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Abstract

Determination of the annual total egg production of a stock is important due 
to understanding fluctuations in population size. Therefore, the objective of the 
present work was to assess and compare the fecundity of Salmorizeensis, Salmo 
trutta abanticus, Salmo trutta caspius, Salmo trutta fario and Salmocoruhensis. 
Sampling was carried out by electro fishing. The results showed that the highest 
individual fecundity was in S. Coruhensis (1476±1043) while the highest relative 
fecundity was in S. t. caspius (4000±1092) (p<0.05). Egg sizes and weights of 
S. t. abanticus, S. rizeensis, S. t. caspius, S. t. fario and S. coruhensis were 
4.91±0.37 mm and 92.21±16.07 mg; 4.52±0.53 mm and 59.42±12.32 mg; 
4.23±0.26 mm and 48.92±5.32 mg; 4.59±0.53 mm and 81.54±21.41 mg, and 
4.67±0.46 mm and 76.52±17.52 mg, respectively. The relationships between 
egg size and egg weight of S. trutta subspecies were found significantly 
(p<0.05). The results also showed that fecundity significantly increased with fish 
weight and length (p<0.05). Overall fecundity and egg size is affected by fish 
size and species.
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coruhensis inhabiting North Anatolia Rivers, Turkey.

Materials and Methods
Sampling of wild fish

A total of 168 individuals caught from sampling sites in North 
Anatolia rivers (S. coruhensis, Camlihemsin-Firtina Stream; S. t. 
fario, Camlihemsin-Firtina Stream-Meryemana Stream; S. rizeensis, 
Caykara-Ipsil-Yedigoller Lake; S. t. abanticus, Yedigoller Lake; S. 
t. caspius,  Susuz-Cildir Lake) in Turkey, using by electro fishing 
(SAMUS 725G, 650 W, 5-60 A and 12 V DC). After cessation of 
oviposition, post-spawning females were removed, anaesthetized 
with Benzocaine (ethyl 4-aminobenzoate), weighed and measured. 
Fish were allowed to recover fully before being returned. Total weight, 
weight of gonads and its subsamples were recorded with an electronic 
analytical balance to the nearest 0.01 g. 

Estimation of fecundity
The number of eggs was estimated by gravimetric method, using 

three pieces removed from the ovary. They were then counted and 
mean value calculated from three sub-samples and weighed. The total 
number of eggs in each sub-sample ovary was determined. This value 
was proportional to the total ovary weight; the number of eggs (F1) 
for the subsample was estimated using the equation, F1= (Gonad 
weight x number of eggs in the subsample)/subsample weight. Then, 
by taking the mean number of three subsample fecundities (F1, F2, 
F3), the individual fecundity for each female fish was calculated [F= 
(F1 + F2 + F3)/3]. Relative fecundity index was calculated as RF = 

Introduction
S. trutta is one of the most important fish species due to its 

aquaculture potential, economic value and wide consumer demand 
and S. trutta forms resident populations in the upper streams of rivers 
and occurs in North Africa, Europe, West Asia and Anatolia and is 
characterized by extensive genetic, morphological and ecological 
diversity [1,2]. Thus far, based mainly on morphological data, the 
numerous forms of brown trout S. trutta have been classified under 
different taxonomic groupings [3]. S. trutta is represented by five 
subspecies within the Turkey; Salmo trutta macrostigma, Salmo 
trutta labrax, Salmo trutta caspius, Salmo trutta fario and Salmo 
trutta abanticus. Recently, S. t. labrax and S. t. macrostigma was 
described by Turan et al. [4] as Salmocoruhensis and Salmorizeensis, 
respectively [5,6]. 

Fecundity is expressed as one of reproductive traits [7] and it is an 
important biological parameter for successful fisheries management, 
to evaluate the commercial potentialities of a fish stock and plan a 
breeding programme [8]. Estimation of fecundity is essential to 
assessment the reproductive potential of a stock, fluctuations in 
reproductive output and population growth rate [8-11]. In addition, 
a better understanding of reproductive development and associated 
fecundity is necessary for culture studies. To date, reproduction 
biology and ecology of S. trutta has been intensively studied [3,12-
23], but fecundity pattern of subspecies of S. trutta was not compared. 
Therefore, this study was designed to investigate to compare of 
fecundity of S. rizeensis, S. t. abanticus, S. t. caspius, S. t. fario and S. 
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AF/TW, where AF is individual fecundity and TW total weight [24]. 

