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Abstract: In this study, the reproductive properties of the chub population (Leuciscus cephalus L., 1758) in lake Tédurge, Zara/Sivas,
were investigated. A total of 674 specimens were caught between April and November 1994. The age and sex distributions and the
age of sexual maturity were determined. The reproduction period of the population was determined. Fecundity was determined and
the relationships between the fecundity and body weight, length and age were investigated.

The age composition of specimens of the population consisting of 68.25% female and 31.75% male, was found to be between |
and VII. Males reached maturity in their second or third year of life, whereas females matured in their third or fourth year of life.
The reproduction period of the chub population in lake T¢dlrge was determined to be between May and July. The mean diameter
of eggs and fecundity were found as 0.65 mm and 14.500, respectively.
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Tédiirge Géliindeki (Zara/Sivas) Tatlisu Kefali (Leuciscus cephalus L., 1758)'nin Ureme
Ozellikleri

Ozet: Bu calismada Todiirge Golinde (Zara/Sivas) yasayan tatlisu kefali (Leucisus cephalus L., 1758) populasyonunun ireme
Ozellikleri incelenmistir. Nisan-Kasim 1994 tarihleri arasinda toplam 674 adet ¢rnek yakalanmis, yas ve esey dagilimi, eseysel
olgunluga erisme yaslari bulunmus, populasyonun treme zamani saptanmistir. Ayrica, yumurta sayisi (fekondite) belirlenmis ve
yumurta sayisinin vicut agirligi, boy ve yasa gore degisimleri incelenmistir.

%68.25'ini disi, %31.75'ini erkek bireylerin olusturdugu populasyon &rneklerinin yas dagiimi [-VII arasinda bulunmustur.
Erkeklerin [I-IIl, disilerin IlI-IV yaslarinda eseysel olgunluda eristikleri saptanmistir. Tédirge Golu tatlisu kefali populasyonunun
Ureme periyodunun Mayis-Temmuz aylari arasinda oldugu belirlenmistir. Ortalama yumurta capt 0.65 mm ve yumurta sayisi 14.500

olarak bulunmustur.

Anahtar Sézciikler: Tatlisu Kefali, Leuciscus cephalus, Ureme, Tédiirge Goli.

Introduction

Unfortunately, biological data regarding growth
parameters and reproduction properties of economically
important species which live in freshwater bodies or lakes
in Turkey have not been obtained. Because of this,
researchers need to study the same or different species
from different areas. Lake Todirge has fish that provide
a great proportion of the protein needed for the region
(1). There is only one study, by Erdem (2), on the fish of
Lake Todulrge.

Chub (Leuciscus cephalus L., 1758) are widely
distributed in Europe, Anatolia, Caucasia, basins of the
Black Sea, Caspian Sea and Azov Sea (3). L. cephalus is

abundant in Lake Tédirge. Many investigations have been
made to determine the various biological properties of
chub (4-15).

This study has been carried out to investigate some
reproductive properties such as age of sexual maturity,
reproductive period and fecundity of the population of
chub in Lake Todurge.

General features of study area

Lake Todirge, which is of karstic origin (16), is
approximately fifty-six km. from Sivas (Figure 1). The
lake is located north of the E-23 highway (39°53'N,
37°36'E).

* This study, which is a part of my MSC Thesis, was funded by the Research Fund of Cumhuriyet University.
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Figure 1. Lake Todurge and Sampling Stations (1/25000).

The lake has a surface area of 350 hectares and is at
an altitude of 1,295 meters. It is roughly triangular in
shape. The maximum depth of the lake is 30 meters. A
great proportion of lake water is supplied by
underground water which percolates through Karstic
rocks. The outlet of the lake to the west discharges lake
water into the Kiziirmak by means of a drainage canal
around Yarhisar village. The lake is surrounded by flat
and wide grasslands, arid regions and fields. The most
widespread species of macrophyte in the lake are
Phragmites sp. and Thypa sp..

