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ABSTRACT ARTICLE INFO

The white bream, Blicca bjoerkna (L., 1758) specimens (n=434) were collected
from Lake Ladik between November 2009 and October 2010 in order to
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determine the age, growth, and reproductive season. Fork lengths and weights of Received ~ :08.01.2015
these samples varied between 11.5-24.3 cm and 22.80-259.00 g, respectively. Age Revised - 16.03.2015
estimates obtained from scales and vertebrae were compared to determine the )

most reliable bony structure for ageing. The precision analyses indicated that Accepted  :17.03.2015
scales were the most appropriate hard structures for determining the age of white Published  :20.04.2015

bream. Ages of all the specimens ranged from I to VI years and age group 111 was
dominant. The parameters of the von Bertalanffy growth equations were
calculated as L = 32.85 cm, W., = 707.76 g, k = 0.11 year and to = -2.64 year,
and the growth performance index (®’) value was computed as 2.074 for
combined sexes. Fork length-weight relationship was found to be
W = 0.0066 FL337. The mean condition factor was the highest in August and the
lowest in October. The gonadosomatic index values showed that the reproduction
occurred between May and June.
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Ladik Gélii (Tiirkiye)’ndeki Tahta Bahg, Blicca bjoerkna (L., 1758)’nin Yas1, Biiyiimesi ve Ureme Dénemi

Oz: Tahta Baligi, Blicca bjoerkna (L., 1758) ornekleri (n=434) yas, biiyiime ve ireme donemini belirlemek amaciyla
Kasim 2009-Ekim 2010 tarihleri arasinda Ladik Goli’nden yakalanmistir. Catal boy ve agirlik dagilimlar sirasiyla 11,5-24,3 cm
ve 22,80-259,00 g arasinda degismistir. Pul ve omurdan elde edilen yaslar en giivenilir kemiksi yapinin tespit edilmesi amaciyla
karsilastirilmistir. Uyum analizleri Tahta Baligi’nin yasimin belirlenmesi i¢in en uygun yapmin pul oldugunu gostermistir.
Orneklerin yaslar1 I-VI arasinda dagihim gostermis ve III yas grubu baskin yil simfim olusturmustur. Populasyon genelinde
von Bertalanffy biiyiime denklemi parametreleri L. = 32,85 cm, W., = 707,76 g, k= 0,11 y1l"* ve to = -2,64 y1l ve bilyiime performans
indeks degeri (®") 2,074 olarak hesaplanmustir. Catal boy-agirhik iliskisi W = 0,0066 CB33" seklinde elde edilmistir. En yiiksek
ve en diisiik ortalama kondisyon faktorii degerleri sirastyla Agustos ve Ekim aylarinda elde edilmistir. Gonadosomatik indeks
degerleri tireme faaliyetinin Mayis-Haziran aylarinda ger¢eklestigini gostermistir.

Anahtar kelimeler: Yas tayini, pul, biiyiime, tireme dénemi, Blicca bjoerkna, Ladik Gola

Introduction

Age and growth information is very important for
fisheries science (DeVries and Frie 1996). Studies on
the age and growth of fishes are crucial for the
understanding of vital features such as lifespan, age
at recruitment, age at sexual maturity, reproduction
periods, migrations, mortality of species and
populations (Pontual et al. 2002). Therefore, the age
of fish must be determined accurately (Polat 2000).
One of the main problems in age and growth