Fork length, fecundity and body weight, and fecundity 
relationships were determined from the equations; F = q x FLb and F = 
q x Wb

B, where F is the number of eggs (fecundity), FL and WB are the 
fork length (mm) and body weight (g), respectively. “a” and “b” are 
constant parameters in linear regression analysis and q = ea. Fecundity 
was estimated according to Bagenal and Braum [25]. The egg shapes 
were round and slightly hard when diameters were being measured. 
The mean fecundities and mean egg diameters for individuals were 
recorded by length and weight of each examined female fish.

Statistical analysis
The differences in between groups were tested with the one-way 

ANOVA test and Tukey test. Statistical analyses were performed with 
SPSS 14.0 software package and significant levels of 0.05, 0.01 and 
0.001 were accepted. Relationship between fecundity and length, 
weight, and also between egg size and egg weight was described by 
exponential and linear equations: F= abL; F= abt and F = a + bW.

Results
Mean length (cm) and weight (g) values of female S. rizeensis, S. 

abanticus, S. t. caspius, S. t. fario and S. coruhensis during spawning 
period are presented in Table 1. Significant differences were obtained 
from the statistical comparison of length-weight relationships among 
subspecies (p<0.05). 

The relationship of some features [total egg mass (g), egg weight 
(mg), egg diameter (mm), individual fecundity (egg/individual), 
relative fecundity] with five ecotypes of brown trout are shown 
in Table 2. Egg sizes and weights of S. t. abanticus, S. rizeensis, S. 
t. caspius, S. t. fario and S. Coruhensis were 4.91±0.37 mm and 
92.21±16.07 mg; 4.52±0.53 mm and 59.42±12.32 mg; 4.23±0.26 
mm and 48.92±5.32 mg; 4.59±0.53 mm and 81.54±21.41 mg, and 
4.67±0.46 mm and 76.52±17.52 mg, respectively. It was determined 
that the biggest egg was in S. t. abanticus and the smallest was S. t. 

caspius in populations (p<0.05). During the study period, the highest 
individual fecundity was in S. coruhensis and the lowest was in S. t. 
macrostigma while the most relative fecundity was in S. t. fario and 
the lowest S. t. abanticus (p<0.05). The highest relative fecundity (egg/
kg) was in S. t. fario (4000±1092); the lowest relative fecundity was 
in S. t. abanticus (1871±742), beside the highest individual fecundity 
was in S. coruhensis (1476±1043) and the lowest individual fecundity 
was in S. rizeensis (193±123). Differences in the relative fecundity 
values among ecotypes were significantly (p<0.05).

Fecundity significantly increased with fish weight and length (p 
< 0.05). The relationships between egg size and egg weight of S. t. 
abanticus, S. rizeensis, S. t. caspius, S. t. fario and S. coruhensis were 
found significantly (p<0.05) (Table 3).

Discussion
Fecundity is important due to assessing potentialities of a fish stock, 

fisheries management and plans a breeding programme [8]. Thus far, 
a great deal of past research has focused on fecundity of various finfish 
species, namely, Gudusia chapra [26,27], Mystus gulio [28], Puntius 
gonionotus [29], Mystus bleekeri [30], Mastacembelus pancalus [31], 
Liza parsia [32,33], Gadus morhua and Melanogrammus aeglefinus 
[11], Puntius sophore [10], Gadus morhua [34], Clarias gariepinus 
[35], Hoplostethus atlanticus [36,37], Platichtysflesus [38], Thunnus 
alalunga [39,40]. Although fecundity is one of the most important 
biological parameters, there is a lack of information in the literature 
on comparison of the fecundity of brown trout subspecies. Geldiay 
and Balık [41] reported the number of eggs produced by brown trout 
living in Turkish waters as 2000-5000 per kg. Yanar et al. [42], Karatas 
[13], Cetinkaya [17], Alp et al. [19], Arslan and Aras [20] and Kocabas 
et al. [23] reported the number of eggs per kg of fish weight ranges of 
3230, 3113, 2810, 2340, 2810 and 3122 in their S. trutta populations, 
respectively. In our study, it was determined as 1871-4000 per kg. We 
obtained a different result from the other brown trout populations. 
Variation in the number of eggs the populations may largely result 
from geographic distributions and selectively different environmental 
factors [43]. Environmental factors (temperature, sunlight, weather 
etc.) cause changes in fecundity. Especially, temperature is one of 
selective factor [16]. In addition, the availability of food in the natural 
and captive condition affect to fecundity.