In addition to chub, many other species live in the lake
including: Cyprinus carpio, Capoeta capoeta, Capoeta
tinca, Chalcalburnus chalcoides, Chondrostoma nasus and
Orthrias angorae, Silurus glanis (1). Fishing has been
carrying out by cooperatives.

rest of the year. Many gillnets of various mesh sizes
(15x15, 18x18, 20x20, 24x24 and 32x32 mm) were
used to collect fish between April 1994 and November
1994. After being caught, the fish samples were
transported to the laboratory where their size (fork
length; mm, referred to as L in the text) and weight (g)
were measured and weighed to the nearest 1.0 mm and
0.1 g, respectively. Age determination was carried out
according to the method of Lagler (17).

Sex (immature, male, female) was determined by
macroscopic observation of the gonads. The overall sex
ratio and stages of sexual maturity were also determined.
The gonads were removed and weighed to the nearest
0.1 gram.

The spawning period was determined by means of the
monthly changes in the gonadosomatic index (GSI),
ovarium weight, egg diameter and egg number in per
gram ovarium. A total of 234 specimens belonging to
different age and length groups were used to determine
the ranges of percentage of individuals which had laid and
which had not which were caught between April and
August. The gonadosomatic index was calculated using
the following equation:

GSI = WO ¥ 100: (1)
Wt

where wo is gonad weight and Wt is body weight (18).

Egg diameter was measured under a binocular stereo
microscope using an eye piece graticule.

Fecundity was estimated by the gravimetric method.
Randomly chosen specimens from each age group of
different lengths, caught during the spawning period
were used to determine fecundity. The relationships
between egg number and body weight, length and age
were calculated by the least-squares method.

The increment of percentage of the mean number of eggs

Materials and Methods (nm) according to the age groups (1, 2, 3...) was
. ) calculated using following equation.

A total of 674 specimens were obtained from weekly g ged
collections during the prereproductive and reproductive

. . . . 9|.P. = nmez-nmj x 100
periods (April-July) and monthly collections during the oLF. = Tomy (2)
Age Groups | Il 111 \% VI Vil Table 1. The states of sexual maturity

according to age groups of

Immature  (female) 100 83.3 16.6 8.1 6.6 specimens of L. cephalus (96)
Mature (female) - 16.7 83.4 91.9 93.4 100 100

Immature (male) 86.4 23.7 14.3 14.2

Mature (male) 13.6 76.3 85.7 85.8 100
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Results
Age and Sex Composition

Studies have shown that the age composition of the
fish samples, caught in Lake Tddurge were found to be
between [ and VII. The specimens of the population were
68.25% (460) female and 31.75% (214) male.
Maximum ages observed were VI in males and VII in
females. In age group IV females were dominant and in
age group Il males were dominant. The sex distribution
frequency shows a marked deviation from the 1:1
expected sex ratio. There were more females than males;
the observed sex ratio was 1 female: 0.47 male in the
specimens of the population. When the monthly
distribution of caught individuals was investigated, it was
seen that, most samples were obtained in August whereas
the fewest samples were obtained in November.

The Age of Sexual Maturity

The age of sexual maturity of specimens, 138 females
and 91 males, caught in Lake Tédlrge in April, May and
June, was determined by directly observing the gonads
and the results are shown in Table 1.

According to these values, none of the females in age
class I had matured, whereas 13.6% of males in age class
| had attained sexual maturity. In age group IV 91.9% of
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females and 85.8% of males had reached sexual maturity.

According to these values, it was determined that
males reached maturity between their first and fourth
year of life, whereas females matured between their se-
cond and fifth year of life. The smallest mature female
was 74 mm and the smallest male was 67 mm.

Reproduction Period
Gonadosomatic Index (GSI)

GSI, used to determine the reproduction period, was
calculated using equation 1 and the mean monthly GSI
values of the males and females are shown in Table 2.

The maximum values for both males and females in
May were calculated to be 5.2 and 9.1, respectively. In
the males, the minimum value was in August (0.4)
whereas in the females it was in July (1.2). After August
the gonads began to develop and the values of GSI again
started to increase gradually until November.