estimates is the selection of the most reliable
bony structure for the ageing procedure
(Abecasis et al. 2008). The most suitable method of
age determination may vary among different fish
species or different populations of the same species
(Khan et al. 2011). Thus, evaluation of precision of
different calcified structures by multiple readers
should be performed (Stolarski and Sutton 2013).
The white bream, Blicca bjoerkna (L., 1758) is
widespread in  Europe and Asia continents
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(Kottelat and Freyhof 2007). This species is
distributed in a large area from eastern side of
England up to the Caspian Sea basin. It has entered
to Turkey from northern Europe and it is found in
Apolyont (Uluabat), Manyas (Kus), Sapanca and
Ladik lakes, Kura River, Sakarya River basin
and the inland waters of Thrace region
(Geldiay and Balik 2007). White breams generally
prefer calm waters and they live in great lakes and
lower parts of rivers (Kottelat and Freyhof 2007).
B. bjoerkna is a freshwater fish; however, it also
inhabits in brackish waters (Geldiay and Balik 2007).
The euryphagous white bream feeds on mainly
benthic invertebrates (Wielgosz and Tadajewska
1988). They spawn in May-July at temperatures
above 15 °C (Kottelat and Freyhof 2007). This
species does not have any commercial value because
of its unpleasant taste. However, it is an important
prey for top predators such as Esox lucius
(Wysujack et al. 2001; Yazicioglu 2014),
Perca fluviatilis (Wziatek et al. 2004,
Yazicioglu et al. 2012), Sander lucioperca
(Lozys 2003), Silurus glanis (Wysujack and Mehner
2005), Lutra lutra (Kemenes and Nechay 1990;
Kloskowski et al. 2013), Mustela vison
(Bartoszewicz  and  Zalewski  2003), and
Vulpes vulpes (Jensen and Sequeira 1978).

Several studies have been conducted on the
biology of white bream. Tadajewska (1993) analyzed
the food composition of this  species
in  Zegrzynski Dam  Reservoir  (Poland).
Specziar et al. (1997) studied the growth, diet and
feeding strategy in the littoral zone of Lake Balaton
(Hungary). Balik et al. (1999) investigated the
growth and reproduction properties in Lake Kusg
(Balikesir Province, Turkey). Giirsoy (2001)
determined the size at maturity and fecundity in
Lake Sapanca (Sakarya Province, Turkey).
Hamalosmanoglu (2003) and Okgerman et al. (2012)
studied the growth and reproductive characteristics in
Lake Sapanca. Tarkan et al. (2006) reported the
length-weight relationship from Lake Sapanca.
Sas1 and Berber (2012) examined the age and growth
in Uluabat Lake (Bursa Province, Turkey).
Yilmaz et al. (2012) researched the seasonal
variations of the length-weight relationship and the
relative condition in Lake Ladik (Samsun Province,
Turkey). Jamali et al. (2015) investigated its age,
size, and some biological aspects in Aras Dam Lake
(Western Azerbaijan Province, Iran). The objectives
of the present study were to: (1) determine the most
reliable aging method for white bream by
comparative analysis of two hard structures;
(2) provide the information on age structure and
growth features; and (3) assess the reproduction

period of B. bjoerkna living in Lake Ladik, Samsun
Province, Turkey.

Materials and Methods

Lake Ladik (40°50'N to 41°00'N, 35°40'E
to 36°05'E) is located within the borders of Samsun
Province in the central Black Sea region of Turkey.
This lake is 10 km far from Ladik district and it is a
wetland with eutrophic character, has surface
area of 10 km? and maximum depth of 6 m
(Yilmaz et al. 2012). A total of 434 fish were
collected monthly between November 2009
and October 2010 using gillnets and trammel nets.
Gillnets had five panels (100 m long and 2 m deep)
with varying mesh size (20x20, 25x25, 30x30, 35x35
and 40x40 mm) and trammel nets had five panels
(100 m long and 4 m deep) with varying mesh size
(45x45, 50x50, 55x55, 60x60 and 70x70 mm). Fork
lengths were measured to the nearest 0.1 cm and total
weights were weighed to the nearest 0.01 g. The sex
was determined by the visual examination of gonads.
The gonad weight was recorded with 0.01 ¢
precision. The differences between mean length and
weight values of females and males were
tested with Mann-Whitney U test (a=0.05)
(Zar 1999). Length-frequency and weight-frequency
distributions of sexes were compared by using
Kolmogorov-Smirnov Z test («=0.05) (Zar 1999).

