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ABSTRACT

The present study was carried out to understand the reproductive characteristic 

features of double spotted queen fish, Scomberoides lysan during January 2010 to 

December 2011 from the waters around Jaffna Peninsula, Sri Lanka. Monthly 

random sampling was performed during the period and a total o f 1534 

Scomberoides lysan were collected from Paasaiyoor, Kurunagar, Ponnalai, 

Karainagar, Delft and Point Pedro landing centers. Macroscopic and microscopic 

analysis o f ovaries confirmed that this species shows intense spawning during 

June and September. Hydrated and post ovulatory follicle stage oocytes and 

spawning stage testes were only available during June and September and 

gonadosomatic index further confirmed that an intense spawning season was in 

September followed by June. Fecundity varied from 24 655 to 82 562 542. The 

computer based linear regression statistical analysis for fecundity (FE) versus 

ovary weight (OW) and total length (TL) revealed equations o f FE = OW2 4 x 

288.40 and FE = TL675 x 1584893. Overall sex ratio did not vary significantly 

from an expected 1:1 ratio, with slightly less number o f males than females 

(1.19:1, X2=0.865, P>0.05). Probit analysis of proportion mature versus total 

length for male and female indicates that S. lysan male reached maturity at 55.4 

cm total length while female reached maturity at 60.7 cm total length and the 

reverse von Bertalanffy equation expressed that the age at 50 % maturity for male 

and female are 2.27 years and 2.71 years respectively. The optimized values for K 

and Loo obtained by ELEFAN I for male and female was 0.41 year'1, 87.96 cm and

0.40 year'1, 88.85 cm respectively. To protect the species in a sustainable level, S. 

lysan shall be protected during the peak spawning season September and June. 

The results obtained from the present study can be used in the management o f 51. 

lysan from the Sri Lankan waters to ensure the sustainable utilization and can be 

used in mariculture o f this species.
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1. Introduction

1.1 General introduction

Fish are one of the major groups of vertebrates, found in various types o f aquatic 

habitats. Fish and fishery products provide a valuable source of animal protein 

and essential micronutrients to the human life. It contributes about 154 million 

tons to the world in year 2011 (Anonymous, 2012a). In Sri Lanka, it contributes 

about 384 670 metric tons in year 2010 and it provides about 2.14 % to the 

national export earnings (Anonymous, 2012b).

Major fish species of Sri Lanka include Seer, Paraw, Balaya, Kelawalla, Shark, 

Skate, Prawns, Lobsters, crabs and Sea cucumbers (Anonymous. 2012b). Among 

them carangids contributing to 5 % of total productions and one of the major fish 

groups that have high consumer demand in the local markets as well as in the 

export fisheries. Fig. 1 shows the major commercial groups of Sri Lankan fishes 

and their production data for the year 2010. Percapita consumption o f marine 

dried fish is about 3.1 kg/ year in year 2009/ 2010 (Anonymous, 2012b).

The total fish production of Jaffna district in year 2010 was 20 890 metric tons 

and within that nearly 10 % was carangids (Anonymous, 2012b). Jaffna 

contributes about 6 % of the total fish production in Sri Lanka in year 2010 

(Anonymous, 2012b)
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Crabs

15%

Fig. 1. Marine production in Sri Lanka by major commercial
fish groups- 2010 (Source: Ministry of Fisheries and Aquatic 
resources development, 2012)

1.2 Carangid fishery.

Members of the family Carangidae represents about 5 % of the world’s annual 

marine fin fish landings (Ditty et al., 2004). The family Carangidae includes 

diverse marine fishes that are ecologically and economically important species 

such as jacks, scads, travelly, pompano, ambeijacks and queen fishes. The group 

is heterogeneous, including genera of quite different shapes and appearances, 

from elongated and fusi form to high and laterally compressed body (Ginsburg, 

1952).

The carangids are constituted by approximately 32 genera and 140 species 

(Katsuragawa and Matsuura, 1992). Thirty six species of carangids are having
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high commercial value and these are most delicious food fishes available along 

the Indian coast (Persis et a l, 2009).

Carangid fishes inhabit marine and estuarine waters in tropical, subtropical and 

temperate regions of the world ocean (Bannikov, 1987). Most are either deep 

bodied neritic bottom feeders or more slender neritic. A few species such as the 

rainbow runner and pilot fish are pelagic, typically found in the open oceans. 

Carangids are found in all tropical and subtropical marine waters of the world, 

and some occur in temperate regions (Nair et a l, 2010). They are active 

swimmers and live in schools or small groups (Berry & Smith-Vaniz, 1978). The 

group is heterogeneous, including genera of quite different shapes and 

appearances, from elongated and fusiform to high and laterally compressed body 

(Ginsburg, 1952).

Carangids are suitable for caning, salting, drying, smoking and as fresh food fish. 

Although more acceptable than herrings for human food because of their large 

size, fewer bones, and less oil (Reintjes, 1979).

In addition, some carangid species show aquaculture potential due to their high 

consumer demand and ecological acceptance. Mariculture of Carangids is being 

practiced in several countries. Mariculture of Florida pompano (Trachionotus 

carolinus) has increased after the publication of a preliminary report on its 

biology, fisheries and farming by Berry and Iversen (1966). Several studies

3



reported that mariculture of carangids is possible and most work has been focused 

on Trachionotus species (T. carolinus, T. goode, T. falcatus) in United States and 

white travelly cultured in net cages in Japan (Ogawa, 1992). The greater 

ambeijack (Seriola dumerili) is reported to have considerable aquaculture 

potential due to rapid growth rate and commercial value (Marino et al., 1995).

Queen fish (Chorinemus lysan) is abundantly available in Bangladesh marine 

water but it has limited value in the fresh fish market due to less attractive in 

appearance and taste. This species might be provided an attractive source of raw 

materials for production of surimi (Kamal et al., 2005).

1.3 Carangid fishery in Sri Lanka

It contributes about 4.5 % of the total marine catches (Anonymous, 2012b). They 

are popular food fishes range from small size to larger queen fishes and are 

utilized in several formats as fresh, salting and drying, smoking, or converted in 

to ‘maldive fish’ in Sri Lanka (De Bruin et al., 1994).

James (1964) stated that good fishing grounds for the Chorinemus lysan are 

Kachchativu (79 0 31’E, 90 23’ N) and Neduntivu (790 43’E, 90 34’N) off the 

Rameswaram coast (Palk Bay).
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1.4 Queen fishery in Sri Lanka

Queen fishes are one of the economically important carangid food fishes popular 

for dry fish production and have high export value in Sri Lanka. These are also 

popular in recreational fisheries (Griffiths et al., 2005; Honebrink, 2000). Fig.2. 

shows dry fish production of Scomberoides sp in Viyapaari moolai, Point Pedro 

coast, Northern part of Sri Lanka. During 2009/ 2010, dried queen fishes were 

obtained forth place (about 6.25 %) in the average monthly household dried fish 

consumption in Sri Lanka. The retail price in Colombo suburb markets is about 

Rs. 788/= per Kg in year 2010 (Anonymous, 2012b). It is also imported to Sri 

Lanka due to the high consumer demand as in the form of dried fish; but the price 

of locally prepared dried fish (Rs. 590/=) is slightly higher than that of imported 

one (Rs. 567/=) (Anonymous, 2008; Anonymous, 2012b).

Cutting Salting Siui drying

Fig. 2. Dry fish production of Scomberoides sp in Point Pedro, Northern part of 
Sri Lanka
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1.5 Fishing gear used to catch Queen Fishes:

Various types of gill nets were used to catch queen fishes in the waters around Jaffna 

Peninsula. Drift set gill net (Fig. 3 a) with 7" (17. 8 cm) mesh size and 21 ply is the 

specific gear used in Point Pedro, Delft, Karainagar and Kurunagar. But in Kurunagar 

there is no record for the catches of S. lysan by this net during the study period. Only 

the S. commersonianus were caught by this net. A trap net with 2 x/i i" (6.4 cm) mesh 

size and 1.2 cm mesh size, operated in shallow waters also used. In Tamil, it is 

referred as ‘Sirahu valai’ in the Jaffna lagoon area and in Karainagar it is called as 

‘Kalankatti valai’ (Fig.3b).

3a

Fig. 3. Fishing gears used to catch queen fishes in the waters around Jaffna 
Peninsula. 3a- a portion of drift gillnet; 3b- Sirakuvalai (Shutharsan and 
Sivashanthini, 2011)

1.6 Fishing crafts used to catch queen fishes:

There is no specific fishing craft used in the fishery of queen fish, but in Point Pedro, 

Delft and Kurunagar fishermen use merchanised boats including few multi day boats 

equipped with T  21 ply drift gill nets. In the lagoon fishery, kattumaran and small 

vallam are being used to reach the trap nets and collect the fish by hand nets. Fig. 4.
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shows some fishing crafts used in the carangid fishery.

Fig.4. Some fishing crafts operated in the waters around Jaffna peninsula.

1.7 Taxonomy and Classification

Kingdom: Animalia 

Phylum: Chordata 

Subphylum: Vertebrata 

Class: Actinopterygii 

Order: Perciformes 

Suborder: Percoidei 

Super family: Percoidea 

Family: Carangidae 

Genus: Scomberoides

Species: S. lysan (Forsskal, 1775)
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English : Double spotted queen fish, lesser queen fish, Leather jacket, Leather 

skin, Leather back,

Tamil : Katta paarai, Kola katta

Sinhala : Kattawa, Gona kattava, Katu bollu katava, Nil katava,

1.8 Common Names

1.9 Synonyms (Froese and Pauly, 2012)

Svnonvm Author

Chorinemus lysan Forsskal, 1775

Chorinemus mauritianus Cuvier, 1832

Chorinemus moadetta Cuvier, 1832

Chorinemus oriental is Temminck& Schlegel, 1844

Chorinemus sanctipetri Cuvier, 1832

Chorinemus tolooparah Riippell, 1829

Lichia lysan Forsskal, 1775

Lichia tolooparah Riippell, 1829

Scomber forsteri Schneider & Forster, 1801

Scomber lysan Forsskal, 1775

Scomberoides moadetta Cuvier, 1832

Scomberoides oriental is (Temminck& Schlegel, 1844

Scomberoides sanctipetri Cuvier, 1832

Scomberoides tolooparah Riippell, 1829
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1.10 Distribution and habitat

Queen fish are a group of tropical pelagic fish species that are widely distributed 

throughout the Indo-West Pacific region, often in schools (Honebrink, 2000) 

inhabiting inshore and offshore reefs and estuaries (Griffiths et al., 2005; Durville et 

al., 2003; Froese and Pauly, 2012). Scomberoides lysan is commonly known as 

double spotted queen fish or leather jackets or leather backs inhabiting in the pelagic 

neritic waters over sand stones with coral, mud and sand in between 2 to 100 m of Sri 

Lankan waters (De Bruin et al., 1994). Distribution of Scomberoides lysan in the 

world was shown in Fig. 5.

Fig. 5. Distribution of Scomberoides lysan throughout the world ocean.

Source: Froese and Pauly (2012). (www.fishbase.org.)
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1.11 Scope of the present study

Queen fishes are economically important food fishes continuously exploited from the 

Sri Lankan waters without any management measures to ensure the sustainability. 

There is no information available about the biology, reproductive characteristics and the 

distribution of life stages of S. lysan in the Sri Lankan waters. This is the first attempt to,

• find out the length-weight relationship and condition factor

• collect information and provide detailed picture on reproduction o f 

Scomberoides lysan including information about fecundity, spawning 

frequency, peak season of spawning, spawning pattern, ovulation pattern and 

size at maturity.

• provide suggestions to maintain stock at a sustainable level through Ministry 

of Fisheries and Fishermen Co-operative Societies.
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2. Literature review

Carangids, particularly tropical fish species are poorly studied compared to 

Clupeiforms or Scomberoids (Clarke and Privitera, 1995). There are about 30 

species of carangids reported from the Bay of Bengal. Sixty six species from 22 

genera were recorded in Indian Ocean by Randal (1996). There are 20 genera of 

49 species were recorded in Sri Lankan waters (De Bruin et al., 1994); 36 species 

were recorded by Munro (1982). Eleven species o f family Carangidae were 

reported and found in Sri Lankan lagoons and estuaries (De Silva and Silva, 

1979). Genus Scomberoides comprises four species including S. lysan, S. 

commersonianus, S. tala and S. tol (Kimura et al., 1998). All these four species of 

genus: Scomberoides were reported in western Indian Ocean (Fischer and 

Bianchi, 1984) and in Sri Lanka (De Bruin et al., 1994 and Munro, 1955). Three 

species of genus: Scomberoides such as, S. commersonnianus, S. lysan and S. tol 

were recorded from the Jaffna lagoon (Nadaraja et a l, 2008).

However few studies were undertaken on queen fishes. S. commersonianus were 

reported to found abundantly in the inshore waters o f tropical bay in the Gulf of 

Carpentaria, Australia (Blaber et al., 2005). Age, growth and reproductive 

dynamics of S. commersonianus in the northern Australian waters had been 

studied by Griffiths et al., (2005); and the population dynamics of this species in 

the same area has also been reported by Griffiths et a l, (2006).
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Few studies were done on the gill parasites of Scomberoides sp. by various 

researchers (Ramasamy and Hanna, 1986; Ramasamy et al, 1985; Ramasamy et 

al., 1995; Ramasamy et al., 1987). Scale feeding behaviour of leather jacket was 

observed and reported by Major, 1973. The morphology of juvenile S. lysan and

S. tol was studied by Kimura et al., (1998).

The venom apparatus of Scomberoides sanctipetri was studied by Halstead and 

Danielson (1972); it consists of seven dorsal spines, two anal spines, then- 

associated musculature, venom glands and integumentary sheaths.

