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Abstract

Growth and reproduction of chub population were investigated in Lake Yeni¢aga, Bolu, Turkey. A total of 729 chub were
sampled between March 2009 and July 2010. The age of sampled chub ranged from 1+ to 8+. According to the sex ratios of
female and male (2.98:1.00), female was dominant in this population. For all individuals, von Bertalanffy growth parameters
were Loo = 36.88 cm, Woo = 713.01 g, k = 0.248, to=-1.278 and b = 3.109. The average condition factor (CF) was 1.48. The
lengths at first sexual maturity of female and male chub were 19.2 cm and 15.3 cm respectively. Reproduction period was
between the months April to July, egg diameter 1.29 mm and average egg Yyield were determined to be 25349 unit/individual.
The minimum landing size and prohibition season of fishing of chub, which was regulated by the Republic of Turkey Ministry
of Food, Agriculture and Livestock were compatible with this study. © 2016 Friends Science Publishers
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Introduction

Chub is widely distributed all over Europe, the Black Sea,
Caspian Sea, and Azov Sea basins (Geldiay and Balik,
1988; Kottelat and Freyhof, 2007). It was spread all inland
water of Turkey except around Lake Van (Celikkale, 1994).
While there have been several researches on growth and
reproductive characters of chub living lakes, dam lakes, and
rivers in Turkey (Ekmekgci, 1996; Kalkan et al., 2005; Kog
et al., 2007; Unver and Kekilli, 2010, 2012), there has been
no research on biological properties and stock assessment of
chup in Lake Yenicaga, Turkey.

Determination of age, length, weight and growth
characters which are condition factors and length-weight
relationships, assume an important prerequisite in fishery
biological investigations and stock assessment methods.
Length at first sexual maturity have been applied as size-
based reference points and reproduction period can be used
to time restriction for the fishery to conservation of
commercial fishery resources (Cochrane, 2002).

The aim of this study was to determine growth and
reproduction properties of Chub (Squalius cephalus) in
Lake Yenicaga. The provided scientific data on these
parameters are expected to be helpful in fishery
management of the chub in Lake Yenigaga.

Materials and Methods

Lake Yenicaga is a natural lake located in west Black Sea

region of Turkey (Fig. 1). Lake Yenigcaga is a shallow
eutrophic freshwater lake with maximum depth of 5.2 m
(Sayg1 and Demirkalp, 2004), 988 m above sea level and
surface area of about 260 ha. As monthly, five different
gillnets (18, 22, 30, 40 and 50 mm mesh size) were used for
sampling of the fish from five different locations (Fig. 1).
The fork length and dry weight of chub were measured. The
age of chub was determined by using the scales (Lagler,
1966). Growth was determined as absolute and proportional
considering sex. Values of relative growth rate (R) in length
(RL) and weight (RW) were calculated using equations
RL=(L: - Lt1) /L1 and RW = (W - W1)/Wr1, respectively
(Chugunova, 1963). Length-weight relationship was
calculated according to W = aL® equation described by Le
Cren (1951). Age-length and age-weight relationships were
evaluated using von Bertalanffy growth equations, which
were adapted to fishery by Beverton and Holt (1957).
Growth equations Li= L., (1 - e*®-) and W= W,, (1 - e*
)y \were used to estimate the age-length and age-weight
relationships, respectively. Isometric growth equation KF =
(W/L®) x 100 of Lagler (1966) was used to calculate the
condition factor (CF).

The sex and maturity stage of chub were determined
morphologically. The stages of maturation were classified
according to eight stages of total spawning fish (Holden and
Raitt, 1974). The third and later stages of fish were
considered mature. The age and length at first maturity were
calculated according to mature fish in reproduction
period using logistic regression model with formulas P =
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1/[1+etr & -tm] and P = 1/[1 + et" - ™] (Ricker, 1973).
Spawning period was determined by monitoring monthly
changes in the gonadosomatic index (GSI). GSI values were
calculated using equations GSI = (GW/W) x 100 (Ricker,
1975). Both egg diameter and fecundity (F) were
determined from the mature fish, not spawned just before
the spawning period. Diameter of 15 eggs, taken from the
anterior, middle and posterior parts of the ovary of each fish
were measured using microscope. Fecundity (F) was
determined using the gravimetric method described by
Bagenal (1978). Relationship between fecundity and fork
length, weight, and age were calculated using equations
LogFL =Loga+b x LogL, FW=a+bxW,and FA=a +
b x A, respectively (Avsar, 2005).