Scales and vertebrae were removed from all
individuals for aging. Scales were taken from the left
anteriodorsal region of fish. Vertebrae (4"-10") were
extracted. These calcified structures were prepared
for age estimation by appropriate techniques. Scales
were cleaned in a 3% solution of NaOH for 3-6 h,
dried with blotting paper, and fixed between two
glass slides. Dissected vertebrae were placed in
boiling distilled water for 2-4 min, cleaned off the
excess tissues, and stored as dry in labeled envelopes
(Chugunova 1963). In order to determine the best
aging structure, we compared ages estimated from
scales and vertebrae for 122 specimens captured
between January and March 2010. Each bony
structure was aged twice at different times by three
readers. Precision (reproducibility) of these age
estimates were measured by calculating the percent
agreement (PA), average percent error (APE) and
coefficient of variation (CV) within reader and
between readers, i.e. reproducibility within reader
was based on the two (first and second) replicate
counts of one reader, and reproducibility between
readers was based on the second count by readers.
PA was the percent of full agreement between
readings. APE for the jth fish was computed
by following equation (Beamish and Fournier 1981):
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where x; is the ith age determination of the
jthfish, x; is the average age calculated for the jth fish,
and R is the number of times each fish aged. CV for
the jth fish was written as follows (Chang 1982):

2
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The bony structure having the highest PA, and the
lowest APE and CV values is preferred as the most
reliable hard part for age analysis.

The growth in length and weight was described
with the von Bertalanffy growth equations
(Sparre and Venema 1998):

Le = L [1-e**]
Wi =W, [1-e*t9]°

where L: is the fork length at age t, L. is the
asymptotic fork length, k is the body growth
coefficient, to is the theoretical age at zero length,
W, is the weight age t, W, is the asymptotic weight,
and b is the slope of length-weight relationship. The
growth performance index was calculated by the
equation of Munro and Pauly (1983):

@'=Logk+2Log L

This index was used to compare the growth
parameters obtained in the present study with those
reported by others. The parameters (L., k and to) of
the von Bertalanffy growth equations and @' values
were computed with FISAT Il packaged software
(Gayanilo et al. 2005) and the parameters W., and
b were obtained from the length-weight relationship.
The relationship between fork length and weight
was determined by the commonly used equation
(Bagenal and Tesch 1978):

W=alP

where W is the weight, L is the fork length, a is the
intercept, and b is the slope. The parameters a and b
of the length-weight relationship were estimated by
linear regression analysis on log-transformed data.
Whether the growth of fish was isometric (b=3)
or allometric (b>3 or b<3) was assessed by the
student’s t-test (Zar 1999). The Fulton’s condition
factor (K) was calculated for each individual fish and
evaluated according to sexes and months.

This index was expressed by the following
equation (Ricker 1975):

K =100 WL

where W is the weight of the fish and L is the fork
length of the fish. The mean K values were compared
using the student t-test between sexes and within the
same month (Zar 1999). To determine the
reproduction season, we used the gonadosomatic
index (GSI). The values of GSI were computed via
the formula (Holden and Raitt 1974):

GSI = 100 GW/W-GW

where GW is the gonad weight and W is the fish
weight. The water temperature was measured
monthly during the sampling period and it was
associated with the reproduction season.

Results

Length and weight composition

The fork lengths of 434 specimens (219 females
and 215 males) varied between 11.5 and 24.3 cm,
with the average of 16.21+0.10 cm and their weights
varied between 22.80 and 259.00 g, with the average
of 73.09+1.72 g. There was no statistical difference
between the average length and weight
values of females and males (Table 1).
The fork length-frequency (Z=0.790, p>0.05) and
weight-frequency (Z=0.541, p>0.05) distributions
were not different between sexes (Figure 1).

Length-weight relationship

The length-weight relationship of white bream
was found as W = 0.0066 FL3>* for both sexes
(n = 434, r* = 0.968). The parameter b of
length-weight relationship was different from
3 (3.317+0.029, p<0.001). This result indicated
a positive allometric growth for B. bjoerkna.
The length-weight relationship was plotted for all
individuals (Figure 2).

Reliable hard structure for aging

Scale ages were more precise than vertebrae ages
for each reader. Similarly, precision of scale ages
among three readers was also better than precision of
vertebra ages (Table 2). These findings demonstrated
that scales are the best bony structure for age
determination of the white bream in Lake Ladik.

Age and growth

The age of the fish samples were determined
from scales because of the advantages such as
easy collection, preparation and the more
precise ageing results. However, the ages of
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34 fish could not be
the absorptions in scales. The white bream
population was represented by six age groups,

determined due to

ranging from 1 to 6 years. Age group Il was
dominant with 42% and followed by age group 1V
with 37% (Figure 3).

Table 1. Monthly mean fork length and weight values of females and males of white bream and differences between

sexes tested by Mann-Whitney U test.