Egg Diameter and Ovarium Weight

The values of the egg diameter, ovarium weight and
egg number per gram ovarium and also the monthly
changes of these values are shown in Table 3.

Female Male Table 2. The monthly changes in the
Months N (GSI(min.-max.)  SD N GSi(min-max) SD (Vglsul)essggé;ggfjodrgjgi]gwex
8.2 4.3
April 43 (0.9-11.3) 47 28 0.4-7.2) 3.3
9.1 5.2
May 39 (1.6-12.8) 3.9 31 (0.4-8.6) 4.0
1.9 1.0
June 56 (0.7-7.2) 4.2 32 (0.6-1.9) 0.6
1.2 0.6
July 63 (0.4-2.6) 1.8 31 (0.4-0.7) 0.3
1.6 0.4
August 97 (0.6-3.4) 1.2 33 (0.2-0.7) 0.2
3.4 0.9
September 69 (1.3-5.3) 0.9 35 (0.6-1.3) 1.2
5.6 2.0
October 60 (1.5-9.4) 2.2 16 (1.2-2.8) 0.7
6.4 3.3
November 33 (4.4-9.7) 1.3 8 (2.5-4.2) 1.5
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As shown in Table 3, the mean ovarium weight was at
its maximum in May (10.8) and at its minimum in July
(2.0). In May, when the mean egg diameter was at its
maximum, the mean value of egg number per gram
ovarium was found to be at its minimum. In addition,
according to the macroscopic observation of the gonads,
the specimens of L. cephalus commenced laying in May
and in July 98% of the investigated individuals had laid
(Table 4).

According to the monthly changes in the values of the
gonadosomatic index, egg diameter, ovarium weight and
egg number per gram ovarium of the specimens in Lake
Todlrge, the spawning period was determined to be
between May and July inclusively.

Fecundity

The fecundity and the increments of percentage of its
value to the age groups, calculated using equation 2, are
shown in Table 5.As shown in Table 5, the mean
fecundity was found to be 1158 in age group Il and
28664 in age group VII. The values of the proportional
increments in percentage of fecundity were high at early
ages whereas these values decreased gradually with age.

To determine the relationships between fecundity and
age, length and weight, the graphs of fecundity-age,

fecundity-length, fecundity-weight were drawn and are
shown in Figure 2, 3 and 4, respectively. In all the graphs
positive correlations were found.

There was a linear increase between fecundity and
age; n=-10014 + 5455.1 x age; r’=0.993 (Figure 2).
The correlation coefficient was very high.

As shown in Figures 3 and 4 there was also a linear
increase both between fecundity and length; n=-
17782+173.85 x L;r*=0.958; and between fecundity
and weight; n=1588.6+120.53 x W;r=0.959.

Discussion and Conclusion

In a population, if the age composition has a wide
range, it indicates that this region has a sufficient food
supply for the fish population. Because of the age
distribution in Lake Tédurge is very high (I-VII), it can be
said that the lake has a high breeding capacity. The age
composition of the chub was determined by different
researchers such as Geldiay and Balik (5) O-VI, Erk’akan
(6) I-V and Ekmekgi (9) I-X. The difference seen between
the age distribution values may be related to the kind of
nets or mesh-size of the nets or may be explained as an
adaptative response to the different ecological conditions
of the study areas.

Table 3. The monthly changes of the gonadal values (OW:ovarium weight, n:egg number in per gram ovarium, d:egg diameter, SD:standard
deviation)

