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ABSTRACT-- Occurrence, length-weight relationship, age, growth, sex ratios, size at first maturity, GSI and
fecundity of Alburnus mossulensis caught from the south reaches of Euphrate river in Irag were investigated. Fish
were collected monthly from November 2013 and October 2014 using electeofishig. The species constituted 48.3% of
the total catch. Fish lengths of 7.0 to 12.0 cm dominated the population. Total length-weight relationship was found
to be W= 0.003 L*% for immature, W= 0.004 L>*%’ for males and W = 0.002 L**%® for females. The mean relative
condition factor was 1.05 for immature, 0.99 for male andZ.06 for female. Reading of scales indicated that the
maximum age was four years. The von Bertalanffy growth equation was L, = 20.4(1-e %04 Sex ratio was 1:1.7
male to female. The mean value of L,,5p was 8.0cm for both sexes. The peak of GSI was in January for both sexes.
The spawning period began in February. Absolute fecundity for A. mossulensis varied from 1119to 5022eggs.
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1. INTRODUCTION

The bleak, Alburnus mossulensis Heckel, 1843, locally known as “Semnan tuyel” in Iraqg, a cyprinid that is endemic
and widely distributed in the Tigris-Euphrates basin in Turkey and Iraqg, and their adjacent basins in Iran [1, 2, 3]. A.
mossulensis may be a synonym of Alburnus sellal (or Chalcalburnus sellal) which is found in the Orontes and Quwaig
river basins, therefore the species was identified incorrectly as A. sellal in Iraq [2]. It is found widely from the Shatt al
Arab River and its tributaries, the southern marshes, rivers such as the Tigris, Euphrates, Diyala, Little Zab, Great Zab,
Rawanduz as well as smaller rivers and streams, lakes such as Tharthar, Habbaniyah and Razzazah, and reservoirs such
as Al Haditha Dam Lake on the Euphrates River, Iraq [4, 2].

Epler et al. [5] found it to be the second most dominant species of fish (identified as Alburnus sheitan) in lakes
Habbaniyah, Tharthar and Razzazah, comprising 10% of all fish collected. The species formed 4.9, 4.5 and 10.7% from
the total populations of Al-Hawizeh, Chybayish and East Hammar marshes, respectively [6, 7, 8]. Although this species
has not economical value as commercial fish, it is consumed as food by local people.

The perusal of literature indicate that lots of work has been done on the length weight relationship, age, growth and
reproduction of A. mossulensis at various waters, in Turkey [9, 10, 11, 12] and in Iran [13, 14, 15]. A few studies have
been carried out on the biology of this species in Iraqgi [16, 17, 18], but no work has been done on the biology of this
species in the Euphrates River.

The present study aims to determine the occurrence, length- weight relationship, condition factor, age, growth pattern
and reproduction of A. mossulensis in southern Euphrates River from November 2013 to October 2014.

2. MATERIALS AND METHODS

The study area is located in the lower reaches of the Euphrates River, and more specifically, in the Chybaish region,
eastern Al- Nasiriyah Province, Iraq (Fig. 1). Fish sampling was carried out using boat electrofishing (D.C. at 300-400 V,
3-5 A) from the Euphrates River (30°56', 30°57' N; 47°05', 48°00'E), the width of the river in this region is 750m and 2-
4m deep, and from the Umbazona branch, which is one of the branches of the Euphrates River were built to fed the
Chybaish marsh. The Umbazona branch is approximately 1.5km long, 6m wide and 2m deep in the mid-section. The
relative abundance (%) of the species was calculated from the equation: ni/ N * 100 [19], where, ni = number of
individuals of the species and N = total fish catch.
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Specimens were immediately transported to the laboratory on crushed ice for subsequent analysis. Total length and
total weight were measured for each fish to the nearest 0.1 cm, and 0.01 g, respectively. Five to ten scales were
extracted from the left side of each fish between the lateral line and the dorsal fin base and stored in labeled envelopes.
Scales were cleaned with warm water and placed between two glass slides [20].