Month Sex n FLLSE p=0.05 W=SE p=0.05
Nov0d 9 o  <0% 2o >005
R VR T v Y S 28020 > 0.05
B0y s guaas 008 0964110 > 0.05
i Y S v S 1125465 > 005
R -
R R
otk bE om  WEW o
e R T 7y o117 > 0.05
WOy 35 gowoa 008 550 > 0.05
A 5 igarore 008 783026 > 0.05
ST A
010y gy jigass 200 01259 > 0.05
Ty g8 agaione 008 T3sead > 005

n: Sample size, FL: Fork length, W: Weight, SE: Standard error, p: Probability.
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50 1 = Female

OMale
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Frequency (n)
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Fork length (cm)
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Frequency (n)

35 65 95 125 155 185 215 245
Weight (g)

Figure 1. Length-frequency (a) and weight-frequency (b) distributions of female and male white breams.

Since there was no significant difference in the
mean length and the weight value of female and male
individuals at the same age group, the age-length and
the age-weight relationships were calculated for all
specimens. Age-length key for all specimens is given
in Table 3.

The von Bertalanffy growth equation was found
to be:

L, = 32.85 [1-011 (t+264)]
in length and
W, = 707.76 [1-g 01t 264973317

in weight. The growth performance index (@) value
was computed as 2.074 for all samples.
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Table 2. Precision of age estimates obtained from readings of three readers.

Reader Bony structure n PA APE (+SE) CV (£SE)
a Scale 122 62.30 5.52 (0.70) 7.80 (0.99)
Vertebra 122 54.92 6.27 (0.66) 8.87 (0.94)

b Scale 122 60.66 5.37 (0.64) 7.60 (0.90)
Vertebra 122 61.48 5.75 (0.70) 8.14 (0.99)

c Scale 122 62.30 5.17 (0.62) 7.31 (0.88)
Vertebra 122 40.16 9.76 (0.84) 13.80 (1.19)
ab c Scale 122 13.93 9.27 (0.06) 12.42 (0.45)
$ Vertebra 122 13.11 10.45 (0.53) 13.56 (0.65)

n: Sample size, PA: Percent agreement, APE: Average percent error, CV: Coefficient of variation, SE: Standard error.

300 -
W = 0.0066 FL3317
250 - r’=0.968
n=434
200 -

Weight (g)
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Figure 2. Relationship between length and weight for all samples of white bream.
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Figure 3. Age composition of white bream.

Condition factor

The values of K varied from 1.168 to 2.036 with
the mean of 1.589 for females and from 1.209 to
2.017 with the mean of 1.593 for males. There was
no significant difference in the mean K between sexes
(p>0.05).

The average K of white bream population was
calculated as 1.591. No significant difference was
observed in the mean K of females and males within
the same month (t-test, p>0.05). Monthly mean
K ranged from 1.493 to 1.781 for combined sexes.
The mean K was the highest in August and the lowest
in October (Figure 4).

Reproductive period

The values of GSI ranged from 0.583 to 16.134
in females and from 0.193 to 6.300 in males. The
highest average value of GSI was observed in May
for females (6.821) and April for males (3.027). The
lowest average values of GSI were found in July for
both sexes (Figure 5). It can be said that the
reproduction season of the white bream population in
Lake Ladik is between May and June. The water
temperature in these months was measured as 19.9 °C
and 23.7 °C, respectively.
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Table 3. Age-length key of white bream based on scale readings.