Chi-square (y° and t-test were used for statistical
analysis. Statistical significance was tested at the 0.05
probability level. All tests were performed using the
statistical program SPSS 15.0.

Results

The age of sampled chub ranged from 1+ to 8+ (Table 1).
The age group 2+ was dominant for both females and males
in the population. The ratios of female and male in this
population were 74.9 and 25.1%, respectively. Sex ratio of
female to male was 2.98:1.00. The difference between sex
rations was statistically significant (P<0.05).

Fork-length ranged from 12.8 to 34.6 cm and 22 cm
length group was at the highest percentage with 22.1% in
the population (Table 1). Weight ranged from 31.8 g to
643.1 g, and 200 g weight group was at the highest
percentage with 20.3% (Fig. 2). For all individuals, von
Bertalanffy growth parameters were determined as Lo =
36.88 cm, Woo = 713.01 g, k = 0.248, to = -1.278 and b =
3.109. For all individuals, length-weight relationship was
calculated as W = 0.010FL3'%® (R?= 0.977) (Fig. 3).

Average condition factors (CF) of female, male, and
for all individuals of chub were calculated as 1.49 + 0.01,
1.43 £ 0.01 and 1.48 + 0.01, respectively. Average CF of
females was higher than males, and difference between
them was statistically significant (P<0.05).

A total of 353 chub sampled between March and June
were taken into account to determine age and length at first
maturity. It was determined that 86% of female and 90% of
male reached maturity at age 2+. The lengths at first
maturity of female and male, gonad maturity in 50% were
calculated to 19.18 and 15.32 c¢m, respectively (Fig. 4).

Monthly changes in the gonadosomatic index (GSI)
values in female started to increase dramatically in March,
reached to peak in April, decreased end of the July, and
stopped in August (Fig. 5). It was determined that spawning
period of chub in Lake Yenicaga was between the months
April and July according to monthly changes of GSI.

The mean egg diameter was calculated 1.29 mm. The
largest and the smallest egg diameter were measured 1.62
mm in May 2009 and 1.00 mm in April 2009, respectively.
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Fig. 3: Length-weight relationship of the sampled chub

The fecundity ranged from 4365 to 65982, and mean
fecundity was calculated 25349. It was found that there was
a non-linear relationship between fecundity and fork length
(Fig. 6), and a linear relationship between fecundity and
weight (Fig. 7) and age (Fig. 8).

Discussion

This study was conducted between March 2009 and July
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Table 1: Age, fork length, and sex distribution of the sampled chub

FL Age
1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+

¢ d @9 d ¢ g Q g ¢ 4 @ & © J 2 J n %
12 2 8 10 14
14 21 21 14 2 64 8.8
16 18 6 33 30 87 11.9
18 3 23 22 1 49 6.7
20 69 22 8 1 100 137
22 62 20 67 10 1 1 161 22.1
24 8 2 66 7 25 2 110 151
26 13 53 6 9 2 83 114
28 14 1 21 3 2 41 5.6
30 3 1 8 3 2 2 19 26
32 1 2 3 0.4
34 2 2 03
Zn 4 41 209 98 154 19 93 10 33 6 10 3 3 4 0 2 729 100.0
% 59 56 288 134 211 26 128 14 45 08 14 04 04 06 O 0.3

FL, fork length (cm); @, female; &, male, n, number of individuals, Zx; total number of individuals; %, percentage of total individuals
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Fig. 4: Length at first maturity of chub
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Fig. 5: Monthly changes in the gonadosomatic index
(GSI1%) values