The regression equation for the length—weight relationship was calculated separately for immature, males and females
using the exponential regression: W= a L° [21], where W is the total weight (g), L is the total length (cm), a is the
intercept of the regression and b is the regression coefficient (slope). Deviation of the allometric coefficient b from the
theoretical value of isometric growth (b= 3) was tested with Student’s t-test. The relative condition factor (K,) was
determined in terms of sex and months using the following formula: K,= W’/W [21], where W = the observed weight and
W= the calculated weight.
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Figure (1): Map of southern of Irag, showing the location of sampling area

Scale reading was carried out using Projectina microscope (Type 4014 BK-2) with a magnification of 10x. From the
magnified image, the radius of each annulus and the edge of the scale were measured. The relationship between length of
fish on capture (L) and scale radius (S) was calculated from the equation: L= a + b S [22], where a is the intercept (the
correction factor) and b is the slope of the regression line. Total length at age was determined using the following
equation [22]: L,=a + S, /S (L-a), where L, is the length of the fish at age ‘n’, a is the correction factor, S, is the radius
of the annulus ‘n’, S the scale radius and L is the length at the time of capture.

The theoretical growth in length was analyzed by means of the von Bertalanffy equation: L= L, (1 —e X®-©)
where L, is the fish length at age t, L, is the asymptotic fish length, K is the growth coefficient and t, is the theoretical
age when the fish was at zero length. The equation parameters were estimated following the graphic method [23]. The
parameter (&), the growth performance index, was calculated as logq K+ 2 logqq L, [24].

Sex in mature specimens was easily determined with naked eye, but microscopic examination was used for
differentiating sex in immature fish after dissection the fish. The Chi-squared test was used to show whether the sex
proportions deviated significantly from 1:1 ratio. The mean size at first maturity was taken as that at which 50% of
individuals were mature. The gonado-somatic index (GSI) for each sex was calculated using the equation [25]:

GSI= Weight of gonad / Total body weight x 100

Ovaries selected from 20 ripe females of the different length groups were weighed to the nearest 0.01 g and placed
in Gilson’s fluid to calculate total fecundity using the gravimetric method [26]. Regression between fecundity and total
length was calculated from the formula: F= aL®, where F is the fecundity, L is the total length (cm), a is the intercept and
b is the slope of the regression line.
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Statistical analyses were carried out with SPSS 13 software package and a significance level of 0.05 was adopted.

3. RESULTS

3.1 Relative abundance

The relative abundance of A. mossulensis was fluctuated from 23.9% in November to 80.4% in July (Fig. 2), with an
overall value being 48.3% of the total catch. A. mossulensis was the dominant species in the study region for five

months, February, May, July, August and October.
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Figure (2): The relative abundance of A. mossulensis in Euphrates River

3.2 Length frequency distribution

The length-frequency distribution of 2307 individuals of A. mossulensis which ranged from 3.7 to 18.4 cm is
presented in Figure 3. The smallest fish caught in May and the largest one in April. The length group of 9.0 cm was
prevailing and formed 19.7%, followed by the length group of 10.0 cm, comprising 18.7% of the total catch. The fish at

length groups 7.0 to 12.0 cm formed 85.6% of the total catch.
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Figure (3): The overall length frequency of A. mossulensis in Euphrates River

3.3 Length-weight relationship and condition factor

Analysis of covariance showed that there was a significant difference in the regressions between immature fish and
females of A. mossulensis (t= 3.69, P<0.05) and between the mature sexes (t= 7.92, P<0.05), but no significant
difference was detected between immature fish and males (t= 1.89, P<0.05). Therefore, the length-weight relationships
were calculated separately and represented with the following equations (Fig. 4): W = 0.003 L*%" (r* = 0.776) for
immature, W = 0.004 L*% (r* = 0.778) for males and W = 0.002 L>!%* (r? = 0.841) for females. No statistical significant
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differences were detected between the slopes of the regression equations for immature and males from the value 3.0 (t=
0.49 and 0.20 respectively, P> 0.05), whereas for females was significantly different from 3.0 (t= 2.23, P< 0.05).

The relative condition factor (K,) for immature fish was ranged from 0.71 in June to 1.44 in February, for males
from 0.70 in August to 1.24 in January and for females from 0.78 in August to 1.44 in January (Fig. 5). The overall mean
values of the relative condition factor for immature, males and females were 1.05, 0.99 and 1.06 respectively.

3.4 Age and Growth

The estimated age from scales ranged from 1 to 4 years, with most specimens in age two. The scatter diagram
denotes the straight - line relationship between fish length and scale length. The relationship was expressed as: L =2.549
+ 4.825S. The linear agreement of the relationship was supported by high coefficient correlation (r>= 0.910).

Table 1 represents the average length of A. mossulensis at each annulus as determined by back calculation of lengths
from the fish of different ages. The mean lengths so estimated at ages 1 to 4 year were found to be 8.0, 11.2, 13.7 and
16.0cm respectively. Occurrence of rapid growth in length was found during the first year of life, followed by a period of
slow growth rate in the rest of life. The percentage annual increment varied from 49.8% during the first year of life to
14.6% during the 4™ year of life (Table 2).