Length Age group (year)
intervals Total
(cm) | I 1] v \Y VI
11.5-12.4 4 7 11
12.5-13.4 2 11 11 24
13.5-14.4 7 51 4 62
14.5-15.4 9 64 13 86
15.5-16.4 5 26 30 61
16.5-17.4 1 11 36 48
17.5-18.4 1 5 34 6 46
18.5-19.4 19 11 30
19.5-20.4 12 6 1 19
20.5-21.4 10 10
21.5-22.4 2 2
22.5-23.4
23.5-24.4 1 1
n 6 41 168 148 35 2 400
%n 1.50 10.25 42.00 37.00 8.75 0.50 100.00
Mean FL+SE 12.23+0.19 14.02+0.22 14.86+0.08 17.19+£0.12 19.7+£0.22 22.3+£2.00 16.21+0.10
(Min-Max) (11.5-12.7) (12.0-17.7) (12.6-17.9) (14.1-20.3) (17.5-21.5) (20.3-24.3) (11.5-24.3)
Mean W+SE 26.13+£1.18  41.85£2.14  51.31+1.01 84.9+1.88 135.87+£5.25 204.5+54.50 73.09+1.72
(Min-Max) (22.8-30.62)  (24.1-86.0)  (32.0-99.22)  (40.88-152.0) (87.63-187.38)  (150.0-259.0)  (22.8-259.0)
n: Sample size, FL: Fork length, W: Weight, Min: Minimum, Max: Maximum, SE: Standard error.
199 8 —a—Female
7 - —+—Male
1,8 A
% ¢
B g,
él'G' 8 3
8 2.
1,5 |
1.
1,4 T T T T T T T T T T T ] 0 ;
g8 3 33233 33 8 8 2 8338 28 8 2 38 8 g 8 8
Months Months

Figure 4. Monthly variations in the mean value
(solid circle) of condition factor for all individuals of white
bream. Vertical bar represents the standard error of the
mean.

Discussion

The maximum length and weight values
measured in this study were higher than those of
Balik et al. (1999), Okgerman et al. (2012), and Sasi
and Berber (2012). In contrast, our results were lower
than those of Hamalosmanoglu (2003) and
Jamali et al. (2015). Differences can be attributed to
fishing methods, population density, and ecological
characteristics of studied areas (Yilmaz et al. 2012).

It was determined that the growth of B. bjoerkna
was positive allometric for both sexes. Our finding

Figure 5. Monthly mean gonadosomatic index (GSI)
values for female and male white breams. Vertical bar
represents the standard error of the mean.

was in agreement with the result of Hanel (1991)
(see Okgerman et al. 2012), Specziar et al. (1997),
Balik et al. (1999), Tarkan et al. (2006), Okgerman et
al. (2012), and Jamali et al. (2015). In contrast, Sasi
and Berber (2012) reported that the growth of the
white bream population in Uluabat Lake was
negative allometric with b value of 2.58. The
parameter b of length-weight relation in fish can vary
between 2 and 4. Moreover, length-weight
relationships are affected by a number of factors
including food availability, feeding rate, gonad
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development, and spawning period as well as season,
sex and habitat (Bagenal and Tesch 1978).

We concluded that scales of the white bream
from Lake Ladik provide better age estimates than
vertebrae. In the majority of previous studies, the age
of B. bjoerkna has been determined by using the scale
method (Balik et al. 1999; Hamalosmanoglu 2003;
Sast and Berber 2012; Okgerman et al. 2012).
Our finding supports earlier investigations in terms of
age estimation. In fact, scales have been reported to
ensure more precise age results when compared to
other bony structures in some cyprinid fish species
such as Capoeta capoeta (Polat and Beamish 1992),
Chondrostoma regium (Polat and Giimiis 1995),
Squalius  cephalus (Yilmaz et al. 2007),
Alburnus chalcoides (Yilmaz and Suigmez 2010),
Abramis brama (Erbagaran 2012). However, the
absorptions of calcified tissue in cases of severe
stress may prevent the use of scales for accurate age
determination (Quist et al. 2012). In this study,
34 scales could not be read due to the absorptions.

Ages of the white bream specimens in Lake
Ladik varied between 1-6 years. The absence of age
group O can be attributed the mesh size of fishing
nets. The maximum age of B. bjoerkna was reported
as 4 years in Lake Kug (Balik et al. 1999), 8 years in

Lake Sapanca (Hamalosmanoglu 2003), 9 years in
Lake Sapanca (Okgerman et al. 2012), 7 years in
Lake Uluabat (Sas1 and Berber 2012), and 5 years in
Aras Dam Lake (Jamali et al. 2015). These
differences may be due to several reasons such as
variations in sampling period and method, potential
aging errors, and overfishing.