OW(g) d (mm) n

Months N (min.-max.) SD (min.-max.) SD (min.-max.) SD
8.7 0.76 1652

April 43 (0.7-9.6) 1.1 (0.74-0.85) 0.7 (1423-1813) 40.3
10.8 1.04 1132

May 39 (1.5-11.6) 0.9 (0.86-1.68) 1.0 (1010-1270) 23.6
2.7 0.57 2053

June 56 (0.6-3.3) 1.7 (0.52-0.61) 0.3 (1891-2196) 36.0
2.0 0.46 2471

July 63 (1.0-2.9) 0.8 (0.35-0.57) 0.7 (2307-2544) 47.2
2.6 0.53 2112

August 97 (1.8-3.4) 2.2 (0.46-0.69) 0.4 (1947-2213) 19.8
3.7 0.62 1748

September 69 (2.6-4.7) 1.6 (0.55-0.64) 0.2 (1684-1805) 53.4
3.5 0.56 1970

October 60 (0.8-4.2) 2.0 (0.53-0.59) 0.2 (1843-2024) 31.5
4.3 0.66 1650

November 33 (1.4-5.7) 1.3 (0.62-0.85) 0.3 (1477-1781) 30.5
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When the monthly changes of the gonadosomatic
index values were examined (Table 2), it could be seen
that the highest values was attained by both males (5.2)
and females (9.1) in May. According to the
gonadosomatic index values of the males and females in
July, it may be said that spawning finished in this month.

The highest mean egg diameter was found in May
(1.04 mm) and the lowest value was found in July (0.46
mm) (Tablo 3). Egg diameters were determined by
Erk'akan and Akgiil (7) to be 0.78-1.20 mm, by Oztas
(15) to be 0.55-1.38 mm, by Ekmekgi (9) to be 1.03

Table 4. The ranges of percentage of individuals which had laid and
which had not between April-August

Months N Individuals Individuals
which had which had
not laid laid

April 31 100.0

May 25 72.0 28.0

June 46 10.9 89.1

July 49 2.0 98.0

August 83 - 100.0

It was determined, in Lake Toédirge's L. cephalus
population, the females reached maturity between their
second and fifth year of life and the males between their
first and fourth (Table 1). According to Slastenenko (11)
the sexual maturity age in the chub population of the
Black Sea basin is Ill. The maturity age of chub was found
to be IIl in the females and Il in the males by Erk’akan and
Akgul (7), however it was determined to be IV in the
females and Il in the males by Ekmekgi (9). According to
Nikolskii (19), the age of sexual maturity can change in
relation to water temperature, breeding, growth rate and
population density. In addition, because the growth rate
in males is higher than in females at early ages, it causes
the maturation to start earlier (one or two years) in males
than in females.
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Figure 2. The relationship between fecundity and age.

mm, and by Unlii and Balci (14) to be 0.83-1.50 mm.
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Figure 4. The relationship between fecundity and weight.

Age N Fork length (mm) Weight (g) nm (% L.P) Table 5. The mean number of eggs
n 1 me um s e
1 4 153.1 47.05 5624 385.7 I.P)

\Y 11 175.9 71.15 13113 133.2

v 5 206.0 114.60 16278 24.1

Vi 6 226.2 159.90 22368 37.4

VII 8 258.5 240.30 28664 28.1
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The period when the mean egg diameter is highest
indicates that laying has started and in this period the
mean egg number per gram ovarium is the lowest. In this
study, these values varied between 1132.2 and 2471.1.
In May when the egg diameter was the highest, the egg
number per gram ovarium was found to be the lowest
(Table 3).

At the end of the observation of gonads, it was
determined that the fish had laid from May to the end of
June. It was observed that the gonads of all the
individuals in July were empty. Herzig and Winkler
reported that the spawning period for chub is between
April and May and if the altitude is more than 1000
meters, then spawning occurs in June (9).

At the end of the gonadal investigations, it may be
said that the reproduction period of chub in Lake Tédirge
was between May and July inclusively. This period has
been determined to be, by Erk'akan and Akgul (7)
between May and September, Ekmekgi (9) between April
and June and Unlii and Balci (14) between May and June.
Because the ecological and climatical conditions were
different, the starting and finishing time of the
reproduction period may include different months.

In this study, the mean egg number varied between
1158 and 28664. This value was determined by Erk’akan
and Akgil (7), Oztas (15), Ekmekci (9) and Unli and
Balct (14) to be 1909-15680, 1960-61808, 13269-
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