The von Bertalanffy growth model was fitted to the age/length data of A. mossulensis, which can be expressed as: L=
20.4(1-e0*+0270) The growth performance index (@) of A. mossulensis was computed as 2.16.

3.5 Sex ratio, GSI and Fecundity

Results showed that the population of A. mossulensis was composed mostly of females (males= 147, females = 256).
Females were more abundant than males throughout the year except in January (1:0.31) and February (1:0.4). The
overall ratio (males to females) was 1:1.7, which deviated from 1:1 (X2 = 29.5, P<0.05). The minimum length (Ls0) at
which at least 50% of the fish samples were mature during spawning is considered as the minimum size at which the fish
attains sexual maturity. The mean value of L5 was 8.0cm for both the sexes, which corresponded to one year old.

Monthly changes in the mean gonado-somatic index (GSI) for both sexes of A. mossulensis are shown in Figure 6.
There were peaks in the GSI in January, 14.0 for females and 5.8 for males. Thereafter, these values decline sharply.
Following this period, the GSI values gradually decrease to minimum values of 0.8 for females and 0.6 for males in June
as a sign of continuous release of eggs.

Fecundity estimates based on 20 mature females varied from individual to individual, ranging from 1119 eggs for a
length (10.1 cm) and a weight (6.63 g) to 5022 eggs for a length (14.2 cm) and a weight (18.7 g). The relationship
between total length (L) and the number of eggs (F) of A. mossulensis was F = 0.148L3%° (r>= 0.605).

4. DISCUSSION

The bleak, A. mossulensis was dominated in the study region and found throughout the year. It was one of the most
abundant species in Iragi waters. Epler et al. [5] found in the eighties of last century in Lakes Habbaniya, Tharthar and
Razzazah (middle of Iraq) that L. abu was the most dominant species followed by A. mossulensis (A. shetina). In
southern restored marshes, the species appeared during most of the year and came third in Chybayish marsh [7], fourth in
East Hammar marsh [8] and fifth in Al-Hawizeh marsh [6]. A. mossulensis contributed 18.8 % of fish population in the
Lesser Zab River, north Iraq [27].

Length distribution in the A. mossulensis population in the present study was 3.7-18.4 cm and the fish at length
groups 9.0 - 10.0 cm were prevailing and constituted 38.7% of the total catch. Saud [16] found that the length size of this
species in Garmat Ali River was 13.0cm, whereas in the southern marshlands, the total length of A. mossulensis ranged
from 7.7 to 19.7 cm and the length group of 10.0 cm was prevailing [28]. In Turkey, the length distribution of A.
mossulensis varied between 8.4 to 24.2cm in Ataturk Dam Lake [11], and 12.3 to 20.4 cm in Karakaya Dam Lake [12].
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Figure (4): The length-weight relationships of A. mossulensis in Euphrates River
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Figure (5): The relative condition factor (Kn) of A. mossulensis in Euphrates River

Table (1): Mean observed and back-calculated total lengths of A. mossulensis

Age Number of Length at age (cm) Observed
fish 1 2 3 4 length (cm)
1 56 7.6 8.5
2 80 7.9 11.0 114
3 33 8.7 115 13.8 14.3
4 14 8.4 115 13.3 16.0 16.9
Mean length (cm) 8.0 11.2 13.7 16.0
Annual increment (cm) 8.0 3.2 25 2.4
% Growth increment 49.8 20.0 15.6 14.6
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Figure (6): The gonado-somatic index (GSI) of A. mossulensis in Euphrates River

In the present study, the length-weight relationships of immature and male individuals of A. mossulensis showed
isometric growth, indicating the proportional increments of weights to lengths. While female individuals exhibited
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positive allometric growth, fish weight increased greater than its length. These results are comparable with the findings
of other studies on the species in nearby waterways, the value of b was reported to be 3.12 in Garmat Ali River [16], 3.04
in East Hammar marsh [28]. Differences in length-weight relationship between sexes are known in the literature. For this
species in Turkish waters, the b value was 2.91 for males and 3.13 for females in Karasu River [10], 3.31 in Ataturk
Lake [11], 2.14 for males and 2.07 for females in Karakaya Lake, used fork length [12]. The b value for A. mossulensis
in Gamasiab River, Iran was 3.17 [13]. These variations could be attributed to differences in size range of fish, degree of
stomach fullness, sex, age, health, major change in environment factors and stage of maturity [23, 22, 29].