2010 to investigate growth and reproduction of chub
population in Lake Yenicaga. The age composition of
chub population was ranged from 1+ to 8+. Zero age
group of chub was not caught because of selectivity of
the used nets (Fig. 1). The age distribution of chub in
Lake Hafik (Unver and Kekilli, 2010) was the same as
in this study, the other lakes were different (Table 2). It
can be stated that these changes in the age distributions
resulted from differences in used fishing gear and mesh
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Table 2: Mean lengths (cm) and weight (g) at age groups, total number of sampled individuals (3.#) and female (?) and

male (&) ratios of chub in different lakes

Location Age Sn 98 References
1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 10+
Sartyar cm  8.99 13.00 19.27 2317 2623 2950 3060 3330 - 36.95 234 1.03:1.00 Ekmekgi (1996)
Dam Lake ¢ 9.35 3120 105.22 19429 287.74 398.29 519.71 698.75 909.50
Topgam cm 1054 1474 1651 1969 2264 2440 2610 - - - 332 2.69:1.00 Sasiand Balik (2003)
Dam Lake ¢ 1958 4645 68.65 122.64 192.08 24193 326.40
Lake Isiklh cm  14.78  16.99 1855 2019 2157 - - - - - 528 0.69:1.00 Balik etal. (2004)
g 58.60 89.00 11848 149.69 188.60
Karakaya cm 19.7 2573 310 3289 3478 357 - - - - 527 1.75:1.00 Kalkan etal. (2005)
Dam Lake ¢ 118.17 249.36 406.47 49755 575.27 651.04
Apa Damcm 1748 2048 2385 2697 2928 - - - - - 474 1.04:1.00 Mertetal. (2006)
Lake g 7191 13046 20594 303.25 376.11
Camkoru cm  9.19 1354 1692 2070 2422 2683 3012 3334 3530 37.38 307 2.00:1.00 innal (2010)
Pond g 9.95 3744 6828 12757 20498 2723 36527 478.00 584.33 764.75
Lake Hafik cm 1275 1329 1577 1946 2213 2651 2759 31.70 - - 242 1.70:1.00 Unver and Kekilli
g 28.6 325 56.2 1044 1619 2522 3018 455.1 (2010)
Lake cm 1540 2026 2396 26.63 2862 3043 3217 3450 - - 729 298:1.00 This study
Yenicaga (@ 51.24 12834 210.05 288.44 34743 407.62 502.61 561.50
Table 3: The von Bertalanffy growth parameters and condition factors (CF) of chub in different lakes
Location Lo (cm) Woo (g) K (year?) to (year) b CF References
Lake Aksehir* 40.46 1231.83 0.209477 -1.35791 3.135915 1.5759 Altindag (1997)
Lake Todurge* 47.41 1565.39 0.10608 -0.3805 3.0964 0.81 Unver and Tanyolag (1999)
Topgam Dam Lake 36.24 - 0.154 1171 3.12 1.612 Sast and Balik (2003)
Lake Isikli 29.81 485.49 0.151 -3.535 3.04 - Balik et al. (2004)
Karakaya Dam Lake 37.8* 775.3* 0.4125* -1.0013* 2.8201 143 Kalkan et al. (2005)
Cambhdere Dam Lake 38.51* - 0.328* -1.67* 3.0276 1.54* Bostanci and Polat (2009)
Lake Yenicaga 36.88 713.01 0.248 -1.278 3.109 1.48 This study
*Female