Regarding the calculation of the von Bertalanffy
growth equation parameters, a low estimate of k and
a high L. and W., indicated that white bream is
slow-growing and long-lived fish. Kottelat and
Freyhof (2007) stated that white bream could live
more than 10 years. The L., and W., values obtained
in our work were greater than those of previous
studies (Table 4). In contrast, the k value calculated
in this study was similar to that obtained by
Ilyina (1960) (see Okgerman et al. 2012), Specziar et
al. (1997) and Sas1 and Berber (2012), and lower than
scores of Hanel (1991) (see Okgerman et al. 2012),
Balik et al. (1999) and Okgerman et al. (2012).
Several factors such as different size distributions
and different study areas may be causes of
differences among all of the estimated parameters
(Ma et al. 2010). Nevertheless, the growth
performance index value found in present study was
similar to those of the earlier studies (Table 4).

Table 4. The von Bertalanffy growth equation parameters and growth performance index values in different populations

of white bream.

Reference Locality Sex Lo W, k to o}
Ilyina 1960* Gorkovsky Lake All 30.98 (FL) - 0.110 - 2.02
Hanel 1991* Berounka River All 23.40 (SL) - 0.270 -0.270 2.17
Specziar et al. 1997 Lake Balaton All 35.90 (SL) - 0.098 -0.639 2.10
Balik et al, 1999 Lake Kug All 18.92 (FL)  155.19**  0.374 -0.248  2.13
Female  31.92(TL)  496.23**  0.122 -1.087 210
Okgerman et al. 2012 Lake Sapanca
Male 22.17 (TL)  133.03**  0.215 -0.986  2.02
Sasi and Berber 2012 Lake Uluabat All 28.00 (FL) 625.15 0.109 -3.853 1.93
This study Lake Ladik All 32.85 (FL) 707.76 0.110 -2.640  2.07

*Taken from Okgerman et al. 2012, **Calculated from length-weight relationship.

Balik et al. (1999) and Sas1 and Berber (2012)
reported higher minimum and maximum values for
K (1.14-2.65 and 1.27-2.87, respectively), compared
to this study (1.17-2.04). The mean K of the
investigated species did not show significant
difference between females and males, in contrast
with the finding of Okgerman et al. (2012). The mean
K value (1.59) obtained for entire specimens in
present work was greater than the result (1.50) of
Hamalosmanoglu (2003). The mean K values of
B. bjoerkna in Lake Ladik were the highest in August
(1.78) and the lowest in October (1.49) for all

samples. However, the maximum and minimum
mean K values for white bream population in Lake
Sapanca were observed in May (1.72) and December
(1.39), respectively (Hamalosmanoglu 2003).
Additionally, Okgerman et al. (2012) reported that
mean K coefficient was at the maximal level in April
(1.33) for females, while it was highest in March
(1.22) for males. Changes in fish condition primarily
reflect state of sexual maturity and nutrition level
(Wootton 1990; Williams 2000). Also, the condition
factor is affected by variables such as habitat, year,
season, age group, and sex (Erkoyuncu 1995).
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In this study the maximum value of mean GSI
was observed in May for females, while it
was obtained in April for males. Similarly,
Okgerman et al. (2012) reported that the mean
GSI values of female and male white breams in Lake
Sapanca peaked in April for former and in March for
latter. These differences between sexes can be
attributed to the high number of immature male

individuals in above-mentioned months.
Hamalosmanoglu (2003) also reported that the
average GSI in females reached the highest level in
May. A relatively short spawning period for white
bream in Lake Ladik was determined between
May and June at temperature of 19.9 °C-23.7 °C. Our
results are quite similar to the findings of previous
studies in different localities (Table 5).

Table 5. The reproduction seasons of white bream populations from different localities.

Reference Locality Spawning Period Temperature (°C)
Balik et al. 1999 Lake Kus From mid-April to early June 21-24
Giirsoy 2001 Lake Sapanca May 18-20
Hamalosmanoglu 2003 Lake Sapanca From mid-May to late June 15-23
Okgerman et al. 2012 Lake Sapanca From mid-April to early July 13.7-28.5
This study Lake Ladik May-June 19.9-23.7

The start and end dates of spawning season can
vary due to the ecological and climatic conditions.
Reproduction periods may also change depending on
some factors such as fish species, habitat type
(lake or river), altitude, water temperature, and food
quality (Nikolsky 1963).

Consequently, this study provides basic
information on age, growth, and spawning season of
white bream living in Lake Ladik, characterized as
eutrophic. The results obtained from this work may
be useful to maintain more effective fishery
management of the studied species.
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