The monthly variation in the relative condition factor of A. mossulensis showed similar trends in both sexes, the
maximum values were reported in January and the minimum values were observed in August for both sexes. This
fluctuation may largely be attributed to filling gonads and to feeding opportunities. This same trend was observed with
Gonado-somatic Index (GSI) values of the species, mean GSI values were highest in January. The relative condition
factor of immature fish increased during spring months may be attributed directly to feeding activity. It seems that the
overall relative condition factors of A. mossulensis population in the study region were higher than those of Tuz Chi
River, north Iraq, K,= 1.00 [18] and Karakaya Lake, Turkey, K,= 0.84 for males and 0.90 for females [2]. Seasonal
variation of relative condition factor is influenced by the gonad development, feeding activity and several other factors
[22, 30, 31, 32].

The asymptotic length (Loo) of A. mossulensis in the present study can be compared favorably with those from
other Iraqgi and Turkish waters. The values of Loo were 19.7cm [16] and 20.7cm [28] in Iragi water, whereas 19.8cm in
male and 21.9cm in female [10], and 20.1cm in male and 19.6cm in female [12] in Turkish water. The growth
performance index (&) for A. mossulensis in the present study was between the values 2.75, 1.73 and 2.56 for males,
females and both sexes, respectively in Karakaya Lake, Turkish [12]. It has been reported that there must be some
differences between growth characteristics among localities as a result of diversity and availability of dietary items,
hydrographical and climatic conditions [33, 34].

Analysis of the reproductive biology of the A. mossulensis population in the present work revealed that the overall
sex ratio (males: females) was found to be 1:1.7, significant difference from the expected situation. In Garmat Ali River,
the sex ratio (males: females) was 1:2.7 [16], in Tuz Chi River, 1:1 [18] and in Karakaya Lake, 1:3.12 [12]. The sex ratio
of fish population changes based on spawning season, life stage of the fish, spawning ground, fishing area, and migration
[33, 34].The mean length at first maturity (Lyso) Oof A. mossulensis was 8.0cm for both the sexes, which corresponded to
one year old. Saud [16] and Ugkun and Gokee [12] have been reported that the species attained sexual maturity at the
same age in Garmat Ali River, Iraq and in Karakaya Lake, Turkish, respectively.

The GSI indicates gonad development and maturity of fish, therefore monthly change in GSI was followed in order to
determine the time of the spawning season and reproductive behavior. The GSI of males and females reached its peak in
January in the population of A. mossulensis, and then sharply declined in February. According to these results, the
spawning season of this species began in February and continued until May. The combination of GSI and condition
factor has been suggested as appropriate indicator of spawning periods in teleosts [35]. According to [16] the peak of
GSI for A. mossulensis in Garmat Ali River, south of Iraq occurred in February, whereas in April in Tuz Chi River, north
of Iraq [18]. The peak of GSI for the species took place in May in Karakaya Lake, Turkish [12]. This could be related to
the geographical and ecological differences between the populations of the species [33].

In this study, the absolute fecundity of A. mossulensis increased in proportion to the 3.939 power of fish length,
which was within the range 2.3-5.3 calculated for a variety of species by [36]. The fecundity ranged from 1119 to 5022
eqgs, this result was within the fecundity range of A. mossulensis reported in the literature. In Garmat Ali River [16] the
absolute fecundity of A. mossulensis varied from 1926 to 11779 eggs, while in Karakaya Lake the absolute fecundity
ranged from 1777 to 3814 [12]. The variation of fecundity is common in fish and the number of eggs produced by an
individual is body length, age, condition dependent [37].

5. CONCLUSION
This study has provided basic information on the distribution, size, weight, condition, growth and reproduction for

A. mossulensis that will be helpful in similar studies. As no information on these biological aspects currently exists in
FishBase, the present results may contribute to this invaluable database.

Asian Online Journals (www.ajouronline.com) 283




Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 03 — Issue 02, April 2015

6. REFERENCES

[1] Kuru, M. 1978. The freshwater fish of South-Eastern Turkey-2 (Euphrates-Tigris system). Hacettepe Bull. Nat. Sci.
Eng., 7-8: 105-114.

[2] Coad, B.W. 2010. Freshwater Fishes of Irag. Sofia, Bulgaria: Pensoft Publishers. 274p + 16 plats.

[3] Esmaeili, H.R., Coad, B.W., Gholamifard, A., Nazari, N. and Teimory, A.. 2010. Annotated checklist of the
freshwater fishes of Iran. Zoosystematica Rossica, 19(2): 361-386.