Table 4: The age and length at first maturity (cm), spawning period, egg diameters (mm), and fecundity (unit/ individual)

of chub in different lakes

Location Age at  first Length at  first Spawning Egg diameter Fecundity References
maturity 9: & maturity (cm) Q: & period (mm) (unit/individual)
Sartyar Dam Lake 3+:3+ 195-175 April - June 1.03 33265 Ekmekgi (1996)
Almus Dam Lake 3+:3+ - May - July 117 5382 - 28072 Karatag and Akyurt (1997)
Lake Aksehir 2+:2+ 16.0-155 May - July 0.86-1.48 9679 - 106227 Altindag (1997)
Topgam Dam Lake 2+:2+ 14.40 - 14.50 March - April ~ 0.391-0.744 2100 - 66.400 Sas1 (2004)
Karakaya Dam Lake 3+:3+ - May - July 1.06 1265 Kalkan et al. (2005)
Apa Dam Lake 3+ 2+ - May - July 0.41-0.88 15253 - 22976 Mert et al. (2006)
Lake Hafik 3+ 2+ 114-11.8 April - July 0.343-1.900 9319 - 55139 Unver and Kekilli (2012)
Lake Yenicaga 2+:2+ 19.2-15.3 April - July 1.29 25349 This study (2013)

Q, female; &, male

size, growth rate and productivity of population, and
fishing activity. The most dominant age group was 2+
for both females and males in the population. This
situation was also reported for Lake Isikli (Balik et al.,
2004) and Apa Dam Lake (Mert et al., 2006). The 77.7% of
the sampled chub were at ages 1+, 2+ and 3+, which
showed that large majority of the population consisted of
young individuals. It is expected that there are more
young individuals than older in healthy fish population.
This is the result of natural and fishing mortality, 4+ and
the subsequent age groups of the chub were lesser than
younger individuals.

Although Nikolsky (1980) indicated that sex ratio in
most of the species was close to 1:1, in this study, sex ratio
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of female was markedly higher than the male (P<0.05)
(Table 2). The result of this study was identical with the
reported from Topcam Dam Lake (Sast and Balik, 2003)
and Camkoru Pond (innal, 2010) (Table 2). Piferrer et al.
(1994) stated that sex of fish is affected from temperature
and pH of lake water and stocking density especially during
the early larval development.

The mean lengths and weights at age groups in this
study were similar to reported from Apa Dam Lake (Mert et
al., 2006) (Table 2). The reason for the different values of
length and weight, which studies conducted in different
regions with the same species may be due to different
climatic and geographical conditions, and factors affecting
growth (food, water temperature, age at sexual maturity,
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water quality and intraspecific and interspecific competition,
etc.) of these regions. The fastest growth in length of chub
in Lake Yenicaga carried out up to age 2+, reached first
sexual maturity. During this period, the foods were used to
increase length and weight. Proportional increase in length
and weight has been a general decline with increasing age.
The growth of chub in Lake Yenicaga showed better
performance than many other lakes due to nutrient-rich and
the lack of nutrient competition.

In this study, the asymptotic length (Loo = 36.88 cm)
for all individuals was found close to values reported from
some lakes (Sas1 and Balik, 2003; Kalkan et al., 2005;
Bostanci and Polat, 2009) (Table 3). The asymptotic weight
(Woo = 713.01 g) was also found close to values reported
from Karakaya Dam Lake (Kalkan et al., 2005).

The slope values (b = 3.109) for all individuals of the
length-weight relationship indicated that chub population in
Lake Yenigaga showed a positive allometric growth (Fig.
3). The b values reported from other lakes except for
Karakaya Dam Lake (Kalkan et al., 2005) were close to this
study (Table 3). Ricker (1975) stated that b values in fish
differ according to species, sex, age, seasons and feeding.

The calculated average CF (1.48) in this study was
similar to reported from Topgcam Dam Lake (Sas1 and Balik,
2003), Karakaya Dam Lake (Kalkan et al., 2005), and
Camlidere Dam Lake (Bostanci and Polat, 2009), but CF in
Lake Todirge (Unver and Tanyolag, 1999) was much lower
than this study (Table 3). The differences between the CF
may be duo to feeding, climatic conditions, and having
different ecologies of water resources.