Egg size and weight are the primary reproductive trait 
under selection in salmonids and interrelated life history traits, 
environmental and maternal effects [44-47]. Moreover, egg size is 
highly variable among species and positively correlated with body 
size, growth and survival [48,49]. Additionally, it is important due to 
affect the egg hatchability, juvenile body size and survival [50]. Egg 

n Length (min-max) (cm) Weight (min-max) (g)

S. t. abanticus 23 31.45±8.54b (15.6-43.0) 482.02±360.44b (41.3-1250.0)

S. rizeensis 22 19.54±4.44a (13.6-29.3) 82.51±61.20a (28.3-298.0)

S. t. caspius 20 21.25±2.05a (18.1-24.5) 123.38±24.83a (87.4-155.0)

S. t. fario 27 34.47±9.30c (26.0-50.8) 628.56±358.50c (228.0-2150.0)

S. coruhensis 73 35.15±7.95c (22.0-54.9) 647.81±502.00c (140.0-2410.0)

Table 1: Mean length (cm) and weight (g) values of female S. t. abanticus, S. 
rizeensis, S. t. caspius, S. t. fario and S. coruhensis.

a,b,c Different superscripts within the same column demonstrate significant 
differences.  (p<0.05).

S. t. abanticus S. rizeensis S. t. caspius S. t. fario S. coruhensis

TEW 60.13±56.86ab 11.78±7.87a 24.81±10.06a 106.20±102.31bc 112.02±92.02c

EW 92.21±16.07a 59.42±12.32c 48.92±5.32c 81.54±21.41ab 76.52±17.52b

ED 4.91±0.36a 4.52±0.53bc 4.23±0.26c 4.59±0.53abc 4.67±0.46ab

IF 623±515bc 193 ±123c 505 ±206bc 1179±669ab 1476 ±1043a

RF 1871±742b 2403±953b 4000±1092a 1988±865b 2314±858b

Table 2: Some features in S. t. abanticus, S. rizeensis, S. t. caspius, S. t. fario and S. coruhensis (TEW: Total Egg Mass (g), EW: Egg Weight (mg), ED: Egg Diameter 
(mm), IF: Individual Fecundity (egg/brood), RF: Relative Fecundity (egg/kg), ±: standard deviation) (p<0.05).

a,b,c Different superscripts within the same raw demonstrate significant differences. (p<0.05).
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diameters of S. trutta were reported to be 4.0-4.5 mm in the Coruh 
River [51], 2.5-3.0 mm in the Catak Stream [17], 3.93 mm in the 
Gokpinar Stream [12] and 3.0-5.1 mm in the Koprucay Stream [14]. 
Kocabas et al. [23] determined as 3.2-5.1 mm in S. t. macrostigma. 
Consistent with results of previous studies, the results obtained in 
the present study indicated that egg diameters varied from 4.23 to 
4.91. The observed range of eggs weights (48-92 mg) was different 
from that of 11-71 mg reported by Alp et al.[19] in Firniz Stream in 
Turkey and that of 53-63 mg and 65-76 mg found by Crisp et al. [52] 
and Crisp et al. [53] at northern England and that of 55 mg found 
by Kocabas et al. [23]. This may be due to size- and age-dependent 
effects [54].

Fish fecundity varies with body length or weight [43]. In present 
study, fecundity increased with increasing fish size (length and 
weight) as also observed by Alp et al. [19], Arslan and Aras [20], 
Nicola and Almodovar [18]. Lobon-Cervia et al. [15] and Kocabas 
et al. [23] indicated that trout length was the major determinant of 
fecundity. The present study confirmed that fecundity was related to 
both fish length and weight significantly.

Consequently, fecundity increased with increasing fish size 
(length and weight). To fully understand egg production processes 
of the respective population, including estimations was realized with 
fecundity, future studies should focus on timing, now possible by 
new. 

Acknowledgement 
This study was carried out with the grant provided by Karadeniz 

Technical University Scientific Research Foundation (Project no: 
2005.117.01.1). We thank to Prof. Dr. Ibrahim OKUMUS, who is our 
supervisor forever.

References 
1. Kuru M. Turkiyeicsubalıklarının son sistematikdurumu. G.U. 

GaziEgitimFakDerg. 2004; 24: 1-21.

2. Kottelat M, Freyhof J. Handbook of European Freshwater Fishes. Imprimerie 
du Democrate SA, Delemont, Switzerland, 2007.

3. Segherloo HI, Farahmand H, Abdoli A, Bernatchez L, Primmer CR, 
Swatdipong A, et al. Phylogenetic status of brown trout Salmo trutta 
populations in five rivers from the southern Caspian Sea and two inland lake 
basins, Iran: a morphogenetic approach. J Fish Biol. 2012; 81: 1479-1500.

4. Turan D, Kottelat M, Engin S. Two new species of trouts, resident and 
migratory, sympatric in streams of northern Anatolia (Salmoniformes: 
Salmonidae), Ichthyol Explor Fres. 2009; 20: 333-364.