[4] Khalaf, K.T. 1961. The marine and freshwater fishes of Irag. Al-Rabitta Press. Baghdad. 163p.

[5] Epler et al. 2001. Epler P., R. Bartal, J. A. Szczerbowski, J. Szypula. 2001. Age and growth of fish in lakes Tharthar,
Razzazah and Habbaniya. Archives of Poland Fisheries, 9: 185-197.

[6] Mohamed, A.R.M., Hussain, N.A., Al-Noor, S.S., Coad, B.W., Mutlak, F.M., Al-Sudani, I. M., Mojer, A. M. and
Toman, A. J. (2008). Species composition, ecological indices and trophic pyramid of fish assemblage of the restored
Al-Hawizeh Marsh, Southern Irag. Ecohydrology & Hydrobiology, 8 (2-4): 375-384.

[7] Mohamed, A. R. M., Hussain, N. A., Al-Noor, S. S. and Mutlak, F. M. 2012. Ecological and biological aspects of fish
assemblage in the Chybayish marsh, Southern Iraq. Ecohydrology & Hydrobiology, 12(1): 65-74.

[8] Mohamed, A.R.M., Hussein, S.A. and Mutlak, F. M. 2014. Composition of fish assemblage in the East Hammar
marsh, southern Irag. Baghdad J. Science, 11(3): 1373-1381.

[9] Turkmen, M. and Akyurt, 1. 2000. The population structure and growth properties of Chalcalburnus mossulensis
Heckel, 1843 caught from Askale region of river Karasu. Turk. J. Biol., 24: 95-111.

[10] Yildirim, A., Haliloglu, H.I., Turkmen, M. and Erdogan, O. 2003. Age and growth characteristics of Chalcalburnus
mossulensis (Heckel, 1843) living in Karasu river (Erzurum-Turkey). Turk. J. Vet Anim. Sci., 27: 1091-1096.

[11] Basusta, N. and Cicek, E. C. 2006. 2006. Length—weight relationships for some teleost fishes caught in Ataturk
Dam Lake on southeastern Anatolia, Turkey. J. Appl. Ichthyol. 22:279-280.

[12] Uckun, A. A. and Gokge, D. 2015. Assessing age, growth, and reproduction of Alburnus mossulensis and
Acanthobrama marmid (Cyprinidae) populations in Karakaya Dam Lake (Turkey). Turk J. Zool., 39: 1-14.

[13] Mousavi-Sabet, H., Abdollahpour, S., Salehi-Farsani, A., Vatandoust, S., Langroudi, H.F., Jamalzade, H.R. and
Nasrollahzadeh, A. 2013. Length-weight and length-length relationships and condition factor of Alburnus
mossulensis (Heckel, 1843) from the Persian Gulf basin. AACL Bioflux, 6(4): 297-302.

[14] Yousefian M., Keshavarz K., Kafshkari Y. Y. 2013. Principal components analysis of Alburnus mossulensis
morphology, Iran. Int. J. Plant, Anim. Envier. Sci., 3(1):16-165.

[15] Dorafshan, S., Shafee, Z. and Keivany, Y. 2014. A study on genetic differentiation in two species of Iranian bleaks,
Alburnus mossulensis and Alburnus caeruleus (Teleostei, Cyprinidae) using simple sequence repeats. Caspian J.
Env. Sci., 12( 2): 197-204.

[16] Saud, H.A. 1998. The biology of two species (Cyprinidae), Acanthobrama marmid and Chalcalburnus sellal in
Garmat Ali River, south Basrah. M.Sc. Thesis, Basrah University, Iraq. 60p.

[17] Jawad, L.A. 2004. Preliminary study on the use of eye lens diameter and weight as an age indicator in two cyprinid
fishes collected from Basrah, Irag. Bull. Mus. Reg. Sci. Nat. Torino, 21 (1): 151-158.

[18] Al-Shawi, S.A.S. and Wahab, N. K. 2011. some biological aspects of Chalcalburnus sellal (Heckel) in Tuz Chi
River, north Irag. Diyala J. Agricultural Science, 3(2): 137-151.

[19] Odum, W.A. 1970. Insidious alternation of the estuarine environment. Trans. Am. Fish. Soc., 99: 836-847.

[20] Schneider, James C., Laarman, P.W. and Gowing, H. 2000. Age and growth methods and state averages. Chapter 9
in Schneider, James C. (ed.) 2000. Manual of fisheries survey methods Il: with periodic updates. Michigan
Department of Natural Resources. Fisheries Special Report 25, Ann Arbor.

[21] LeCren, E. D. 1951. The length-weight relationship and seasonal cycle in gonad weight and condition in the perch
(Peraca fluriatilis). J. Anim. Ecol., 20: 201-219.

[22] Bagenal, T. B. and Tesch, F. W. 1978. Age and growth. In: Methods for assessment of fish production in fresh
water, 3"edn. (T. Bagenal, ed.), IBP Handbook No. (3):101-130. Oxford: Blackwell Sci. Publ.

[23] Ricker, W. E. 1975. Computation and interpretation of biological statistic of fish Populations. Bull. Fish. Res. Bd.
Can., 119:382p

[24] Pauly, D. A. 1983. Some simple methods for the assessment of tropical fish stocks. FAO Fish, Tech. Pap., 234, 52p.

[25] De Silva, S.S. 1973. Aspects of the reproductive biology of the sprats sprattus sprattus L. in inshore waters of the
west coast of Scotland. J. Fish Biol., 5: 689-705

[26] Bagenal, T. B. and Braum, E. 1978. Eggs and early life history. In: Methods for assessment of fish production in
fresh water, 3"edn. (T. Bagenal,ed.), IBP Handbook No. (3):165-201. Oxford: Blackwell Sci. Publ.

[27] Hamza, H.A., Resan, A.K. and Hussain, N. A. 2014. Spatial groups, occurrence, relative abundance and ecological
indices of fish species from Lesser Zab River, Kurdistan region, Irag. J. Zankoy Sulaimani-Part A, 16: 323-334.

[28] Al-Fasil, A. J. 2008. Taxonomic study for Alburnus mossulensis, Acanthobrama marmid and Hemiculter leucisculus
in southern Iragi marshes. M.Sc. Thesis, Basrah University, Irag. 123p.

[29] Wooten, R.J. 1998. Ecology of teleost fishes. Kluwer Academic Publishers. Dordrecht. The Netherlands. 392 p.

Asian Online Journals (www.ajouronline.com) 284




Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 03 — Issue 02, April 2015

[30] Papageorgiou, N. K. 1979. The length weight relationship, age, growth and reproduction of the roach Rutilus
rutilus (L.) in Lake Volvi. J. Fish Biol., 14: 529-538.

[31] Doddamani, M., Rameshaand, T.J. and Shanbhogue, S.L. 2001. Length-weight relationship and condition factor of
Stolephorus bataviensis from Mangalore area. Indian J Fish, 48: 329-332.

[32] Simon, K.D., Bakar, Y., Mazlan, A.G., Zaidi, C.C., Samat, A., Arshad, A., Temple, S.E. and Brown-Peterson, N.J.
2012. Aspects of the reproductive biology of two archer fishes Toxotes chatareus (Hamilton 1822) and Toxotes
jaculatrix (Pallas 1767). Environ. Biol. Fish., 93: 491-503.

]33] Nikolsky, G. V. 1963. The ecology of fishes. Acad. Press, London and New York, 352 p.

[34] Mouine, N., Ktari, M.H. and Chakroun-Marzouk, N. 2011. Reproductive characteristics of Spondylioso
macantharus (Linnaeus, 1758) in the Gulf of Tunis. J Appl. Ichthyol., 27: 827-831.

[34] Bartulovic, V., Glamuzina, B., Conides, A., Dulcic, J., Lucic, D., Njire, J. and Kozul, V. 2004. Age, growth,
mortality and sex ratio of sand smelt, Atherina boyeri, Risso, 1810 (Pisces: Atherinidae) in the estuary of
the Mala Neretva River (Middle-Eastern Adriatic, Croatia). J. Appl. Ichthyol., 20: 427-430.

[35] DeMartini, E.E., Lau, B.B. 1999. Morphometric criteria for estimating sexual maturity in two snappers, Etelis
carbunculus and Pristipomoides Sieboldii. J. Fish Biol., 97: 449-458.

[36] Bagenal, T.B. 1978. Aspects of Fish Fecundity. In: Gerking, S.D. (Ed.), Ecology of Freshwater Fish Production.
Blackwell Scientific Publications, Oxford, pp: 75-101.

[37] Lagler, K.F., Bardach, J.F.Z. and Miller, R.R. 1967. Ichthyology: John Wiley and Sons, Inc, New York, London,
Sydney, pp: 59-301.

Asian Online Journals (www.ajouronline.com) 285