The spawning periods of chub, reported from most of
the lakes in Turkey, were between the months May and July
(Karatas and Akyurt, 1997; Kalkan et al., 2005, Mert et al.,
2006), but in this study was between April and July, was
reported same result from Lake Hafik (Unver and Kekilli,
2012) (Table 4) (Fig. 5). It can be said that these differences
in spawning periods vary with respect to seasonal changes
in water temperature of lakes, feeding, and climatic
characteristics. While egg diameters may be vary for
different stocks (Avsar, 2005), egg diameter values reported
from Topgam Dam Lake (Ekmekgi, 1996) was close to
result of this study. Diameters were reported from some of
the lakes in Turkey. Because, the most important factor on
eqg size is fish length.

The fecundity is affected by age, length, weight, and
quality and amount of feed of fish (Avsar, 2005). The
reported fecundity from some of the previous study were
lower than this study (Kalkan et al., 2005; Mert et al.,
2006), whereas most of them were higher (Ekmekgi, 1996;
Sasi, 2004; Unver and Kekilli, 2012) (Table 4). In this
study, correlation of fecundity with weight was higher than
with the length and age (Fig. 7 and 8).

Conclusion

This study determined growth and reproduction of chub
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population in Lake Yenicaga. Furthermore, minimum
landing size of chub (total length, 20 cm), which was regulated
by the Republic of Turkey Ministry of Food, Agriculture,
and Livestock is compatible with the length at first maturity
of female (fork length, 19.18 cm) in this study. According to
regulation of the Ministry, prohibition season of fishing for
cyprinid species including chub was determined between 15
March and 15 June for the region where Lake Yenicaga is
located. This time interval is also an appropriate period in
terms of spawning of chub in Lake Yeni¢aga.

Acknowledgements

This study was funded by the Akdeniz University Scientific
Research Projects Coordination Unit under project number
2009.03.0121.003.

References

Avsar, D., 2005. Balik¢ilik Biyolojisi ve Populasyon Dinamigi. Nobel
Kitabevi, Adana, Turkey, (in Turkish)

Bagenal, T., 1978. Methods for Assessment of Fish Production in Fresh
Waters, 3" edition. IBP Handbook No 3. Blackwell Scientific
Publications, Oxford, UK

Balik, S., M.H. Sar1;, R.M. Ustaoglu and A. ilhan, 2004. Age and growth
characteristics of chub (Leuciscus cephalus L., 1758) population in
Isikh Lake, Civril, Denizli, Turkey. E.U. J. Fish Aquat. Sci., 21:
257-262

Beverton, R.J.H. and S.J. Holt, 1957. On the Dynamics of Exploited Fish
Populations. Fishery Investigations Series 1l Volume XIX. Ministry
of Agriculture, Fisheries, and Food, London, UK

Bostanci, D. and N. Polat, 2009. Age determination and some population
characteristics of chub (Squalius cephalus L., 1758) in the Camhdere
Dam Lake (Ankara, Turkey). Turk. J. Sci. Technol., 4: 25-30

Chugunova, N.I., 1963. Age and Growth Studies in Fish. Israel Program
Scientific Translation No: 610. National Science Foundation,
Washington DC, USA

Cochrane, K.L., 2002. A Fishery Manager’s Guidebook, P; 231. FAO
Fisheries Technical Paper. No 424, Rome, FAO

Celikkale, M.S., 1994. Freshwater Fishes and Their Aquaculture, Vol. II.
Publications of Karadeniz Technical University, Trabzon, Turkey

Ekmekgci, F.G., 1996. Growth and reproduction properties of chub
(Leuciscus cephalus, Linneaus 1758) in Sariyar Dam Lake. Turk. J.
Zool., 20: 95-106

Geldiay, R. and S. Balik, 1988. Freshwater Fishes of Turkey. Ege
University, Bornova, Izmir, Turkey, (in Turkish)

Holden, M.J. and D.F.S. Raitt, 1974. Manual of Fisheries Sciences, Part 2,
Methods of Resource Investigations and Their Application, p: 214.
FAO Fish Tech. Pap. (115) Rev. 1

innal, D., 2010. Population structures and some growth properties of three
cyprinid species [Squalius cephalus (Linnaeus, 1758); Tinca tinca
(Linnaeus, 1758) and Alburnus escherichii (Steindachner, 1897)]
living in Camkoru Pond (Ankara-Turkey). Kafkas Univ. J. Fac. Vet.
Med., 16: 297-304

Kalkan, E., M. Yilmaz and U. Erdemli, 2005. Some biological properties
of the Leuciscus cephalus (L., 1758) population living in
Karakaya Dam Lake in Malatya (Turkey). Turk. J. Vet. Anim. Sci.,
29: 49-58

Karatas, M. and 1. Akyurt, 1997. The reproduction biology of barbel (Barbus
plebejus (Bonaparte, 1832) and chub (Leuciscus cephalus, Linne
1758) in Almus Dam Lake. Turk. J. Vet. Anim. Sci., 21: 345-353

Kog, H.T., Z. Erdogan, M. Tink¢i and T. Treer, 2007. Age, growth, and
reproductive characteristics of chub, Leuciscus cephalus (L., 1758) in
the Ikiztepeler Dam Lake (Balikesir) Turkey. J. Appl. Ichthyol., 23:
19-24



Kili¢ and Becer / Int. J. Agric. Biol., Vol. 18, No. 2, 2016

Kottelat, M. and J. Freyhof, 2007. Handbook of European Freshwater
Fishes. Publications Kottelat, Cornol, Switzerland and Frehof,
Berlin, Germany

Lagler, K.F., 1966. Freshwater Fishery Biology. WMC Brown Company,
lowa, USA

Le Cren, E.D., 1951. The length relationship and seasonal cycle in gonad
weigh, and conditition in the perch (Perca fluviatilis). J. Anim. Ecol.,
20: 210-218

Mert, R., S. Bulut and K. Solak, 2006. Some biological properties of the
Squalius cephalus (L., 1758) population inhabiting Apa Dam Lake in
Konya (Turkey). Afyon Kocatepe Univ. J. Sci., 6: 1-12

Nikolsky, G.V., 1980. Theory of Fish Population Dynamics, p: 323. Otto
Koetz Science Publishers, Koenigstein, Germany

Piferrer, F., S. Zanuy, M. Carrillo, I.I. Solar, R.H. Devlin and E.M.
Donaldson, 1994. Brief treatment with an aromatise inhibitor during
sex differentiation causes chromosomally female salmon to develop
as normal, functional males. J. Exp. Zool., 270: 255-262

Ricker, W.E., 1973. Linear regressions in fishery research. J. Fish. Res.
Board. Can., 30: 409434

Ricker, W.E., 1975. Computations and interpretation of biological statistics
of fish populations. Bull. Fisheries Res. Board Can., 191: 2-6

424

Saygt, B.Y. and F.Y. Demirkalp, 2004. Trophic status of shallow Yenigaga
Lake (Bolu, Turkey) in relation to physical and chemical
environment. Fresenius Environ. Bull., 13: 385-393

Sasi, H., 2004. The reproduction biology of chub (Leuciscus cephalus (L.,
1758) in Topgam Dam Lake (Aydin, Turkey). Turk. J. Vet. Anim.
Sci., 28: 693-699

Sasi, H. and S. Balik, 2003. Age, growth, and sex ratio of chub (Leuciscus
cephalus L., 1758) in Topcam Dam Lake. E.U. J. Fish Aquat. Sci.,
20: 503-515

Unver, B. and J. Tanyolag, 1999. Growth properties of chub (Leuciscus
cephalus L., 1758) in Todurge Lake (Sivas). Doga Turk. J. Zool., 23:
257-270

Unver, B. and S. Kekilli, 2010. Growth characteristics of chub, Squalius
cephalus (L., 1758) population from Hafik Lake (Sivas). J. Egirdir
Fish Fac., 6: 20-28

Unver, B. and S. Kekilli, 2012. Reproduction biology of chub living in Lake
Hafik. Iran. J. Fish. Sci., 11: 681-692

(Received 15 January 2015; Accepted 14 September 2015)