5. Can SS, Kutluyer F, Can E, Kayis S, Sonay FD, Kose O, et al. Effect of dietary 
kefir on the digestive and liver enzymes activities, and glucose level of Coruh 
trout, Salmocoruhensis (Actinopterygii: Salmoniformes: Salmonidae). Acta 
Ichthyol Piscat. 2014; 44: 167-170.

6. Can E, Kutluyer F, Sonay FD, Kose O. The use of kefir as potential probiotic 
in Coruh trout (Salmocoruhensis): Effects on growth performance and 
immunoglobulin (IgM) levels. Afr J Biotechnol. 2012; 11: 7775-7780.

7. Trong TQ, van Arendonk JAM, Komen H. Genetic parameters for reproductive 
traits in female Nile tilapia (Oreochromis niloticus): II. Fecundity and fertility. 
Aquaculture. 2013; 416-417: 72-77.

8. Gomez-Marquez JL, Pena-Mendoza B, Salgado-ugarte IH, Guzman-arroyo 
M. Reproductive aspects of Oreochromis niloticus (Perciformes: Cichlidae) at 
Coatetelco lake, Morelos, Mexico. Rev Biol Trop. 2003; 51: 221-228.

9. Bagenal T, Tesch F. Methods for Assessment of Fish Production in Fresh 
Waters. IBP Handbook 3. Blackwell, Oxford. 1978; 365.

10. Bithy K, Miah MI, Haque MS, Hasan KR, Islam MF. Estimation of the fecundity 
of Jat Puti, Puntius sophore (Hamilton). J Environ Sci Nat Resour. 2012; 5: 
295-300.

11. Alonso-Fernandeza A, Vallejob AC, Saborido-ReyaF, Muruac H, Trippel 
EA. Fecundity estimation of Atlantic cod (Gadus morhua) and haddock 
(Melanogrammus aeglefinus) of Georges Bank: Application of the 
autodiametric method. Fish Res. 2009; 99: 47-54.

12. Karatas M. Determination of the fecundity of Salmo gairdneri R, 1836 and 
Salmo trutta macrostigma D. 1858 in the Gurun-Gokpınar conditions (Master’s 
Thesis). Ankara Universitesi Fen BilimleriEnstitusu, Su UrunleriAnabilim Dali, 
Ankara, Turkey, 1990; 61. 

13. Karatas MA. TakoyBarajGolunde (Tokat) yasayanalabalıkların (Salmo trutta 
L.) uremeozelliklerininincelenmesi. Turk J Vet Anim Sci. 1997; 21: 439-444.

14. Kucuk F, Ozbas M, Demir O. Determination of spawning season of Salmo 
trutta macrostigma population in Koprucayi (Antalya). SDU Egirdir Su 
UrunFakDerg. 1995; 4: 99-111.

15. Lobon-Cervia J, Utrilla C, Rincon P, Amezcua F. Environmentally induced 
spatio-temporal variations in the fecundity of brown trout Salmo trutta L.: 
trade-offs between egg size and number. Freshwater Biol. 1997; 38: 277-288.

16. Jonsson N, Jonsson B. Trade-off between egg mass and egg number in 
brown trout. J Fish Biol. 1999; 55: 767-783.

17. Cetinkaya O. Investigations of some biological properties of brown trout 
(Salmo trutta macrostigma Dum., 1858) living in the Catak Stream (Tigris 
River, Turkey). J Aquat Food Product Technol. 1999; 9: 111-122.

18. Nicola GG, Almodo var A. Reproductive traits of stream dwelling brown trout 
Salmo trutta in contrasting neighboring rivers of central Spain. Freshwater 
Biol. 2002; 47: 1353-1365.

19. Alp A, Kara C, Buyukcapar HM. Reproductive biology of brown trout, Salmo 
trutta macrostigma Dumeril 1858, in a tributary of the Ceyhan River which 
flows into the eastern Mediterranean Sea. J Appl Ichthyol. 2003; 19: 346-351.

Model a b r2 F

Length (x) - Fecundity (y)

S. t. abanticus y = a xb 0.0706*** 2.627095*** 0.941 271.57

S. t. caspius y = a xb 0.0107* 3.505514** 0.665 19.81

S. t. fario y = a xb 1.8657 n.s. 1.784433*** 0.712 54.38

S. coruhensis y = a xb 0.0463** 2.846369*** 0.673 125.34

S. rizeensis y = a xb 0.3189 n.s. 2.082436*** 0.629 28.87

Total Weight (x) - Fecundity (y)

S. t. abanticus y = a + b x 71.100 n.s. 1.344700*** 0.884 130.11

S. t. caspius y = a + b x -304.396 n.s. 6.563795** 0.628 16.89

S. t. fario y = a + b x 541.336*** 0.792415*** 0.690 55.70

S. coruhensis y = a + b x 293.476* 1.767080*** 0.713 151.80

S. rizeensis y = a + b x 48.904* 1.792892*** 0.755 46.34

Egg size (x) - Egg weight (y)

S. t. abanticus y = a + b x -0.07456* 0.033728*** 0.791 41.67

S. t. caspius y = a + b x -0.02687* 0.017924*** 0.791 37.86

S. t. fario y = a + b x -0.09197*** 0.037342*** 0.882 165.23

S. coruhensis y = a + b x -0.07746*** 0.032908*** 0.798 246.06

S. rizeensis y = a + b x -0.03987** 0.023369*** 0.740 57.06

Table 3: Relationships between fecundity and length, and total weight, and egg 
size and egg weight in S. t. abanticus, S. rizeensis, S. t. caspius, S. t. fario and 
S. coruhensis.

*: p<0.05
**: p<0.01
***: p<0.001
n.s.: no significant

https://www.scribd.com/doc/213621042/Handbook-of-European-Freshwater-Fishes
https://www.scribd.com/doc/213621042/Handbook-of-European-Freshwater-Fishes
https://www.ncbi.nlm.nih.gov/pubmed/23020557
https://www.ncbi.nlm.nih.gov/pubmed/23020557
https://www.ncbi.nlm.nih.gov/pubmed/23020557
https://www.ncbi.nlm.nih.gov/pubmed/23020557
http://www.pfeilbook.com/04biol/pdf/ief20_4_06.pdf
http://www.pfeilbook.com/04biol/pdf/ief20_4_06.pdf
http://www.pfeilbook.com/04biol/pdf/ief20_4_06.pdf
http://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-9ed35ebc-929c-4040-9e4c-c81f7b087f22
http://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-9ed35ebc-929c-4040-9e4c-c81f7b087f22
http://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-9ed35ebc-929c-4040-9e4c-c81f7b087f22
http://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-9ed35ebc-929c-4040-9e4c-c81f7b087f22
http://www.sciencedirect.com/science/article/pii/S0044848613004298
http://www.sciencedirect.com/science/article/pii/S0044848613004298
http://www.sciencedirect.com/science/article/pii/S0044848613004298
https://www.ncbi.nlm.nih.gov/pubmed/15162697
https://www.ncbi.nlm.nih.gov/pubmed/15162697
https://www.ncbi.nlm.nih.gov/pubmed/15162697
http://trove.nla.gov.au/work/32578658?selectedversion=NBD23067571
http://trove.nla.gov.au/work/32578658?selectedversion=NBD23067571
http://banglajol.info/index.php/JESNR/article/view/14833
http://banglajol.info/index.php/JESNR/article/view/14833
http://banglajol.info/index.php/JESNR/article/view/14833
http://www.sciencedirect.com/science/article/pii/S0165783609001039
http://www.sciencedirect.com/science/article/pii/S0165783609001039
http://www.sciencedirect.com/science/article/pii/S0165783609001039
http://www.sciencedirect.com/science/article/pii/S0165783609001039
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1999.tb00716.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1999.tb00716.x/abstract
http://www.ucm.es/data/cont/docs/581-2013-12-15-Nicola2002.pdf
http://www.ucm.es/data/cont/docs/581-2013-12-15-Nicola2002.pdf
http://www.ucm.es/data/cont/docs/581-2013-12-15-Nicola2002.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2003.00455.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2003.00455.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0426.2003.00455.x/abstract


Austin Biol 1(3): id1015 (2016)  - Page - 04

Kocabas M Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

20. Arslan M, Aras NM. Structure and Reproductive Characteristics of Two 
Brown Trout (Salmo trutta) Populations in the Coruh River Basin, North-
eastern Anatolia, Turkey. Turk J Zool. 2007; 31: 185-192.

21. Hao F, Chen Y. The reproductive traits of brown trout (Salmotrutta fario L.) 
from the Yadong River, Tibet. Environ Biol Fish. 2008; 1: 89-96.

22. Demir O, Gulle I, Gumus E, Kucuk F, Gunlu A, Kepenek K. Some reproductive 
features of brown trout (Salmo trutta macrostigma Dumeril, 1858) and its 
larval development under culture conditions. Pak Vet J. 2010; 30: 2074-7764.

23. Kocabas M, Kayim M, Can E, Kutluyer F, Aksu O. The reproduction traits of 
native brown trout (Salmo trutta macrostigma T., 1954), Turkey. J Anim Vet 
Adv. 2011; 10: 1632-1637.

24. Yeldan H, Avsar D. A preliminary study on the reproduction of the rabbitfish 
(Siganusrivulatus (Forsskal, 1775) in northeastern Mediterranean. Turk J 
Zool. 2000; 24: 173-182.