Randall (1967) divides the Carangid family by diet into fish feeders and plankton 

feeders. Piscivorous carangids feed on anchovies, sardines and silver bellies; 

some other carangids feed on squids, cuttle fishes, crabs and prawns (Kasim, 

2003). Holland et al., (1996) stated that carangids are opportunistic carnivores, 

feeding by day and night on fish, crustaceans and cephalopods.

Length weight relationship and Condition factor

Various authors revealed that information on length-weight relationship (LWR) is 

required to determine the conversion of growth-in-length equations to growth-in­

weight which can be used in stock assessment models; it can also be used in the 

estimation of biomass from length observations and estimation of the condition of 

the fish and this relationship is useful for comparisons between regions of life 

histories of certain species (De La Cruz Aguero et al., 2011, Goncalves et
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al.,1996, Froese and Pauly, 1998, Moutopoulos and Stergiou, 2002). The 

knowledge of LWR has an important role in the fisheries biology and population 

dynamics (Sivashanthini, 2008b). Measuring the weight of live fish in the field is 

very difficult and time consuming (Morato et al., 2001). In addition, LWR are 

also important in fisheries management for comparative growth studies 

(Moutopoulos and Stergiou, 2002).

The knowledge o f the relationship between length and weight of a fish species in 

a given geographic region is useful for estimating the condition of fish (Petrakis 

and Stergiou, 1995; Morato et al., 2001). Condition factors are used to compare 

the condition, fatness or well-being of fish (Tesch, 1968; Froese, 2006) which 

explained that heavier fish of a given length are in better condition (Bagenal and 

Tesh, 1978) and to determine possible differences between separate unit stocks of 

the same species (King 2007). Froese (2006) stated that the relative condition 

factor proposed by Le Cren (1951) is suitable for comparing condition within a 

given sample. The condition factor is frequently used in the analysis of 

ontogenetic changes and for life history comparisons between regions (Simon and 

Mazlan, 2008). Sivashanthini and Abeyrami (2003) explained that studies on the 

variation in condition factor in relation to spawning season could be an important 

measure to identify the condition or well being of fish throughout its life span and 

it could be used in the management of fish species. Anyanwu et al.,(2007) stated 

that the condition factors of gravid females are usually higher but decreases after 

the eggs are shed.
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Reproduction:

Reproductive strategy of a species is a characteristic feature and fixed for that 

species (Morgan, 2008). An understanding of the reproductive biology of a 

species is a central aspect of providing sound scientific advice for fisheries 

management (Morgan, 2008). Sivashanthini, (2008a) also stated that the 

knowledge on length at maturity and spawning season detects when and at which 

length the fish should be protected. Information on maturation and spawning of 

species will contribute to knowledge of their population dynamics and 

management of the stocks (Gabr et al., 1998). Determination of the peak period of 

spawning , exploitation level, understanding the biological characteristics and life 

cycle of a species are important in the management and re-construction of a fish 

species (Saeed et al., 2010). Therefore reproductive biological studies are 

important for the proper management and conservation of fish stock.

Spawning season and area, the age at maturity, the age at first reproduction and 

fecundity are the important parameters in reproductive biological studies (Salcedo 

et al., 2011; Jakobsen et al., 2009) and these parameters can be determined 

through the examination and classification of gonads into developmental stages 

(Mackie and Lewis, 2001). Karlou-Riga and Economidis, (1997) also states that 

observing the seasonal developmental changes in the gonads are the most suitable 

method for determining the reproductive cycle of fish.
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A better understanding of spawning areas and seasonal spawning migrations 

requires basic information on the distribution of larvae, which is suggestive of the 

proximity of adult spawning concentrations (Houde, 1982).

Categorizing the ovaries into developmental stages and measuring the oocyte 

diameter distribution using histological staging system will provide detailed 

information on ovulation pattern, spawning season, and abundance of maturity 

stages. Oocyte growth and development are the important issues in the 

reproductive biological studies of fishes (Tyler and Sumpter, 1996). Ovarian 

development usually defines the spawning season and number of offspring 

produced during spawning (De Martini and Fountain, 1981). Stahl and Kruse 

(2008) stated that classification of ovaries into developmental stages is a 

prerequisite for setting annual catch quotas using a harvest rate strategy based on 

spawning biomass estimates.

Histological studies are important to invent new and effective methods for 

increasing efficiency of brood stock, increasing fish production and ultimately 

increase efficiency and higher fish are predicted. Mackie and Lewis (2001) 

explained that the most accurate and detailed means of staging of gonads is by 

microscopic examination of histological prepared sections of each specimen. 

Descriptions of reproductive strategies and the assessment of fecundity are 

fundamental topics in the study of the biology and population dynamics of fish 

species (Hunter et al„ 1992). Within a stock, fecundity is known to vary annually,
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undergo long term changes (Horwood et al., 1986) and has been shown to be 

proportional to fish size and condition. Larger fish produce more eggs, both in 

absolute and in relative terms to body mass. For a given size, females in better 

condition exhibit higher fecundity (Kjesbu et al, 1991). Fecundity is the number 

of ripened eggs found in the female prior to spawning (Bagenal and Braum, 

1978); and it can he defined by several terms such as annual fecundity, total 

fecundity, potential annual fecundity, determinate fecundity, indeterminate 

fecundity, batch fecundity and relative fecundity (Hunter et al., 1992).

Reproductive seasonality was determined by monthly inspection of macroscopic 

and microscopic developmental stages and by gonado somatic index (Maartens et 

al., 2005). Honebrink (2000) stated that the spawning season for most species of 

carangids are fairly long, generally peaking during summer months. The 

reproductive dynamics of other species S. commersonianus was studied by 

Griffiths et al., (2005) in the Northern Australian waters.

Age and growth

Age and growth parameters of fishes are important to identify the life span, age at 

maturity and spawning. Age determination in fish is essential in fisheries 

management decisions, and the procedures must be reliable and provide valid 

results (Casselman, 1987). Growth studies are an essential instrument in the 

management of fisheries resources because they contribute to estimates of 

production, stock size, recruitment and mortality of fish populations (Isaac, 1990).
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For this reason, reliable estimates of the growth and mortality parameters of 

exploited fish populations are very important for their proper management (Pauly 

andMunro, 1984).

Age refers to the quantified period of time the fish lives whereas growth is the 

definite size change of fish between certain periods of time (De Vries and Frie, 

1996). Direct methods of age and growth determination by counting the growth 

rings (Cailliet et al., 1986; Cailliet, 1990) are not suitable for the tropical fishes. 

Therefore, indirect method of age determination by conversion of length 

frequency data into age composition (Gayanilo and Pauly, 1997) is used.

Estimation of age and growth parameters in tropical fishes can be done by 

computer based software including, Length- based Fish stock assessment (LFSA) 

(Sparre, 1987), COMPLEAT ELEFAN (Gayanilo et a l, 1988), MULTIFAN 

(Fournier et al., 1990), LFDA (Holden and Bravington, 1991) and FiSAT 

(Gayanilo and Pauly, 1997).

The biology of S. lysan is poorly known and there is no information available 

regarding their biology in Sri Lankan waters and no specific management regime 

is available for S. lysan species in Sri Lanka. Present study is the first attempt to 

understand the spawning of S. lysan as implications for management decision in 

the Sri Lankan waters which explains reproductive parameters such as sex ratio,
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length at first maturity, gonado somatic index, Hepato somatic index, fecundity, 

spawning season and spawning pattern.
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3. Materials and methods

3.1. Sampling

Monthly random samples of S. lysan were obtained between January 2010 and December 

2011 from the northern Sri Lankan waters located in the Indian Ocean between 79° E to 80° 

E longitudes and 9°N to 10°N latitudes. Samples were collected from commercial catches 

from Kurunagar, Paasaiyoor, Ponnalai, Karainagar, Point Pedro and Delft (Fig. 6). 

Individuals were caught mainly by 7" (17.8 cm) 21 ply mesh size, drift nets (‘Katta valai’ in 

Tamil) used particularly for queen fish. Fish samples were also caught using beach seines 

and trap nets (‘Kalankatti valai’ and ‘Sirahu valai’ in Tamil) with mesh size of 2Z" (6.4 

cm) and 0.47 " (1.2 cm) fixed in shallow waters. All collected fish were brought to the 

laboratory in ice and analyzed.

Karainagar

Delft
Indian
Ocean

Point Pedro

Indian 
Ocean

Fig 6. Sampling areas in the waters around Jaffna Peninsula.
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3.2. Species identification.

Species identification was done using morphological characteristic features (De Bruin et 

a l 1995; Munro, 1982 and Fischer and Bianchi, 1984) including shape and colour of the 

body, number and arrangements of blotches on the skin, type of scales, shape and number 

of fins, number of spines and soft rays present on each fin, number o f gill rakers, position 

of mouth and eye.

3.3. Sex determination and sex ratio

It was difficult to identify the sex externally. Sexes were separated by the examination o f 

gonads as male, female and unsexed. Sex ratio was determined from the number of 

specimens of each sex sampled every month and in every size group. To test the significant 

deviations from an expected 1:1 sex ratio for all male and female fish, the sex ratio values 

obtained every month were subjected to Chi- square test with Yate’s correction employing 

the formula,

^]= I  [(|o-e| - 0.5)2 / e] (Zar, 1999)

Where o = observed number,
e = expected number.
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3.4. Length -  weight relationship

The relationship between the length and weight o f a fish is usually expressed by the 

following equation:

W = a L b (Ricker, 1973)

Where, W is the weight of the fish, L is the total length, “a” and “b” are two 

coefficients.

If a fish is growing isometrically (increasing in all dimensions at the same rate) and 

doubles in length, its weight will increase in relation to the increase in volume; that is 

by 8 (or 23) times (King 2007). In such cases, there is a cubic relationship between 

length (L) and weight (W) and ‘b’ is close to 3 in isometric growth, and ‘a’ is a constant 

determined empirically.

Weights and lengths of male, female and unsexed were log transformed and the 

resulting linear relationship fitted by the computer based linear regression analysis and 

the significance of the regression was assessed by General Linear Model Analysis o f 

Covariance (GLMANCOVA) using MINITAB (Version 14) statistical software.

Log W= log a + b log L

The “b” values obtained for male, female and unsexed were tested by Student’s t- test to 

see whether the ‘b ’ values differ significantly from 3 or not (Zar 1999). Student’s t-test 

was employed by dividing the difference between ‘b’ and ‘3’ by standard error o f ‘b ’.

Two sample t-tests were performed to compare the mean weight data o f male and 

females to distinguish the significant difference between male and female.
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3.5. Relative Condition factor

The monthly mean relative condition factor for males and females were estimated as 

follows:

Kn = W/W (LeCren, 1951)

Where, Kn = relative condition factor, W= observed weight and W = calculated weight 

(expected geometric mean for the observed length obtained from the length weight 

relationship parameters).

W = a Lb

Where, a= proportional constant, b = exponent, L= total length o f fish ‘a’ and ‘b ’ value 

for male and female were obtained from the Length- weight relationship. Kn values of 

females and males were plotted against months. The mean relative condition factor for 

male and females were compared with their length by analysis o f variance (ANOVA) 

using computer based Statistica software. The mean relative condition for each 10 cm 

class intervals was computed for males and females and plotted as box-whisker plots in 

order to find out the variation in condition factor with length.

3.6. Maturity stages of gonads.

Gonads were carefully removed from the body cavity and staged macroscopically 

according to Mackie and Lewis, 2001; Hunter and Macewicz, 1985 and West, 1990. 

Microscopic staging was done using standard histological sectioning (Clark, 1981; 

Ratcliffe, 1982). Sub samples of four specimens (2 male and 2 female) from each 10 cm 

total length size range were taken from each monthly sample and gonads o f each 

specimen were taken for histological inspection. Small portions selected from each lobe
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at different position were obtained and preserved in Formal saline and kept for 2-4 

weeks.

Formal saline:

5 g o f sodium chloride,

100 ml o f Formalin 40 %

900 ml o f Distilled water

Then tissue samples were washed with 25 % of alcohol and dehydrated by placing on 

graded alcohol series from 25 % to 100 %. After that they were placed in clearing agent 

Xylene (Xylene: Absolute ethanol = 1:3, 1: 1 and in pure xylene). Dehydrated tissues 

were embedded in paraffin, sectioned at 6 pm by microtome Reichert Jung (1165 

Rotocut) and stained with liquid Haematoxylin and eosin and mounted with DPX. The 

prepared slides were examined and photographed through OPTIKA compound light 

microscope equipped with AIPTEK-AF1D Z600 camera.

Histological classification of ovaries was based on the previous studies done by Mackie 

and Lewis (2001) on the narrow- barred Spanish mackerel Scombefomorus commerson, 

Griffths et ai, (2001) on talang queen fish Scomberoides commersonianus; Al- Absawy 

and Mohamed (2010) on Merluccius merluccius; Mohmoud (2009) on Epinephelus 

areolatus and Lethrinus nebulosus\ Stalh and Kruse (2008) on the Walleye Pollock 

Theragra chalcogramma .Ovaries were staged on the basis of most advanced type o f 

oocyte present regardless o f their abundance (Wallace et ai, 1987; West, 1990; Baelde, 

1996).
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3.7. Monthly distribution of maturity stages

The percentage occurrence of identified maturity stages in relation to the respective 

months of both sexes, computed for both years were computed and represented 

graphically.

3.8. Length distribution of maturity stages

The percentage occurrence of identified maturity stages in relation to their length class 

of both sexes were computed and represented graphically.

3.9. Occurrence of maturity stages along the study area

The percentage occurrence of maturity stages of both sexes in respect to particular 

sampling sites and the percentage occurrence of length class were computed to identify 

distribution pattern of S. lysan in the northern Sri Lankan waters.

3.10. Size at maturity

The length at which 50 % of fish were sexually mature was estimated for reproductively 

active fish including stages III, IV, V and VI. The maturity data were grouped into 5 cm 

size groups and the percentage occurrence o f the specimens in each size group was 

calculated. Size at first maturity was arrived by plotting the percentage occurrence of 

mature specimens against total length class interval. The form of regression equation 

used was (King 1995):

P= 100/ (1 -+exp ["r (L'Lm)])
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Where P is the percentage of mature individuals, r is the slope o f the curve or rate of 

increase in maturity, Lm is length at 50 % maturity and 1 is the 1cm length class. Probit 

analysis was performed using computer based ‘R’ software to estimate L50.

3.11. Gonado somatic index (GSI)

Gonado somatic index (GSI) was determined by the most commonly used method in the 

literature (Griffiths et al., 2005; Brown-Peterson el al, 2000; Kaunda-Arara and Ntiba, 

1997) for both males and females using the formula:

GSI -  [(Gonad weight) / (Total weight- Gonad weight)] x 100 

The monthly average GSI values for both sexes were plotted against month and the 

fluctuating pattern was observed to identify the spawning season.

In order to find out spawning size by length, the mean GSI o f each 5.0 cm length class 

intervals were plotted

3.12. Hepatosomatic index (HSI)

Monthly changes in the Hepatosomatic index (HSI) were also analyzed to determine the 

spawning time during the reproductive cycle. HSI were calculated as follows:

HSI= [(LW/TW)] xlOO

where, LW is the weight of liver and TW is the total body weight.
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Annual fecundity estimates were based on fish that had undamaged ovaries and showed 

no sign of previous spawning in that season (i.e. no loose, hydrated oocytes in the 

lumen of the ovary, Watson el ah, 1992), no sign of post ovulatory follicles (POFs) and 

no sign of major atresia. Initially, lg  portions from each ovary were dissected from the 

anterior, median and posterior regions and weighed accurately (± 0.001 g). Analysis o f 

variance (ANOVA) was used to compare the number o f oocytes per gram between sub 

samples along the ovaries (in the anterior, median and posterior regions). Because no 

significant differences (P >0.05) were observed between regions, the medial gonad 

portions were weighed accurately and used for estimating fecundity by the gravimetric 

method (Hunter and Macewicz, 1985).

3.13. Fecundity

Fecundity =
Number of eggs in sub sample ...  . . A _Al . ,__________ _ __________ _  x Weight of the paired ovaries
Weight o f sub sample

Annual fecundity was estimated from yolked oocytes (stages IV and V). The annual 

fecundity was related to the total length and ovary weight o f fishes by using the 

following relationship (Bagenal, 1967):

FE = a X b

Where, FE is the fecundity, ‘a’ is a constant, ‘b ’ is the exponent derived from the data 

and X is the total length or ovary weight o f the fish. The following logarithmic 

transformation was used to obtain the regression lines o f each relationship:

FE = log a + b log X
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3.14. Ova diameter distribution

It was measured to the selected maturity stages. The diameter of ova of selected 

histologically prepared sections were measured to the nearest 0.01 pm using ocular 

micrometer equipped with compound light microscope and the percentage occurrence of 

each maturity stage oocytes were calculated in order to identify the ovulation pattern of 

S. lysan.

3.15. Linear relationship between testes weight versus fork length, liver weight 

versus fork length for males and ovary weights versus fork length, liver weight 

versus fork length for females

For males linear relationships between testes weight and fork length, testes weight and 

total weight and liver weight and fork length were obtained. For females, linear 

relationships between ovary weight and fork length, fecundity and ovary weight, 

fecundity and fork length were obtained.

3.16. Age and growth parameters

In order to estimate the age at maturity, growth parameters were estimated from the 

length frequency data using FiSAT II software.

The length frequency data were grouped sex wise into 5 cm class intervals, sequentially 

arranged for two years and used for estimation of growth. The following step wise 

procedures were adopted to estimate L,„ and K.

• Preliminary estimation of asymptotic length (L„) and growth coefficient (K) 

using the initial estimates of estimated by Powell Wetherall method.
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• Estimation of an initial value for asymptotic length (Loo) and Z/K (Z= total 

mortality and K= growth coefficient) using the Powell - Wetherall method

(Powell, 1979; Wetherall, 1986).

• Estimation o f probabilities of capture by detailed analysis o f left ascending 

part of the catch curve using the preliminary estimation made on the 

asymptotic length (Loo) growth coefficient (K) and computed time when the 

length is 0 (to).

• Correction o f the original length frequencies using probabilities o f capture 

(Pauly, 1986 a, b and c) for incomplete selection for length classes smaller than 

the first fully selected length through appropriate routine.

• Estimation of best optimize estimates o f Loo and K through ELEFAN I 

routine (Gayanilo and Pauly, 1997) from the corrected length frequency data.

3.16.1. Estimation of Loo and K 

(a). Powell- Wetherall method

Length frequency data were analysed by Powell - Wetherall method (Powell, 1979; 

Wetherall, 1986) by idetifying the smallest length fully recruited by the gear. This 

method is based on the following equation o f Beverton and Holt (1956).

Z — K X {(Loo - Lmean) I (Lmean — L )}

Where Lmean is the mean length of fish of length L' and longer, while L' is some length 

for which all fish of that length and longer are under full exploitation. As L' can take 

any value equal to and above the smallest length under full exploitation, above equation 

can give a series of estimates of Z, namely one for each choice of L'. This makes it 

possible to turn above equation into a regression analysis with L' as the independent
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variable. A series of algebraic manipulation shows that above mentioned equation is 

equivalent to:

Lmean “ L — a + b*L’ 

where Z/k = -(1+b)/ b and Lro = -a/b 

Or, b=-K/(Z/k)anda = -b*Loo

Thus, plotting Lmean - L' against L' gives a linear regression from which ‘a’ and ‘b’ can 

be estimated and hence Loo and Z/K, of which above equation represents the simplest 

approach. The asymptotic length (Loo) and the ratio o f the coefficients o f mortality and 

growth (Z/K) values were estimated by this method.

(b). ELEFANI method

Length frequency data were analysed by Electronic Length Frequency Analysis, a 

computer based method (Pauly and David, 1981; Pauly, 1987) using the appropriate 

routines. This method attempts to combine the logic o f the Peterson method and that o f 

modal progression analysis with a minimum of subjective inputs. L» and K values were 

obtained by this method.

3.16.2. Estimation of t«

Value o f t0 was estimated by substituting the L* and K in the following Pauly’s 

empirical equation (Pauly, 1983).
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Log (-to)« -  0.3922- 0.2752 log U  - 1.038 log K 

Where -0.399, -0.2752 and -1.038 are constants derived from 153 triplets of to, Loo and K 

selected from the compilation of length growth parameters such as tom cover a wide 

diversity of taxa and size.

3.16.3. Age at maturity

Age at 50% maturity (tso) was estimated from the inverse von Bertalanffy growth 

function, using the to, K, L50 and Loo values of S. lysan. 

t5o = to - ( l /K ) ln [ l- (L 5o/Loo)]

Where tso is the age at 50% maturity, to is the age at length 0, K is the growth coefficient 

(year -1) and Loo is the asymptotic length o f the fish. The age estimates and von 

Bertalanffy growth parameters used in this study were based on the computations of 

ELEFAN I method using FiSAT II software.

3.16.4. Estimation of longevity

Longevity was obtained from the following equation (Pauly, 1983): 

tmax — to +  3 /K

where tmax is the appropriate maximum age the fish of a given population would reach.

3.16.5. Growth performance index (0 )

The growth performance index (0) for male and female was computed using the 

following equation (Pauly and Munro, 1984):

0 =  logio K +21ogio La,
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Reproductive load or the ratio between mean size at first maturity and asymptotic length 

(L50/Loo) was computed for both fishes. Loo values obtained by ELEFAN I method were 

considered for computations.

3.16.6. Reproductive load

31



4. Results

4.1. Sampling

A total of 1534 Scomberoides lysan (525 males and 590 females and 419 unsexed) were 

collected from Kurunagar, Paasaiyoor, Ponnalai, Karainagar, Point Pedro and Delft and 

brought to the laboratory inboxes of ice and analyzed. The total length o f males ranged 

from 18 to 81.2 cm and females ranged from 19.5 cm to 80.6 cm. This is the new record 

of maximum length of both male and female in Sri Lankan waters. Weights o f males 

ranged from 21.6 to 2650 g and females ranged from 25 to 3000g.

4.2. Species identification.

Plate 1 shows the morphology of Scomberoides lysan.

Plate 1. A double spotted queen fish Scomberoides lysan

Distinguishing characters of Scomberoides lysan:

Body oblong to elliptical, strongly compressed; upper jaw extends to posterior margin 

of eye in adults; snout pointed; lower jaw with 2 rows of teeth separated by shallow 

groove; gill rakers 3-8 upper, 15-20 lower and 12-27 on first gill arch. Two separate 

dorsal fins, the first with 6-7 spines followed by 17 to 19 soft rays; posterior soft dorsal
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and anal fin rays consisting of semidetached fin lets; base o f anal and second dorsal fins 

about equal in length; lateral line only slightly irregular; No scutes.

Colour: In life, body grey green dorsally, silvery grey to midline and silvery white 

ventrally; adults with a double series o f 6 to 8 blotches above and below the lateral line, 

occasionally connected by narrow isthmus. Dorsal half o f dorsal fin lobe abruptly and 

heavily pigmented; anal fin lobe white or pale yellow. Large individuals with greater 

than 60 cm total length, the ventral side of the body appears in yellow colour.

4.3. Sex determination and sex ratio

It was difficult to identify sexes externally. Therefore sexes were identified by 

observing the gonads. Individuals with total length less than 18.0 cm were not sexed 

because their gonads were not clearly seen. Plate 5(a), (b) and plate 6(a), (b) illustrate 

the location of ovary and testis of male and female respectively.
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Plate 2. (a).Location of ovary in the female Scomberoides lysan; (b). Paired 
ovary of S. lysan

Plate3. (a). Location of testis in the male Scomberoides lysan; (b). Paired 
testes of S. lysan

Sex ratio

The number of fish examined every month and the male: female ratio of S. lysan from 

the pooled data is given in Fig. 7 and Table 1 respectively. Chi-square values calculated 

month wise showed that the sex ratio conformed to the expected 1:1 (P>0.05). Overall, 

sex ratio did not vary significantly from an expected 1:1 ratio, with slightly less number 

of males than females (1.19:1, X2=0.865, P>0.05). The percentage of females in the 

monthly samples of S. lysan ranged between 30 and 80 % whereas males ranged 

between 20 and 70 %.
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Table 1. Month wise sex ratio of S. lysan (NS = Not Significant, S = Significant)

Month No. of. No. of Total % %
Sex
ratio Chi2

.p .

value NS
male female male female (M:F) value or S

Ja n -10 4 6 10 40.00 60.00 0.67 0.11 >0.05 NS

Feb-10 8 18 26 30.77 69.23 0.44 0.31 >0.05 NS

M ar-10 13 22 35 37.14 62.86 0.59 0.17 >0.05 NS

A p r-10 23 22 45 51.11 48.89 1.05 0.00 >0.05 NS

M ay-10 28 16 44 63.64 36.36 1.75 0.56 >0.05 NS

Jun-10 32 26 58 55.17 44.83 1.23 0.05 >0.05 NS

Ju l-10 15 32 47 31.91 8.09 0.47 0.28 >0.05 NS

A ug-10 37 5 87 42.53 57.47 0.74 0.07 >0.05 N S

S ep -10 52 58 110 47.27 52.73 0.90 0.01 >0.05 NS

O ct-10 12 3 15 80.00 20.00 4.00 9.00 <0.05 S

N ov-10 12 20 32 37.50 62.50 0.60 0.16 >0.05 NS

D ec-10 10 8 18 55.56 44.44 1.25 0.06 >0.05 NS

Jan -11 4 12 16 25.00 75.00 0.33 0.44 >0.05 NS

F eb -11 10 3 13 76.92 23.08 3.33 5.44 <0.05 S

M ar-11 8 14 22 36.6 63.64 0.57 0.18 >0.05 NS

A p r-11 19 20 39 48.72 51.28 0.95 0.00 >0.05 NS

M ay-11 26 8 34 76.47 23.53 3.25 5.06 >0.05 NS

Jun-11 51 52 103 49.51 50.49 0.98 0.00 >0.05 NS

Ju l-11 17 19 36 47.22 52.78 0.89 0.01 >0.05 NS

A ug-11 31 54 85 36.47 63.53 0.57 0.18 >0.05 NS

S ep -11 72 99 171 42.11 57.89 0.73 0.07 >0.05 NS

O c t-11 24 8 32 75.00 25.00 3.00 4.00 <0.05 S

N o v -11 15 10 25 60.00 40.00 1.50 0.25 >0.05 NS

D ec -11 2 10 12 16.67 83.33 0.20 0.64 >0.05 NS

Total 525 590 1,115 47.09 52.91 1.12 0.02 >0.05 NS
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Figure 8 shows the lengthwise distribution of male and female S. lysan. Percentage of 

occurrence of female fall under length class categories 30- 35, 50- 55, 75- 80 and 80- 85 

were dominated by females.
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Fig. 8.Length wise distribution of male and female S. lysan
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4.4. Length -  weight relationship

A total number of 1534 Scomberoides lysan (525 males and 590 females and 419 

unsexed) were analyzed. The total length of males ranged from 18 to 81.2 cm and 

females ranged from 19.5 cm to 80.6 cm. This is the new record o f maximum length of 

both male and female in Sri Lankan waters. Weights of males ranged from 21.6 to 2650 

g and females ranged from 25 to 3000 g. The estimates of the regression parameters for 

male, female and unsexed are given in Table 2. The relationship between length and 

weight of male, female and unsexed S. lysan are shown in Fig 9, 10 and 11.

Table 2. Length -  weight relationship parameters of S. lysan (N = Number of 

observations, df= Degrees of freedom, ‘b’ = Regression exponent, ‘a’ = Constant, 

SS= Sum of squares, R2 = Correlation coefficient)

Sex N df Error estimate Rl ‘a’ ‘b’ Length range

df

residual

SS

residual

in cm

Male 525 524 523 9.99 0.929 0.0112 2.82 18 to 81.6

Female 590 589 588 9.84 0.937 0.0087 2.89 19.5 to 80.6

Unsexed 419 418 417 4.19 0.864 0.0363 2.43 14.6 to 36.1
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Fig.10. Relationship between log total length and log total weight of female S. lysatt
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F ig .ll. Relationship between log total length and log total weight of unsexed S. lysan

The results of student’s t test to analyze the significance o f variation in the estimates o f 

‘b ’ for S. lysan from the expected value for the ideal fish (3.0) are as follows:

Male (2.82-3)/ 0.0302= 5.960 Significant (Computed ta axo.os, 525> i.64s)

Female (2.89-3.0)/ 0.0273 = 4.030 Significant(Computed ta (2)o.os, 590 > 1.645)

Unsexed (2.43-3.0) / 0.0473 = 12.076 Significant (Computed ta (2)0.05,4i9> 1.645)

Student t- test showed that the ‘b’ values obtained for male, female and unsexed were 

significantly different (P<0.05) from ‘3’ indicating negative allometric growth for all 

categories.

Correlation coefficients (R2) of 0.929 for males, 0.937 for females and 0.8640 for 

unsexed were also found to be highly significant (p<0.001) in all instances indicating 

good correlation between length and weight of S. lysan.
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Comparison of regression co-efficient of male, female and unsexed using 

GLMANCOVA for the regression of log weight on log total length for S. lysan male, 

female and unsexed revealed that the ‘b’ values show significant differences (P<0.05) 

between each other.

Results of the two sample t-test showed that females were significantly (P< 0.05) 

heavier than males. The frequency distribution of total length for male, female and 

unsexed S. lysan individuals is shown in Fig. 12.

Fig.12 . Percentage frequency of total length distribution of male, female 
and unsexed S. lysan.

Highest percentage of frequency (35.75%) was observed for S. lysan individuals of 20.1 

-  30 cm total length class interval.

40

Length class intervals (cm)
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4.5. Relative Condition factor (Kn)

The relative condition factor o f males range from 0.101 to 1.846 and females range 

from 0.109 to 2.215. Monthly variation o f mean relative condition factor (Kn) 

expressed low values in June and September in both years (Fig. 13). Males and females 

followed more or less similar pattern o f variation in Kn. Males had relatively higher 

mean Kn values than females during February to July and females had relatively higher 

mean Kn values than male during July to February in both years.

The relationship between mean relative condition with total length for males and 

females are represented in Fig. 14 and 15. It is explained that Kn values fluctuate with 

the increasing lengths. For females, there is no significant difference in Kn between 

length classes except 15 cm; for males, Kn value for 85 cm length class significantly 

differed from the Kn values of fish with less than 55 cm total length. Females show 

increasing pattern of Kn value from 25 to 45 cm total length and males show increasing 

pattern of Kn value from 25 to 35 cm total length. Both male and female show a drop in 

Kn above 75 cm length class. Table 3 shows the minimum, maximum and mean relative 

condition factor of male and female S. lysan.
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Fig.14. A mean relative condition factor at different total lengths of male 
S. lysan
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Table 3. Minimum, maximum and mean Kn values of male and female
S. lysan

Sex Minimum Maximum Mean ± SD
Male 0.101 1.847 0.961±0.191
Female 0.109 2.215 0.998±0.220
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4.6. Maturity stages of gonads.

Maturity stages o f both male and female were categorized according to the macroscopic 

and microscopic features of gonads. Only five stages were identified by macroscopic 

features such as immature, maturing, mature, spawning and spent/rest; because it was 

difficult to differentiate the pre spawning and spawning stage ovaries macroscopically. 

However females were categorized in to seven stages such as immature (I), maturing 

(II), rest / developing (III), mature (IV), and pre spawning (V), spawning (VI) and spent 

(VII), macroscopically. The following developmental stages o f oocytes were identified 

by microscopic examination: Chromatin nuclear stage, peri nucleolus stage, cortical 

alveolar stage, yolk globular stage, hydrated stage, post ovulatory follicle stage and the 

various atretic stages (degenerating) such as a, p, y and 5.

For males only four stages were identified macroscopically and microscopically. The 

identified stages are immature (I), maturing (II), mature (III) and spawning. Spent males 

were not identified during the study period.

Description of ovarian developmental stages;

Stage I: Immature ovary

Macroscopic features: Small, thread like ovaries with pink and translucent colour; 

without visible oocytes. It is difficult to determine the sex morphologically in the earlier 

stage (Plate 4-A1).
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Microscopic features: Two stages were identified such as chromatin nucleolar stage 

(Plate 4-A2 & Plate 5-A3) and perinucleolar stage (Plate5-A3 & A4). Chromatin 

nucleolar stage (CNS) is characterized by large spherical nucleus which occupies the 

greater portion o f oocyte and strongly basophilic smooth cytoplasm appeared as dark 

purple in colour. CNS stage oocytes grow up to 50 pm. In the later stage they develop in 

to perinucleolus stage (PNS) which is characterized by the appearance of several 

nucleoli in the peripheral region of oval shaped nucleus. Cytoplasm is still strongly 

basophilic in nature and these stage oocytes reached 100 pm. Small spindle shaped 

follicular cells starts to proliferate and surrounds the oocytes. Weakly eosinophilic layer 

(precursor o f zona radiata) also starts to appear between the follicular cells and oocytes. 

But in the later stage, large PNS oocyte may develop small vacuoles in the cytoplasm 

that is very close to the nucleus.

Stage II: Maturing ovary

Macroscopic features: Medium size ovaries usually appeared as translucent pink, 

flattened, flaccid and relatively inconspicuous. Oocytes were not visible through the 

ovarian wall. External surface was smooth and uniform in appearance (Plate 6-B1).

Microscopic features: The cortical alveoli stage (CAS) in which yolk deposition 

initiated. In this stage, cytoplasm becomes weakly basophilic nature and the nucleus is 

about half o f the oocyte and still occupies a central position and it contains several 

nucleoli; Small clear staining yolk vesicles appeared throughout the mid and outer 

regions of the cytoplasm and forming a narrow row (cortical alveoli) near the periphery 

of the cytoplasm and clear staining oil droplets also appeared within the inner region of
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the cytoplasm, increasing in number and size around the central nucleus. Follicular cells 

become enlarge and surrounds the oocytes. This stage of ovary also contains CNS and 

PNS oocytes. Large oocytes grow up to 150 pm (Plate 6- B2 and B3).

Stage III: Rest/ developing ovary

Macroscopic features: It is difficult to differentiate macroscopically with first time 

maturing stage. Colour is typically semi-translucent rose/ purple; the ovarian wall and 

blood capillaries are thick. But the lumen is large when made a transverse section. Few 

oocytes were observed in the late stage (Plate 7- Cl).

Microscopic features: Second time developing ovary with several stage, o f oocytes such 

as CNS, PNS and CAS, but the dominating stage is depending on the season; Lamellae 

very thin; ovarian lumen is larger than fist time developing ovary. Some large oocytes 

reached 200 pm (Plate 7-C2).

Stage IV: Matured ovary

Macroscopic features: Large, rounded, yellow to orange coloured ovaries, occupying 

about 75 % to almost filling body cavity. Ovarian wall is thin and transparent. Small 

opaque oocytes can be seen clearly through the ovarian wall. Prominent blood 

capillaries also formed (Plate 8-D1).
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Microscopic features: This stage starts with early YGS. In the early stage ovary is 

dominated by early YGS and Previtellogenic oocytes (PVO). YGS oocytes mature and 

grow, causing the lamellae to expand the lumen to decrease, and the tunica to stretch 

and thin. Vascular tissue becomes more common. In the later stage (Yolk globule stage/ 

advanced vitellogenic oocytes) yolk granules almost cover the cytoplasm; nucleus starts 

to migrate towards the periphery (also known as migratory nucleus stage) o f the 

oocytes. 300 to 350 pm size oocytes dominate the ovary but few of them reached 450 

pm. This stage of ovary also consists of CNS, PNS and CAS oocytes (plate 8-D2, Plate 

9- D3) This stage ovary may also contains atretic stages (Plate 9- D4).

Stage V: Pre spawning ovary

Macroscopic features: It is difficult to differentiate from the stage VI spawning stage 

ovary by macroscopic analysis (Plate 10- El).

Microscopic features: Large oil droplets increase in size and intermixed with the yolk 

globules. Nucleus starts to migrate towards the periphery o f the oocyte. Hydrated 

oocytes and post ovulatory follicles were observed Zona radiata becomes enlarged and 

clear surrounding follicular cells also observed. Most of the oocytes in this stage were 

reached to 350 pm and considerable number o f oocytes reached 400 to 450 pm (Plate 

10- E2).
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Stage VI: Spawning ovary

Macroscopic features: Ovaries are very large and swollen. The translucent hydrated 

oocytes give the ovaries a distinctive speckled or granular appearance through the thin 

ovarian wall. Eggs may be released from the ovaries when pressure applied (Plate 11- 

Fl).

Microscopic features: Yolk granules become fused together and form yolk plates; 

nucleus migrates towards the periphery of the oocytes. Hydrated oocytes can be seen in 

the lumen. Yellow brown bodies and vascular tissue will become more prominent at 

this time and POF may be present if  the fish has previously spawned. Most o f the 

oocytes in this stage are reached to 350 pm and considerable number of oocytes reached 

400 to 450 pm (Plate 11-F2). At the time of spawning ovulated eggs are found in the 

lumen and new POF are present in the periphery of the lamellae and few MNS, CNS, 

PNS may also present (Plate 12- F3).

Stage VII: Spent ovary

Macroscopic features: Flaccid and large ovaries usually grayish in colour. Lumen is 

very large.

Microscopic features: Post ovulatory follicles dominate the space; few CNS also present 

(Plate 12- G).

Atresia stages of oocytes were recorded in matured, Pre spawning, spawning and spent 

stage ovaries (Plate (13 HI & H2).
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Plate 4: Stage I, Immature ovary
A- Whole view of immature ovary; A2- Transverse section of immature ovary. 
CNS- chromatin nucleolus, Bv- blood vessel, T- tunica, La- lamella ( Total 
length of fish= 24 cm).
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Plate 5: Stage I, Immature ovary
A3- Chromatin nucleolus stage; A4- Peri nucleolus stage. CNS- chromatin 
nucleolus stage, PNS- peri nucleolus stage, O- oogonia, n- nucleolus, F- 
follicular cells.
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Plate 6: Stage II, Maturing ovary
Bl- Whole view o f maturing ovary; B2 & B3- Cortical alveoli stage ovary. PNS- 
peri nucleolus stage, N- nucleus, F- follicular cells, Oi- oil droplets, Va- vacuoles ( 
Total length of fish= 4 8  cm).
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Plate 7: Stage III, Rest/ developing (maturing) ovary
C l-W h o le  view  o f  rest/ developing ovary; C 2- C ortical alveoli stage. 
C A S- cortical alveoli stage, PNS- peri nucleolus stage, C N S- chrom atin 
nucleolus, Lu- lum en, La- lam ella ( Total length o f  fish= 71 cm )
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Plate 8: Stage IV, Matured ovary
Dl- Whole view of matured stage ovary; D2- Yolk globule stage oocyte.
Yg- yolk globule, Mn- migratory nucleus, F- follicular cells, Zr- zona radiate 
(Total length o f fish= 68 cm)
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Plate 9: Stage IV, Matured ovary
D3- magnified view o f mature oocyte D4- Atretic stages in matured ovary.
Yg- yolk globule, Mn- migratory nucleus, F- follicular cells, Zr- zona radiate 
(Total length o f fish= 68 cm)
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Plate 10: Stage V, Pre spawning stage ovary
El - A portion o f pre spawning ovary; E2- late yolk stage oocyte.
Mn- migratory nucleus, Yg- yolk globules, Od- oil droplets, Zr- zona radiata, F- 
follicular cells (Total length of fish= 78 cm)
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Plate 11: Stage VI, Spawning stage ovary
F I- Whole view of spawning ovary; F2- A portion o f hydrated oocyte.
Yp- yolk plate, Yg- yolk granules, Mn- migratory nucleus, Zr- zona radiata, F- 
follicular cells.(Total length of fish= 80 cm)
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Plate 12 F3: Spawning stage; G: Stage VII, Spent stage ovary
G- Spawning stage ovary with different stages o f oocytes; H- Degenerating post 
ovulatory follicles. POF- post ovulatory follicles, CNS- chromatin nucleolus 
stage
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Plate 13: Atretic oocytes
HI - Histology showing a  and p stage atresia; H2- Histology showing y and 8 
atresia.
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Stage I: Immature testis

Macroscopic features: Small, strap/ thread like opaque testis with smooth appearance. 

No milt is present in the transverse section (Plate 14-J1).

Microscopic features: Testis contains spermatogonia and isolated pockets of 

spermatocrypts. These mainly contain spermatocytes. The central sperm sinus is small 

and empty (Plate 14-J2).

Stage II: Maturing testis

Macroscopic features: Larger than immature gonads and produce milt when squeezed 

(plate 15-K1).

Microscopic features: Spermatocytes are the prominent sperm tissues and 

spermatocrypts are larger than immature testis. Interstitial cells surround the 

spermatocrypts. Central sperm sinus is empty (Plate 15-K2).

Stage III: Mature testis

Macroscopic features: Large, opaque and ivory or bone colour testis. Exterior dorsal 

blood vessels were present and prominent. Produce white milt when squeezed and milt 

should be visible in the outer areas of the transverse section (Plate 16-L1).

Microscopic features: Spermatozoa and/ or spermatids are the dominant stages. The 

central sperm sinus may be small with a thick muscular wall and may contain little or no

Description of testicular developmental stages:
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sperm. However the peripheral sperm sinuses are well developed, prominent and filled 

with spermatozoa (Plate 16- L2 & Plate 18 Nl).

Stage IV: Spawning testis

Macroscopic features: Running ripe stage. Testis is large in size similar to mature stage 

but more have swollen with lager exterior blood vessels. Milt is released with little or no 

pressure on the abdomen or when the testis is cut (Plate 17 Ml).

Microscopic features: Testis is dominated by spermatozoa in the large peripheral and 

central sperm sinuses. Crypts of spermatocytes are uncommon and in some testis they 

confined to the most outer region of each lobe (Plate 17 M2 & Plate 18 M2 ).
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Plate 14: Stage I, Immature testes
J l-  whole view o f immature testis, J2- spermatocytes in spermatocrypts (Sc- 
spermatocrypts, Scy- spermatocytes).

Plate 15: Stage II, Maturing testes
Kl - whole view of maturing testis, K2- large spermatocrypts with spermatocytes 
(Sc-spermatocrypts, Scy- spermatocytes, Ic- interstitial cells).

Plate 16: Stage III, Mature testes
L I- whole view o f mature testis, L2- spermatocytes in peripheral sperm sinus 
(Sc-spermatocrypts, Scy- spermatocytes, Ic- interstitial cells, Sg- spermatogonia, 

Pss- peripheral sperm duct).
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Plate 17: Stage IV, Spawuing testes
M l-whole view o f spawning testis, M2- showing spermatozoa in large 
peripheral sperm sinuses (Sz- spermatozoa, Pss- peripheral sperm duct, Css- 
central sperm duct).

Plate 18: Nl- Empty central sperm sinus and the presence of spermatozoa in 
peripheral sperm sinus; N2- A mass of spermatozoa present in the central sperm 
sinus (Sz- spermatozoa, Pss- peripheral sperm duct, Css- central sperm duct, 
Tmw- thick muscular wall).
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4.7. Monthly distribution of maturity stages

Immature males and females were available throughout the year and fluctuate from one 

month to another and reached a maximum length during September (Fig. 16 and 17). 

During November, December and January only immature stages were available. 

Spawning stage females were available only during June and September and males 

during June, September and October; but small percentage o f immature were also 

available during this period. Among the total catches in June, less than 50 % was in 

spawning condition. But in September it was greater than 50 %.

4.8. Length distribution of maturity stages

It was found that fish smaller than 35 cm total length was always immature. Spawning 

stage was observed above 50-55 cm total length class md resting stage was observed 

within 60 -  65 cm total length class. This indicates that the spawning occurs after 

attaining the total length of 50 -  55 cm (Fig. 18 and 19).
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Fig.16. Monthly distribution of maturity stages of male S. lysan from January 2010 to December 2011
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Fig.17. Monthly distribution of maturity stages of female S. lysan from January 2010 to December 2011
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Fig. 18. Length distribution of maturity stages of male S. lysan
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Fig.19. Length distribution of maturity stages of female S. lysan
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Percentage occurrence of maturity stages of male and female with respect to different 

areas were shown in Fig. 20 and 21.

4.9.0ccurrence of maturity stages along the study area

S a m p lin g  s i te s

Fig.20. Percentage occurrence of male S. lysan in the waters around Jaffna 
Peninsula.

Fig.21. Percentage occurrence of female S. lysan in the waters around Jaffna 
Peninsula.

68



Within all immature individuals, highest percentage of immature stages of females were 

found in Kurunagar and Paasaiyoor followed by Karainagar and less than 5 % were 

found in Ponnalai waters. Paasaiyoor and Ponnalai waters had only the immature stages 

of both males and females. Maturing stages of both males and females were found in 

Kurunagar, Karainagar and Point Pedro; whereas mature males were observed in point 

Pedro and Delft waters and females were observed in Karainagar and Point Pedro 

waters. Spawning stages of both males and females only found in Point Pedro and Delft. 

Resting stages of few females were recorded in Point Pedro waters.

Length frequency distribution of maturity stages in different areas for both male and

female are shown in Fig.22. Total length of less than 40 cm males and females were 

only available in the Jaffna lagoon. Fish with greater lengths (>50 cm in Total length)

were available only in Point Pedro and Delft region.

□ Kurunagar □ Paasaiyoor 0  Ponnalai s  Karainagar □ Point Pedro ■ Delft

Length class intervals (cm)

Fig. 22. Length distribution of male and female S. lysan present in the waters 
around Jaffna Peninsula.
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4.10. Size at maturity

Probit analysis of proportion mature versus total length for male and female indicates 

that S. lysan male reached maturity at 55.4 cm total length while female reached 

maturity at 60.7 cm total length. All males and females were mature at 70 cm total 

length (Fig. 23).
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Fig.23. Proportion of sexually mature males and females of S. lysan by 
size class

4.11. Gonado somatic index (GSI)

Variation in GSI values throughout the study period (Fig.24) explained that GSI values 

of females were always higher than males and it fluctuated with season, attained a peak 

in September followed by December, March and June.
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Month

Fig.24. Monthly variation in Gonado somatic index (GSI) of male and 
female S. lysan from January 2010 to December 2011

4.12. Hepato somatic index (HSI)

Hepatosomatic index (HSI) measured in females (Fig. 25), showed similar seasonal 

patterns with the highest average of 2.05 % in December followed by September.

Fig.25. Monthly variation in Hepato somatic Index (HSI) of male and 
female S. lysan from January 2010 to December 2011.

71



4.13. Fecundity

Fecundity was calculated only for females above 40.5 cm total length during June and 

September. It varied from 24 655 (FL = 58.5 cm) to 82 562 542 (FL -  74.3 cm). The 

relationship between fecundity and total length of fish were shown in Fig.26.

Fig. 26. Relationship between Fecundity and Total length of female 
S. lysatt

4.14. Ova diameter distribution

For oocyte diameter distribution studies, ovarian developing stages V and VI were 

combined as spawning stage. Frequency distribution of various size oocytes in relation 

to maturity stages were shown in Fig. 27.
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4.15. Linear relationship between testes weight versus fork length, liver weight 
versus fork length for males and ovary weights versus fork length, liver weight 
versus fork length for females.

Regression equations and regression parameters for relationships between testes weight 

versus fork length, testis weight versus total weight and liver weight versus fork length 

for males are given in Table.4.

Table 4.Relationship of testes weight-fork length, Total weight-testes weight, liver 
weight-fork length of male S. fysan (TEW - Testes weight, FL - Fork length, TW - 
Total weight, LW - Liver weight).

Parameters Logarithmic relationship n R1

TEW - FL Log TEW= 0.246 x log FL + 0.246 668 0.9973

TEW - TW Log TEW = 1.423 x log TW + 3.78 668 0.7328

L W -F L Log LW = 2.924 x log FL + 4.023 668 0.6465

Regression equations and regression parameters for relationships between ovary weight 

versus fork length, fecundity versus ovary weight, fecundity versus total length and liver 

weight versus fork length for females are given in Table 5.

Table 5. Relationship of ovary weight - fork length, fecundity -  ovary weight, 
fecundity — fork length of female S. fysan (OW-Ovary weight, FL- Fork length, FE- 
Fecundity, LW-Liver weight).

Parameters Logarithmic relationship n R*

OW-FL Log OW= 4.5 x log FL + 6.73 760 0.7425

FE-OW Log FE = 2.4 x log OW + 2.46 111 0.5581

FE-TL Log FE = 6.75 x log TL + 6.2 22 0.8011

LW-FL Log LW = 3.183 x log FL + 4.49 761 0.7465
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4.16.Age and growth parameters

For age and growth studies, a total number of 1115 Scomberoides lysan (525 males and 

590 females) were collected from commercial catches and analyzed.

4.16.1. Estimation of Loo and K 

(a). Powell- Wetherall method

Powell- Wetherall plots for estimation of Loo and Z/K of male and female 

Scomberoides lysan were shown in Fig. 28a and b. The Loo and Z/K values obtained tor 

male and female were 87.96 cm, 2.174 and 88.85 cm, 1.964 respectively.

POWELL - WETHERALL PLOT
27 JL

POWELL - WETHERALL PLOT
29.Q.

Fig. 28a . Powell Wetherall Fig. 28b. Powell Wetherall
plot of male 5. lysan plot of female S', lysan

(b). ELEFANI method

The optimized values for K obtained by ELEFAN 1 for male and female were 0.41 

year"1 and 0.40 year * respectively whereas Loo for male and female weie
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87.96 cm and 88.85 cm respectively. The oscillation parameter (C) and winter 

point were assumed to be 0 as it is a tropical species. The non seasonalized 

restructured length frequency histogram with growth curve is shown in Fig 29a 

and 29b

Fig 29a. Growth curve of male S. lysan drawn using ELEFANI 
programme

o>c0)

75

50

25 -

0 *- f
F M A M j J A S 0 N D J F A S 0 N D

2010 2011

Fig 29b . Growth curve of female S. lysan drawn using ELEFAN I 
programme
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4.16.2. Estimation of to

The estimated to value for male and females were -0.15829 and -0.16195 respectively.

4.16.3. Age at maturity

The inverse von Bertalanffy equation shows that 50 % of males attained maturity 

at age 2.266 years (55.4 cm total length) and females at 2.712 years (60.7 cm 

Total length).

4.16.4. Estimation of longevity

Estimated longevity for male and female S. lysan calculated from Paul's equation 

was 7.317 years and 7.338 years respectively.

4.16.5. Growth performance index (0)

The estimated growth performance index for male and female were 3.5013 and 

3.4993 respectively.

3.18.6. Reproductive load

The ratio of L50/U foTmale and female S. lysan were 0.6928 and 0.6832, respectively.
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5. Discussion

The presence of four species in the waters around Jaffna Peninsula shows that 

genus Scombeoides is well distributed in the Sri Lankan waters. The maximum 

total length for male (81.60 cm) and female (80.6 cm) were recorded for the first 

time in the present study. De B ruin cl al„ (1004) stated that 75.0 cm total length 

is the maximum length in Sri Lankan waters and Fischer, W. and G. Bianchi. 

(1084) recorded 110.0 cm in Western Indian Ocean. Although, Frocsc and Pauly, 

(2012) stated that 110 cm in the maximum recorded length but 60 cm is the 

common length for S. lysan.

Different values for the exponent coefficient (b) for different fish have been 

recorded in different parts of the world. Earlier, Allen (1038) pointed out that the 

exponent coefficient (b) computed from the length-weight relationship of fishes is 

usually 3. Later, Carlander (1069) pointed out that the ‘b’ value is very close to 

3.0 but varies between 2.5 and 3.5. Widely accepted concept is that if the 

exponent value is 3, the fish grows isometrically, if it is greater or less than 3 fish 

grows allometrically (Tesch 1968). The ‘b’ value depends on several factors such 

as age, body shape, and amount of fat present, sex, maturity stage, season, 

temperature, salinity and available nutrient food (Laglcr cl ai, 1977; Moutopoulos 

et a l. 2002).

Length -  weight relationship (LWR) of S. lysan have not been studied in Sri 

Lanka, so far and this is the first study to compute such parameters. Some of the
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earlier results on LWR of Scomberoides species from other parts of the world are 

shown in Table 6. In New Caledonia and South Africa respectively ‘b’ values of 

2.896 and 2.685 were obtained for S. lysan (Letourneur ct al., 1998) whereas

2.937 were obtained for S. tol from Karnataka waters, India (Abdurahiman ct al., 

2004). The ‘b’ value obtained in the present study for male (2.82) and female 

(2.89) is very close to the previously recorded values. At the same time S. lysan 

from the present study shows negative allometric growth. However the ‘a* and ‘b’ 

values obtained for male and female S. lysan were superimposed in the plot of log 

‘a’ versus ‘b’ available for S. lysan, Carangidae and 1300 miscellaneous species in 

FishBase 2012 (Froeseand Pauly, 2012) and it is shown in Fig. 30a and 30b.

Table6. The parameters of length -weight relationships of genus 
Scomberoides from different regions of the world ( SL= standard length, FL= 
Fork length, TL= Total length)

Species Sex N Length
type

a b Region Source

S. lysan all 68 SL 0.0579 2.685 South
Africa

Letourneur c t 

a h , 1998

S. lysan all 14 FL 0.0149 2.896 New
Caledonia

Letourneur c t 

a l., 1998

S. lysan all 14 FL 0.0109 2.923 New
Caledonia

Letourneur c t 

al., 1998

S. to l male 59 TL 0.007 2.937 Kamadak 
a, India

Abdurahiman 
c t a l.,  2004

s.
commersonnianus

all 306 TL 0.00004 2.792 Northern
Australia

Griffiths c t 

a l., 2005

S. lysan male 525 TL 0.0112 2.82 Northern Present study
S. lysan female 590 TL 0.0087 2.89 waters of 

Sri Lanka
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Fig. 30a. Plot of log ‘a’ versus ‘b’ for male Scomberoides lysan
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Fig. 30b. Plot of log ‘a’ versus ‘b’ for female Scomberoides lysan
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Fig. 30c. Plot of log ‘a ’ versus ‘b’ for unsexed Scomberoides lysan
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The parameters obtained from the study are useful fundamental factors applicable 

in future culture trials as well as in population dynamics studies.

The lowest body condition of male and female could have been attributed by 

sudden drop in weight during June and September due to their spawning nature. 

King (1995) explained that the variations of condition factor may be an indication 

of food abundance, adaptation to the environment and gonadal development. Low 

value was described by Lizama et al., (2002) as a period when accumulated fat is 

in use for spawning. A high value indicates a period of increased rate of feeding, 

followed by a gradual increase in accumulated fat suggesting a preparation for a 

new reproductive period.

Condition factor (K) has been closely linked with reproductive cycle of fish, as 

stated by Lawson el al., (2011). Condition factor is usually influenced by age of 

fish, sex, season, maturity stages etc. the condition factors of gravid females are 

usually higher but decrease after the eggs are shed (Anyanwu el al., 2007; l.agler. 

1997).

Spawning in the tropical countries is protracted and occurs in multiple batches 

whereas in temperate regions fish spawns synchronously within a short period 

(Houde, 1989). Coastal and estuarine teleosts in the sub tropics and tropics are 

characterized with a long spawning season (Longhurt and Pauly, 1987). Spawning 

season o f most species o f carangids is long and peak in summer (Thresher. 1984).
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Macroscopic and microscopic structural changes on the ovaries of teleost were 

studied by various researches (Saved el a i. 2010). Macroscopic staging system 

also revealed that it spawns more than once during its life span. At the same time 

macroscopic studies based on the colour and appearance is a cheaper and faster 

method (Mackie and Lewis. 2001).

In the present study, seven maturity stages of ovary were identified according to 

the macroscopic and microscopic analysis. Yamamoto and Yama/aki (1901) 

recorded ten developmental stages of ovary and Cerisola (1984). characterizes 

oocyte development into 8 stages of maturation. Histological studies on S. lysan 

explain the detailed developmental changes in the gonads during maturation. Rest 

/ developing, pre spawning and partially spawned stages of ovary were clearly 

identified by microscopic staging only and it is the only way to identify 

commencement of reproductive activity by the proliferation of follicular cells in 

the peri nuclear stage of ovary.

The presence of spawning and spent stage ovaries with hydrated oocytes and post 

ovulatory follicles clearly explain the spawning season as June and September. 

Collection of rest / developing stage is a strong evident for the spawning pattern. 

Hunter and Macewicz (1980) suggested that the best indicator of the time of 

spawning was the occurrence of both hydrated eggs and post ovulatory follicles. 

The hydration stage is very short in duration and may not be commonly observed 

(Stahl and Kruse, 2008).
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In the present study, GSI values of females and males indicate that S. lysan have 

an intense spawning season in September followed by less reproductive activity 

during June, December and March. It clearly explains that S. lysan spawns more 

than once a year in Sri Lankan waters. The small peaks during December and 

March may be due to the availability of few immature individuals. It was also 

observed on the studies of S. commersonianaus from the western Australian 

waters (Griffiths et al., 2005).

Yamamato and Yama/aki. (1961) explained that some carangids are synchronous 

where all oocyte develop at the same time, spawn at once; others serial / batch 

spawners, ovary contain batches of oocyte at different stages of development 

leading to multiple spawning. The Talang queen fish, Scomberohies 

commersonianus from the Western Australian waters also shows two spawning 

peaks during November and February (Griffiths cl al.. 2005). I’illay cl al.. (1987) 

reported that S. lysan spawn at least twice during the spawning season.

Fecundity studies also support the spawning season as spent fish was available 

only during June and September. Ilonebrink (2000) stated that iecundity ol 

Caranx melampygus from Hawaiian waters ranged from 49 000 (fish of 760 g) to 

4 270 000 (fish of 6490 g). Griffiths cl al.. (2005) expressed fecundity of 1 327 

827 for Talang queen fish S. commersonnianus in Australian waters, f ecundity of 

S. lysan varies between 800 000 and 3500 000 in a study by I'illuy cl al.. 1987 

along the Indian coast. In the present study, it varies from 24 655 to 82 562 542. 

Pre anal fin length, ovary free body mass and age were regressed against
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fecundity to determine the strength and nature of the relationship (kodwlloi cl ul. 

2010). Statistically significant relations were found between the absolute 

fecundity and the body weight and gonad weight in Cohitis sp from the babolrud 

(Mousuvi Sabet cl ul.. 2011).

The exponential value is usually reported as “3” when fecundity is related to 

length and “1” when fecundity is related to weight. However the values may vary 

from 2.3 to 5.3 for a great variety of fishes diagonal and Brawn. 1978). In the 

present study exponential value of 6.75 (R2 = 0.801) was obtained for S. lysan 

which is beyond the already reported value. This may have attributed due to 

changes in the environment such as temperature, salinity, oxygen, food supply and 

nutrients.

Fluctuations in Hepatosomatic index also explained the energy consumption and 

usage of stored energy in the liver. Female fishes cease their feeding activity 

during spawning. Therefore stored energy can be used during that period. Lowest 

value were observed during May to September for females; it should be an 

indicator for the preparation of spawning and peak during November to January 

may be due to the high feeding activity of immature and maturing individuals.

Distribution of maturity stages within the study period also explained that 

November, December and January months were dominated by immature 

individuals.
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S. lysan females attained its maturity in larger length class 55-60 cm and males 

attained maturity within the length class 60-65 cm. Size at maturity reported lor S. 

lysan in the present study showed that the capture of S. lysan less than 65 cm 

should be discouraged, (irilfuhs cl a!.. (2005) stated that S. conintersonnianus 

from Northern Australia mature in larger lengths (60 70 cm fork length).

Availability of immature stages throughout the year and size variation among 

maturity stages also explained that this species spawn more than once a year and 

could have long lifespan.

Among the sampling sites, Paasaiyoor, Kurunagar are located within the JaiTna 

lagoon; Ponnalai located in the entrance of Jaffna lagoon. Karainagar fishing area 

is directly connected to the Indian Ocean but it is found very close to the northern 

entrance of Jaffna lagoon. Delft Island is located in the Indian Ocean, southwest 

direction to the Jaffna Peninsula; Point Pedro located in the Northeast tip of Jaffna 

Peninsula. The fishing area for queen fishery in Delft and Point Pedro are directly 

connected to the Indian Ocean of which Point Pedro waters included into the 

Pedro bank.

Occurrence of maturity stages along the study area explained that only immature 

and maturing stages of both male and female S. lysan were found in lagoon 

shallow waters. It is also supported by previous records on Hawaii waters 

(Ilonebrink. 2000: I roese and Pauly. 2012): S. lysan fry entered the estuaries 

during the late summer, from January through April; at sizes of 20 to 30 mm. 

Juveniles tolerated salinity ranges of 6.5 to 35 96o, and sub adults from 0.5 to 35

85



% 0 . All size classes were found in water of low turbidity, tiosline and Brock 

(1%0) noted that in Hawaii, juveniles of one to four inches in length are often 

found in shallow brackish water.

Several researchers have reported that the juvenile stages of Scomberoides lysan 

inhabit in estuaries such as in Subtropical Queensland estuary, Australia by 

Morton (1992); in Sikao Creek mangrove estuary, Trang, Thailand by Tongminui 

el al., (2002); in South African estuary by Whitfield and Harrison (2003). Blabcr 

and Cyrus ( 1983) reported that only juveniles and sub adults of S. lysan utilize the 

estuary. Juveniles of many members of the piscivorous fishes such as the 

carangids, sphyraenids and scombroids are commonly reported from estuaries in 

the tropical Indo- West Pacific (Blabcr 1980. Blabcr el al., 1985. 1989. Blabcr & 

Milton 1990).

However individuals less than 14.10 cm in total length were not recorded during 

the study period. This may be due to the gear selectivity between the area of 

spawning (Point Pedro and Delft waters) and Jaffna lagoon or the migrating 

pathway may not be covered by sampling. The reason for the landings of 

immature and juvenile queen fishes is attributed mainly due to the selectivity ol 

gear (Pi 1 lay el al., 1987).

According to the presence of maturity stages along the sampling area, S. lysan in 

northern Sri Lankan waters could be a migratory species. Because there was no 

matured or spawning or spent S. lysan captured in the lagoon waters; and there
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was no immature stage captured in Point Pedro or Delft region. Also it may have 

been influenced by the monsoons and water currents around Jaffna Peninsula. 

This is in confirmation with the findings of Sivasubramaniam (2001) that Sri 

Lankan fisheries were initially influenced by the two monsoon seasons, such as 

Northwest monsoon primarily from November to February and the Southwest 

monsoon primarily from May to August.

Sex ratios vary among different fish species, this variability may be due to true 

differences in the composition of local populations or it may be an artifact of 

sampling strategies rooted in seasons covered or gear biases. In the present study 

sex ratio not differ significantly differ from a 1:1 ratio during most of the months. 

However male S. lysan were more compared to females during the spawning 

period and such preponderance could be due to migration of females to relatively 

deeper waters for spawning or behavioral differences between the two sexes 

(Blaxter and Hunter, 1982).

Spent females collected were very rare in the present study, constituting only 2 % 

of the total sample analyzed microscopically. It appears that the coastal, offshore 

and deep sea fishing of the country may not be currently exploiting spent 

individuals because females retreat to deeper waters prior to spawning thus 

escaping from the capture fishery.

This is the first attempt to describe the age and growth parameters of S. lysan. 

Few studies were done on S. commersonianus. The von Bertalanffy growth
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parameter L* and K of S. lysan from the present study di Her from S. 

commersonianus from the Australian waters (L„ =- 140.4cm FL, K 0.10 year ') 

reported by Cirillilhs el a/.. 2006 and from the Iranian waters (Loo 122 cm FL, K 

= 0.37 year -1) by laghavi Motlagh el «/,. 2005. This variation could be due to 

the different maximum length and different geographical region of S. 

commersonianus. High value of growth coefficient K of both male and female .S’. 

lysan from the present study indicate that this species grow faster than the .S’. 

commersonianus. The results from the present study gave fundamental data for 

the population dynamics and stock assessment studies o f S. lysan.

An exploited stock is renewed by means of recruitment through reproduction. II' 

indiscriminate harvesting of a population occurs the number of fishes that reach 

maturity is reduced to an extent at which the reproductive capacity of the 

population is diminished. One way of reducing this possibility is to ensure that 

minimal fishing pressure applied to the populations before the fish reach maturity. 

Since S. lysan attain maturity at 60.7 cm total length, fishes up to 60.7 cm should 

not be caught.

As the peak spawning season is September and June the breeding females of .S’. 

lysan shall be protected during this period in order to maintain sustainable fishery. 

Seasonal closure can be designed to protect key life stages of this species.

The above implications in terms of the potential effect on the reproductive 

capacity of the stock would support management decisions and ensure long-term
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viability of S. lysan stocks along the Sri Lankan ocean. Disseminating these 

findings to the fishermen through fishermen co-operative societies and ministry of 

fisheries is an indispensable part of such management decision.
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6. Concluding comments

The double spotted queen fish Scomberoides Ivsan in the waters around Jaffna 

Peninsula is a shows intense spawning during June and September months. The 

ovulation pattern is group synchronous. To protect the species in a sustainable 

level, S. lysan shall be protected during the peak spawning season such as 

September and June. The results obtained from the present study can be used in 

the management of S. lysan from the Sri Lankan waters to ensure the sustainable 

utilization and in mariculture of this species.
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REPRODUCTIVE CHARACTERISTICS OF DOUBLESPOTTED QUEENFISH, 
S C O M B E R O ID E S  L Y S A N (ACTINOPTERYGII: PERCIFORMES: (  ARANGIDAK), 

FROM SRI LANKAN WATERS: IMPLICATIONS FOR FISHERIES MANAGEMENT

William S. TIIULASIT1IA and Kuganalhan S1VAS11ANTII1NI *

D e p a r tm e n t  o f  Z o o lo g y . F a c u l ty  o f  S c ie n c e .  U n iv e r s i ty  o f  J a ffn a . S r i  l .n n k a

Thulasitlia W.S., Sivashanthini K. 2013. Reproductive characteristics o f doublespotted queenfish, 
S c o n tb e r o id c s  l y s a n  (Actinopterygii: Perciformes: Carangidac), from Sri Lankan waters: Implieaiions 
for fisheries management. Acta lchthyol. Piscat. 4.3 (1): 7 1.3.

Background. The doublespotted queenfish, S co m h ero id es  lysa n  (Lotsskal, 1775), is one of the most impoilanl 
and highly priced food fishes popular for dry fish production in Sri l.anka Knowledge of spawning, pattern and 
season are important for (he management of ,V. ly sa n . The biology of .V ly sa n  is poorly known, liowevei, and no 
specific management regime is available for this species in Sri Lanka. The presently reported study is the first 
attempt to understand the reproductive characteristics of S. ly sa n  with implications for its management. 
Materials and methods. Weekly samples, totalling 1429 specimens, wore collected from Sri Lankan niaiinc 
waters from January 2010 to December 2011, analyzed macroscopically. and their maturity stages identified Sex 
ratio, size at maturity, length-class distribution, monthly distribution of maturity stages, fecundity, and the indices 
related to reproduction were examined. Statistical analyses were performed to determine relations between gonad 
weight, total length, fork length, and fecundity.
Results. Females were categoiized macroscopically into live matin ilv stages, males into four (males mature 
slightly earlier than females) Spawning and spent stages of females were only available during June and 
September and significant peaks in the gonndosoinalic index of males and fern ales were also noted trout these 
two months.
Conclusion. The spawning period o f  S c o m h e ro id e s  ly sa n  in Sri Lankan waters shows two peaks, one in June and 
another in September. The present knowledge could be used in the formulation of management strategies intend­
ed to maintain the S. ly sa n  stock at sustainable level. Such management measures could limit the catches of 
S. ly sa n  during spawning season, allowing limited number of boats, closure of spawning area during spawning 
months, and harvesting small fish under 55 cm of low consumer demand should be discouraged.

Keywords: spawning season, size at maturity, fecundity, gonadosomalic index, S c o m h e ro id e s  lysan

INTRODUCTION
Spawning season and area, age at maturity, age at first 

reproduction, and fecundity are important parameters in 
reproductive biological studies (Jakobsen et al. 2009. 
Salcedo-Bojorquez and Arreguin-Sanchez2011) and can be 
determined through the examination and classification of 
gonads into developmental stages (Mackieand Lewis 2001). 
Karolu-Riga and Economidis (1997) also state that 
observing the seasonal developmental changes in the 
gonads is the most suitable method for determining the 
reproductive cycle of fish. Reproductive seasonality was 
determined bv monthly inspection of macroscopic and 
microscopic developmental stages and by gonadosomalic 
index (CiSI) (Maartens and Booth 2005). An understand­
ing of the reproductive biology of a species is a central 
aspect of providing sound scientific advice for fisheries 
management (Morgan 2008). Sivashanthini (2008) also

stated that the knowledge on length at maturity and 
spawning season helps to determine when and at which 
length the fish should be protected; it is therefore impor­
tant for the proper management and conservation of fish 
stocks. The reproductive strategy of a species is a charac­
teristic feature that is usually firmly associated within that 
species (Morgan 2008).

Queen fish are a group of tropical pelagic fishes that 
are widely distributed throughout the Indo-Wcst Pacific, 
often in schools (Hone-brink 2000) inhabiting inshore- and 
offshore reefs and estuaries (l)urvillc ct al 2003. (irillilhs 
ct al. 2005, Froesc and Pauly 2012). S c o m h c m id e s  Ivsan  

(Forsskal. 1775), commonly known as doublcspolted 
queenfish, leathei jackets, or leather backs, inhabit pelagic 
neritic waters over sandstone with coral, mud, and sand in 
the coastal seas ofiTSri Lanka (f>c Bruin et al. 1994). These 
are economically important food fishes that are especially

• Coirespondence: Prof. K Sivashanthim. Department ol Zoology. University at Jaffna. Jaffna 40000 Si. Lanka, phone <“ M> 21 7.-1 M>>n tax <«Ml 31 W  >SX  
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Thulasitha and Sivashanthini

popular for dry fish production and have high export value 
in Sri Lanka (Thulasitha and Sivashanthini 2012) in addition 
to being popular in recreational fisheries (Honebrink 2000, 
Griffiths et al. 2005).

The reproductive dynamics o f Talang queenfish, 
S c o m b e m id e s  c o m m e r s o n n ia n u s  Lacepede, 1801, was 
studied by Griffiths et al. (2005) in Northern Australian 
waters; but the biology of S. ly s a n  is poorly known and no 
relevant information is available from Sri Lankan waters. 
There is no specific management regime for marine food 
fishes in Sri Lanka. Sivasubramaniam (1999) also stated 
that, in Sri Lanka, guidelines provided for the management 
of fisheries other than for whelks were relatively poor. The 
presently reported study is the first attempt to understand 
the reproductive characteristics o f S. ly s a n  in the Sri 
Lankan waters. The reproductive parameters such as sex 
ratio, length at first maturity, gonadosomatic index, hepato- 
somatic index, fecundity, spawning season, and spawning 
pattern were explained in the presently reported study.

MATERIALS AND M ETHODS
Samples o f  S c o m b e r o i d e s  l y s a n  were obtained 

between January 2010 and December 2011 from Sri 
Lankan waters (Indian Ocean, 79"-80"E, 9°-10"N). 
Samples were collected particularly from the marine areas 
off Jaffna, Trincontalee, Mannar, and Puttalam with the 
assistance o f the Federation o f Fishermen Co-operative 
Society’s Union o f  the respective districts, at the depths 
not exceeding 100 m. Individuals were caught mainly by 
177.8 mm 21-ply mesh drift- nets (TCatta valai’ in Tamil) 
used particularly for queenfish. S. l y s a n  were also caught 
using beach seines and trap nets (‘Kalankatti valai’ in 
Tamil) with mesh size o f 63.5 mm fixed in shallow 
waters. All collected fish were brought to the laboratory in 
an icebox and analyzed. For each fish total length (TL) 
and fork length (FL) were recorded to the nearest 0.1 cm, 
and total mass (TW) was weighed to the nearest 1.0 g.

Sexes were separated by the examination of gonads as 
male, female, and unsexed. Sex ratio was determined 
from the number o f  specimens of each sex sampled every 
month and in every size group. To test the significant 
deviations from an expected 1 : 1 sex ratio for all male and 
female fish, the sex ratio values obtained every month 
were subjected to Chi-square test with Yate’s correction 
(Zar 1999) employing the formula,

X2 = X Ho-ej -  O.Sf ■ e~'
where: o  = observed number and e  = expected number.

All stages o f reproductive maturity were determined 
using macroscopic examination of gonads (Mackie and 
Lewis 2001). The length at which 50% of fish were sexu­
ally mature was estimated for reproductively active fish 
including stages III, IV, and V. The maturity data were 
grouped into 5-cm size groups and the percentage occur­
rence of specimens in each size group was calculated. 
Size at first maturity was arrived at by plotting the per­
centage occurrence o f mature specimens against total 
length class interval. A logistic regression curve was fitted 
to the data to estimate length at 50% maturity (Z5 0 ) by the

use ot a non-linear least-squares procedure weighted by 
the number o f fish in each length-class. The form of 
regression equation used was (King 1995):

P m = 100 ■ (1 + ejrpL' V -
where: P m is the percentage of mature individuals, r  is the 
slope of the curve or rate o f increase in maturity, L m is 
length at 50% maturity, and L  is the 5 cm length class. 
Probit analysis was performed using computer based ‘R’ 
software to estimate L5(1.

Gonad weight (GW) was weighed to the nearest 0.001 
g by an electronic balance (AND FY 300) and the gona- 
dosomalic index (GSI) was determined by the most com­
monly used method in the literature (Kaunda-Arara 
and Ntiba 1997, Brown-Peterson et al. 2000, Griffiths et 
al. 2005) for both males and females using the formula: 

GSI = 100 x GW x (TW -  GW)-'
Spawning season was determined by analyzing the 

macroscopic stages of gonads in detail and plotting the 
graphs o f GSI against months and monthly distribution of 
maturity stages of males and females.

A monthly change in the hepatosomatic index (HSI) 
was also analyzed to determine the spawning time during 
the reproductive cycle. HSI were calculated as follows:

HIS = 100 x LW x TW-'
where: LW is the weight of liver and TW is the total body 
weight.

Annual fecundity estimates were based on fish that 
had undamaged ovaries and showed no sign of previous 
spawning in that season (i.e., no loose, hydrated oocytes 
in the lumen of the ovary, Watson et al. 1992), no sign of 
post ovulatory follicles (POFs), and no signs of major 
atresia. Initially, 1 g portions from live of these fish were 
dissected from the anterior-, median-, and posterior 
regions of the gonad and weighed (±0.0005 g). Analysis 
of variance (ANOVA) was used to compare the number of 
oocytes per 1 g between subsamples along the ovaries (in 
the anterior-, median-, and posterior regions). Because no 
significant differences (P  > 0.05) were observed between 
regions, the medial gonad portions were weighed accu­
rately and used for estimating fecundity by the gravimet­
ric method (Hunter and Macewicz 1985). Annual fecundi­
ty was estimated from yolked oocytes (stages IV and V) 

.from samples collected during spawning season.
The annual fecundity was related to the total length 

and ovary weight o f fishes using the following relation 
(Bagenal 1967):

FE = a X 1’

where: FE is the fecundity, 'a ' is a constant, 7 /  is the 
exponent derived from the data, and X  is the total length 
and ovaiy weight o f the fish. The following logarithmic 
transformation was used to obtain the regression lines of 
each relation:

log FE = log a  + b  log X
Relations between ovary weight and fork length, and 

liver weight and fork length were also obtained for 
females. For males, relations o f testes weight versus fork 
length, testes weight versus total weight and liver weight 
versus fork length were derived.
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RESULTS
A total of 1429 S c o m b e r o i d e s  l y s a n  (668 males and 

761 females) were collected and analyzed. The total 
length o f males ranged from 18.0 to 81.6 cm and that of 
females ranged from 19.5 cm to 80.6 cm. Weights of 
males ranged from 21.6 to 2500.0 g and females front 
25.0 to 3000.0 g.

Chi-square values calculated month wise showed that 
the sex ratio conformed to the expected 1 : 1 (P > 0.05) in 
months other than January 2010, March 2010, May 2010, 
June 2010, August 2010, January 2011, February 2011, 
March 2011, June 2011, July 2011, August 2011, 
October 2011, November 2011 and December 2011. 
Overall, sex ratio did not vary significantly from an 
expected 1 : 1 ratio, with slightly fewer males than females

(1.19 : 1, X2 = 0.865, P > 0.05). The percentage of females 
in the monthly samples o f S .  l y s a n  ranged between 
30%-80% whereas males ranged between 20%-70%.

Ovaries o f S .  l y s a n  composed o f two Y-shaped lobes 
(Fig. 1), one located on the right side o f the coelomic cavi­
ty and the other on the left. Ovaries and testes were classi­
fied according to their morphology as in the Tables 1 and 2.

It was found that fish smaller than 35 cm total lengths 
are always immature. Spawning stage was observed with­
in the total length class o f 50-55 cm and resting stage was 
observed within 60 65 cm total length class. This indi­
cates that spawning occurs after attaining total length of 
50-55 cm (Fig. 2).

Immature males and females are available throughout 
the year and fluctuate from one month to another, reach-

Fig. 1. Ovaries of S c o m b e r o i d e s  l y s a n :  right lobes (a) and whole ovaiy (b) with left and right lobes opens via common duct

Table 1
Description of macroscopic staging system for ovary of S c o m h e r o i d e s  I v s a n

Maturity stage
I (immature)

II (maturing)

III (mature)

IV (spawning)

V (resting/ spent)

Macroscopic character ____________________________
Small, thread like ovaries without visible ova. Ovarian wall thin. Difficult to determine the sex.
Medium size ovaries, usually translucent pink; flattened, flaccid and relatively inconspicuous. 
Oocytes are microscopic and smooth uniform appearance to the ovarian tissue.
Large, rounded ovaries occupying 75% to almost filling body cavity with prominent blood 
capillaries. Yellow to orange colour. Opaque oocytes are visible through the thin ovarian wall.
Ovaries are very large and swollen; the presence of translucent hydrated oocytes gives the ovaries 
a distinctive speckled or granular appearance through the thin gonad wall. Eggs may be released 
from the ovaries when pressure is applied.
Flaccid ovary; internal lumen very large, a few oocytes seen, yellow-brown bodies distinct; colour 
typically semi-translucent rose, purple; ovary wall thick, blood capillaries thick

Description o f macroscopic staging system for testes o f S c o m b e r o i d e s  l y s a n

Table 2

Maturity stage

I (immature)

II (maturing)
III (mature)

IV (spawning)

Macroscopic character _____________________________________________________
Small, strap/thread like, opaque with a smooth appearance and no milt is present in the transverse 
section.
Larger than immature gonads, produce milt when squeezed.
Large, opaque and ivory or bone colour; exterior dorsal blood vessels are present; produces white 
milt when squeezed; milt visible in the outer areas of the transverse section.
Running ripe; similar to mature stage but more swollen and with lager exterior blood vessels. Milt 
released with little or no pressure on the abdomen or when testis is cut. _______
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ing maximum length during September. Spawning stage 
females were available only during June and September 
and males during June, September and October (Fig. 3).

Probit analysis o f proportion mature versus total 
length for males and females indicates that S. ly sa n  

males reached maturity at 55.4 cm total length while 
females reached maturity at 60.7 cm total length. At 70 cm 
total length, all males and females were mature (Fig. 4a 
and b).

Of the 761 ovaries analyzed by macroscopic staging 
system, 61% were immature, 15% were maturing, 3% 
were mature, 20% were spawning, and 1% was rcsting/or 
spent. Among 668 testes, 71% were immature, 10% were 
maturing, 4% were mature, and 15% were spawning.

Variation in GSI values throughout the study period 
(Fig. 5) explained that CiSI values o f females were always 
higher than those of males and that the index fluctuated 
with season, attaining a peak in Seplcmbcr followed by

almmature QMaturing QMature sSpawnlng QReslIng/Spent

Total length class (cm)

Fig. 2. Relative occurrence of respective gonad maturity stages in individual length classes ol female and male 
S c o m b e r o id e s  ly s a n  (F = female, M = male)

DResting/Spent HSpawning DMalure OMatuimg D Immature

Month

Pig. 3. Relative cectttrettce o f tesp.eti.e gonad — it, » * .  »■ -  —  -  * — — *
in consecutive months (F -  female. M male)
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peaks in December, March, and June. The hepatosomatic 
index (HSI), determined in females (Fig. 5), showed sim­
ilar seasonal patterns with the highest average of 2.05% in 
December followed by September.

Fecundity was calculated only for females above 40.5 cm 
total length during June and September. It varied from 
24 655 (FL = 58.5 cm) to 82 562 542 (FL = 74.3 cm). 
Regression equations and regression parameters for rela­
tions between: ovary weight versus fork length, fecundity 
versus ovary weight, fecundity versus total length, and 
liver weight versus fork length for females are shown in 
Table 3.

Regression equations and regression parameters for 
relations between: testes weight versus fork length, testis

weight versus total weight, and liver weight versus folk 
length for males are given in 'fable 4.

DISCUSSION
Fish spawning in tropical seas is protracted and occurs in 

multiple batches whereas in temperale-climate regions fish 
spawns synchronously within a short period (Blaber 1497). 
In the presently reported study, GS1 values of females and 
males explained that S. ly sa n  had an intense spawning season 
in September followed by less reproductive activity during 
December, March, and June. It clearly explained that S. lysan  

spawn more than once a year in Sri Lankan waters. 
Macroscopic staging system also revealed that it spawns 
more than once in a year and may be termed a multiple

Fig. 4. The relation between the length of females (a) 
sexually mature individuals

ot
oa.o

o - o - o - o -

20 -  4 . ,40 . . .  ,60Total length [cm]

0 - o - o - o

80

and males (b) o f S c o m b e r o id e s  ly s a n  and the proportion of

-  -o -  -GSI Female GSI Male HSI Female

2.4

Fig. 5. Monthly average gonadosomatic index (GSI) of males and females and monthly average hepatosomatic index (USD 

of female S c o m b e r o id e s  ly s a n
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spawner. Fecund fish were available only during June and 
September. It further supports timing and duration of the 
spawning season as reported in the presently reported study.

Honebrink (2000) staled that fecundity of hluelin 
trevally, C a ra n x ■ m e la m p v g iis  Cuvier, 1833. from Hawaiian 
waters ranged from -19 00(1 (fish of 760 g) to 
4 270 000 (fish o f 6490 g). Griffiths et al. (2005) expressed 
fecundity of 1 327 827 for Tnlang queenfish, S c o m h e ra id e s  

c o n u n e r so n n ia n u s . in Australian waters. Fecundity of 
S. ly sa n  in the presently reported study varies from 24 655 
to 82 562 542. The exponential value is usually reported as 
“3” when fecundity is related to length and " 1 ” when fecun­
dity is related to weight. In this study an exponential value 
of 6.75 (R2 -  0.801) obtained for fecundity versus total 
length is beyond the already reported value (2.3 to 5.3) for 
a great variety of fishes (Bagenal and Braum 1978).

S c o in b e r o id e s  ly s a n  male attained maturity in a larger 
length class 55-60 cm and females attained maturity with­
in the length class 60- 65 cm. Size at maturity reported for 
5. ly sa n  in this study showed that the capture of S'. ly sa n  

shorter than 65 cm total length should be discouraged. 
Griffiths et al. (2005) stated that S. c o n u n erso n n ia n u s  front 
Northern Australia mature at greater lengths (60-70 cm 
fork length). Availability of immature stages throughout 
the year and size variation among niahirity stages also 
explained that this species spawns more than once a year.

Sex ratios vary among different fish species, and this 
variability may be due to true differences in the composi­
tion of local populations or it may be an artefact of sam­
pling strategies rooted in seasons covered or gear biases. 
In the presently reported study the sex ratio differs signif­
icantly from 1 : 1 during most months. However, males of 
S. ly sa n  were more numerous than females during the 
spawning period and such preponderance could be due to

migration of females to relatively deeper waters loi 
spawning, or behavioural dilfcrences between the two 
sexes (Blaxtei and Iluntei 1982).

Spent females collected weie veiy litre in this stiulv. con 
stunting only l"« ol the total sample analyzed macroscopi 
cally. We hypothesize that the coastal, olfshoie and deep sea 
fishery oil' Sri l.anka may not he currently exploiting 
spent individuals because females ictreat to deeper waleis 
prioi to spawning, thus escaping capture by the lisheiy.

An exploited stock is renewed by means of rcciail­
ment through reproduction. If indiscriminate luuvesting 
of a population occurs the number offish that leach main 
lity could be reduced to such an extern that the reproduc­
tive capacity oflhe population is diminished. One way ol 
mitigating this risk is to ensure that minimal fishing pie.s- 
sure applied to the populations before the fish leach matu­
rity. Since ,V. Ivsa n  attain maturity at 60.7 cm these fish 
should not be caught up to that size. As the peak spawn 
ing season is September and June the bleeding females ol 
S. ly sa n  should be protected during this penod tu oidei to 
maintain a sustainable lisheiy. Seasonal dosuic can be 
designed to protect key life stages of this species. The 
above implications in terms oflhe potential effect on the 
reproductive capacity oflhe slock would support manage 
menl decisions and ensure long-term viability of .S' ly sa n  

stocks along the Sri Lankan coastline, disseminating 
these findings to fishermen through fisheries co-opcialive 
societies and the Ministry of Fisheries is an indispensable 
part of such a management decision,
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Table 3
Selected gonadosonwtic relations ol females ol S c o in b e r o id e s  ly s a n  from Sii Lankan marine waters

Relation Logarithmic equation .. ................... n R'

OW-FL log OW = 4.5 x log FL t 6.73 760 0 7425

FE-OW log FE -  2.4 x logOW c 2.46 111 0.5581

FE-TL log FE = 6.75 x logTLt-6.2 22 0.8011

LW-FL log LW = 3.183 x log F U -4.49 761 0.7405

OW = ovary weight; FL = fork length; FL -  fecundity; TL -  total length. LW 
R" -  regression correlation.

liver weight: n number of fish examined.

Table 4
Selected gonadosomatic relations of males of S c o in b e r o id e s  Ivsan  from Sri Lankan marine watcis

Relation Logarithmic equation
TEW-FL log TEW = 0.246 * log FL + 0.246
TEW-TW log TEW = 1.423 x log TW + 3.78
LW-FL log LW = 2.924 x log FI.-t 4.023

n r

668 0 9973

668 0.7328

668 0.6465

TEW = testes weight: FL -fork length: TW = total weight: LW = liver weight: n - immbe, of fish examined, R 

sion correlation coefficient.

regies-
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ABSTRACT
The p resen t study w as carried out to identify  th e  developm ental changes in  th e gonads of 

S co m b e ro id e s  ly sa n  during m aturation in order to determ ine th e spaw ning pattern, ovulation  
pattern and spaw ning season. S . ly sa n  is  one of th e m ost econom ically im portant Carangid food fish  
in Sri Lanka. Sam ples w ere obtained from June 2010 to M ay 2012 from the Sri Lankan waters and 
a tota l num ber of 570  ovaries and 525 te ste s  were analyzed m acroscopically and microscopically. 
Oocyte d iam eters o f se lected  sam ples w ere m easured in  order to find out th e ovulation pattern. 
Histologically ovaries w ere categorized in  to seven  stages by identify ing chrom atin nucleolus, peri 
nucleolus, cortical alveolar, yolk globular, la te  yolk, hydrated, atresia and post ovulatory follicle 
stage oocytes and te ste s  were categorized in  to four stages. Oocyte diam eter range from  
12,5-450.0 pm. Occurrence of several batches of oocytes at a tim e and the presence of different type 
of oocyte in  an ovary revealed  th a t th is w ould be a m ultip le spaw ner w ith group synchronous 
ovulation pattern . H ydrated  and post ovulatory follicle stage oocytes and spaw ning stage testes  
were only availab le during June and Septem ber. Im m ature stages of both gonads were available 
throughout th e  stu d y  period. O bservations on seasonal m aturity stages indicate that th is species 
is a m ultiple spaw ner w ith  two peak spaw ning season in June and September. The results obtained 
from th e p resen t stu d y  can be u sed  in  th e  m anagem ent of S', ly sa n  in  th e Sri Lankan waters to 
ensure th e  su sta in a b le  u tilization  of th is  species.

K ey w o rd s: S co m b e ro id e s  ly sa n , spaw ning  pattern, ovulation pattern, h istology, m aturity stages

INTRODUCTION
C ategorizing th e  ovaries in to developm ental stages and m easuring the oocyte diam eter  

distribution u sin g  histological staging system  will provide detailed information on ovulation pattern, 
spawning season  and abundance of m atu rity  stages. Oocyte growth and developm ent are the  
im portant is su e s  in  th e  reproductive biological studies o f fishes (Tyler and Sum pter, 1996). 
Mackie and Lew is (2001) explained th at the m ost accurate and detailed m eans of staging of gonads 
is by m icroscopic exam ination  of h isto logically  prepared sections of each specim en. Ovarian  
developm ent u su a lly  defines th e  sp aw n in g  season  and num ber of offspring produced during  
spawning (De M artini and Fountain , 1981).

Histological studies are im portant to invent new and effective methods for increasing 
efficiency of brood stock, increasing fish production and ultimately increase efficiency and higher 
fish are predicted. Determ ining the peak period of spawning, exploitation level, understanding
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the biological characteristics and life cycle of a species are im portant in  the m anagem ent and 
reconstruction of a fish  species (Saeed et a l ,  2010). Stahl and Kruse (2008) stated  that classification  
of ovaries in to developm ental stages is a prerequisite for settin g  annual catch quotas using a 
harvest ra te  stra tegy  b ased  on spaw ning biom ass estim ates. Inform ation on m aturation and  
spawning of species w ill contribute to the knowledge of their population dynam ics and m anagem ent 
of the stocks (Gabr et a l., 1998).

S c o m b e ro id e s  ly sa n  is  com m only know n as double spotted queen fish  belongs to the fam ily  
Carangidae, d istributed  through th e Indo-W est Pacific region (Froese and Pauly, 2012; 
De Bruin e t a l., 1994) and p lay  a major role in  th e  ecosystem  as carnivore particularly p isdvores  
in their adult stage and economically im portant as food fish es more popular as in  th e form of dried  
fish (T hulasitha and S ivashanthin i, 2012; Anonym us, 2008) as well as popular game fishes  
(Honebrink, 2000).

Various stud ies have been m ade on reproductive biology of fish and fish  related organisms from  
different parts of th e world. Few  exam ples for such reproductive biology studies are by  
Chelem al e t a l. (2009) for L iz a  ab u , K aratas and Sezer (2005) for C y p rin u s  carp io , 
Sivashanthin i e t a l. (2008) for G erres a b b re v ia tu s ,  Azadi and M amun (2004) for 
A m b lyp h a ryn g o d o n  m ola , Ism en e t a l. (2004) for B a tis te s  ca p r iscu s , Shinkafi and Daneji (2011) 
for S y n o d o n tis  eu p te ru s  and Fernando e t a l. (2006) for A m p h ip r io n  sebae. From th e literature  
survey it  is  apparent th a t th e  reproductive biology based  on histological stud ies of S com bero ides  
lysan  have not been studied, so  far. The present study was carried out to identify th e ovulation and  
spawning p attern  through microscopic stages of gonads of S co m b e ro id e s  ly sa n  for the first tim e.

MATERIALS AND METHODS
Fish sam ples w ere collected w eekly betw een June 2010 and May 2012 from commercial catches 

of Jaffna, T rincom alee, M annar and P u tta lam  fish  landing centers in  Sri Lankan waters located  
in th e  Indian Ocean (betw een 79-80°E  longitudes and 9-10°N  latitudes). Fresh sam ples were 
brought to  th e  laboratory and gonads were obtained by th e dissection. Macroscopic staging of 
gonads w ere assign ed  as m aturity stages according to M ackie and Lewis (2001) and W est (1990).

Sub sam p le  of four specim ens (2 m ale and 2 fem ale) from  each 10 cm total length  size range  
was tak en  from  each m onth ly  sam ple and gonads of each specim en w ere taken for histological 
inspection.

For h istological exam ination different portions of ovaries and testis  were fixed in formal saline  
(8.5 g of sod ium  chloride, 100 mL of 40% Form alin and 900 mL of d istilled  water). C learing and  
paraffin em bedding w ere perform ed u sin g  standard histological techniques (Clark, 1981; 
Ratcliffe, 1982) after one w eek  th ey  w ere dehydrated in  graded alcohol series, exposed to X ylene  
and em bedded in  paraffin wax. Sections of 6 pm thickness were prepared and stained  w ith Harris 
H aem atoxylin and E osin, then  m ounted w ith  DPX. Photographs were taken  from the OPTIKA  
binocular ligh t m icroscope equipped w ith  AIPTEK-AHD Z600 cam era. Microscopic stag in g  of 
gonads w ere assign ed  in to  different m aturity  stages according to M ackie and Lewis (2001) and  
West (1990).

Oocyte diam eter of all m aturity stages were m easured for key sam ples u sing ocular micrometer 
and th e p ercentage occurrence were p lotted  again st th e oocyte d iam eter class in terval in order to  

confirm th e  ovulation pattern.
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A total num ber of 570 ovaries and 525 testes were exam ined. D evelopm ental stages of ovaries 
were categorized in to  seven stages as im m ature, m aturing, rest/developing, m ature, pre spaw ning, 
spawning and sp en t and m ales were categorized in to four stages as im m ature, m aturing, m ature  
and spaw ning according to  th eir  macroscopic and m icroscopic features.

Am ong th e  total catches of fem ales, im m ature stage ovaries (60%) were dom inated and obtained  
throughout th e  study period. M aturing stages were obtained from February to A ugust (15.5%) 
w hereas m ature stages (3%) during A ugust and October. Pre spaw ning and spaw ning (20.5%) 
were on ly  availab le during Ju n e and Septem ber. Only <1% of spent stages w ith post ovulatory  
follicles were collected during Septem ber. Less than  1% of rest developing or second tim e developing  
stages was availab le during Septem ber 2011, only.

O varian  d e v e lo p m e n ta l  s t a g e s  
S ta g e  I: I m m a tu r e  o v a r y
M a c r o sc o p ic  fe a tu r e s :  Sm all, thread  like ovaries w ith pink and translucent colour;
without v isib le  oocytes (Fig. 1). It is  difficult to determ ine th e sex m orphologically in th e earlier 
stage.

M icro sco p ic  fe a tu r e s :  Two stages were identified  such  as chrom atin nucleolar stage (Fig. 1, 2a) 
and perinucleolar sta g e  (Fig. 2a, b). Chrom atin N ucleolar Stage (CNS) is characterized by large  
spherical nucleus w hich occupies th e  greater portion of oocyte and strongly basophilic sm ooth  
cytoplasm  appeared as dark purple in  colour. CNS stage  oocytes grow up to 50 pm. In the later  
stage th ey  develop in  to perinucleolus stage  (PNS) which is  characterized by th e appearance of 
several nucleoli in  th e  peripheral region of oval shaped  nucleus. Cytoplasm  is still strongly  
basophilic in  natu re and th ese  stage  oocytes reached to 100 pm. