise, disik ¢iktigi bilinmektedir Saptanan
tir sayilarinin  sayisal dagilimini ifade etmek amaciyla
Evenness Fonksiyonu’ndan yararlaniimistir. Bu fonksiyonun
hesaplanmasinda;

_H
H

max

J'=

esitliginden yararlaniimigtir. Bu esitlikte “H™ tir cesitliligini ve
“Hmax  ise, maksimum tir zenginligini (Hmax = LnS)
gostermektedir.

Birey sayilarina ve tir gesitliligine gore istasyonlar arasi
benzerlik Biodiversity Pro programi ile hesaplanmigtir.

BULGULAR

Bu calisma sirasinda yapilan érneklemeler sonucunda,
Candarli Korfezi'nde 11 kikirdakli, 49 kemikli, toplam 60 balik
tirl tespit edilmistir (Tablo 1). Tim av iginde yakalanan
baliklarin orani % 89.06 iken bunu sirasiyla sefalopod % 9.52
ve krustase tirleri % 1.42 ile takip etmistir.

Calisma siresince 33 familyaya ait 60 balik tlriinden
12.164 birey toplanmistir. Mullus barbatus (% 15.63), Citharus
linguatula (% 13.36), Diplodus annularis (% 13.27), Serranus
hepatus (% 12.28) ve Merluccius merluccius (% 10.89) tim
istasyonlarda ve tim mevsimlerde dominant olarak yakalanan
trlerdir.

istasyonlar arasinda yapilan degerlendirmelerde, kérfezin
ic kisminda yer alan 3 no'lu istasyonun 37 tlrle en yuksek
cesitliligi gosterdigi, istasyon 2 ve istasyon 4'Gin 36 ve 35 tirle
temsil edildigi, istasyon 1 ve 5'in sirasiyla 32 ve 30 tir igerdigi
tespit edilmistir.

istasyonlar arasinda yapilan benzerlik karsilagtirmasinda,
hem yakalanan birey sayisi hem de tlr gesitliligi agisindan gok
biyik farkliliklar — g6stermedigi  g6zlemlenmigtir.  Tim
istasyonlarin  ¢gamurlu zeminden olustugu saptanmis ve
derinlige g6re vyapilan degerlendirmelerde 30-40 metre
konturunda yer alan istasyonun en yiksek tiir sayisiyla, 90-
100 metre konturunda yer alan istasyonun ise en az tirle
temsil edildigi gorulmustir (Sekil 2 ve 3).

istasyonlar arasindaki tiir gesitliligi oldukga yiksek (% 71)
bulunmustur. Bunun nedeni ise bélgede yer alan tim
istasyonlarin derinlik farki disinda zemin olarak ortak bir yapi
(camurlu-kumlu) géstermeleridir (Sekil 2 ve Sekil 3).

Bolgede saptanan 60 balik tirii ile sefalopod ve krustase
gruplari birlikte dederlendirilerek yapilan hesaplamalarda, tir
cesitliliginin H'= 2.950, maksimum tlir zenginliginin Hmax= 4.17
ve Evenness Fonksiyonu’nun J'= 0.715 oldugu belirlenmistir.
Tir cesitliligi degerinin 0-5 arasinda degistigi dustnilecek
olursa, bdlgedeki familya gesitliliginin ortalamanin {zerinde
oldugu sdylenebilir. Evenness Fonksiyonu degerinin sifira
yakin olmasi tirlerin belirli familyalarda toplandi§ini; bire yakin
olmasi ise tlrlerin tim familyalara esit olarak dagildigini
gbstermektedir. Buna gére; bu galismada elde edilen 0.715'lik
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deger calisma bolgesindeki tlrlerin belirli familyalarda yigim géstermedigini ortaya koymaktadir.

Tablo 1. Candarli Kérfezi'nde trol adi ile yakalanan balik tirleri.
Table 1. Fish species of Candarli Bay by bottom trawling.

FAMILYA TUR Ist1 Ist2 Ist3 Ist4 Ist5
SCYLIORHINIDAE Scyliorhinus canicula (Linnaeus, 1758) + + + +
Scyliorhinus stellaris (Linnaeus, 1758) +
TRIAKIDAE Mustelus mustelus (Linnaeus, 1758) +
TORPEDINIDAE Torpedo nobiliana Bonaparte, 1835
Torpedo marmorata Risso, 1810 + +
RAJIDAE Raja clavata Linnaeus, 1758 +
Raja miraletus Linnaeus, 1758 + +
Raja radula Delaroche, 1809 + +
DASYATIDAE Dasyatis pastinaca (Linnaeus, 1758) +
GYMNURIDAE Gymnura altavela (Linnaeus, 1758) +
MYLIOBATIDAE Myliobatis aquila (Linnaeus, 1758) + +
CONGRIDAE Conger conger (Linnaeus, 1758) + + +
CLUPEIDAE Alosa fallax nilotica (Geoffroy Saint-Hilaire, 1808)
Sardinella aurita Valenciennes, 1847 + +
ENGRAULIDAE Engraulis encrasicolus (Linnaeus, 1758) + +
GADIDAE Trisopterus minutus (Linnaeus, 1758) + + + +
MERLUCCIDAE Merluccius merluccius (Linnaeus, 1758) + + + +
OPHIIDIDAE Ophidion barbatum Linnaeus, 1758 +
LOPHIIDAE Lophius piscatorius Linnaeus, 1758 + + +
ZEIDAE Zeus faber Linnaeus, 1758 + + + + +
SCORPAENIDAE Scorpaena notata Rafinesque, 1810 + + +
Scorpaena porcus Linnaeus, 1758 + + +
Scorpaena scrofa Linnaeus, 1758 +
TRIGLIDAE Chelidonichthys gurnardus (Linnaeus, 1758) + + +
Lepidotrigla cavillone (Lacepéde, 1801) + + + + +
Chelidonichthys lucerna (Linnaeus, 1758) + + + +
Trigla lyra Linnaeus, 1758 + + +
SERRANIDAE Serranus cabrilla (Linnaeus, 1758) + + + +
Serranus hepatus (Linnaeus, 1758) + + + +
CARANGIDAE Caranx rhonchus Geoffroy Saint-Hilaire, 1817 + +
Trachurus mediterraneus (Steindachner, 1868) + +
Trachurus trachurus (Linnaeus, 1758) + + +
SPARIDAE Boops boops (Linnaeus, 1758) +
Dentex dentex (Linnaeus, 1758) +
Diplodus annularis (Linnaeus, 1758) + + + + +
Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) + +
Pagellus acarne (Risso, 1826) + + +
Pagellus bogaraveo (Brinnich, 1768) + + +
Pagellus erythrinus (Linnaeus, 1758) + + +
Sparus aurata Linnaeus, 1758 + +
CENTRACANTHIDAE Spicara maena (Linnaeus, 1758) + + + +
Spicara smaris (Linnaeus, 1758) + + +
MULLIDAE Mullus barbatus Linnaeus, 1758 + + + + +
Mullus surmuletus Linnaeus, 1758 +
MUGILIDAE Liza aurata (Risso, 1810) +
TRACHINIDAE Trachinus draco Linnaeus, 1758
CEPOLIDAE Cepola macrophthalma (Linnaeus, 1758) + +
URANOSCOPIDAE Uranoscopus scaber Linnaeus, 1758 + +
BLENNIDAE Blennius ocellaris Linnaeus, 1758 + +
CALLIOYNMIDAE Callionymus lyra Linnaeus, 1758 +
GOBIIDAE Gobius niger Linnaeus, 1758 + + + + +
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Lesueurigobius friesii (Malm, 1874) + + + +
SCOMBRIDAE Scomber scombrus Linnaeus, 1758 +
CITHARIDAE Citharus linguatula (Linnaeus, 1758) + + +
BOTHIDAE Arnoglossus laterna (Walbaum, 1792) + + +
Arnoglossus thori Kyle, 1913 + +
SOLEIDAE Buglossidium luteum (Risso, 1810) + +
Microchirus ocellatus (Linnaeus, 1758) +
Microchirus variegatus (Donovan, 1808) +
Solea solea (Linnaeus, 1758) +
TOPLAM 32 36 37 35 30
Candarl Istasyonlara Gore Tir Cesitiligi
Candarll Istasyonlara Gore Birey Sayisi Istasyon’5 Itasyon3
Istasyon 4 Istasyon 5
Istasyon 3 Istasyon 4
Istasyon 2 Istasyon 2
Istasyon 1 Istasyon 1
0 % Berzerik 50 100 0 % Benzerik 50 100

Sekil 2. Birey sayisi bakimindan istasyonlar arasi benzerlik.
Figure 2. Similarity of stations regarding with the specimen number.

TARTISMA VE SONUG

Candarli Korfezi balik faunasi ile ilgili bilgiler son yillarda
artis gostermis olmakla birlikte sinirli sayidadir. Bu galisma
sonucunda, arastirma bdlgesinde 11 adedi kikirdakli, 49 adedi
kemikli olmak izere toplam 60 tir tespit edilmistir. Cihangir
vd. (1998), Candarli Kdrfezinde gerceklestirdikleri balikgilik
kaynaklari (zerindeki arastirmada, toplam 38 teleost ve 8
elasmobrang tlrl tespit etmiglerdir. Kikirdakli baliklar,
toplamda sayisal olarak az olsa da, daha biylk vicut
yapisina sahip olmalarindan dolayi toplam agirliklari fazladir.
Ayrica bizim ¢alismamizla benzer olarak kemikli baliklarin
bdlgenin av kompozisyonunda énemli bir paya sahip oldugunu
belitmiglerdir. ~ Bu  bdlgede  gerceklestirilen  benzer
calismalarda; Bayhan vd. (2010) pelajik ve demersal tiirler
birlikte olmak Uzere 25 familyaya ait 70 balik turd, Glrkan vd.
(2010) ise korfezin 0.5 ile 1.5 m derinligindeki kiyisal sularda
22 tir tespit etmislerdir.

Ege Denizinin Yunan kiyllarinda, Papaconstantinou
(1988), Tsimenides vd., (1991) ve Papaconstantinou vd.,
(1994)'nin bélgenin balik tir kompozisyonunu belirledikleri
calismalar bulunmaktadir. Bu calismalarda bildirilen tdr
sayilari sirasi ile; 104, 130 ve 137'dir. Candarli Korfezinde
yapilan bu galismada derinlk 15 - 65 m'ler arasinda

Sekil 3. Tir esitliligi bakimindan istasyonlar arasi benzerlik.
Figure 3. Similarity of stations regarding to the diversity.

sinirlandiriimigken, yukarida belirtilen galismalar nispeten
daha derin sularda (350 m) gerceklestiginden, daha fazla
saylda tir elde edilmigtir. Akdeniz'in derin sularinda genellikle
daha fazla tir bulunmaktadir.

Calisma periyodu boyunca, istasyonlar arasinda tir
kompozisyonu agisindan ¢ok kigik farkliliklarin - oldugu
gdzlenmigtir. Bunun nedeni bdlgede yer alan tim istasyonlarin
derinlik farki disinda zemin olarak ortak bir yapi (camurlu-
kumlu) gdstermeleridir.

Cografik konumu nedeniyle Karadeniz ve Akdeniz
sularinin bulusma havzasini olusturan Ege Denizi'nin orta
bolgesinde bir gegis zonu olarak nitelendirilebilen Candarli
Korfezi, Ege Denizinin o6nemli bir balikgilk sahasin
olusturmaktadir. Korfez, cevresindeki sanayilesme sonucunda
kendisine diisen pay! fazlasiyla almakta ve denizel ortamda
ciddi habitat bozulmalari meydana gelmektedir. Habitat
bozulmalarinin gdrildigiu bu sahada, mevcut balik faunasi
olumsuz sekilde etkilenerek gerek kalitatif gerekse kantitatif
yonden degisimler belirgin sekilde gbzlenmektedir. Tokag vd.
(2010) de korfezde balikgilik sorunlarinin oldukga fazla
oldugunu ve bunlarin da; yasadigi avcilik, siglasma, balik
stoklarindaki azalma, bélgede avlanan girgir teknelerinin fazla
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olusu, genis endUstriyel sahalarin yarattidi kirlilign yanisira
kigUk Olgekli balikgigin av sahalarini sinirlandirmasi gibi
nedenlerden kaynaklandigini bildirmiglerdir.

Bu arastirma sonucunda, Candali Kérfezinin dip trol
avcihgr ile balik faunasi belilenmeye calisiimistir. Ancak,
daha genis derinlik araliklarinda yapilacak kapsamli ve yeni
calismalarla kérfezdeki balik cesitliliginin ortaya konmasi ve
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Ozet: Tirkiye'nin kuzey-batisinda yer alan oytrofik dzellikteki Gala Golii baliklarinin parazitieri bilinmemektedir, bu nedenle arastrmamizda gélde bulunan
baliklarin metazoan parazitleri arastirimistir. Temmuz 2010 ve Haziran 2011 tarihleri arasinda Gala Géli'nde bulunan 16 balik tiirinden toplam 497 drnekle
caligildi. Bu baliklarda 53 metazoan parazit tiirii teshis edildi. Bu parazitlerden 32 Monogenea, 4 Cestoda, 7 Digenea, 4 Acanthocephala, 3 Nematoda, 2
Copepoda ve 1 Mollusca (glochidia) tirii kaydedildi. Gala Goli'nde incelenen baliklarin parazit toplulugunun yapisi %34.0 endoparazit ve %66.0
ektoparazitierden olusmaktadir. Galisilan tiim balik tirlerindeki en yaygin parazit tiirleri; monogenean ttirler, Diplostomum spp., Tylodelphys clavata ve glochidia
larvasidir. Monogenean tiirlerle en yiiksek enfeksiyon yiizdesi Rutilus rutilusta (%77.0) bulundu, Diplostomum spp. en yiiksek yayginlikla Abramis brama'da
(%100) gorildi. En cok sayida parazit tirli, 10 tlirle Abramis brama'da ve dokuz tirle Carassius gibelio'da bulundu. Bu makale Gala Géli'ndeki baliklarin
parazitleriyle ilgili ilk calismadir.

Anahtar kelimeler: Metazoan, parazit, balik, Gala Gélu

Abstract: Eutrophic Lake Gala, located in the north-west of Turkey, fish parasites of the lake are unknown; therefore, in the present investigation the metazoan
parasites of the resident fish were examined. A total of 497 specimens of 16 fish species inhabiting Lake Gala were examined between July 2010 and June
2011. In or on these fish, 53 metazoan parasite species were identified. From these parasites, 32 species of Monogenea, four species of Cestoda, seven species
of Digenea, four species of Acanthocephala, three species of Nematoda, two species of Copepoda and one species of Mollusca (glochidia) were recorded. The
parasite community structure of the examined fishes from Lake Gala was made up of 34.0% endoparasites and 66.0% ectoparasites. Monogenean species,
Diplostomum spp., Tylodelphys clavata and glochidia larvae were the most prevalent parasite species in all the fish hosts examined. The highest prevalence of
infection with monogenean species was found in Rutilus rutilus (prevalence 77.0%); Diplostomum spp. occurred with the highest prevalence (100%) in Abramis
brama. The largest numbers of parasites species were found in Abramis brama (10 species) and Carassius gibelio (nine species). This paper represents the first
study of parasites of the fishes in Lake Gala.

Keywords: Metazoan, parasite, fish, Lake Gala

INTRODUCTION

The Merig Delta, where Lake Gala is located, has formed
on an area of 45000 ha at the mouth of the Meri¢ River and
qualifies as a class A International Wetland. The lake has
been formed behind the embankments that have come into
existence by sedimentary deposition of material by the Merig
River. Lake Gala consists of Big Gala and Small Gala, which
are divided by a shallow threshold during the summer months.
The total area of Lake Gala is 5.6 km2 and it has an average
depth of 1.20 m. The water that feeds the lake amounts to
198.7 hm3/year; most (90.3%) of this water comes from paddy
fields around the Lake (Zal, 2006) and influences water
quality. Lake Gala, which was registered as a wetland
protected field and declared to be National Park in 2005, is on
the route of migrant birds and is a breeding area of native and
migrant birds. According to Kaya and Kurtonur, (2003), 134
bird species inhabit the lake including fish-eating birds. Of

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

these bird species, 29 are residents, 64 summer migrants, 26
winter migrants and 20 breed in the lake.

Some studies have been performed on Lake Gala. Ortak
and Kirgiz, (1988) investigated Cladocera and Copepoda
species. Kirgiz, (1988) studied Chironomidae (Diptera) larvae.
Limnological features of the lake were studied by Baran and
Ongan, (1988). Kaya and Kurtonur (2003) studied the ornitho-
fauna of the lake and its surroundings. Ozulug et al., (2004)
reported on Carassius gibelio from the Lake. Erdogan and
Giher, (2005) investigated rotifer fauna. A study on the
implementation of the lower Meri¢ Valley was performed by
Zal, (2006). A study on associated microcrustacea
(Cladocera, Copepoda) with macrophytes in Lake Gala was
performed by Giher and Kirgiz, (2007). Camur-Elipek et al.,
(2008) studied physico-chemical characteristics and benthic
macroinvertebrates. Camur-Elipek et al, (2010) studied
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benthic invertebrates in relation to environmental variables.
However, there has been no investigation on parasites of fish
species of Lake Gala. Consequently, the aim of the present
study was carried out to report on the metazoan parasites of
the fish species in this lake. This is the first record of
metazoan fish parasites from Lake Gala.

MATERIALS AND METHOD

The fish specimens were taken from July 2010 to June
2011 from Lake Gala (40° 46" 60" N, 26° 11' 64" E). Fish
samples were collected four times in July, October, January
and April as seasonally from local fishermen. In total, 497 fish
specimens were examined: 49 roach (Rutilus rutilus), 71 gibel
carp  (Carassius  gibelio), 63 rudd  (Scardinius
erytrophthalmus), three white bream (Blicca bjoerkna), 38
carp bream (Abramis brama), 18 carp (Cyprinus carpio), 13
asp (Aspius aspius), 15 vimba (Vimba vimba), 64 European
perch (Perca fluviatilis), seven zander (Sander lucioperca), 87
pumpkinseed (Lepomis gibbosus), five eel (Anguilla anguilla),
nine pike (Esox lucius), five cat fish (Silurus glanis), 42 striped
mullet (Mugil cephalus) and eight twaite shad (Alosa fallax).
The fish were transported to the laboratory alive, where they
were all weighed, measured and their sex determined.
Dissection of the fish was made within two days. During the
dissection, the body cavity, all internal organs, the gills, the
eyes (lens and vitreous humour), the skin and the fins were
examined. Prevalence and mean intensity were calculated
according to Margolis et al., (1982). Parasites recovered were
fixed and preserved according to Bylund et al., (1980).
Identification of parasites was made according to
Niewiadomska (2003), Scholz et al., (1998), Pugachev et al.,
(2010) and Bykhovskaya-Pavlovskaya et al., (1962)

RESULTS

A total of 497 specimens of fish hosts belonging to 16
species were examined and 53 parasite species relating to
seven higher taxa (Monogenea, Cestoda, Digenea,
Acanthocephala, Nematoda, Mollusca and Crustacea)
recorded. A list of the 53 parasite species found in the fish
hosts examined from the Lake is shown in Table 1. The
parasite community structure of the fishes from Lake Gala
was made up of 34.0% endoparasites and 66.0%
ectoparasites. The monogenean species belonging to
Dactylogyridae, Ancyrocephalidae, Pseudodactylogyridae,
Tetraonchidae, Gyrodactylidae and Diplozoidae were the most
prevalent parasites, infesting 14 host species. Diplostomum
spp. metacercariae was the second most prevalent parasite,
infecting 12 host species. Other highly prevalent parasite
species were Tylodelphys clavata metacercariae and
glochidia larvae, both infecting nine host species. Copepod
parasites were recorded on the gills of only one marine fish
species (Mugil cephalus). Caryophyllaeus fimbriceps was
found only in the intestine of Carassius gibelio. Abramis
brama and C. gibelio exhibited rich parasite biodiversity, with
10 and nine species, respectively. Rutilus rutilus, Scardinius
erythrophthalmus, Vimba vimba, Lepomis gibbosus and
Anguilla anguilla harboured eight parasite species. The
number of parasite species that all other fish host harbours
were; Perca fluviatilis seven, Cyprinus carpio six, Sander
lucioperca three, Silurus glanis two, Esox lucius six, Blicca
bjoerkna two, Aspius aspius five, M. cephalus six and Alosa
fallax two (Table 1). Perca fluviatilis has the highest number of
core parasite species, with four species. The number of core
parasite species was different for each fish host. The
prevalence and mean intensity of the most prevalent parasite
species for seven extensively studied fish hosts are shown in
Table 2. Pictures of important features for the identification of
some parasites found in the present study is shown in Figures
1-6

Table 1. Parasite species and their fish hosts recorded in Lake Gala.

Parasite species

Fish host

METAZOA
Platyhelminthes

Monogenea

DACTYLOGYRIDAE

Dactylogyrus difformis Wagener, 1857

Dactylogyrus difformoides Glaser and Gussev, 1967
Dactylogyrus crucifer Wagener, 1857

Dactylogyrus anchoratus (Dujardin, 1845)
Dactylogyrus vastator Nybelin, 1924

Dactylogyrus cornu Linstow, 1878

Dactylogyrus cornoides Glaser and Gussev, 1971
Dactylogyrus vistulae Prost, 1957

Dactylogyrus distinguendus Nybelin, 1937
Dactylogyrus baueri Gussev, 1955

Dactylogyrus inexpectatus Isjumova in Gussev, 1955
Dactylogyrus extensus Mueller and Van Cleave, 1932
Dactylogyrus auriculatus (Nordmann, 1832)
Dactylogyrus zandti Bychowsky, 1933

Dactylogyrus wunderi Bychowsky, 1931
Dactylogyrus haplogonoides Gussev, 1966

S. erytrophthalmus
S. erytrophthalmus
R. rutilus
C. gibelio
C. gibelio
R. rutilus
R. rutilus
R. rutilus
A. brama
C. gibelio
C. gibelio
C. carpio
A. brama
A. brama
A. brama
V. vimba
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Dactylogyrus sphyrna Linstow, 1878

Dactylogyrus tuba Linstow, 1878

Dactylogyrus sp.

ANCYROCEPHALIDAE

Ancyrocephalus paradoxus Creplin, 1839
Thaparocleidus siluri (Zandt, 1924)

Thaparocleidus vistulensis (Siwak, 1932) Limi 1996
Urocleidus similis (Mueller, 1936)

Ligophorus sp. |

Ligophorus sp. Il

PSEUDODACTYLOGYRIDAE
Pseudodactylogyrus anguillae (Yin and Sproston, 1948)
Pseudodactylogyrus bini (Kikuchi, 1929)
TETRAONCHIDAE

Tetraonchus monenteron (Wagener, 1857)
GYRODACTYLIDAE

Gyrodactylus sp. |

Gyrodactylus sp. Il

DIPLOZOIDAE

Paradiplozoon paviovski (Bychowsky and Nagibina, 1959)
Paradiplozoon sp.

Cestoda

CARYOPHYLLIDAE

Caryophyllaeus fimbriceps Annenkova-Khlopina, 1919
BOTHRIOCEPHALIDAE

Bothriocephalus claviceps (Goeze, 1782)
Bothriocephalus acheilognathi Yamaguti, 1934
PROTEOCEPHALIDAE

Proteocephalus percae (Miller, 1780)

Digenea

DIPLOSTOMATIDAE

Diplostomum spp.

Posthodiplostomum cuticola (Nordmann, 1832)
Tylodelphys clavata (Nordmann, 1832)

CLINOSTOMATIDAE

Clinostomum complanatum Rudolphi, 1814
Digenea gen. sp. |

Digenea gen. sp. Il

Digenea gen. sp Il

Acanthocephala
ECHINORHYNCHIDAE
Acanthocephalus lucii (Miller, 1777)
Acanthocephalus anguillae (Miiller, 1780)
Acanthocephalus sp.
NEOECHINORHYNCHIDAE
Neoechinorhynchus sp.

Nematoda

DIOCTOPHYMATIDAE

Eustrongylides excisus Jagerskiold, 1909
DRACUNCULIDAE

Anguillicoloides crassus (Kuwahara, Niimi and Itagaki, 1974)
Nematod gen. sp.

Copepoda

ERGASILIDAE

Ergasilus lizae Kroyer, 1863
LERNAEIDAE

Lernaea cyprinacea Linnaeus, 1758
Mollusca

Bivalvia

UNIONIDAE

Glochidia (larvae)

R. rutilus
A. aspius
V. vimba

S. lucioperca
S. glanis

S. glanis

L. gibbosus

M. cephalus
M. cephalus

A. anguilla
A. Anguilla

E. lucius

S. erytrophthalmus
C. gibelio

A. aspius
C. carpio

C. gibelio

A. anguilla
C. carpio, P. fluviatilis

P. fluviatilis

S. erythrophthalmus, R. rutilus, L. gibbosus,
A. aspius, C. gibelio, C. carpio, M. cephalus,
E. lucius, A. brama, P. fluviatilis, V. vimba,
A. anguilla

S. erythrophthalmus, V. vimba

R. rutilus, L. gibbosus, C. gibelio, C. carpio,
E. lucius, S. erythrophthalmus, A. brama, P.
fluviatilis, V. vimba

P. fluviatilis, S. erythrophthalmus, R. rutilus
A. fallax

A. fallax
M. cephalus

A. anguilla
A. anguilla, P fluviatilis
L. gibbosus, P. fluviatilis

E. lucius

P. fluviatilis, L. gibbosus
A. anguilla

L. gibbosus

M. cephalus, A. fallax

L. gibbosus

R. rutilus, L. gibbosus, A. anguilla, A.
aspius, C. gibelio, M. cephalus, S.
erytrophthalmus, A. brama, P. fluviatilis
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Table 2. Prevalence (P; %) and mean intensity (M) of metazoan parasites from some fish species in Lake Gala.

. Lepomis Carassius Scardinius Perca . . Abramis .

L gibbosus gibelio erythrophthalmus _ fluviatilis RS brama BRI
. P P P P P P P

Parasites (%) M (%) ]l (%) M (%) M (%) MI (%) ]l (%) M
Monogenea 600 - 599 - M4 - - - 70 - 500 - 16.6 -
Cestoda

Bothriocephalus sp. 33 20 6.6 - - - - - - - - - - -
Proteocephalus percae - - - - - - 385 76 - - - - - -
Digenea

Diplostomum sp. 60.0 19 26.6 1.2 55.2 7.0 19.2 1.0 84.6 33.6 100.0 139 16.6 8.6
Tylodelphys clavata 43.3 27 6.6 20 241 221 88.5 1006  84.6 37.8 75.0 11.8 - 8.0
Posthodiplostomum - - - 30 173 - - 08 72 83 138 - -
cuticula

Clinostomum . - . 72 18 538 24 77 40 - . . .
complanatum
Nematoda 233 1.0 - - - - 84.6 13.9 - - - - - -
Acanthocephala 33 20 - - - - 46 39 - - - - - -
Copepoda 10.0 13 - - - - - - - - - - 250 23
Mollusca 63.3 6.1 133 19.0 58.6 20.3 69.2 18.1 7.7 12.0 16.6 20.1 50.0 3.7

Figure 2. Urocleidus similis a-b. anchors, marginal hooks, c. copulatory organ.
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Figure 5.. a.Dactylogyrus haplogonoides copulatory organ, b. Dactylogyrus auriculatus copulatory organ and vaginal tube.
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The potential parasite number in Anguilla anguilla, Aspius
aspius, Cyprinus carpio, Esox lucius, Silurus glanis, Bilicca
bjoerkna, Vimba vimba, Alosa fallax and Sander lucioperca is
probably greater than mentioned here because of the few
specimens that were examined.

DISCUSSIONS

Previous studies on Lake Gala have determined its trophic
status (Baran and Ongan., 1988; Kirgiz, 1988; Ortak and
Kirgiz, 1988; Erdogan and Guher, 2005; Camur-Elipek et al.,
2008, 2010). Lake Gala can be termed as eutrophic regarding
the rotifera species identified (Erdogan and Guher, 2005).
Paddy fields periodically use the lake water for irrigation; later
on, remaining water is pumped back to the lake which is
charged with chemicals (pesticides and fertilizers). Benthic
fauna of the lake dominated by two groups (Chironomidae and
Oligochaeta), which are known to be pollution-tolerant
organisms (Camur-Elipek et al., 2010). Pollutants are toxic
both to fish and invertebrate hosts; furthermore there are
direct effect of pollutants on parasites and their free-living
stage (Poulin, 1992). Low benthic invertebrate richness and
diversity, a high number of individual existence of some
Chironomidae species (e.g., Chironomus plumosus) and
some Oligochaeta species (e.g., Limnodrilus hoffmeisteri,
Potamothrix hammoniensis) and also the existence of
Orthocladiinae larvae (especially Cricotopus flavocinctus) are
associated with eutrophic state. In the lake, Gastropoda (Unio
sp., Viviparus sp. and Planorbiidae) were found to have the
lowest prevalence (2.8%) of all taxa (Camur-Elipek et al.,
2010). The presence of gastropods is important in the
transmission of digenetic trematodes (Paperna, 1996). The
findings of the present study show that the fish in Lake Gala
have a poor community of intestinal endoparasites. The
species composition of parasite communities is clearly
affected by environmental stress, and species richness tends
to decrease under degraded conditions. The fact that
parasites possess complex life cycles makes them extremely
valuable information units about environmental conditions,
because their presence or absence indicates a great deal

e ':né‘ 350 : "
b NSRS E

Figure 6. a. Anguillicoloides crassus, b. Proteocephalus percae head and four suckers.

about not only their host ecology but also food web
interactions,  biodiversity ~and  environmental  stress
(Overstreet, 1997; Marcogliese, 2004). Contamination of fresh
water habitats affects the viability of the free-living
transmission stage of helminth parasites of fish (Pietrock et
al, 2001). Parasites with indirect life cycles that were
recorded in this study were cestodes, digenetic trematodes,
acanthocephalans and nematodes. Diplostomum sp. and
Tylodelphys clavata metacercariae, were found to be the most
prevalent digenean parasites in 12 and nine fish hosts
respectively.  Eustrongylides excisus, T. clavata and
Clinostomum complanatum were also found as the core
parasite species in perch. The intermediate host of E. excisus
is aquatic tubificid oligochaetes, which is common on benthic
fauna of the lake and is pollution tolerant; the definitive hosts
of all these parasites are fish-eating birds. In total, 134 water
birds inhabit Lake Gala and its surrounding area; Pelecanus
onocrotalus, Cygnus olor, Phalacrocorax pygmeus, Egretta
garzetta and Ardea cinerea are the dominant bird species
(Kaya and Kurtonur, 2003). The relative abundance of endo-
and ectoparasites of fish in a particular aquatic system can be
used as an indicator of environmental stress. Ectoparasites
are more in contact with water; therefore, sensitive
ectoparasites are fewer than endoparasites in a polluted
system, while the converse is also true (Avenant-Oldewage,
2001). The highest monogenean abundance and diversity
were found in a polluted lake than in an oligotrophic lake
(Koskivaara and Valtonen, 1992). In the present study the
overall prevalence of ectoparasites (66.0%) was found higher
than that of endoparasites (34.0%).

Lake Gala has native freshwater, non-native and marine
fish species by reason of natural connection with the Aegean
Sea; therefore parasite biodiversity can also be related to
these characteristics of the lake. Metazoan parasites,
identified at the species level, consist of 18 specialists and 20
generalists, all of the specialist parasites belonging to
monogenea. Other than Diplostomum spp., Tylodelphys
clavata, Posthodiplostomum cuticola and Clinostomum
complanatum, which are the most common parasites both for
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unpolluted and polluted environments, one digenetic
trematode was found in the gut of Mugil cephalus and another
two in the gut of Alosa fallax and both of these fish hosts are
marine species.

In conclusion, 53 metazoan parasites were recorded from
the fish of Lake Gala. The most dominant parasite species
found on each fish species except Perca fluviatilis were the
monogeneans, which have a direct life cycle. However, to
exclude two digenean parasites found in marine fish species,
only four parasite species have an indirect life cycle.
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Abstract: This study was hold on to determine the lenght, weight, age and sex distributions and growth parameters of European Hake (Merluccius merluccius,
L., 1758) in Edremit Bay between August 1999 and December 2000. During the study, A total of 2375 samples which was collected by trawling from the depth
strata between 38-80 meters were investigated and the total lenght and weight distrubitions were determined as 7.6-46.2 cm and 2.09-766.0 g respectively. Age
determinations based on otolith readings were found that the fishes distributed between 0+ and 5 age groups. The von Bertalanffy growth curve fitted to
observed lengths-at-age provided parameters of L, =53.49 cm, 47.49 cm and 53.90 cm; k=0.385, 0.349 ve 0.377 year'; t=-0.078,-0.112 ve -0.045 year; and
the growth performance index value () was also computed as 2.895, 3.042 ve 3.040 for males, females and all specimens, respectively

Keywords: European Hake, Merluccius merluccius, length, weight, age, growth.

Ozet: Bu galisma, Bakalyaro (Merluccius merfuccius L., 1758)nun Edremit Kérfezindeki boy, agirlik, yas, cinsiyet dagilimlari ile bilyiime parametrelerinin tespit
edilmesi amaciyla Eylul 1999-Aralik 2000 tarihleri arasinda yapilmistir. Calisma periyodu stiresince, 38-80 m derinliklerde yapilmis olan trol gekimlerinden elde
edilen toplam 2375 birey incelenmis ve bu drneklerin 7.6-46.2 cm total boy ve 2.09-766.0 g total agirliklar arasinda bulundugu tespit edilmistir. Otolitlerden
yapilan yas tayinleri sonucunda érneklerin 0+ ile V yas gruplar arasinda dagilim gésterdi§i saptanmistir. Ortalama total boy degerlerinden hesaplanan von
Bertalanffy bliyiime parametreleri disi, erkek ve tim bireyler icin sirasiyla; L.,=53.49 cm, 47.49 cm ve 53.90 cm; k=0.385, 0.349 ve 0.377 yil'; t=-0.078, -0.112
ve -0.045 yil; gelisim performansi indeksi (®) degerleri ise 2.895, 3.042 ve 3.040 olarak bulunmustur.

Anahtar kelimeler: Bakalyaro, Merluccius merluccius, boy, adirlik, yas, biyiime.

GIRiS

Bakalyaro (Merluccius merluccius L., 1758), Akdeniz ve
Atlantik Okyanusu boyunca, si§ sularla 700 m derinlikler
arasinda dagiim gésteren ve ekonomik degeri yiiksek olan
demersal bir tlrdlr. Bu tirlin blylme O6zellikleri tzerinde,
farkli Ulkelerde degisik arastiricilar tarafindan yapilmig gok
sayida calisma bulunmaktadir (Bagenal, 1954; Zupanovic,
1968; Guichet vd., 1973; Decamps ve Labastie, 1978;
Tsimenidis vd., 1978; Iglesias ve Dery; 1981; Goni, 1983;
Papaconstantinou vd., 1986; Goni ve Pineiro, 1988 ; Alegria
ve Jukic, 1990; Morales-Nin vd., 1998; Orsi-Relini vd., 2002;
Pineiro ve Sainza, 2003.

Dinya denizlerinde, farkli arastiricilar tarafindan, tiim
yonleri incelenen ve ekonomik bir tir olan M. merluccius'un
ulkemiz sularinda, biyolojisine ait az sayida ¢alisma yapilmig
olup (Kutaygil, 1965; Bizsel, 1997; Uckun, 1996; Torcu vd.,

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

1997; Ugkun vd., 2000) halen populasyon dinamigi tam olarak
ortaya konamamistir.

Bu calisma ile M. merluccius tirintn Edremit Kérfezi'nde
Eylil 1999-Aralik 2000 arali§indaki aylik &rneklemelerden
elde edilen veriler dogrultusunda tirtin arastirma bdélgesindeki
yas ve biyime &zelliklerinin ortaya konulmasi amaglanmisti.

MATERYAL VE METOT

Edremit Korfezinde, Eylil 1999-Aralik 2000 tarihlerinde
38 ile 80 m'ler arasinda 12 ayr periyotta gerceklestirilen
toplam 65 adet trol gekimi sonucunda M. merluccius tiriine ait
443 erkek, 1445 disi ve 487 cinsi olgunluga ulasmamis ya da
cinsiyeti belilenememis olmak Uzere toplam 2375 birey
yakalanmigtir. Bu Orneklemelerde elde edilen bireylerin bir
kismi % 4'luk tamponlu formaldehit ¢dzeltisinde tespit edilmis,
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bir kismi ise buz icinde saklanmig ve arazi sonunda vakit
kaybetmeden laboratuvara getirilip dondurulmustur.

Laboratuvarda boy ve agirlik 6lctimi yapilan bireyler
disekte edilerek cinsiyet tayinleri makroskopik olarak
yapllimistir. Bunu takiben yas tayinlerinde yararlaniimak tzere
belli sayida drnegin sagittal otolitleri alinmistir.

Bakalyaro'da otolitler igerdikleri ylksek oranda protein
nedeniyle dzellikle bliylk yastaki bireylerde oldukga opak bir
yapidadir ve yas halkalarini direkt olarak tespit etmek glctir
(Morales-Nin, 1986). Bu nedenle toplam 444 adet otolitin
proksimal kisimlari sirasiyla 400 ve 800'lik su zimparasi ile
zimparalanarak yas halkalarinin daha net olarak ortaya
clkmasi saglanmis ve 10x-30x biyltmeli stereo mikroskop
altinda fotograflari cekilmistir. Yas halkalari bilgisayar
ortaminda bu fotograflardan sayilmistir.

Yas halkalarinin ayinminda Morales-Nin vd. (1990)
tarafindan belirlenen kriterden yararlaniimistir. Yumurtadan
¢ikis yani dogum gininin 1 Ocak oldudu, yas tayini yapilan
birey eder yilin ilk alti ayi icinde drneklenmis ise, yasinin
toplam yas halkalari (seffaf) sayisi kadar, ikinci alti ay icinde
orneklenmis ise, yasinin mevcut seffaf halkalarin bir eksigi
oldugu kabul edilmigtir. Larval, pelajik ve demersal halkalarin
tespitinde ise Iglesias ve Dery (1981) tarafindan kullanilan
tanimlamalardan yararlanilmistir.

Tardn 6rnekleme bolgesindeki boy-agirlik iliskisinin ortaya

konulmasinda, W =al’ seklindeki  Ussel esitlikten
faydalaniimistir (Sparre vd., 1989). Burada; W: Total viicut
agirhgini (g), L: Total boyu (cm), a: Kesim noktasi (baligin
beslenme durumunu), b: Egimi (baligin blyime tipini) ifade
etmektedir. Burada b degerinin teorik 3 degerinden farkli olup
olmadigi t-testi yapilarak incelenmistir

Bliylime parametreleri L, (baligin kuramsal sonusmaz
boyu), k (blylime katsayisi) ve to (baligin yumurtadan
¢lkmadan Onceki kuramsal yasl) otolitlerden yapilan yas
tayinleri sonucunda elde edilen yas ve ortalama boy
verilerinden von Bertalanffy (1938) ydntemi ile hesaplanmistir.
Bu hesaplamalarda dogrusal regresyon teknigi kullaniimigtir
(Avsar, 1998).

Hesaplanan biyime parametrelerinin, bundan 6nce
yapilan galismalar ile karsilastirimasi amaciyla Munro’nun fi
katsayisi (®) olarak bilinen deger hesaplanmistir (Pauly ve
Munro, 1984).

® =log1o K + 2 logro L,  Burada; ®: Gelisim performansi
indeksi (Munro’nun fi katsayisi), K: Blylme katsayisi, L.:
Baligin kuramsal sonusmaz boyunu ifade etmektedir.

BULGULAR

Edremit Korfezi, yaklasik 39° 17" N ve 39° 34" N enlemleri
ile 26° 57" E ve 26° 34" E boylamlari arasinda yer alir.
Uzunlugu; dogudan batiya 34.5 km, kuzeyden glneye 25.5

km'dir. Zemin yapisi bakimindan genellikle kumlu-gamurlu bir
bolgedir. Bireylerin cinsiyet dadilimi érnekleme periyotlari ve
boy gruplarina gore iki ayri sekilde degderlendiriimistir.
Ornekleme nperiyotlarina gore degerlendirme sonucu elde
edilen disi erkek orani Tablo 1'de verilmigtir. Tim 6rnekleme
periyotlarinda disi bireylerin erkek bireylerden sayica fazla
oldugu belirgin bir bigimde g6zlenmistir (1:0.31). Uygulanan x2
analizi sonucunda, tm yil boyunca avlanan drneklerdeki disi-
erkek oranlari arasinda istatistiksel agidan fark oldugu
saptanmistir (x2 =531.78> x2 t0.005=3.84, p<0.05).

Ornekleme periyodu boyunca bireylerin boy dagilimi
incelendiginde, erkeklerin 10.0-32.4 cm, disilerin 9.9-46.2 cm
minimum ve maksimum boy degerlerinde bulunduklari tespit
edilmistir. Ayrica, erkek bireylerin biiylik bir kisminin (% 88)
14.0-26.0 cm, disi bireylerin ise 14.0-30.0 cm (% 74) boy
araliginda bulunduklari gézlenmistir.

Tim bireyler dikkate alindijinda ise, 6rnekler minimum
7.6 cm ile maksimum 46.2 cm total boylar arasinda dagilim
gostermis ve bireylerin 14.0-22.0 cm'lik boy gruplarinda
baskin durumda (% 42) olduklari tespit edilmistir (Sekil 1).

Tlrln bolgedeki aylik boy dagiimlari incelendiginde disi
ve erkek bireylerin maksimum boylarinda aylara gére ¢ok
onemli bir farklihk gézlenmemistir. Ancak, 6zellikle Haziran
ayinda en yogun (% 17) olmak Uzere Nisan ve Temmuz aylar
arasindaki dénemde 10 cm’den kiiglik bireyler elde
edilmistir.Bireylerin arastirma bélgesindeki boy—agirlik iligkisi
parametreleri mevsimlere goére incelenmis ve Tablo 2'de
verilmigtir.

Blydmenin isometrik ya da allometrik  olarak
gergeklestigini ortaya koyan regresyon katsayisi [(b) ya da
dogrunun egimi)] gdzonine alindi§inda, tlrin Edremit
Korfezi'nde, tim mevsimlerde, hem disi hem erkek bireyler
igin pozitif allometrik bir blylme gosterdigi gérlilmektedir.
Tum bireyler birlikte degerlendirildiginde de bireylerin yine
allometrik bir blylime sergiledigi tespit edilmistir. Boy ve
agirlik degerleri arasindaki iligkinin gdstergesi olan r degeri
mevsimlere gore 0.984-0.997 arasinda yer almakta olup,
oldukga kuvvetli bir iliski mevcuttur.

Yas tayininde yararlanilan 444 adet otolitin 42 adedi erkek
bireylere, 232 adedi disi bireylere ve 170 adedi de
olgunlasmamis veya Ureme periyodunun disinda olmasi
nedeniyle cinsiyet tayini yapilamamis olan bireylere aittir.
Otolitlerdeki yas halkalarinin sayilmasi sonucu arastirma
stiresince incelenen erkek bireylerin | ile 1Il, disi bireylerin I ile
V yas arasindaki bireylerden olustugu tespit edilmistir. Yags
tayinin yapilan otolitlerden 67 adedinin 0 yas grubundaki
bireylere ait oldugu belirlenmistir.

Otolitlerden yapilan yas okumalari sonucunda Edremit
Korfezi'nde M. merluccius bireylerinin, I. yas grubunda 17.76
cm, |I. yas grubunda 29.64 cm, Ill. yas grubunda 36.21 cm, V.
yas grubunda 41.78 cm ve V. yas grubunda ise 46.10 cm
ortalama total boya ulastiklari saptanmistir (Tablo 3).
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Tablo 1. M. merluccius'un érnekleme periyotlarindaki disi/erkek orani.
Table 1. Sex ratio of M. merluccius during sampling months.

Ornekleme Periyodu Disi (n) Erkek (n) Disi : Erkek
1-2/09/1999 239 20 1:0.08
30/09/1999 238 33 1:0.14
30/11 - 02/12/1999 113 51 1:045
31/01 - 01/02/2000 149 55 1:0.37
12/03/2000 67 35 1:0.52
18/04/2000 101 24 1:0.24
12/05/2000 68 23 1:0.34
07/06/2000 36 8 1:0.22
04-05/07/2000 99 33 1:0.33
05-06/09/2000 95 62 1:0.65
12-13/10/2000 72 37 1:0.51
11-12/12/2000 168 62 1:0.37

Toplam 1445 443 1:0.31

40 —

Erkek

30 — N=443

20 —

%

10 —

— Disi
S0 N=1445

%

20 —

10 —

30 Toplam

N=2375

10 —

2 6 10 14 18 22 26 30 34 38 42 46
Total Boy (cm)
Sekil 1. M. merluccius’un arastirma bolgesindeki boy frekans dagilimi.
Figure 1. Length distribution of M. merluccius in the sampling area.
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Tablo 2. M. merluccius’'un mevsimlere gére boy agirlik iliskisi degerleri.
Table 2. Leght-weight relationship values of M. merluccius in seasons.

Cinsiyet N a b se(b) r t-test
d 152 0.0024 3.333 0.0420 0.988 7.929
Sonbahar Q 644 0.0026 3.303 0.0147 0.994 20.612
J+Q+B 975 0.0025 3.318 0.0119 0.994 26.723
4 168 0.0044 3.146 0.0447 0.984 3.266
Kis Q 430 0.0041 317 0.0175 0.994 9.771
4+Q+B 624 0.0041 3.169 0.0152 0.993 11.118
3 82 0.0023 3.355 0.0983 0.967 3.611
ilkbahar Q 236 0.0043 317 0.0355 0.986 4.817
J+Q+B 327 0.0030 3.276 0.0250 0.991 11.04
s} 41 0.0023 3.370 0.0762 0.990 4.856
Yaz Q 135 0.0028 3.303 0.0289 0.995 24.840
3+Q+B 449 0.0025 3.339 0.0122 0.997 27.786
d 443 0.0029 3.285 0.0275 0.986 10.364
Toplam Q 1445 0.0028 3.293 0.0097 0.994 30.206
J+Q+B 2375 0.0026 3.307 0.0067 0.995 45.821
Tablo 3. M. merluccius'ta yaslara ait ortalama total boy degerleri.
Table 3. Average total lenghts for ages in M. Merluccius.
Yas N TL (cm)£CI Min (cm) Maks (cm) SD
| 92 18.12+0.382 14.2 22.2 1.843
I 96 29.85+0.405 24.6 33.9 1.998
Q Il 37 36.69+0.806 325 415 2415
% 5 41.78+1.995 40.0 443 1.607
\ 2 46.10+0.898 46.0 46.2 0.100
| 33 18.55+0.635 15.2 22.0 1.785
s} I 8 27.49+1.088 24.7 29.3 1.301
Il 1 31.40 - - -
0+ 67 12.30+0.417 9.5 175 1.710
| 189 17.76+0.274 13.7 22.2 1.901
Toplam I 136 29.64+0.347 24.6 339 2.045
Il 45 36.21+0.743 314 415 2.504
vV 5 41.78+1.995 40.0 443 1.607
\ 2 46.10+0.898 46.0 46.2 0.100

Erkek ve disi bireylerin yas gruplarina gore ortalama  disilerin daha biylk boyda olduklar gézlenmistir. Otolitlerden
boylari arasinda |Il. yas grubundan itibaren farkliliklar yapilan yas tayinleri sonucu elde edilen yaglara ait ortalama

saptanmigtir. Il. yas grubuna ait erkeklerin ortalama boyu
27.49 cm iken, digilerde bu deger 29.64 cm bulunmustur. .

total boy dederlerinden hesaplanan von Bertalanffy biiyiime

yas grubunda bu durum daha belirgindir ve erkek ile disilerin ~ Parametreleri erkek, disi ve tim bireyler igin Tablo 4'te
ortalama boylari arasinda 5 cm kadar bir fark gérilmis ve verilmistir.

Tablo 4. Yas okumalari ile hesaplanan von Bertalanffy bliyime parametreleri.
Table 4. Estimated von Bertalanffy growth parameters in relation with age readings.

N k to L. W, ®
Q 232 0.385 -0.078 53.49 1375.73 3.042
3 42 0.349 -0.112 47.43 929.11 2.895
Toplam 444 0.377 -0.045 53.90 1382.44 3.040
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Bu verilere gore erkek ve disi bireylerde blylime dzellikleri
acisindan farkliliklar bulunmustur. Erkek bireyler de sonugsmaz
boyun (L..) 47.43 cm oldugu ve bu boya 0.349 gibi bir bilylime
katsayisi degeri ile ulastigi gorilmekte iken, disilerde bu deger
0.385 bulunmus olup, blylime erkeklere gbre daha hizli ve
sonusmaz boy degeri de 53.49 cm olarak hesaplanmistir. k ve
L., degerlerinden hesaplanan gelisim performansi indeksi (®)
degerleri incelendiginde bu degerin erkek, disi ve tiim bireyler
icin sirastyla, 2.895, 3.042 ve 3.040 oldugu tespit edilmistir.

SONUG ve TARTISMA

Bu calismada toplam 2375 adet Bakalyaro Ornegi
degerlendirilmis olup, érneklerin cinsiyet tayinlerinin yapiimasi
sonucunda toplam 443 erkek ve 1445 adet disi birey elde
edilmigtir. Disi:erkek orani 1:0.31 olarak tespit edilmistir.

Boy gruplarina gdre bu oran incelendiginde, 6zellikle 25 cm
boydan itibaren erkek bireylerin Grnekler iginde azalmaya
basladigi ve 32.4 cm’den sonra ise hig bulunmadigi ilgi cekici
bir sonug olarak kargimiza ¢ikmaktadir. Buna benzer bir bulgu
Ugkun (2000) tarafindan izmir Kérfezinde tespit edilmistir
(1:0.36). Pinerio ve Sainza (2003) ise Atlantik Okyanusu’nun
lberya yarimadasi sularinda bu orani 45 cm'den kiigiik
bireyler i¢in 1:1 olarak bulmus, 45 cm'den itibaren ise erkek
bireylerin oraninda hizli bir azalmanin oldugunu ve 60 cm’nin
Uzerinde ise hig rastlanmadigini belirtmistir. Lucio vd. (2000)
ise Biskay Korfezindeki arastirmalarinda erkek disi oranini
ozellikle 25-50 cm boylar arasinda birbirine esit olarak
bulmuslar, 50 cm’den sonra ise erkek oraninda hizli bir
azalma tespit etmiglerdir.

Ele alinan bu ¢aligmalarin birbirinden en dnemli farklari,
bu tez iginde sinirlayict bir faktdr durumundaki galisma
derinlikleri olarak ifade edilebilir. Ugkun vd. (2000) tarafindan
saptanan degerin bu calismaya yakin olusunun, calisma
derinliklerinin birbirine olan benzerligi oldugu distniimektedir
(Aragtirici drneklerini ortalama 40 m derinlikten elde etmistir).
M. merluccius turdi icin yapilan blylime calismalarinin timi
incelendiginde, disilerin erkeklere gdre daha blylk boya ve
yasa ulastiklari goérlimektedir. Buna gére, calismamizdaki
biyik boylarin, disi bireyler tarafindan temsil edilmesi
olagandir. Ancak tek sorun genel toplamda erkek oraninda
gorilen az sayinin hangi gevresel ya da biyolojik sebeplerden
kaynaklanmig olabilecegidir. Bunun nedeni de, erkek
bireylerin olgunluk boyuna daha erken ulagmalari (26.5 cm) ve
bu boydan itibaren ireme aktivitesi icinde yer almak amaciyla

daha derin sulara gd¢ etmeye baslamasi oldugu
dustnilmektedir.

Edremit Koérfezinde, arastirma periyodu boyunca
yakalanan M. merluccius  bireylerinin  boy  dagilimi

incelendiginde, erkeklerin 10.0-32.4 c¢m, disilerin 9.9-46.2 cm

arasinda dagiim gdsterdikleri tespit edilmistir. Genel boy
dagiliminda ise, minimum ve maksimum boy degerleri, 7.6 cm
ile 46.2 cm olarak tespit edilmistir ve bireylerin en yodun
olarak 14.0-22.0 cm boy araliginda (% 42) dagiim
gosterdikleri saptanmistir. Arastirma bolgemizden elde edilen
boy degerleri diger arastirmalar ile karsilastirilirken dikkat
edilmesi gereken nokta trol calisma bodlgesindeki gekim
derinligimizin maksimum 80 m ile sinirli olmasidir. Bu derinlik,
Akdenizde 30-800 m derinliklerde dagiim gdsteren tiir igin,
Edremit Korfezi'ndeki populasyonun boy dagilimini tam olarak
yansitmamaktadir. Diger ¢alismalarin, daha derin bélgelerde
yapllmasi nedeniyle &rnekler icinde daha biylik boylu
bireylerin yer aldigi gorilmektedir.

Ugkun vd. (2000) izmir Kérfezinde maksimum 40 m
derinlikte yaptiklari trol gekimleri sonucu minimum 13.6 cm ile
maksimum 43.5 cm boydaki bireyler elde etmistir. Benzer
olarak, Orsi-Relini vd. (1989), Ligurian Denizinde 90 m'ye
kadar olan derinliklerde gerceklestirdikleri calismalarinda, boy
dagilimini 5.0-35.0 cm'ler arasinda bulmustur. Yine Orsi-Relini
vd. (2002), Akdeniz'in gesitli bolgelerinde gergeklestirdikleri
galismalarda, bu tlre ait bireylerin K. Ege Denizi'nde
200m’den s1g sularda 10.0 cm’ye kadar, 200 m’den derinlerde
ise 25.0-30.0 cm’ler arasinda yogunlagmakta olduklarini tespit
etmislerdir. Zupanovic (1968), Adriyatik Denizi'nde 150 m’den
derin alanlar igin 4.0-60.0 cm’lik boy araliinda bireyler
saptamis ve bunlar i¢inde 6zellikle 6.0-20.0 ¢cm arali§indaki
bireylerin en bol bulundugunu bildirmistir.

Calismamizda boy frekanslarda aylar iginde gorilen
degisim ise, Bakalyaro’nun stoda katilim gosterdigi aylari
belirlemesi agisindan énemlidir. Arastirma bdlgemizde, 0 yas
grubu olarak kabul edilen 10 cm'den kiigik boydaki bireyler
Nisan-Eyll aylari arasinda gézlenmistir.

Bu veriler, gonad olgunluklari ve gonadosomatik indeks
degerlerinden, yil iginde uzun bir dreme dénemine sahip
oldugunu tespit ettigimiz tiir icin destekleyici niteliktedir.

Edremit Korfezi igin tirlin boy-agirlik iliskisi degerleri
incelendiginde, tlrin tim mevsimlerde pozitif allometrik bir
biylime gosterdigi tespit edilmistir. Bu galismada incelenen
bireylerin timinden elde edilen boy-agirlik iliskisi degerleri
diger bazi arastiricilar ile Tablo 5'te karsilagtinlmigtir. Tlrln
calisilan cogu bdlgede pozitif allometrik bir bliylime gosterdigi
ve tlim calismalarda boy ile agirlik arasinda kuvvetli bir iligki
oldugu bildirilmistir. Ancak Torcu vd. (1997), ayni bolgede
yaptiklari incelemelerinde negatif allometrik bir bliylime tespit
etmiglerdir, bunun da, incelenen boy agirik araliginin
calismamizdakinden daha disik olmasi  nedeniyle
kaynaklanmig olabilecegi dusuntimektedir.
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Tablo 5. M.merluccius'un cesitli bolgeler icin boy-adirlik iliskisi degerleri.
Table 5. Lenght-weight relationships of M. merluccius in different localities.

Arastirici Aragtirma Bol. TL (cm) Agirhk (g) a b r Biiyiime
Santos vd. (2002) Giliney Portekiz S. 17.7-55.3 34.5-1338 0.0032 3.249 0.983 +A
Borges (2003) Giiney Portekiz S. 8.7-38.9 3.5-450.2 0.043 3.129 0.990 +A
Livadas (1988) Kibris kiyilari - - 0.00587 3.070 - +A
Mugahid ve Hashem (1982)  Libya kiyilari - - 0.000001 3.277 - +A
Torcu vd.(1997) Edremit K. 15.8-37.2 27.75-350.95 0.0091 2.942 0.980 -A
Ugkun (2000) [zmir K. 13.6-43.5 16.0-662.0 0.0045 3.196 0.979 +A
Bu Calisma (2004) Edremit K. 7.6-46.2 2.3-766.0 0.0067 3.307 0.995 +A

M. merluccius tiirline ait yas tayinleri genel olarak
otolitlerden yapilmasina karsin, otolit yapilarinda yer alan
yalanci halkalarin varligi nedeniyle problemlidir. Yas
tayinlerinin en dogru olarak yapilabilmesi i¢in bu tir (zerine
cok sayida uluslararasi ¢alistay dizenlenmigtir. Bu galistaylar
sonucunda otolitler Gzerindeki halkalarin sayiminda belirli
kriterler tayin edilmistir.

Ancak Morales-Nin vd. (1998) M. merluccius tlirinin
Akdeniz populasyonu icin otolitlerdeki halkalarin olusumunda,
populasyon i¢inde bir eszamanlilik bulunmadigini, esas olarak
baliklarda meydana gelen fizyolojik olaylara ve daha az bir
oranda da cinsiyet ve olgunluga bagli oldugunu bildirmislerdir.

Ayni sekilde Garcia-Rodriguez ve Esteban (2002) yine
Akdeniz'de, tlirin av kompozisyonundaki boy dagilimlari ve
yas tayinleri verilerine dayanarak otolitler Gizerinde yil iginde
olusan halka sayisinin birden gok olmasi gerektigini, buna
badli olarak blylmenin daha onceleri distinilenden hizli
oldugunu belirtmistir.

Bu yeni bulgular 1s1§inda bu calismada, toplam olarak 444
adet otolitten yas tayini yapilmis ve arastirma bolgemizdeki
erkek bireylerin I-1l, disi bireylerin ise |-V yas arasinda dagilim
gosterdigi tespit edilmistir. Yaslar igin tespit ettigimiz ortalama
boy degerleri, diger calismalarda elde edilenler ile Tablo 6'da
sunulmustur.

Tablo 6. M. merluccius’un gesitli bolgeler igin yas-ortalama total boy degerleri (cm).
Table 6. Average total length values (cm) for ages of M. merluccius in different localities.

0 I I in v v vi viovi X X Xi Xil Xl
Pineiro ve Sainza g 170 210 295 364 427 457 497 542 - 600 - -
(2003) Q 168 209 284 370 445 487 537 564 623 687 750 780 -
Guichet vd. (1973) a3 - - 25 281 325 401 473 530 593 639 660 690 703 740
3 Q - 194 279 338 420 496 565 622 699 769 774 791 865
2 | GonivePineiro(1988) T 153 226 278 318 362 402 - - - - - - -
Z | Iglesias ve Dery 3 1746 2381 2051 3438 3856 4213 4519 4781  50.06
S | (1981) Q 1961 2467 2040 3384 3799 4189 4554 4896 5216
2 | Decamps ve Labaste I 1568 2494 3293 3081 4571 5087 5529 5010 62.39
£ | (979) Q 1590 2524 3371 4139 4835 5466 6039 6558 70.28
Lucio vd. (2000) 3 211 265 335 423 508 506 640 696 -
Q 205 254 328 429 518 614 684 730 849 -
Goni (1983) T 1431 2222 2828 3323 3746 4113 4453 4877 5151 5435
Livadas (1988) K] - - 210 266 307 - - - - -
Q 174 220 265 323 380 445
:’139%36‘;"”””“”0“ vaooq 24 259 304 350 392 466 510 63.0
Tsimenidis vd. (1978) & 189 244 202 344 385 451 - -
Q 192 241 205 340 391 438 487 525
Mugahid ve Hashem 3 14.6 19.3 236 274 314 35.6 40.0 - -
N | (1982) Q 150 202 247 200 338 398 470 540 620
W | Colloca vd.(2003) 3 1446 2545 3080 36.77 - 42.70 - - - - - - -
x| Q 1450 2638 3487 4061 4502 5043 5575 5050 67.04 7055 7450 7654 7498
Unsal (1992) 3 1357 1979 2412 2746 3014 3385 3813 - - - - - -
Q 1397 2012 2566 2961 3387 3837 4289 - -
Kutaygil (1965) 3 1520 1880 2170 2420 2470 2680 3040 3580  44.00
Q 1550 2020 2480 2770 3150 3380 4000 47.00  49.50
Ugkun (1996) T 1360 2040 2391 2821 3199 3683 4077 - -
Bu calisma (2004) 3 - 1855 2749 3140 - - - - - -
Q - 1812 2085 3669 4178 4610 - - - - - - - -
Bu calismada elde edilen ortalama boy degerleri, Ege ve Ayrica Tsimenidis vd. (1978) tarafindan I. yas igin elde
Akdeniz’in  dier  bolgelerinde  yapilan  calismalarla  edilen ortalama boy degerleri, bu calismadaki degerlere
karsilastirildiginda oldukga degisken sonuglarla  oldukga yakindir. Atlantik Okyanusu’nda &zellikle son yillarda

karsilagiimistir. Bununla birlikte Colloca vd. (2003), Tiren
Denizi igin dzellikle 1ll yastan sonra, bu ¢alismada elde edilen
sonuclara yakin degerlere ulagsmiglardir.

yapllan calismalardaki ortalama boylarin, bizim ¢alismamizla
daha yakin degerlerde bulundugu goérilmektedir. Belloc
(1929) Akdenizde mevcut M. merluccius tiirinin, Atlantik
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Okyanusu'ndaki bireyler kadar baydyemedigini belirtmistir
(Oliver ve Massuti, 1995°den). Ancak 1980'li yillarin bagindan
itibaren Akdeniz'de Bakalyaro tirinin paraketa ile avciliginin
yayginlasmas! ile, boyu 1 m'ye kadar olan bireyler
yakalanmigtir. Bu da birbirinden bir¢ok dzellik agisindan farkli
olan Atlantik ve Akdeniz'de tiirlin blyimesinin eskiden
sanildi§i kadar farkli olmadigi distincesini dogurmustur.

Tabloda gorilecedi gibi 6zellikle Atlantik Okyanusunda
yapilmis galismalarda, bu tire ait blylk boylu bireylerde XIII
yas grubu tespit edilmistir. Biyik yasta bireylerin bu
calismada elde edilememesinin en blylik sebebini derinlik
faktord olusturmaktadir. Bilhassa 300 m derinlikten sonra
yakalanan bakalyaro bireyleri daima iri ve oldukga biyik
yaglara sahiptir. Dolayisi ile bu calismanin 80 m derinlige
kadar yapilmasi, drneklemelerde belirli bir yasa kadar olan
bireylerin  yakalanmasini  kaginilmaz bir sonug¢ olarak
karsimiza gikarmistir.

Baliklarda otolit gelisimi, baliktaki biylime dursa da belli
bir oranda devam etmektedir. Bu durum yas tayini

Tablo 7. M. merluccius'un gesitli bélgelerde tespit edilen blyime parametreleri.

Table. 7. Growth parameters of M. merluccius in different localities.

calismalarinda ayni boydaki bireylerden otoliti daha blyuk
olanlarinin daha yasli oldugunun tespiti ile ispatlanmistir. Bu
calismada Edremit Korfezinde M. merluccius bireylerinin otolit
ve balik boylari arasinda dogrusal bir iligkinin bulundugu tespit
edilmistir. Bu iligkilerin erkek ve disi bireyler icin ayri ayri
incelenmesi sonucu, ayni boyda olan iki farkli cinsiyetteki balik
icin erkek olaninin otolitinin daha biyik oldugu tespit
edilmigtir. Bu durum, erkek bireylerin disilere gore daha yavas
biytmesinin bir kanitidir. Ayni bulgu, Alegria ve Jukic (1990)
tarafindan Adriyatik Denizinde elde edilmistir. Bu arastirici,
12-38 cm boydaki erkek bireylerin otolitlerinin, 14-55 cm
boydaki disi bireylerin otolitlerine ulastigini bildirmistir.
Calismamiz sonucu elde edilen bilylime parametreleri ile
diger aragtiricilarin  Akdeniz'in diger bdlgeleri ve Atlantik
Okyanusu'ndan elde etti§i degerler Tablo 7'de verilmistir.
Diger arastiricilarin elde ettigi blylime parametreleri (L, k ve
to) ile bizim ¢alismamiz sonucu elde edilenler arasinda farklar

gorilmektedir.

Arastirici Aragtirma Bol. Boy Araligi Yaglar k t Lo [}
Decamps ve Labastie Biskay Korf. a- 0.154 -0.39 814 3.009
2 (1978) Q- 0.096 -0.50 1"7.7 3.124
2 | Iglesias ve Dery (1981) Atlantik Oky. T 19.87-51.23 1-9 0.06 2.74 99.9 2717
S Lucio vd. (2000) Biskay Korf. 321.1-69.6 0-9 0.181 -0.724 80.0 3.064
o ©15.1-84.9 1-8 0.122 -0.619 110.0 3.169
£ | Pinerio ve Sainza (2003) Atlantik Oky. 317-60 0-9 0.184 -0.973 70.0 2.955
= @15-78 0-11 0.127 -1.157 88.7 3.000
< D’Onghia vd. (1995) iyon Denizi é- 0-5 0.181 -0.552 51.84 2.687
Q 0-8 0.141 -0.726 69.56 2.834
Bizsel (1997) Marmara D. - - 0.761 -0.133 63.3 3484
Q- 0.902 -0.055 61.1 3.527
EgeD. é- 1.115/1.198 -0.061 50.3/51.7 3.474/3.482
Q- 0.637/0.695 -0.181/-0.207 62.2/68.7 3.429/3.478
Akdeniz é- 0.594/0.928 -0.075/-0.229 57.6/68.2 3.442/3.488
Q- 0.828/1.054 -0.054/-0.100 53.7/61.6 3.482/3.497
N
E Ugkun (2000) izmir K. (Ege D.) T 13.6-43.5 0-7 0.846 -1.153 81.66 2.751
X | Garciave Esteban (2002)  Alicante K. & 4.0-60.0 - 0.20 -0.091 93.0 3.24
?4.0-78.0 - 0.21 +0.115 108.0 342
Colloca vd. (2003) Tiren D. 314.46-42.70 1-16 0.4 -0.012 457 2.922
©14.50-87.50 1-6 0.13 -0.35 93.2 3.053
Bouaziz vd. (1998) Fas Kiyilari 4155415 1-5 0.321 -0.0749 48.72 2.882
Q@ 17.5-61.5 1-9 0.139 -0.422 80.64 2.956
Bu Calisma (2004) Edremit K. 310.0-32.4 0-3 0.345 -0.112 47.43 2.895
(EgeD.) ©9.9-46.2 0-5 0.385 -0.078 53.49 3.042

Calismamiz sonucunda erkek ve disi bireyler igin elde
etmis oldugumuz L~ degerleri diger ¢alismalardan kiigik, k
(blyime katsayisi) degerleri ise ylksek olarak gbze
carpmaktadir. Bu farklarin en biylk nedeni, daha 6nceden de
belirtildigi gibi, calisma derinliklerimizin maksimum 80 m ile
sinirli olmasi ve drneklerimiz i¢inde daha énceden belirttigimiz
gibi biyik yasa sahip bireylerin bulunmamasidir. Bu durum
kargisinda, yasam siresi vyaklaglk 15-20 yil olan
Bakalyaro’nun, geng bireylerinin yillik buyime verilerini
kullanmamiz sonucu elde etmis oldugumuz degerlerin
yorumlanmasinda, ® katsayisi daha uygundur. Bu ¢alismada

elde ettigimiz ® degeri, Akdeniz de yapilan diger calismalar ile
karsilastirildiginda Edremit Korfezi'nde blyiimenin bazi
bdlgelere gdre hizli, bazilarina gdre ise daha yavas oldugu
goriimstir. D’'Onghia vd. (1995) iyon Denizinde geligimi bu
calismaya gore daha yavas olarak tespit etmis iken, Garcia-
Rodriguez ve Esteban (2002) ise yine Akdeniz i¢inde yer alan
Alicante Korfezi'nde tirin daha hizli bir blylime gosterdigini
bulmustur. Atlantik Okyanusu'nda ise gelismenin genelde
bizim elde ettiklerimiz ile benzer oldugu goriilmektedir. Ayrica
Bizsel (1997) tur icin Marmara, Ege ve Akdeniz'deki 6rneklerin
degerlendirilmesi sonucu, tiriin biylime
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performansini bu galismaya gore daha ylksek degerlerde
bulmustur. Bu bulgulara dayanarak, Bakalyaro’nun Edremit
Korfezi'nde bulundugu geng yaslarinda, gelismesinin oldukga
hizli oldugu sdylenebilir. Tir igin ilerleyen yas ile birlikte
bilyimede ortaya ¢ikabilecek farkliliklar, Ege Denizi'nde daha
derin bolgeleri de kapsayacak arastirmalar ile ortaya
konabilir.

Calismamiz sonucu elde edilen disi ve erkek bireylerin
biyime agisindan farkli olusu, diger tlim calismalarda da ayni
sonuglara sahiptir. Tirlin biyolojik 6zellikleri geregi, erkek
bireyler disilere gbre daha yavas olarak bliyimekte ve kiigik
boyda kalmaktadir. Sonug olarak toplam 2375 bireyin
incelendigi bu calismada, Edremit Kérfezinde M. merluccius
tirlinin  Edremit Korfezi'nde 38-80m’ler arasinda dagilim
gdsteren bireylerinin sahip oldugu, boy-agirlik degerleri, yas
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Abstract: In this study, the availability of soybean meal as a substitute crude protein source for fish meal was evaluated in juvenile sharpsnout sea bream
(Diplodus puntazzo) (6.73g on average) fed diets containing several levels of soybean meal. After 12 weeks of an experimental period, the average live weights
were determined as 35.57, 33.81, 29.87, and 24.62 g. respectively according to the replacement rates as 0, 25, 50 and 75%. As a conclusion, it was determined
that although fish meal was the primary crude protein source for sharpsnout seabream, any negative response was not noticed when the fish meal rate was
increased up to 25% and replaced with soybean meal during the experiment.

Keywords: Soybean, Sharpsnout sea bream, fish meal, growth.

Ozet: Bu calismada, 6.73 gram ortalama canli agiriga sahip sivriburun karagdz (Diplodus puntazzo) yavrularinin yemlerinde farkli oranlarda soya kiispesi
ununun balik unu yerine kullanimi aragtirilmigtir. 12 haftalik besleme denemesinin sonunda, %0, 25, 50 ve 75 oranlarinda azaltilan balik unu yerine, ayni
oranlarda attirilarak kullanilan soya kuspesi igeren yemlerle beslenen baliklarin ortalama canli agirliklari sirasi ile 35.57, 33.81, 29.87, 24.62 g. olarak
belirlenmistir. Sonugta, balik ununun sivriburun baliklarinin beslenmesinde yine birinci derece ham protein kaynagi oldugu; bununla birlikte balik unu yerine %25
oraninda soya kiispesi kullaniminin baliklarin canli agirlik gelisiminde belirgin bir farklilia neden olmadigi tespit edilmistir.

Anahtar kelimeler: Sivriburun karagéz, soya, balik unu, biyiime.

GIRIS

Akdeniz ulkelerindeki su Urlnleri yetigtiriciligi bugiin temel  yapilmayan  kulugkahanelerin -~ bu  tirln  Uretiminde

olarak cipura ve levrek yetistiriciligi Uzerine kurulmus olmakla
birlikte, bu iki tiriin pazar fiyatlarindaki dislsler sektori
ekonomik agidan bazi zorluklar i¢ine sokmaktadir. Bu tir
zorluklarin Ustesinden gelebilmek ve balik yetistiriciliginin
strddrdlebilirigini saglamak icin tir cesitliliginin arttirimasi
uygun bir ¢dzim yolu olarak diisiinilmektedir (Hough, 2009).
Sivriburun karagéz, Akdeniz su rlnleri yetistiricilijinde sahip
oldugu birgok Ozellik yizinden (yiiksek blyime orani ve
entansif yetistiricilik kosullarina adapte olabilme yetenegi,
ylksek ekonomik degeri vs.) umut vaat eden alternatif
tirlerden biri olarak gortilmektedir (Abellan ve Garcia-Alcazar,
1995; Hernandez vd., 2001; Hernandez vd., 2007; Coutinho
vd., 2012). Ancak, dzellikle endojen beslenmeden eksojen
beslenmeye gegildigi ve karma yemlere adapte edildigi
dénemlerde yasanan vyiiksek Olim oranlari, bu tiriin
dretiminin  yayginlasmasini  kisitlamaktadir. Dogal (ireme
ddéneminin gipura, levrek, sariagiz, minekop ve sinaritten farkli
olarak Eylul-Ekim aylarinda olmasi, bu tarihlerde Uretim

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

kullanilabilmesi nedeniyle diger Ulkelerde oldugu gibi tlkemiz
icinde alternatif bir tiir haline gelmesine yol agmistir. Halen
Tirkiye'de bu tirin yavru yetigtiriciligi yapiimakta ve retim
artarak devam etmektedir (Marangos, 1995, Micale vd., 2010).

Omnivor bir tiir olan sibvriburun karagézler icin, heniiz
6zel bir yem rasyonu gelistirilmemis olup, baliklarin
beslenmesinde hala cipura ve levrek yemleri kullanilmaktadir.
Ancak tlrlerin beslenme aligkanliklarina gére imal edilecek
yemlerin gelisme oranlarini arttiracagi bilinen bir gergektir
(Porcile vd., 1987). Bunun yaninda tiire uygun yemlerin
yapimi, yemden etkin sekilde yararlanmayi saglayacak ve
yetistiricilikte toplam maliyet icindeki payr %35-50'lerin (izerine
gikan yem maliyetlerinin  azaltimasinda  6nemli  rol
oynayacaktir (Garcia Garcia vd., 2001).

Balik unu, diger hayvansal ve bitkisel hammaddelerden
daha yiksek ham protein igermesi nedeni ile balik disindaki
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diger hayvan yemlerinde de yogun olarak kullaniimaktadir. Bu
durum, ne yazik ki balik unu pazarinin istikrarll olmasini
engellemekte, fiyat ve kapasite yildan yila degismekle birlikte,
genellikle olumsuz bir yapr gostermektedir. Bu alanda
karsilagilan tim bu zorluklar yeni kaynaklarin bulunmasi
kaginilmaz kilmaktadir (Rondan vd., 2004).

Bitkilerden elde edilen birgok protein kaynagi arasinda
soya Uriinleri, balik besleme galismalarinda en iyi sonug veren
urlinddr. Karnivor baliklarin da dahil oldugu bir ¢ok balik
tirinde, soya kullanilarak yapilan calismalardan olumlu
sonuglar alinmistir (Shimeno vd., 1993; Samacho vd., 2004,
Piedecausa vd., 2007, Altan vd., 2010).

Bu galismada, diinyada balik ununa oranla daha ucuz
protein kaynag olarak disiiniilen soya ununun, balik unu
yerine farkli oranlarda yemlere ilavesinin Sivriburun Karagoz
baliginda (Diplodus puntazzo) bliyiime parametreleri (izerine
etkisinin belirlenmesi ve ayni zamanda disik maliyetli,
dengeli bir rasyonun entansif Sivriburun Karagbz balig
yetistiriciligine kazandiriimasi amaglanmistir.

MATERYAL VE YONTEM

Calisma, Akbiik'te bulunan Egemar Su Uriinleri A.S.'ne ait
kulugkahanede gergeklestirilmistir. Denemeler suyun devamli
olarak degistigi, 850 litrelik konik sekili 8 adet fiberglass
tankta sirdiriimistir. Omek gruplari Egemar Su Uriinleri
firmasindan temin edilen ortalama canli agirliklari 6.73 g olan
Sivriburun  Karagbz (Dipladus puntazzo) yavrularindan
olusturulmustur. Baliklar her tanka 600 adet olacak sekilde
yerlestirilmistir. Tanklara 24 saat boyunca 100 It/saat olacak
sekilde su girisi yapilmigtir. Tanklardaki su sicakligi ortalama
20.8 £ 0.3°C, tuzluluk %o 37, oksijen 8.35+0.5, pH 7.07
olarak élgtlmustr.

Cizelge 2. Calismada kullanilan yemin analiz sonuglari.
Table 2. Analysis results of the feed used in this study.

Bu formilasyonda hesaplanan ve analiz sonucu ortaya
cikan besin madde degerleri Cizelge 2'de karsilastinimigtir.
Calisma 12 hafta boyunca devam etmis ve yemler bu slirede
+4°C’'de muhafaza edilmistir. Calisma gruplarindaki baliklar 12
hafta boyunca glinde 3 6§lin olmak (izere ad libitum olarak
hazirlanan bu yemlerle beslenmiglerdir. Baliklarin ortalama
canl agirlik élcimleri 3 haftada bir Sartorius marka hassas
teraziyle yapiimistir. Olgiim ncesinde baliklar fenoksi ethanol
ile (200ppm) bayiltiimistir. Bu sayede baliklarin agirlik artislari
gozlenmis ve &din bagina verilen yem miktarlari
guincellenmistir. Calisma sonunda yem déniisiim, yasama ve
spesifik bdyime oranlari hesaplanmistir. Yem donlstim
oranin hesaplanmasinda “verilen yem miktari /agirlik kazanci”
formdili, spesifik bilylime oraninin hesaplanmasinda “100x [In
(son agirhik)-In(ilk agirlik))/giin sayisi” formlli kullaniimistir.
Yasama oranlarinin tespiti amaciyla, gunlik olim sayisi
kaydedilmis ve baglangigtaki sayidan disilmustir.

Elde edilen verilere varyans homojenlik testleri
uygulandiktan sonra varyans analizi (ANOVA) yapilmis ve
grup ortalamalari arasindaki farkliliklar Duncan goklu
karsilastirma testi ile belirlenmistir (P<0,05).

Gizelge 1. Calismada kullanilan yemin formiilasyonu.
Table 1. Formulation of the feed used in this study.

%0 %25 %50 %75

Balik Unu 49 36 25 12
Soya Unu 0 18 35 54
Bugday gluten unu 10 10 10 10
Bugday Unu 30 24 18 1
Vitamin karigimi* 2 2 2 2

Mineral Karigimr* 1 1 1 1

Balik Yag 8 9 9 10

*Vitamin ve mineral karisimi gipura baliklari igin kullanilan ticari drindr.

%0 %25 %50 %75

Hesaplanan  Analiz  Hesaplanan Analiz  Hesaplanan Analiz  Hesaplanan  Analiz
Protein 4211 4097 4195 4112 42.30 4322 4222 42.96
Yag 12.711 11.10 1277 1254 120 1166  12.06 10.96
K.Madde  90.87 90.69 89.16 90.86
Kiil 10.89 8.54 7.85 6.96
Seliiloz 1.73 2.7 3.6 4.6

BULGULAR

12 haftalik besleme denemesinin sonunda, %0, 25, 50 ve
75 oraninda azaltilan balik unu yerine, protein kaynagi olarak
ayni oranlarda attirlarak kullanilan soya kilspesi igeren
yemlerle beslenen baliklarin ortalama canli agirliklari sirasi ile
35.57, 33.81, 29.87, 24.62 g. olarak belirlenmistir. Soya
protein oraninin %0 ve %25 oldugu gruplarda spesifik bliylime
orani sirasi ile 1.68+0.07 ve 1.61£0.1 olarak bulunurken, %50
ve %75 soya gruplarinda bu dederlerin, diger gruplardan
istatistiki olarak belirgin sekilde disik oldugu belirlenmistir.

Bu oranlar sirasi ile 1.47+£0.23 ve 1.26+0.14 olarak
hesaplanmistir (Cizelge 3).

Yem donisim oranlarinin %0, 25, 50 ve 75 gruplarinda
sirasi ile 1.54, 1.56, 1.59, 1.73 oldugu gozlenmistir. Soya
protein oraninin %0-%50 arasi gruplarda yem dénisim
oranini etkilemedidi, %75 soya unu kullanilan grupta ise yem
dondstim oraninin istatistiki olarak diger gruplardan dusik
oldugu bulunmustur. Gruplar arasinda yasama oranlar
acisindan istatistiki olarak bir farklik bulunmamistir (Cizelge
3)
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Cizelge 3. Cesitli oranlarda soya kiispesi unu kullanilan gruplarda elde edilen biiylime, yem donlisim ve yasama oranlari.
Table 3. Growth, feed conversion and survival rates obtained from the groups which are used various soybean meal.

%0 %25 %50 %75
Baslangic Agirligi (g) 6.96+0,42 6.94+0.85 6.69+0.24 6.3410.892
Son Agirlik (g) 35.571+0.78 33,819+0.25 29,875+0.84 24.62+0.56
Spesifik Biiytime Orani 1.68+0.072 1.61+0.12 1.47+0.23 1.26+0.14¢
Yem Doniigiim Orani 1.542 1.562 1.592 1.73
Yagama Orani (%) 92+0.752 91+0.222 90+0.802 91+0.732

Degerler ortalamazstandart hata seklinde verilmistir. Ayni harfler farklilik géstermemektedir.

TARTISMA VE SONUG

Sivriburun  baliklarinin  besin madde ihtiyaci Uzerine
yapilan calismalarda protein oraninin %43 olmasi gerektigi,
yag oraninin %10-15 arasinda degisiminin, balik biyimesi ve
karaciger yagd degerleri iizerinde etkili olmadigi bildirilmistir
(Coutinho vd.,2012; Hernandez, 2001, Adamidou vd., 2011).
Calismada kullandigimiz yemlerin analizlerinde ham protein
degerleri en diisik %40.97, en yiksek %43.22 olarak, ham
yag dederleri ise en distik %11.10, en yiiksek 12.54 olarak
tespit edimis ve bu agidan bakildiginda sivri burun
karagdzlerin besin madde ihtiyaglarini kargilayabilecek igerikte
oldugu gordimustir.

Sivriburun karagdzlerin omnivor beslenme ézelligine sahip
olmasi, bitkisel protein kaynaklarindan diger denizel tirlere
gére daha iyi  yararlanabilecedini  gdstermektedir.
Calismamizda  ballk  ununun  sivriburun  baliklarinin
beslenmesinde, yine birinci derece ham protein kaynagi
oldugu; bununla birlikte balik unu yerine %25 oraninda soya
kiispesi kullaniminin baliklarin canli agirlik gelisiminde belirgin
bir farkiliga neden olmadi§i tespit edilmistir. Yaptigimiz
calismada %0, %25, %50 ve %75 soya kullanim gruplarinda
aldigimiz spesifik biyime oranlari sirasi ile 1.54, 1.56, 1.59,
1.73 tespit edilmigtir. Hernandez vd. (2007), sivriburun
karagdz baliklarinda balik unu yerine soya kullaniminda, soya
orani arttikga, biyime oranlarinin distigini belirtmistir.
Ancak %20 soya igeren yemin, gipura yemine benzer sonuglar
verdigini, %40 ve %60 oraninda soya igeren yemlerde
biyime oranlarinin distigini belirtmistir. Hernandez vd.
(2007) yilinda yaptiklari calismada soya ununu %0, %20, %40
ve %60 oraninda balik ununun yerine kullanmis ve sirasi ile
144, 145 1.36, 1.31 spesifik blylime oranlar tespit
etmislerdir. Goriildugia gibi alinan sonuglar birbirine ¢ok
yakindir. Hernandez vd., (2007) yaptiklari ¢alismada bizim
calismamizdaki baliklardan agirlik olarak daha blyik balik
kullanmalari, spesifik bilyiime oranlarinin bizim galismamizda
daha yiksek c¢ikmasini agiklamaktadir. Yapilan diger bir
galismada ise sivriburun karagbz yemlerinde hayvansal
protein iceriginin %40’k bir boliminin soya ile yer
degistirmesinin, balik performansini ve viicut kompozisyonunu
olumsuz etkilemedigi bildirilmistir (Picollo vd., 2013). Elde
edilen bu sonuglarin uygulamaya yansimasi amaciyla, daha
ileri caligmalarda sindirim organlarinin  histolojik  ve
mikrobiyolojik incelemeleriyle de desteklenerek bir yol
cizilmesi gerekmektedir.

Calismamizda, yem donlsiim oraninin soya kullanimi
arttikga yUkseldigi tespit edilmis ve bu oran gruplara gore

sirasi ile 1.54, 1.56, 1.59, 1.73 olarak tespit edilmis ve balik
unu yerine %25 ve %50 soya kullaniminin yem déniistim
oranlarina etki etmedigi gorliimistir. Yem doniisiim oranlari
incelendiginde, aldigimiz sonuglarin yine Hernandez vd.
(2007)  calismalarinda  aldigi  sonuglara  benzerlik
gostermektedir. Hernandez vd. (2007)’ nin yaptigi ¢alismada
yem dénidsim oranlar soya kullaniimayan grupta ve %20
soya kullanilan grupta 1.51 olarak bulunmusken, soya
kullanim oraninin artigina bagl olarak bu oranin 1.79 ve 1.82
olarak tespit edildigi bildirilmistir.

Soya vyerine diger bitkisel hammaddelerin  kullanimi
Uzerinde yapilan ¢alismalarda da bizim sonuglarimiza benzer
sonuglar alinmaktadir. Merida vd. (2010) sivriburun karagdzler
tizerinde yaptiklari 125 giin stiren ¢alismada, balik unu yerine
%30 aygicek unu kullaniminin biiyime, yem donlsim ve
yasama oranlarina bir etkisi olmadigini bildirmiglerdir. Merida
vd. (2010) yaptiklari ¢alismada balik unu yerine %30 oraninda
aycicek unu kullandiklari grupta aldiklari spesifik biyime
orani ve yem dénustm orani sonuglarinin sirasi ile 1.56, ve
1.85 olarak bildirmislerdir. Bu sonuglarda bizim aldigimiz
sonuglarla benzerlik gdstermektedir. Ancak, soya (rlnlerinin
balik beslemede kullanimini kisitiayan en énemli konu, soya
icerisinde yer alan anti besleyici faktorler olan tripsin
inhibitorleri, lektinler, soy antijenleri, antivitaminler, saponinler,
fitik asit, oligosakkaritler ve fito dstrojenler’ in varligidir. Tim
bu besleyici elementler, balik biylimesine dogrudan olumsuz
etki etmektedir (Chen ve di§. 2011). Bu ¢alismada, soya
kullanim oranlarinin artmasina bagl olarak, gelisim ve yem
doniisim oranlarinin dismesi bu anti besleyici faktorlere
baglanabilir.

Ancak, balik unu icerigi yiksek yemlerden alinan son
agirik sonuglarina ulasabilmek icin, soya icerigi yuksek
yemlerin uzun sireli kullaniminin bile, yem maliyeti agisindan
bakildiginda, Uretim maliyetini dusdrilebilecegini, bu sekilde
balik unu kullanim oranlarinin %60 oraninda azaltilabilecegini
belirtmistir. Bu denemenin sonuglari Hernandez vd. (2007)
aldigi sonuglara benzerlik gdstermektedir. Soya unu igerigi
yiksek yemlerle beslenen baliklarin, bliyime oranlari dikkate
alindiginda, Uretim periyodunun balik unu ile beslenenlerden
daha uzun olacag! kesindir. Ancak yem maliyetleri agisindan
oldukga avantajli olacagi da bir gergektir.

Hammadde sektériiniin yeni arayiglarina paralel olarak
tim diinyada oldugu gibi Turkiye'de isletmeler kiresel
rekabetteki yerlerini saglamlastirabiimek adina farkli tlrlerin
yetistiriciligi konusunda faaliyetler ylrUtmektedirler. Bu
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calisma sonuglarina dayanilarak soya ununun kullaniminda
elde edilen etkili sonuglarin Sivriburun Karagéz gibi su drtinleri
yetigtiriciligi icin yeni olan bir tirde basari ile kullanilabilmesi
elbetteki sevindirici bir husustur. Bu sayede su Urinleri
yetistiriciligi miktarlarinin - ve  drlin  gesitliliginin  artacag!
kesindir. Hernandez vd. (2007), balik unu yerine soya unu
kullaniminin %20 oraninda oldugunda ticari olarak bu yemin
cipura yemi ile ayni 6zellik g6sterecegi, ancak %60 soya unu
kullanimi sonucunda, kilogram yem fiyatinin %11
ucuzlayacagini, bununda yillik Gretim maliyetlerini %3.3-%4.4
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Abstract: Studies on the chemistry of algae began in 1900s and today continue to increase. In these studies algae have been investigated as a food source and
were found to contain significant amounts of nutrients (Lee et al, 1977; John et al, 1980).In this study, Cystoseira barbata (Stackhouse) C. Agardh taxa taken
from four different points of the Dardanelles for the changes due to seasonal chemical composition of the samples were examined before. In the samples
depending on the seasons and the different stations reached different results for the best nutrients for raw materials.At the end of this study, different results
were obtained of the annual distribution of C. barbata for different seasons and different locations. According to the results, the highest protein amount
(%17,42+0,92) was obtained in spring, the minimum protein (%6,77+0,42) amount was obtained in spring but for different location.The highest lipid amount was
determined in Havuzlar (%5,050,23)in winter, the minimum lipid amount (%0,79+0,54) was determined in Havuzlar in spring. The minimum ash amount
(%15,43+0,77) was obtained in Gelibolu in summer and the highest amount of ash (%38,3+0,52) was determined in Havuzlar in autumn.

Keywords: Chemical composition, seasonal variation, C. barbata.

Ozet: Alglerin kimyasi iizerindeki calismalar 1900'lii yillarda baslamis ve giiniimiizde artarak devam etmektedir. Yapilan calismalarda alglerden gida kaynag
olarak yararlanmanin yollari arastiriimis ve énemli miktarda besleyici maddeler igerdikleri tespit edilmistir (Lee ve dig., 1977, Jeon ve dig., 1980). Ginimiiz ve
yapilan daha eski galismalar g6z 6niinde bulundurularak, bu galismada Ganakkale Bogazi'nin dort farkli noktasindan alinan Cystoseira barbata (Stackhouse) C.
Agardh materyal olarak kullanilmistir. Yillik dagilis gdsteren bu tir, Ganakkale Bogazi'nda bulunabilecek istasyon ve mevsimler igin toplanmis, organik igerik
bakimindan en yarali olabilecek lokasyon ve zaman bakimindan degerlendirilmistir. Calisma sonunda yillik yayilisi gzlenen tiiriin kimyasal igeriginin mevsimlere
ve istasyonlara gore degisiklik gosterdigi saptanmistir. Bu sonuglara gére protein miktari en yiiksek ilkbahar Gelibolu'da (%17,42+0,92), en disuk ilkbahar
Eceabat'ta (%6,77+0,42) saptanmistir. Yag miktarlari incelendiginde en yiiksek miktar kis mevsiminde Havuzlar'da (%5,05+0,23), en disik miktar yine
Havuzlar'da ilkbahar mevsiminde kaydedilmistir (%0,79+0,54). Kul miktarlarina bakildiginda en yiiksek miktar Havuzlar mevkiinde sonbaharda (%38,3+0,52), en
diistik miktar yaz mevsiminde Gelibolu'da (%15,43+0,77) saptanmistir.

Anahtar kelimeler: Kimyasal kompozisyon, mevsimsel degigim, C. barbata.

GIRIS

Ulkemizin genis bir kiyi seridi olmasina ragmen algler
Uzerinde yapilan arastirmalar oldukga sinirli sayidadir. Besin
degeri oldukgca yiksek ve insan sagligi agisindan faydali
oldugu bilinen alglerin degerlendiriimesine daha fazla 6nem
verilmelidir. Alglerin endustriyel kullanimi eski yillarda soda ve
iyot Uretiminden baglamistir. Karragen ve agar gibi organik
maddeler de elde edilmistir (Santelices, 1989). Ayrica alglerin
yapisindaki yliksek protein, vitamin, aminoasit ve mineral
maddeler ile distik yag icerigi saglikli beslenme agisindan
oldukga dnemlidir (Southgate, 1990).

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Haug (1964) alglerin insan ve hayvan gidasi olarak tarih
oncesi devirlerden beri kullanildigini belirtmektedir. Alglerden
en fazla gida olarak yararlanan Ulkeler, Japonya, Cin Kore,
AB.D. isveg, Norvec, Fransa, Rusya, ingiltere, irlanda gibi
Ulkelerdir. Alglerin hammadde sikintisi cekmekte olan dlkeler
icin 6nemli bir besin kaynadi olabilecekleri vurgulanmigtir
(Levring vd., 1969).

Cesitli arastiricilar alglerden yararlanmanin sadece besin
maddesi yoniinde olmamasi gerektigini savunmuslardir
(Gliner 1977; Kiran vd., 1980; Giiven ve Kizil 1986). iyot ve
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brom Uretimi yaninda ginimlzde alglerden agar agar,
karragen, alginik asit vs. elde edildigi bilinmektedir.

Ulkemizde algler ile ilgili calismalar gogunlukla alglerin
taksonomisini  belirlemek amaciyla yapilmistir. Fakat son
yillarda alglerin kimyasal yapisi ve tibbi agidan yararlari ile
ilgili calismalar da yapilmaktadir.

Calismada kullanilan kahverengi alglerden (Ochrophyta)
Cystoseira cinsi sicak denizlerde yaklasik 60 tir ile temsil
edilmektedir ve genis topluluklar olusturur C. barbata basit
yapida bir algdir. Fakat biylk talluslara sahip formlari da
mevcuttur. Tallus boylarinin 50-60 cm hatta 150 cm oldugu
belirtimektedir (Ribera vd., 1992). Akdeniz'de 52 taksonu
saptanmistir. Blnyelerinde % 30 kadar alginat igerdiklerinden
dolay! son yillarda alginat eldesi igin degerlendirimektedirler
(Gliner ve Aysel, 1999). Bu ¢alismada bu tiirlin besin maddesi
olarak degerlendirimesi agisindan icermesi gereken organik
bilesiklerin mevsim ve istasyonlara bagli olarak degisimlerinin
incelenmesi amaglanmistir. Yillik dagiis gdsteren bu tir,
Canakkale Bogazi'nda bulunabilecek her istasyon ve mevsim
icin toplanmis, organik icerik bakimindan en yarali olabilecek
zaman ve lokasyon bakimindan degerlendirilmistir.

MATERYAL ve METOT

Calismada materyal olarak kahverengi algler grubunda
yer alan C. barbata segilmistir (Sekil 1). Bu tiirlin segilme
amaci c¢alismanin yapilacagi zaman araliinda kolay
bulunabilecek bir tir olmasidir. Bu sebeple elde edilen
sonuglar mevsim ve lokasyon bazinda karsilastiriimali olarak
degderlendirilmistir.

Ornekler, 40° 02'-40° 30" kuzey enlemleri ile 26° 10'-26°
45" dogu boylamlari arasinda yer alan Ganakkale Bogazi'nda
4 farkl noktadan Eylil 2007, Haziran 2008 tarihleri arasinda
mevsimsel olarak drneklenmistir (Sekil 2). Bu noktalar
Gelibolu, Eceabat, Havuzlar ve Yapildak mevkiidir. Ornekleme
kiyl seridinde yapilmistir. Toplanan 6rnekler epifitierden
dikkatlice ayiklanip ¢esme suyu ile yikanmistir. Yikanan
ornekler dogal ortamda 7-10 gln arasi dogal kurumaya
birakilmistir. Ornekler, daha sonra etiivde 70°C'de sabit
agirhiga gelinceye kadar kurumaya birakilmistir. Sabit agirliga
gelen drnekler un halini alincaya kadar homojen bir sekilde
6guthimastar. Kurutulan ve o6gutilen 6rneklerde kimyasal
analizler (protein, yag ve kul miktarlar) yapilmistir. Yag
analizleri Folch vd., (1957) metodu ile, protein ve kil analizleri ise
iki tekrarli olarak AOAC (2000)'e gore yapilmigtir.

Kurutulan materyallerin kil miktarlari, standart y6nteme
uygun olarak hesaplanmistir. Analizlerde kullanilan porselen
krozelerin hassas terazide daralari alinmigtir. Porselen krozeler,
icerisine 0,5 g 6rnek konarak 525 °C'deki kil firninda 12 saat
sure ile bekletimistir.. Kil haline getirilen 6rnekler desikatorde
sogutulduktan sonra hassas terazide tartimlar yapimigtir.
Numunelerdeki kil miktarlari % olarak asagidaki formile gore
verilmistir (AOAC, 2000).

Ham Kill icerigi (%) = (ts-t) / m x 100 (ts: Son tartim, t: ilk

tartim, m: Omek agirig)

Yag analizleri Folch metodu ile yapilmigtir. Materyalden 0,5
g 6rnek tartildiktan sonra balon jojelere aktarilmis ve (izerlerine
2:1 oraninda metanol:kloroform karigimindan 10 ml eklenmistir.
AJz! kapatilan drnekler 24 saat oda sicakiiginda bekletildikten
sonra filtreden gegirilmistir. Suzilen 6rnekler darasi alinmig
balon jojelere aktariimis ve her bir drnek evaporatorde 60 °C'de
metanol:kloroform ¢ozlclsii  kuruyana kadar ugurulmustur.
Ektrasyon balonu 103 + 2 °C’ye ayarli etlivde bekletiimis daha
sonra desikatdrde sogutulmus ve 0,0001 g hassasiyetle
tartimistir. Orneklerdeki ya§ miktari % olarak asagidaki formil
kullanilarak hesaplanmigtir.

Ham Yag Miktari (%) = {(ts-t) / m}x 100 (m= drmek agirhigi,
t= Balon jojenin ilk agirig1, t= islemden sonra balon jojenin ve
biriken yagin son agirligi)

Omeklerdeki protein icerigi 3 asamada (Yas yakma,
distilasyon, titrasyon) Kijeldahl metoduna gdre saptanmigtir
(AOAC, 2000).

Numunelerden 0,5 g tartilmis ve Kjeldahl tlipine
aktarilmigtir. Her bir tlip icerisine 1 adet katalizor olarak Kjeldahl
tableti eklenmistir. Bu karigim Uzerine % 96'lik 15 ml H2SO4
eklenip tlipler yas yakma unitesine yerlestirimistir. Numuneler
aclk sari, yesil veya renksiz bir ¢dzelti elde edilinceye kadar
isitilmistir. Yas yakmasi tamamlanan numuneler sogutulduktan
Uzerine 20 ml saf su eklenmis ve sogumasi igin bekletilmistir.
Soguduktan sonra distilasyon islemine gegilmistir. Distilasyon
islemi icin 25 ml H3BOs gdzeltisi bulunan erlen distilasyon
Unitesinin gikisina yerlestirilmis ve NaOH ile distilasyona tabi
tutulmugtur. Distilasyon esnasinda ortamda bulunan azotu
Olcmek icin ise bir kér orek hazilanmigtir. Distilasyon
unitesinden toplanan erlende biriken destilat, 0,1 N HCl ile rengi
pembe renge donlslnceye kadar ftitre edilp sarfiyat
belirlenmistir. Bu 3 asamali islem sonlandiginda drneklerdeki
protein miktari % olarak asagidaki formdl kullanilarak
hesaplanmistir.

(t-t) x 14,007 x 6,25

Ham Protein Miktari (%) = x 100

m

(tc Titrasyonda harcanan miktar, t: Kor 6megin
titrasyonunda harcanan miktar, m: Ornek agirligi)

istatistiksel analiziler, One way ANOVA ve Duncan’s
multiple  range  test  programindan  yararlanilarak
hesaplanmistir.  Olgiim ve hesaplamalar sonucu elde edilen
verilere gdre, mevsim ve lokasyon bazinda kimyasal icerik
degerleri (izerinde istatistiksel olarak farkliliklar (p<0.05)
saptanmigtir. Farkli Ust yaziyla belirlenmis degerler
istatistiksel olarak birbirinden farklidir (p<0.05). Ayni (st
yaziyla belilenmis degerlerde istatiksel olarak alinan fark
dnemsizdir (p>0.05).
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Sekil 1. Cystoseira barbata (Stackhouse) C. Agardh (Orijinal, 2015).
Figure 1. Cystoseira barbata (Stackhouse) C. Agardh (Original, 2015).
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Figure 2. Study area.

BULGULAR

Bu galismada Ochrophyta bolimiine ait C. barbata
taksonu belirlenen dort istasyonda her mevsim bulundugu igin
tercih edilmistir.

Yapilan analizler sonucu dort mevsim ve segilen
noktalarda elde edilen bulgular Tablo 1'de verilmistir. Sonuglar
incelendiginde  taksonun  kimyasal  kompozisyonunda
mevsimler ve istasyonlar bakimindan farkliliklar saptandig
gorilmektedir.

Sonbaharda Gelibou’dan toplanan C. barbata taksonunda
en yiksek protein miktarina (% 14,13+ 0,65) rastlanmigtir.

Yag miktarlari incelendiginde en yiksek deger (% 4,1+ 0,77)
Havuzlarda, en distk deger (% 2,07+ 0,24) Yapildak ile
Gelibolu'da toplanan drneklerde bulunmustur. % kil
degisimleri incelendiginde igin en yliksek kul degeri (% 38,3
0,52) Havuzlardan toplanan 6rneklerde, en distk degeri (%
28,22+ 0,71) Eceabat’tan toplanan érneklerde tespit edilmistir.

Kis mevsiminde protein miktarlari incelendiginde en
ylksek deger (% 16,09+ 0,71) Gelibolu'dan toplanan
orneklerde tespit edilmistir. Yag ylzdelerinin degisimi
incelediginde en yiiksek deger (%5,05+ 0,23) Havuzlardan
toplanan orneklerde, en disik deder (% 1,92+ 0,43)
Yapildak'tan toplanan 6rneklerde  bulunmustur. % kil
degisimlerine bakildiginda en yiksek deger (% 22 88+ 0,91)
Yapildak'tan toplanan drneklerde, en diisiik deger (% 19,66+
0,68) Havuzlar'dan toplanan drneklerde tespit edilmistir.

ilkbaharda toplanan omeklerde protein miktarlarinin
degisimi incelendiginde en ylksek deger (% 17,42+ 0,92)
Gelibolu'daki Orneklerde saptanmistir. Ayni mevsimde yag
miktarlarinin degisimi incelendiginde en yiiksek deger (% 2,2+
0,86) Gelibolu'daki Grneklerde, en diistik deger (% 0,79+
0,54) Havuzlar'dan toplanan érneklerde tespit edilmistir. % kil
miktarlarina bakildiginda en yiiksek deger (% 20,27+ 0,85)
Havuzlar'dan toplanan drneklerde, en diistik deger (% 18,91+
0,78) Gelibolu'dan toplanan érneklerde tespit edilmistir.

Yaz mevsimine ait Orneklerde % protein miktarlari
incelendiginde en yiksek deger (% 15,05+ 0,54) Gelibolu'daki
orneklerde saptanmistir. Yag degisimleri incelendiginde en
yliksek deger (%4,91+0,62) Eceabat'tan toplanan 6rneklerde,
en dustk deger (% 1,23+ 0,80) Yapildak'tan toplanan
orneklerde tespit edilmistir. KUl miktarlari ise en ylksek deger
(% 24,14+ 0,86) Yapildak'dan toplanan érneklerde, en diisik
deger (% 15,43+ 0,77) Gelibolu'dan toplanan &rneklerde
tespit edilmistir.

Sonuglar incelediginde bulgular arasinda lokasyonun yani
sira mevsimsel olarak da farkli sonuglar elde edilmistir.

Alinan numuneler mevsim bazinda degerlendirildiginde
farkli 4 lokasyon igerisinde en yiksek protein miktari
(%17,42+0,92) ilkbahar mevsiminde, en dlstik protein miktari
(%6,77+0,42) yine ilkbahar mevsiminde saptanmistir.

% yag derigimleri incelendiginde, en dusik yag igerigi
(%0,79+0,54) ilkbahar mevsiminde, en yiksek yag icerigi kis
mevsiminde (%5,05+0,23) kaydedilmistir.

% kil derisimleri incelendiginde, en disik kil miktari
(%17,51+0,62) yaz mevsiminde, en yiksek kil miktari
(%38,3+0,52) sonbahar mevsiminde saptanmistir.
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Tablo 1. Mevsimler ve istasyonlara gore kimyasal kompozisyondaki degisimler.

Table. 1 Chemical composition changes in different seasons and different stations.

SONBAHAR KIS iLKBAHAR YAZ
ISTASYONLAR
% yad % kil % protein % yag % kil % protein % yad % kil % protein % yad % kil % protein
Eceabat 3,56+0,96* | 28,22+0,71* | 11,83+0,62** | 2,03+0,75* 20,53+0,46* | 10,78+ 0,43* | 1,68+ 0,28* | 19,45+ 0,18* | 6,77+0,42* 491+0,62 | 21,6240,24* | 8,41+ 0,22*
Havuzlar 4,140,77* | 38,3+0,52** | 7,03+0,77* 5,05£0,23"* | 19,66+0,68* | 10,38+0,52* | 0,79+0,54* 20,27+0,85* | 8,38+0,24* 1,78+0,14* 17,5140,62* | 7,12+0,60*
Yapildak 2,0740,24* | 33,34+0,82% | 12,914£0,21* | 1,92+0,43* 22,88+0,91** | 6,94+£0,91** | 0,93£0,52** | 19,79+0,76* | 8,71+0,76* 1,230,80* 24,14+0,86* | 9,51+0,72*
Gelibolu 2,07+0,28* | 35,21+0,38* | 14,13+0,65 | 1,93+0,67* 20,38+0,22 | 16,09+0,71* | 2,2+0,86* 18,91+0,78™ | 17,4240,92* | 2,24+0,72* 15,43+0,77* | 15,056+0,54**

Farkli dst yazili igaretler (ort.xstandart sapma, 2 tekerriirlii grup) birbirinden istatistiksel olarak farklidir (p<0.05); (One way ANOVA ve Duncan’s multiple range test, P<0.05)

TARTISMA

Bircok Ulkede alglerin  degerlendirilmesi, besinsel
iceriklerinin ve sagliga olan yararlarinin bilinmesiyle gtin
gectikce artmaktadir. Alglerin dretimi, pazari ve tliketimi Cin,
Japonya, Kore, Kanada ve Fransa gibi Ulkelerde artis
gostermektedir (McHugh, 2003).

Gida zincirinin 6nemli bir halkasini olusturan alglerin
sadece besin maddesi yoniinden degil hayvan yemi, glbre,
ilag ve kozmetik sanayinde, tekstiide hammadde olarak
degerlendirilmesi énemlidir. Tip alaninda dederlendirilmekte
olan algler, antifungal, antiviral ve antibakteriyal Ozellikteki
bilesenleri icermektedir (Trono, 1999).

Ulkemizin cografik ve ekolojik konumundan ileri gelen su
urdinleri potansiyeli, su Urtinlerinin gelistigi pek cok Ulkeden
daha Ustin kaynaklara sahip olmasina karsilik alglerin
kullanimi Uzak Dogu Ulkeleri ile karsilastiriidiginda oldukga
duslk orandadir. Atay (1968), C. barbata taksonunda yilin
farkli aylarinda toplanan &rneklerden alginik asit elde
etmesiyle bu algin alginat sanayinde kullanabilecegini
belirtmistir. Cetingiil (1996), izmir Kérfezi Narlidere sahilinden
temin  ettikleri C. barbata taksonunun  aminoasit
kompozisyonunu incelemigler ve algin protein kaynagi olarak
gida ve yem sanayinde yararlanilabilecegini belirtmislerdir.
Denizlerin 6nemli zenginliklerinden biri olan alglerle ilgili
calismalar ve bunlarin kullanim alanlari ile ilgili aragtirmalar
iklim kosullari ve lokasyonlar géz dniinde bulundurularak daha
verimli bir sekilde gelisme gosterebilir.

Bu calismada Canakkale Bogazi'ndaki 4 farkli lokasyonda
yillik gelisim gdsteren C. barbata taksonunun mevsimsel
kimyasal icerigi belirlenmistir. Calisma sonunda tliriin kimyasal
iceriginin mevsimlere ve istasyonlara gore degisiklik gosterdigi
saptanmistir.

Yapilan farkli bir calismada, kahverengi alg tirlerinde yaz
aylarinda protein miktarinin  distk (7-16 gr/100), ayni
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mevsimde kirmizi alglerin protein miktarinin yiksek (21-40
gr/100) oranda oldudu tespit edilmistir (Ruperez ve Saura-
Calixto, 2001). Sonuglar yapilan bu g¢alismada elde edilen
sonuclara benzerlik géstermektedir.

Fonseca vd., (2005) kirmizi alg Gracilaria cervicornis
(Turner) J. Agardh ve kahverengi alg S. vulgare C. Agardh
taksonunda kimyasal kompozisyonu calismiglardir. Protein
icerigi % 15,97-23,05 arasinda tespit edilmistir. Calismada
elde edilen bulgular incelendiginde literatlirlerde caligilan
benzer tiirlerde kimyasal kompozisyonlari arasinda birbirine
paralel ve benzer sonuglar elde edilmistir.

McDermid ve Stuerckke (2003), 22 makroalgde protein,
yad, karbonhidrat, kidl, mineral ve vitamin icerigini
arastirmiglardir. Halymenia formosa Harvey ex Kiitzing ve
Porphyra viethnamensis T. Tanka & PhamHoang Ho tlrlerinde
yliksek oranda protein tespit etmislerdir. Birgok tir % 5den
daha az oranda ham yag igerirken, iki Dictyota cinsinde % 16
oraninda ham yag tespit etmiglerdir. Alglerin yag icerigi diger
deniz Urinlerine gore disuk oldugu halde esansiyel yag
asitleri oldukga fazladir (Darcy-Vrillon, 1993). Bu galismada
galisilan tlrlin yag icerigi daha once yapilan calismalara
benzerlik géstermekte olup diisiik seviyelerde tespit edilmistir.

Endustriyel alanda ve gida sektdriinde degerlendirimekte
olan alglerden en verimli sekilde yaralanabilmek icin tiirlerin
besin bilesenlerinin ylksek miktarda ve kullanish oldugu
dénemlerin tespit edilmesi gereklidir.

Sonug olarak icerdikleri protein ile dnemli bir gida kaynagi
olmalari, kimyasal igerikleriyle glibreden endistriye her alanda
yararlanilan etkili bir kaynak olmalari sebebiyle algler
Uzerindeki calismalar giderek artmaktadir. Bu sebeple
analizler sonucu elde edilen bulgularin alglerden en etkin
sekilde yaralanilacak donemlerin tespitinde dnemli bir veri
olacaktir.
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Abstract: The aim of the study was to detemine, the reproductive biology of gibel carp (Carassius gibelio) population in Marmara Lake, which is one of the
exotic and invasive fish species in Turkish inland waters. Samples were monthly collected by using trammel net and gill net in different mesh sizes from March
2012 to February 2013. The total length and weight of 1058 fish individuals were ranged from 10.0 to 27.5 cm and from 17.1 to 27.5 g, respectively. Additionally,
female:male ratio was 1: 0.31. Gonadosomatic Index (GSI) values were calculated by monthly for the detection of reproductive period. Accordingly, breeding
activities of the species was intensively found to take place between March-May in Marmara Lake. According to determination of 117 female gonads, the total
number of eggs were ranged from 3.237 to 84.724. Egg diameters also ranged from 0.18 to 1.63 mm.

Keywords: Cyprinidae, egzotic species, invasive species, gonadosomatic index

Ozet: Bu calismanin amaci, Tiirkiye i¢ sulari igin egzotik ve istilaci tiirlerden biri olan Giimiisi havuz bali§i (Carassius gibelio)ynin Marmara Golii'ndeki
populasyonunun iireme biyolojisinin ortaya gikarilmasidir. Balik drnekleri, degisik g6z acikliginda fanyali ve kor aglar kullanilarak, Mart 2012-Subat 2013 tarihleri
arasinda aylik olarak toplanmistir. Caligma sonucunda elde edilen 1058 balik bireyinin total boylari 10.0-27.5 cm, agirliklar 17.1-27.5 g olarak tespit edilmistir.
Disi erkek orani 1: 0.31'dir. Ureme déneminin tespiti igin aylik Gonadosomatik indeks (GSI) degerleri hesaplanmistir. Buna gére tiirin Marmara Géli’ndeki
Ureme faaliyetlerinin yogun olarak Mart-Mayis aylari arasinda gerceklestigi gériilmustir. 117 disi bireyin gonad incelemeleri sonucunda, yumurta sayisinin 3237-

84724 arasinda degistigi tespit edilmistir. Yumurta gaplari ise 0.18-1.63 mm arasinda degisim gostermistir.

Anahtar kelimeler: Cyprinidae, egzotik tir, istilaci tiir, gonadosomatik indeks

GIRIS

Bir allivyon set goli olan Marmara Goli, Ege Deniz'ine
akan ikinci biyik nehir olan Gediz Nehri havzasinda yer
almaktadir. Gal, ilk dizenleme galismalarindan 6nce kapali
havza durumundaydi ve goli sadece kuzeyindeki Akpinar
kaynaklari, kiiglik bir dere olan Seyh Abbas deresi ile yagmur
sulari beslemekteydi. Marmara Goli'niin rezervuar olarak
kullanimi 1944 yilinda baglamistir. Yapilan dizenlemelerle
goli besleyen kaynaklara Kum c¢ayi, Gediz Nehri gibi
akarsular eklenmistir. Goliin fazla sulari ise bir kanal ile yine
Gediz Nehri'ne birakilmigtir. Géllin maksimum derinligi ise 6.7
m, maksimum kodda ortalama derinligi ise 4.72 m civarindadir
(Altinayar vd. 1994). Golde, balikgi tekneleri ve Gélmarmara
ilcesinin kanalizasyonundan kaynaklanan kirlilik etkenleri de
mevcuttur. Gol gevresindeki tarim alanlarinda kullanilan giibre
ve pestisitler ise ylizeysel akigla ve drenaj sulari ile gol
alanina taginmaktadir (OSB, 2013). Golde yapilan son
calismada goliin balik faunasinin 6 familya dahilinde 15 tir
(Atherina boyeri, Alburnus battalgilae, Cyprinus carpio,
Carassius gibelio, Chondrostoma holmwoodii, Capoeta

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

bergamae, Ladigesocypris mermere, Pseudorasbora parva,
Petroleuciscus smyrnaeus, Rhodeus amarus, Vimba vimba,
Cobitis fahirae, Sander lucioperca, Gambusia affinis,
Knipowitschia mermere) igerdigi bildirilmistir (ilhan ve Sari,
2013).

Marmara GOI0 ballk ve balikgihdi hakkinda
gunimize degin; Numann (1958), Balik (1979), Hossucu
(1979), Alpbaz ve Hossucu (1979, 1981), Baydar (1986),
Uysal vd. (1987), Balik vd. (1991, 1997) ile ilhan ve Sari
(2013) tarafindan gergeklestirimis calismalara rastlamak
mimkindir. S6z konusu calismalarda, gélin balik tir
cesitliliginin yani sira, ticari degere sahip Sazan (Cyprinus
carpio) ve Havuz bali§i (Carassius carassius)nin baz
biyolojik 6zellikleri de incelenmistir.

Gumdisi havuz bali§r (Carassius gibelio)ynin Tirkiye i¢
sularindan ilk bildirimi Baran ve Ongan (1988) tarafindan Gala
Goli’'nden yapilmigtir. Trakya i¢ sularinda dogal olarak
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dagilim gosteren tir, yaklasik 20 yillik stirecte hemen hemen
tim Anadolu i¢ sularina taginmistir (Ekmekgi, 2013). Tirln
Marmara Géli'ne ne zaman ve nasil agilandigi ile ilgili kesin
bilgiler olmamakla birlikte, ilk kez Balik vd. (1991) tarafindan
bildirilmistir.

Gumisi havuz baldi, erken yasta eseysel olgunluga
erismesi, Uremenin hemen tim yil boyunca sirmesi, yumurta
veriminin  ylksek olmasi, ginogenetik dreme davranisi,
biylimenin hizli olmasi ve gevresel sartlara kolayca uyum
saglamasi gibi ozellikleri sayesinde girdigi ortamda kisa
stirede baskin tiir haline gelebilmektedir (Ekmekgi, 2013).

Marmara Goli’'nde ylritllen ticari balik avciligr 6ncelikli
olarak Sazan (Cyprinus carpio) Uzerine yogunlasmis olmakla
birlikte son vyillardaki avcilik verileri incelendiginde Sudak
(Sander lucioperca), Yayin (Silurus glanis) ve Tatlisu kolyozu
(Alburnus battalgilae) gibi tiirlerin yani sira, Gretim miktari
acisindan Gimdsi havuz bali§i (Carassius gibelio)nin da
golde balikgilk faaliyetlerinde onemli bir yer tuttugu
goriilmektedir (ihan ve Sari, 2013). Bu galismada, yukarida
siralanan  nedenlerden dolayr, son donemlerde igsu
balikgihgimiz igin biylk problemler olusturan egzotik ve
istilaci tirlerden biri olan GUmUsi havuz balgrnin Marmara
GOlU (Manisa) populasyonunun Greme biyolojisinin ortaya
cikariimasi amaglanmistir. Boylece, s6z konusu turin, géldeki
ticari balikgilik faaliyetleri (izerine etkisi olup olmadigi
anlasilabilecektir.

MATERYAL VE METOT

Calismaya konu olan balik drnekleri Mart 2012-Subat
2013 tarihleri arasinda aylik olarak strdurilen ¢alismada elde
edilmistir. Orneklemelerde fanyali ve kér olmak iizere her biri
35 m uzunlugunda, digimden digime gdz agikliklari 10, 20,
30, 40 ve 50 mm olan aglar kullanilmistir. Yakalanan balik
ornekleri yiksek dozda (1 mgl/l) fenoksi etanole maruz
birakilarak 6tenazi yapildiktan sonra, %4'lik formalin ile tespit
edilerek laboratuvara getirilmistir. Laboratuvara getirilen
baliklarin boylari 1 mm hassasiyetli balik élgme cetveli ile,
agirliklar ise 0.1 g hassasiyetli dijital terazi ile OlgulmUstar.
Ureme doneminin tespiti icin disekte edilen baliklarin
cinsiyetleri belirlenmis ve gonad agirliklar 0.01 g hassasiyetli
dijital terazi ile 6lglimugtir. Populasyonun yumurtlama
periyodunu tespit etmek amaciyla aylik gonadosomatik indeks
degerleri (GSI) hesaplanmistir. Yumurta sayisinin tespit
edilebilmesi amaciyla gravimetrik yontem kullanilmis; disi
bireylerin gonadlarindan 1 g lik 6rnekler alinarak sayimi
yaplimig, elde edilen sonuglar total gonad agdirhgr ile
oranlanarak toplam yumurta sayisi tespit edilmistir (Bagenal,
1978). Toplam yumurta sayisi ile total boy ve total agirlik
iliskisi Bagenal (1978)e gdre incelenmistir. Bu iligkilerin
korelasyon ve regresyon katsayilari hesaplanmistir. Total
yumurta sayisinin total boy ve total adirlik ile ylizdesel iligkisini
ortaya koymak icin Korelasyon katsayisinin karesi olan
tanimlayicilik katsayisi (R2) kullaniimigtir. (Stimbdloglu ve
Simbiiloglu 2005).

BULGULAR

Calismada 809 adedi disi, 249 adedi erkek olmak (zere
1058 adet birey incelenmis olup, disi erkek orani 1:0.31 olarak
bulunmustur.

Baliklarin total boy dagilimi 10.0-27.5 cm, agirhk
dagiimlari ise 17.1-378.4 g arasinda degisim g6stermektedir

(Sekil 1, 2).
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Figure 1. Total length frequency of Carassius gibelio population in Marmara
Lake (Manisa).
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Sekil 2. Marmara Golii (Manisa) Carassius gibelio populasyonunun total
agirlik dagilimi.
Figure 2. Total weight frequency of Carassius gibelio population in Marmara
Lake (Manisa).

Ureme doneminin tespiti igin aylik olarak hesaplanan GSI
degerleri de 0.22-14.90 arasinda degismektedir. Aylik
ortalama GSI degerlerine gore tiirin Marmara Goli'nde
Ureme faaliyetlerini Mart-Mayis aylari arasinda yogun olmak
Uzere Temmuz ayina kadar sirdirdigi goriiimektedir (Sekil

3).
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Sekil 3. Marmara Golu (Manisa) Carassius gibelio populasyonunun aylik
ortalama GSI degerleri.
Figure 3. Monthly mean GSI values of Carassius gibelio population in
Marmara Lake (Manisa).

TirGin Marmara Goli populasyonuna ait toplam yumurta
sayisinin belirlenebilmesi amaciyla 117 disi bireyin gonadlari
incelenmistir. Toplam yumurta sayisi 3237-84724 arasinda
degisim gostermis olup, ortalama yumurta sayisi 21585 (ss=
15592) olarak hesaplanmigtir. Minimum yumurta sayinin elde
edildigi birey Subat ayinda 6rneklenmis olup 12.2 cm total boy
ve 28.0 g agirigina sahip iken, maksimum yumurta sayisinin
elde edildigi birey Ocak ayinda érneklenmis olup 26.0 cm total
boy ve 340.8 g agirlia sahiptir. S6z konusu bireylerin gonad
agirliklari da sirasiyla 1.3 ve 35.9 g olarak dl¢tlmastur.

Yumurta sayisinin total boy ve total agirlik ile olan
iliskisinin ylizdesel ifadesi icin tanimlayicilik kat sayisi (R?)
incelendiginde; yumurta sayisinin total boy ile %62.44
(F=0.6837 L34141) oraninda, total agirlik ile %70.07 (F=84.636
W1-1074) oraninda iligkili oldugu belirlenmistir.

Populasyonun ovaryum gelisim evrelerini izlemek tizere
Kasim ve Nisan aylari arasinda 117 bireye ait 3788 adet
yumurtanin gapi élglimUstir. Buna gére yumurta caplari 0.18-
1.63 mm arasinda éIglimUs olup, ortalama yumurta ¢api
aylara gore 0.73 (0.196) - 1.09 (0.285) mm arasinda arasinda
degisim gostermektedir (Tablo1).

Tablo 1. Marmara Golii (Manisa) Carassius gibelio populasyonunun Yumurta
caplari.

Table 1. Egg diameters of Carassius gibelio population in Marmara Lake
(Manisa).

Kasim | Aralik | Ocak | Subat | Mart | Nisan

N* 271 448 640 773 338 1318
Min (mm) 0.20 0.20 0.18 0.30 0.25 0.28
Mak (mm) 1.30 1.20 1.33 1.53 1.60 1.63
Ort (mm) 0.73 0.74 0.74 0.87 1.09 0.96
SS** 0196 | 0.205 | 0.229 | 0.207 | 0.285 | 0.253

* Cap! dlgilen yumurta sayisi, ** Standart sapma

TARTISMA VE SONUG

Calismada, disi: erkek orani 1: 0.31 oraninda digiler
yonlinde baskin bulunmustur. Tlrkiye ve Avrupa igsularinda
yaplimis ¢alismalarda disi:erkek oranlari ok gesitlilik
gostermekle birlikte, disilerin agirlikta oldugu populasyonlar
gdze garpmaktadir (Tablo 2).

Tablo 2. Carassius gibelio tiiriinin farkli calismalardaki ireme 6zellikleri.
Table 2. Reproductive features of Carassius gibelio in different studies.

Lokalite D:E Up TYS YG (mm) | Kaynak

Marmara Golii 1:2.11 Ns-Tm 380000 ..=1.229 Balik vd. 1991
Egirdir Goli 1:1.15 Balik vd. 2003
Egirdir Golt 1:1.11 Ns-A§ 141000 Balik vd. 2004
Egirdir Golu 1:1.46 Mr-Ar Bostanci vd. 2007
Beysehir Golu 1:0.92 Ginar vd. 2007
iznik Golii 1:063 | Ns-Hz Tarkan vd. 2006
Omerli Baraj Golii 1:0.07 Ns-Hz 57100 Tarkan vd. 2006
Topgam Baraj Goli 1:0.01 Mr-Ag§ 149084 0.533-1.099 | Sasl, 2008
Topgam Baraj Golu 1:0.02 Tarkan vd. 2012
Uluabat Géli 1:0.52 Emiroglu et al. 2011
Ula Baraj Géli 1:1.67 Tarkan vd. 2012
Kazan Baraj Golii 1:0.26 Tarkan vd. 2012
Arifin goleti 1:0.06 Tarkan vd. 2012
Porsuk Baraj Gol 1:0.09 Tarkan vd. 2012
B.Cekmece Baraj Golii 1:0.05 Tarkan vd. 2012
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ipsala kanali 1:0.27 Tarkan vd. 2012

Karpuzlu Baraj Goli 1:0.34 Tarkan vd. 2012

Merig Nehri 1:0.50 Tarkan vd. 2012

Gelingdilli Baraj Golu 1:1.43 Tarkan vd. 2012

Gelingillu Baraj Golu 1:1.39 Ns-Tm 174057 0.90-1.51 Kirankaya and Ekmekgi, 2013
Ladik Golu 1:0.07 Yazicioglu vd. 2013
Almanya Ns-My 180000 Spratte and Hartman, 1998
Fransa My-Ag 180000 Keith and Allardi, 2001
Volvi Golii (Yunanistan) tim yil Kokkinakis et al. 2001
Lysimachia Gélii (Yunanistan) Mr-Tm 97656 Leonardos et al. 2001
Pamyotis Golu (Yunanistan) Mr-Ns Paschos et al. 2001
Chimatidis Golii (Yunanistan) Mr-My 176600 Papigioti et al. 2007
Avrupa i¢ sulari My-Tm Kottelat and Freyhof, 2007
Marmara Golii 1:0.31 Mr-Tm 84724 0.18-1.63 Bu g¢alisma

D:E: Disi erkek orani, UD: lireme dénemi, TYS: toplam yumurta sayisi, YG: yumurta ¢api

Aylik ortalama GSI degerlerine gére tirin Marmara
Goli'nde yogdun olarak Mart-Mayis aylari olmak (izere Mart-
Temmuz aylar arasinda Ureme faaliyetlerini gerceklestirdigi
gorilmastdr. Turln hem Tirkiye hem de Avrupa igsularinda,
bolgesel olarak kiigiik farkliliklar olsa da, ilkbaharda sularin
Isinmasiyla birlikte treme faaliyetine basladigi goriilmektedir.
Ancak, bu genel yumurtlama doénemi bilgisine ragmen Egirdir
GOli'nde yumurtlamanin Mart ayindan Aralik ayina kadar
slrdigu ve tim yil boyunca yumurtali disilere rastlandiginin
bildirilmis olmasi (Bostanci vd. 2007) ve Yunanistan'da Volvi
Goli'nde dremenin  tim yil  boyunca slrdigi bilgisi
(Kokkinakis et al. 2001) tiriin Greme biyolojisinin farkliigina
dikkat cekmektedir (Tablo 2). Calismamizda da, her ne kadar
GSI grafigine yansimamis da olsa, tim yil boyunca olgun
yumurtali disi bireylere rastlanmis olmasi s6z konusu farkliligi
desteklemektedir.

Calismamizda Marmara Goli'nde maksimum yumurta
sayisi 84724 olarak tespit edilmistir. Tirin maksimum
yumurta sayisi Ulkemiz i¢ sularindaki calismalarda 57100-
380000 arasinda, Avrupa i¢ sularinda yapilmis ¢alismalarda
ise 97656-180000 arasinda degistigi bildirilmistir (Tablo 2).

Kasim-Nisan aylari arasinda yakalanmis olan 117 bireye
ait 3788 adet yumurtanin ¢aplari élgliimis, yumurta gaplarinin
0.18-1.63 mm arasinda degisim gdsterdigi, ortalama yumurta
capinin ise aylara gore 0.73-1.09 mm arasinda degerlere
sahip oldugu belirlenmistir. Topgam Baraj Goli'nde yumurta
caplarinin 0.533-1.099 mm, Gelinglilli Baraj Goli'nde ise
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Ozet: Tiirkiye'nin Avrupa kismi, Avrupa ile Asya kitalar arasinda gegis bolgesi olusturmasi nedeniyle her iki kitaninda tiirlerine ev sahipligi yapmaktadir. Ancak
su ana kadar Anadoludan ayri olarak Tiirkiye Avrupasi zooplanktonik organizmalarin tir listesi ¢ikariimamistir. Bu nedenle bélgede bu giine kadar bu konuda
yapilan aragtirmalarin timi incelenmistir. 1940’'tan bu yana yapilan arastirmalarin incelenmesi sonucunda 138 Rotifera, 53 Copepoda ve 65 Cladocera olmak
lizere 256 tir listelenmistir.

Anahtar kelimeler: Tir listesi, Zooplankton, igsular, Tlrkiye Avrupasi
Abstract: The European part of Turkey, which constitutes a transitional region between Europe and Asia hosts species of both continents. But, the zooplankton

checklist in the European part of Turkey has not been published so far as a separate checklist from that of Turkey as a whole. Therefore, a checklist was
presented in this study based on compilation of previous zooplankton studies carried out at European Turkey inland waters. As a result of the studies conducted

since 1940 to date, a total of 256 taxa belonging to 138 Rotifera, 53 Copepoda and 65 Cladocera were listed.

Keywords: Checklist, Zooplankton, inland waters, EuropeanTurkey

INTRODUCTION

Zooplanktonic organisms are not only the main food
source of fishes that live in fresh water ecosystems, but also
they include indicator species which is used as an indication
of water quality, pollution and the state of eutrophication. For
his reason, many researches have been conducted in terms of
both taxonomical and ecological aspects of zooplanktonic
organisms.

Studies performed in order to determine the zooplankton
fauna of Turkey continued over the years without stopping.
Some of these studies focused on Rotifera and Cladocera or
Copepoda. The first checklist on Cladocera was published by
Gilindiiz (1997) and the second one on Rotifera was published
by Ustaoglu et al. (2012a). In addition, the checklist for
zooplankton of Turkish inland waters listed 229 Rotifera, 92
Cladocera and 106 Copepoda species previos in studies
(Ustaoglu, 2004) and this list was updated by Ustaoglu (2014).
Moreover, checklist for zooplankton of Eastern and
Souteastern Anatolia Regions (Turkey) was published by
Bulut and Saler (2014). But, the zooplankton checklist in the

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

European part of Turkey has not been published so far as a
separate checklist from that of Turkey as a whole.

Inventory works on zooplankton diversity of European
Turkey inland waters were carried out within the past 75 years
and the first research began in the 1940. However, these
researches progressed slowly and gained acceleration after
1990.

This study aims to present a current checklist of
zooplankton (Rotifera, Copepoda, Cladocera) in European
Turkey inland waters, based on compilation of previous
inventory studies carried out so far.

MATERIALS AND METHODS

European part of Turkey covers an area of 23.764 km2
and creates a crossing point between Europe and Asia
continents. Kirklareli, Edirne and Tekirdag province are
located in the region and Canakkale and Istanbul are partly
represented (Figure1).
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Figure 1. Map of European Turkey.

In this study, all published literature, either papers or
theses from 1940 to 2012 were examined. Taxonomical
species and author names were written according to Segers
(2007), Ustaoglu (2004), Ustaoglu et al. (2012a) and Gilindiz
(1997). The studies performed concerning the zooplankton of
European Turkey inland waters are as follows: Mann (1940),
Muckle (1951), Kiefer (1952, 1955), Lindeberg (1953),
Demirhindi (1972), Fiers (1979), Ortak and Kirgiz (1988),
Glher and Kirgiz (1989, 1992, 1994, 2004, 2007, 2008),
Glndiiz (1997), Giher (1999, 2000, 2002, 2003, 2004, 2012),
Glher et al. (2004, 2011), Erdogan and Giiher (2005, 2008,
2012a, 2012b), Okgerman et al. (2007), Giher and Erdogan
(2008), Ozcalkap and Temel (2011), Dorak and Albay (2011),
Ustaoglu et al. (2012b)

RESULTS AND DISCUSSION

As a result of the throughout investigation of the studies in
European Turkey inland waters from 1940 to 2012, the
presence of a total 256 taxa was reported. Among these,
Rotifera was represented with 138 species belonging to 25
families, Copepoda with 53 species belonging to 11 families
and Cladocera with 65 species belonging to 10 families. When
the recorded taxa were grouped according to their presence in
terms of province borders in the region, it appeared that 208
species existed in Edirne, 158 species in Kirklareli, 118
species in Tekirdag and 107 species in Istanbul. Canakkale is
missing in this distribution because no study was performed in
Gallipoli Peninsula (Canakkale), the part of the province in
European of Turkey. These species and their distributions
have been shown at below (E: Edime; K: Kirklareli; T:
Tekirdag: I: istanbul).

Phylum: ROTIFERA

Classis: Eurotatoria De Ridder, 1957

Subclassis: Bdelloidea Hudson, 1884

Family: Philodinidae Ehrenberg, 1838
Dissotrocha aculeata (Ehrenberg, 1832): E,T
Philodina megalotrocha Ehrenberg, 1832: E, K, T
Rotaria neptunia (Ehrenberg, 1830): E, K, T
Rotaria rotatoria (Pallas, 1766): E

Family: Adinetidae Hudson & Gosse, 1889
Adineta sp.: K

Family: Habrotrochidae Bryce, 1910
Habrotrocha sp.: E, K, T
Subclassis: Monogononta Plate, 1889
Superorder: Pseudotrocha Kutikova, 1970
Order: Ploimia Hudson & Gosse, 1886
Family: Epiphanidae Harring, 1913
Epiphanes macroura (Barrois & Daday, 1894): E,I
Epiphanes senta (Mller, 1773): E
Proalides subtilis Rodewald, 1940: E
Proalides tentaculatus De Beauchamp, 1907: E
Family: Brachionidae Ehrenberg, 1838
Anuraeopsis coelata De Beuchamp, 1932: K |
Anuraeopsis fissa Gosse, 1851: E, K, T, |
Anuraeopsis navicula Rousselet, 1911: E, K
Brachionus angularis Gosse, 1851: E, K, T, |
Brachionus bidentatus Anderson, 1889: E, |
Brachionus budapestinensis Daday, 1885: E, K, |
Brachionus calyciflorus Pallas, 1766: E, K, T, |
Brachionus diversicornis (Daday, 1883): E, K, T, |
Brachionus falcatus Zacharias, 1898: E, K, T, |
Brachionus forficula Wierzejski, 1891: E
Brachionus leydigii Cohn, 1862: E, K, T
Brachionus plicatilis Miiller, 1786: E, K, |
Brachionus quadridentatus Hermann, 1783: E, K, T, |
Brachionus urceolaris Muller, 1773: E, K, T, |
Kellicottia longispina (Kellicott, 1879): E, K
Keratella cochlearis (Gosse, 1851): E, K, T, |
Keratella quadrata (Miller, 1786): E, K, T, |
Keratella tecta (Gosse, 1851): E, K, T
Keratella tropica (Apstein, 1907): E, K, T
Notholca acuminata (Ehrenberg, 1832): E, K, T, |
Notholca salina Focke, 1961: E
Notholca squamula (Miller, 1786): E, K, T, |
Plationus patulus (O.F.Miller, 1786): E, K
Platyias quadricornis (Ehrenberg, 1832): E, K
Family: Euchlanidae Ehrenberg, 1838
Euchlanis deflexa (Gosse, 1851): E, K, T
Euchlanis dilatata Ehrenberg, 1832: K, T, |
Euchlanis incisa Carlin, 1939: E, K,
Euchlanis lyra Hudson, 1886: E, K,
Euchlanis meneta Myers, 1930: E,
Family: Mytilinidae Harring, 1913
Lophocharis salpina (Ehrenberg, 1834): E, K, T
Mytilina mucronata (Miller, 1773): E, K
Mytilina ventralis (Ehrenberg, 1830): E
Family: Trichotriidae Harring, 1913
Trichotria pocillum (Miller, 1776): E, K
Trichotria tetractis (Ehrenberg, 1830): E, K, T
Family: Lepadellidae Harring, 1913
Colurella adriatica Ehrenberg, 1831: E, K, T, |
Colurella colurus (Ehrenberg, 1830): E, K, T, |
Colurella obtusa (Gosse, 1886): E
Colurella uncinata (Miller, 1773): E, K, T
Lepadella (Heterolepadella) ehrenbergi (Perty, 1850): T
Lepadella (Lepadella) acuminata (Ehrenberg, 1834) : E, K
Lepadella (Lepadella) patella (Miller, 1773): E, K, T, |
Lepadella (Lepadella) triptera (Ehrenberg, 1832): E
Lepadella(Lepadella) ovalis (Miller, 1786): E, K
Squatinella rostrum (Schmarda, 1846): E
Family: Lecanidae Remane, 1933
Lecane bulla (Gosse, 1886): E, K, T
Lecane closterocerca (Schmarda, 1859): E, K, T
Lecane donneri Chengalath & Mulamoottil, 1974: E
Lecane flexilis (Gosse, 1886): E
Lecane furcata (Murray, 1913): E, K, T
Lecane hamata (Stokes, 1896): E, K, T
Lecane hastata (Murray, 1913): E, T
Lecane inermis (Bryce, 1892): E
Lecane lamellata (Daday, 1893): E, K
Lecane luna (Miller, 1776): E, K, T, |
Lecane lunaris (Ehrenberg, 1832): E, K, T

T
T
K
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Lecane nana (Murray, 1913): E, K, |

Lecane pyriformis (Daday, 1905): E, K, T

Lecane quadridentata (Ehrenberg, 1830): E, T

Lecane rugosa (Harring, 1914): E

Lecane stenroosi (Meissner, 1908): E, K, T

Lecane stichaea Harring, 1913: K

Lecane ungulata (Gosse, 1887). E, K, T
Family: Proalidae Harring & Myers, 1924

Proales fallaciosa Wulfert, 1937: E, K, T
Family: Notommatidae Hudson & Gosse, 1886

Cephalodella catellina (Miller, 1786): E, |

Cephalodella forficula (Ehrenberg, 1830) E, K

Cephalodella gibba (Ehrenberg, 1830): E, K, T, |

Cephalodella megalocephala (Glascott, 18 ) E

Eosphora ehrenbergi Weber & Montet, 1918: K

Monommata sp.: E, K

Notommata copeus Ehrenberg, 1834: E

Notommata glyphura Wulfert, 1935: E, K, T

Pleurotrocha petromyzon (Ehrenberg, 1830): E, K, T

Family: lturidae Sudzuki, 1964

Itura myersi Wulfert, 1935: E, K, T
Family: Scaridiidae Manfredi, 1927

Scaridium longicaudum (Miller, 1786): E
Family: Trichocercidae Harring, 1913

Trichocerca bicristata (Gosse, 1887): E, K

Trichocerca capucina (Wierjeski & Zacharias, 1893): E, K, T

Trichocerca cylindrica (Imhof, 1891): E, K, T, |
Trichocerca elongata (Gosse, 1886): E
Trichocerca iernis (Gosse, 1887): K
Trichocerca insignis (Herrick, 1885): K
Trichocerca longiseta (Schrank, 1802): K
Trichocerca obtusidens (Olofsson, 1918): E
Trichocerca porcellus (Gosse, 1851): E, K, T, |
Trichocerca pusilla (Jennings, 1903) E. KT
Trichocerca rattus (Mller, 1776): E, K
Trichocerca similis (Wierzejski, 1893) E
Trichocerca tenuior (Gosse, 1886): E, K
Trichocerca tigris (Mdller, 1786): E, K
Family: Gastropodidae Harring, 1913
Ascomorpha ecuadis Petry, 1850: |
Ascomorpha ovalis (Bengendahl, 1892): E, |
Ascomorpha saltans Bartsch, 1870: E
Gastropus minor (Rousselet, 1892): E
Gastropus stylifer (Imhof, 1891): |
Family: Synchaetidae Hudson and Gosse, 1886
Polyarthra dolichoptera Idelson, 1925: E, K, T, |
Polyarthra euryptera Wierzejski, 1891: E
Polyarthra major Burckhardt, 1900: |
Polyarthra remata Skorikov,1896: E, K, T
Polyarthra vulgaris Carlin, 1943: E, K, T, |
Synchaeta oblonga Ehrenberg, 1832: E, K, T, |
Synchaeta pectinata Ehrenberg, 1832: E, K, T, |
Synchaeta stylata Wierzejski, 1893: K, |
Family: Asplanchnidae Eckstein, 1883
Asplanchna girodi de Guerne, 1888: E
Asplanchna priodonta Gosse, 1850: E, K, T, |
Asplanchna sieboldi (Leydig, 1854): E, K, T, |
Asplanchnopus hyalinus Harring, 1913: E
Family: Dicranophoridae Harring, 1913
Dicranophoroides caudatus (Ehrenberg, 1834) K
Dicranophorus grandis (Ehrenberg, 1832): E, K, T
Encentrum kulmatyckii Wiszniewski, 1953: E
Encentrum saundersiae (Hudson, 1885): E, K
Erignatha clastopis (Gosse, 1886): K

K

Paradicranophorus hudsoni (Glascott, 1893): E, K, T

Superordo: Gnesiotrocha Kutikova, 1970
Order: Flosculariacea Harring, 1913
Family: Flosculariidae Ehrenberg, 1838
Floscularia sp.: E, K, T
Family: Testudinellidae Harring, 1913
Pompholyx sulcata Hudson, 1885: E, K, T, |

T

Testudinella elliptica (Ehrenberg, 1934): E
Testudinella emarginula (Stenroos, 1898): E, K
Testudinella mucronata (Gosse, 1886): E
Testudinella parva (Ternetz, 1892): T
Testudinella patina (Hermann, 1783): E, K, T, |

Family: Filiniidae Harring & Myers, 1926

Filinia cornuta (Weisse, 1847): E

Filinia longiseta (Ehrenberg, 1834): E, K, T, |
Filinia opoliensis (Zacharias, 1898): E, K, T
Filinia terminalis (Plate, 1886): E, K, T, |

Family: Conochilidae Harring, 1913

Conochilus (Conochiloides) dossuarius Hudson, 1885: E, K, T

Conochilus (Conochilus) unicornis Rousselet, 1892: K, T

Family: Hexarthridae Bartos, 1959

Hexarthra fennica (Levander, 1892): E, T
Hexarthra intermedia (Wiszniewski, 1929): |
Hexarthra mira (Hudson, 1871): E, K, T, |

Order: Collothecaceae Harring, 1913
Family: Collothecidae Harring, 1913

Collotheca ornata (Ehrenberg, 1832): E, K, T

Subclassis: COPEPODA

Order: Cyclopoida Sars, 1918
Family: Cyclopidae G.O. Sars, 1913
Subfamily: Eucyclopinae Kiefer, 1927

Ectocyclops phaleratus (Koch, 1838): E, K
Eucyclops macruroides (Lilljeborg, 1901): E, K
Eucyclops macrurus (G.0.Sars, 1863): E, T, |
Eucyclops serrulatus (Fischer, 1851): E, K, T, |
Eucyclops speratus (Lillieborg, 1901): E, K, T
Macrocyclops albidus (Jurine, 1820): E, K,
Macrocyclops fuscus (Jurine, 1820): E, K,
Paracyclops affinis (G.0.Sars, 1863): E, K
Paracyclops fimbriatus (Fischer, 1853): T, |
Tropocyclops prasinus (Fischer, 1860): T, |

T
T
T

Subfamily: Cyclopinae Kiefer, 1927

Acanthocyclops kieferi (Chappuis, 1925): E
Acanthocyclops robustus (G.0.Sars, 1863): E, K, T, |
Acanthocyclops venustus (Norman & Scoott, 1906): E, K, T
Cyclops abyssorum G.0O.Sars, 1863 E, K, T, |

Cyclops furcifer Claus, 1857: E

Cyclops insignis Claus, 1857: E

Cyclops kolensis Lillieborg, 1901: K

Cyclops scutifer G.0.Sars, 1863: K, T, |

Cyclops strenuus Fischer, 1851: E, K, T, |

Cyclops vicinus Uljanin, 1875: E, K, T, |

Diacyclops bicupidatus odessanus (Schmankevitch, 1875): |

Diacyclops bicuspidatus (Claus, 1857): E, K
Diacyclops bisetosus (Rehberg, 1880): |
Megacyclops gigas (Claus, 1857): E, K, T
Megacyclops latipes (Lowndes, 1927): |
Megacyclops viridis (Jurine, 1820): E, K, T, |
Mesocyclops leuckarti (Claus, 1857): K, |
Metacyclops gracilis (Lillieborg 1853): E, |
Metacyclops planus (Gurney, 1909): E
Thermocyclops crassus (Fischer, 1853): E, K, |
Thermocyclops dybowskii (Landé, 1890): E

Subfamily: Halicyclopinae Kiefer, 1927

Halicyclops neglectus Kiefer, 1935: E, K

Family: Oithonidae, Dana, 1853

Oithona nana Giesbrecht, 1893: E

Order: Calanoida Sars, 1930
Family: Acartiidae G.0.Sars, 1903

Acartia (Acartiura) clausi Giesbrecht, 1889: E

Family: Pseudodiaptomidae G.0.Sars, 1903

Calanipeda aquedulcis Kritschagin, 1873: E, K, T, |

Family: Diaptomidae G.O.Sars, 1903
Subfamily: Diaptominae Kiefer, 1932

Arctodiaptomus belgrati (Mann, 1940): |
Arctodiaptomus byzantinus Mann,1940: |
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Arctodiaptomus pectinicornis (Wierzejski, 1887): |
Arctodiaptomus wierzejskii (Richard, 1888): E, K, T
Hemidiaptomus brehmi (Mann, 1940): |
Mixodiaptomus kupelwieseri (Brehm, 1907): K; |
Family: Temoridae G.O.Sars, 1903
Eurytemora velox (Lilljieborg, 1853): K, |
Order: Harpacticoida Sars, 1911
Family: Harpacticidae Dana, 1846
Harpacticus sp.: E
Family: Canthocamptidae Sars, 1906
Attheyella trispinosa (Brady, 1880): |
Attheyella wulmeri De Kerherve, 1914: |
Bryocamptus pygmaeus (G.O.Sars, 1863): |
Canthocamptus microstaphylinus Wolf, 1905: E, K, |
Family: Laophontidae T.Scott, 1904
Heterolaophonte stroemii (Baird, 1834): E
Onychocamptus mohammed (Blanchard, Richard, 1891): E, K, |
Family: Ameiridae (Monard, 1936)
Nitocra hibernica (Brady, 1880): E, K, T, |
Nitocra lacustris (Schmanevitsch, 1875): E
Family: Dacythompsoniidae Lang, 1936
Leptocaris brevicornis (Van Douwe, 1904): E
Leptocaris trisetosa (Kunz, 1935): E

Suborder: CLADOCERA

Family: Daphniidae Sars, 1865
Ceriodaphnia dubia Richard, 1894: E
Ceriodaphnia laticaudata P.E.Miiller, 1867: E
Ceriodaphnia megops Sars, 1862: K
Ceriodaphnia quadrangula (O.F Mller, 1758): E, K, T, |
Ceriodaphnia reticulata (Jurine, 1820): E, K, T, |
Daphnia (C.) atkinsoni Baird, 1859: E, |
Daphnia (C.) magna Straus, 1820: E
Daphnia (C.) similis Claus, 1876: E, K, T
Daphnia (C.) ulomskyi Benning 1914: E
Daphnia carinata King, 1852: |
Daphnia cucullata Sars, 1862: E
Daphnia curvirostris Eylmann, 1887: |
Daphnia galeata Sars, 1864: E
Daphnia hyalina Leydig, 1860: E,|
Daphnia longispina O.F Mller, 1785: E, K, T, |
Daphnia obtusa Kurz, 1874: E, K, T, |
Daphnia parvula Fordyce, 1901: E
Daphnia pulex Leydig, 1860: E, K, T, |
Megafenestra aurita (Fischer,1849): E, K
Scapholeberis kingi Sars, 1903: E, K, T, |
Scapholeberis mucronata (O.F.Miller,1758): E, K, |
Simocephalus exspinosus (Koch, 1841): E, K, T
Simocephalus serrulatus (Koch, 1841): E, T, |
Simocephalus vetulus (O.F.Mller, 1776): E, K, T, |

In studies conducted in the Palaearctic Region, 1348
Rotifera, 245 Cladocera and 1204 Copepoda species were
identified so far (Segers, 2008; Forro et al. 2008; Boxshall and
Defaye, 2008) whereas these groups in Turkey are
represented with 378, 98 and 135 species, respectively

Family: Sididae (Baird, 1850)
Diaphanosoma birgei Korinek, 1981: E, T
Diaphanosoma brachyurum, (Liévin, 1848): E, K, T, |
Diaphanosoma orghidani Negrea, 1982: E, T
Family: Bosminidae (Baird, 1845)
Bosmina coregoni Baird, 1857: E
Bosmina longirostris (O.F.Miller, 1785): E, K, T, |
Family: Chydoridae Stebbing, 1902
Acroperus harpae (Baird, 1835): K, |
Alona costata Sars, 1862: E, K, |
Alona guttata Sars, 1862: E, K, |
Alona protzi Hartwig, 1900: |
Alona rectangula Sars, 1862: E, K, T, |
Alonella excisa (Fischer, 1854): E, K, T
Biapertura affinis (Leydig, 1860): E, K, |
Biapertura intermedia (Sars, 1862): E
Camptocercus rectirostris Schoedler, 1862: K
Chydorus latus Sars, 1862: E, |
Chydorus sphaericus (O.F.Miiller; 1776): E, K, T, |
Coronatella quadrangularis (O.F Miller, 1785): E, K, T, |
Disparalona rostrata (Koch, 1841): E, T
Dunhevedia crassa King, 1853: E
Graptoleberis testudinaria (Fischer, 1848): K, |
Leydigia acanthocercoides (Fischer, 1854): E, |
Leydigia leydigi (Schoedler, 1863): E, K, T
Oxyurella tenuicaudis (Sars, 1862): E
Picripleuroxus laevis (Sars, 1862): K
Pleuroxus aduncus (Jurine, 1820): E, K, T, |
Pleuroxus truncatus (O.F.Miiller, 1785): E, K
Tertocephala ambigua (Lillieborg, 1900):
Family: Moinidae Goulden, 1968
Moina brachiata (Jurine, 1820): E, K, T
Moina macrocopa (Straus, 1820): T
Moina micrura Kurz, 1874: E, K, T
Moina salina Daday, 1888: E, T
Family: Macrothricidae Norman & Brady, 1867
llyocryptus sordidus (Liévin, 1848): E, K, T, |
Lathonura rectirostris (O.F.Mdller, 1785): |
llyocrptus agilis Kurz, 1878: E, K, T, |
Macrothrix hirsuticornis Norman & Brady,1867: E, K
Macrothrix laticornis (Fischer, 1851): E, K, T, |
Macrothrix rosea Lievin, 1848: E
Family: Leptodoridae Lilljeborg, 1861
Leptodora kindtii (Focke, 1844): E, |
Family: Polyphemidae Barid, 1845
Polyphemus pediculus (Linnaéus, 1761): K
Family: Cercopagidae Mordukhai-Boltovskoi, 1968
Cercopagis pengoi (Ostroumov, 1892): |
Family: Podonidae Mordukhai-Boltovskoi, 1968
Cornigerius meaticus (Pengo, 1879): |

(Glinduz, 1997; Ustaoglu 2004, 2014, Ustaoglu et al. 2012a)
(Table 1). The European part of Turkey, which constitutes a
transitional region between Europe and Asia, hosts species of
both sides which in turn leads to an increased diversity in this
part of Turkey.

Table 1. Number of Rotifera, Cladocera and Copepoda species currently known in Palaearctic and Turkey.

PALAEARCTIC TURKEY
Number Reference Number Reference EUROPEAN
species species TURKEY
Rotifera 1348 Segers (2008) 378 Ustaoglu et al. (2012a) 138
Ustaoglu (2014)
Cladocera 245 Forro et al. (2008) 98 Giinduiz (1997) 65
Ustaoglu (2004, 2014)
Copepoda 1204 Boxshall and Defaye (2008) 135 Ustaoglu (2004, 2014) 53
Total 2797 611 256
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