25. Bagenal TB, Braum E. Eggs and Early Life History. Bagenal T, editor. In: 
Methods for Assessment of Fish Production in Fresh Waters, 3rd Edn. IBP 
Handbook No: 3 Blackwell Scientific Publications, London. 1978; 165-201.

26. Kabir A, Hossain MA, Rahmatullah SM, Dewan S, Islam MS. Studies on 
the gonadosomatic index and fecundity of chapila (Gudusia chapra Ham.). 
Bangladesh J Fish Res. 1998; 2: 195-200.

27. Narejo NT, Jafri SIH, Shaikh SA. Studies on age and growth of palri, Gudusia 
chapra (Clupeidae: Teleostei) from the Keenjhar lake (District: Thatta), Sindh, 
Pakistan. Pak J Zool. 2000; 42: 307-312.

28. Sarker PK, Pal HK, Rahman MM, Rahman MM. Observation on the fecundity 
and gonado-somatic index of Mystus gulio in brackish-water of Bangladesh. 
J Biol Sci. 2002; 2: 235-237.

29. Bhuiyan AS, Islam K, Zaman T. Fecundity and ovarian characteristics of 
Puntius gonionotus (Bloch-Bleeker) (Cyprinidae: Cypriniformes). J Bio-Sci. 
2006; 14: 99-102.

30. Musa ASM, Bhuiyan AS. Fecundity on Mystus bleekeri (Day, 1877) from the 
River Padma Near Rajshahi City. Turk J Fish Aquat Sci. 2007; 7: 161-162.

31. Rahman MM, Miah MI. Fecundity of guchibaim, Mastacembelus pancalus. J 
Bangladesh Agricul Univ. 2009; 7: 133-137.

32. Begum M, Islam MAa, Pal HK, Aalam MJ. Reproductive characteristics of 
Liza parsia (Ham.) inhabiting southwest coast of Bangladesh. Journal of 
Bangladesh Agricultural University. 2010; 8: 173-178.

33. Rehman S, Islam ML, Shah MMR, Mondal S, Aalam MJ. Observation of the 
fecundity and Gonadosomatic Index (GSI) of Grey Mullet Liza persia (Ham.). 
J Biol Sci. 2002; 2: 690-693.

34. Witthames PR, Armstrong M, Thorsen A, Solemdal P, Kjesbu OS. Contrasting 
development and delivery of realized fecundity in Atlantic cod (Gadus 
morhua) stocks from cold and warm waters. Fish Res. 2013; 138: 128-138.

35. Eyo JE, Mgbenka BO. Aspects of the biology of Clarias gariepinus in 
Anambra River basin I: oocyte diameter, fecundity and sex ratio. J Agric Sci 
Technol. 1992; 2: 47-51.

36. Pitman LR, Haddy JA, Kloser RJ. Fishing and fecundity: The impact of 
exploitation on the reproductive potential of a deep-water fish, orange roughy 
(Hoplostethus atlanticus). Fish Res. 2013; 147: 312-319.

37. Nissling A, Thorsen A, da Silva FFG. Fecundity regulation in relation to 

habitat utilization of two sympatric flounder (Platichtysflesus) populations in 
the brackish water Baltic Sea. J Sea Res. 2014.

38.  Duarte F, Araujo FG. Fecundity of the Hoplostomus affinis (Siluriformes, 
Loricariidae) in the Lajes Reservoir, Rio de Janeiro, Brazil Rev Biol. 2002; 
50: 197-200.

39. Saber S, Macias D, de Urbina JO, Kjesbu OS. Stereological comparison of 
oocyte recruitment and batch fecundity estimates from paraffin and resin 
sections using spawning albacore (Thunnus alalunga) ovaries as a case 
study. J Sea Res.2014.

40. Geldiay R, Balik S.TurkiyeTatlisuBaliklari, EgeUnv. Fen Fak. KitaplarSerisi 
No: 97, EgeUniversitesiBasimevi, Izmir, 1988; 519.

41. Yanar M, AkyurtI, Bircan R. A study on gonad development, fecundity, growth 
and flesh condition of Salmo trutta L. EBK Et ve Balık End Derg. 1987; 48: 
3-12.

42. Zudaire I, Murua H, Grande M, Korta M, Arrizabalaga H, Areso JJ, et al. 
Fecundity regulation strategy of the yellowfin tuna (Thunnus albacares) in the 
Western Indian Ocean Fish Res. 2013; 138: 80-88.

43. Hossain Y, Rahman M, Abdallah EM. Relationships between body size, 
weight, condition and fecundity of the threatened fish Puntius ticto (Hamilton, 
1822) in the Ganges River, Northwestern Bangladesh. Sains Malaysiana. 
2012; 41: 803-814.

44. Healey MC, Heard WR. Inter-and intra-population variation in the fecundity of 
chinook salmon (Oncorhynchus tshawytscha) and its relevance to life history 
theory. Can J Fish Aquat Sci. 1984; 41: 476-483.

45. Fleming IA, Gross MR. Latitudinal clines: a trade-off between egg number 
and size in Pacific salmon. Ecology. 1990; 71: 1-11.

46. Beacham TD, Murray CB. Fecundity and egg size variation in North American 
Pacific salmon (Oncorhynchus). J Fish Biol. 1993; 42: 485-508.

47. Einum S, Fleming IA. Highly fecund mothers sacrifice offspring survival to 
maximize fitness. Nature. 2000; 405: 565-567.

48. Roff DA. The evolution of life histories; theory and analysis. Chapman and 
Hall, New York, 1992.

49. Wootton RJ. Ecology of Teleost fishes. Kluwer Academic Publisher, 
Dordrecht, the Netherlands, 1999.

50. Czapulak A. Egg size variation in Mute Swans: Its influence on egg 
hatchability, cygnet body size and cygnet survival. Waterbirds. 2002; 25: 
250-257.

51. Tortonese E. The trouts of Asiatic Turkey. Istanbul Univ. Fen Fak. 
HidrobiolojiEnstitisuDergisi, Istanbul: 1954; 1-26

52. Crisp DT, Mann RHK, McCormack JC. The populations of fish at Crow Green, 
upper Teesdale, before impoundment. J Appl Ecol. 1974; 11: 969-996.

53. Crisp DT, Mann RHK, Cubby PR, Robson S. Effects of impoundment upon 
trout (Salmo trutta) in the basin of Cow Green reservoir. J Appl Ecol. 1990; 
27: 1020-1041. 

54. Cooper WT, Barbieri LR, Murphy MD, Lowerre-Barbieri SK. Assessing stock 
reproductive potential in species with indeterminate fecundity: Effects of age 
truncation and size-dependent reproductive timing. Fish Res. 2013; 138: 31-
41.

Citation: Kocabas M and Bascinar N. Assessing Stock Reproductive Potential of Salmorizeensis, Salmo trutta 
abanticus, Salmo trutta caspius, Salmo trutta fario and Salmocoruhensis with Fecundity. Austin Biol. 2016; 1(3): 
1015.

Austin Biol - Volume 1 Issue 3 - 2016
Submit your Manuscript | www.austinpublishinggroup.com 
Kocabas et al. © All rights are reserved

http://journals.tubitak.gov.tr/zoology/issues/zoo-07-31-2/zoo-31-2-14-0602-10.pdf
http://journals.tubitak.gov.tr/zoology/issues/zoo-07-31-2/zoo-31-2-14-0602-10.pdf
http://journals.tubitak.gov.tr/zoology/issues/zoo-07-31-2/zoo-31-2-14-0602-10.pdf
http://link.springer.com/article/10.1007/s10641-008-9363-5
http://link.springer.com/article/10.1007/s10641-008-9363-5
http://www.pvj.com.pk/pdf-files/30_4/223-226.pdf
http://www.pvj.com.pk/pdf-files/30_4/223-226.pdf
http://www.pvj.com.pk/pdf-files/30_4/223-226.pdf
http://medwelljournals.com/abstract/?doi=javaa.2011.1632.1637
http://medwelljournals.com/abstract/?doi=javaa.2011.1632.1637
http://medwelljournals.com/abstract/?doi=javaa.2011.1632.1637
http://dergipark.gov.tr/tbtkzoology/issue/12667/153873
http://dergipark.gov.tr/tbtkzoology/issue/12667/153873
http://dergipark.gov.tr/tbtkzoology/issue/12667/153873
http://aquaticcommons.org/16405/1/BJFR2.2_195.pdf
http://aquaticcommons.org/16405/1/BJFR2.2_195.pdf
http://aquaticcommons.org/16405/1/BJFR2.2_195.pdf
https://eurekamag.com/research/035/784/035784444.php
https://eurekamag.com/research/035/784/035784444.php
https://eurekamag.com/research/035/784/035784444.php
http://docsdrive.com/pdfs/ansinet/jbs/2002/235-237.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2002/235-237.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2002/235-237.pdf
http://www.banglajol.info/index.php/JBS/article/view/451
http://www.banglajol.info/index.php/JBS/article/view/451
http://www.banglajol.info/index.php/JBS/article/view/451
http://www.trjfas.org/uploads/pdf_327.pdf
http://www.trjfas.org/uploads/pdf_327.pdf
http://ageconsearch.umn.edu/bitstream/208349/2/4975-18161-1-PB.pdf
http://ageconsearch.umn.edu/bitstream/208349/2/4975-18161-1-PB.pdf
http://www.banglajol.info/index.php/JBAU/article/view/6415
http://www.banglajol.info/index.php/JBAU/article/view/6415
http://www.banglajol.info/index.php/JBAU/article/view/6415
http://docsdrive.com/pdfs/ansinet/jbs/2002/690-693.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2002/690-693.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2002/690-693.pdf
http://www.sciencedirect.com/science/article/pii/S0165783612002640
http://www.sciencedirect.com/science/article/pii/S0165783612002640
http://www.sciencedirect.com/science/article/pii/S0165783612002640
http://www.unn.edu.ng/publications/files/11814_Aspects_of_the_Biology_of_Clarias_gariepinus_in__Anambra_River_Basin__1__Oocyte_Diameter,_Fecundity_and_Sex_Ratio_.pdf
http://www.unn.edu.ng/publications/files/11814_Aspects_of_the_Biology_of_Clarias_gariepinus_in__Anambra_River_Basin__1__Oocyte_Diameter,_Fecundity_and_Sex_Ratio_.pdf
http://www.unn.edu.ng/publications/files/11814_Aspects_of_the_Biology_of_Clarias_gariepinus_in__Anambra_River_Basin__1__Oocyte_Diameter,_Fecundity_and_Sex_Ratio_.pdf
https://pubag.nal.usda.gov/pubag/article.xhtml?id=841877&searchText=author%3A%22James+A.+Haddy%22&searchField=
https://pubag.nal.usda.gov/pubag/article.xhtml?id=841877&searchText=author%3A%22James+A.+Haddy%22&searchField=
https://pubag.nal.usda.gov/pubag/article.xhtml?id=841877&searchText=author%3A%22James+A.+Haddy%22&searchField=
https://www.academia.edu/16736565/Fecundity_regulation_in_relation_to_habitat_utilisation_of_two_sympatric_flounder_Platichtys_flesus_populations_in_the_brackish_water_Baltic_Sea
https://www.academia.edu/16736565/Fecundity_regulation_in_relation_to_habitat_utilisation_of_two_sympatric_flounder_Platichtys_flesus_populations_in_the_brackish_water_Baltic_Sea
https://www.academia.edu/16736565/Fecundity_regulation_in_relation_to_habitat_utilisation_of_two_sympatric_flounder_Platichtys_flesus_populations_in_the_brackish_water_Baltic_Sea
https://www.ncbi.nlm.nih.gov/pubmed/12298245
https://www.ncbi.nlm.nih.gov/pubmed/12298245
https://www.ncbi.nlm.nih.gov/pubmed/12298245
http://www.sciencedirect.com/science/article/pii/S1385110114000938
http://www.sciencedirect.com/science/article/pii/S1385110114000938
http://www.sciencedirect.com/science/article/pii/S1385110114000938
http://www.sciencedirect.com/science/article/pii/S1385110114000938
file:///D:\pub%20med\IOTC-2013-WPTT15-INF10.pdf
file:///D:\pub%20med\IOTC-2013-WPTT15-INF10.pdf
file:///D:\pub%20med\IOTC-2013-WPTT15-INF10.pdf
file:///D:\pub%20med\CEBRPubs.pdf
file:///D:\pub%20med\CEBRPubs.pdf
file:///D:\pub%20med\CEBRPubs.pdf
file:///D:\pub%20med\CEBRPubs.pdf
http://www.nrcresearchpress.com/doi/abs/10.1139/f84-057?journalCode=cjfas#.WC6Zj9J97IU
http://www.nrcresearchpress.com/doi/abs/10.1139/f84-057?journalCode=cjfas#.WC6Zj9J97IU
http://www.nrcresearchpress.com/doi/abs/10.1139/f84-057?journalCode=cjfas#.WC6Zj9J97IU
https://www.jstor.org/stable/1940241?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1940241?seq=1#page_scan_tab_contents
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb00354.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb00354.x/abstract
http://trove.nla.gov.au/work/34780365?q&versionId=43102863
http://trove.nla.gov.au/work/34780365?q&versionId=43102863
http://www.springer.com/gp/book/9780412845901
http://www.springer.com/gp/book/9780412845901
https://www.jstor.org/stable/1522360?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1522360?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1522360?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/2401758?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/2401758?seq=1#page_scan_tab_contents

	Title
	Abstract
	Introduction
	Materials and Methods
	Sampling of wild fish
	Estimation of fecundity
	Statistical analysis

	Results
	Discussion
	Acknowledgement
	References
	Table 1
	Table 2
	Table 3

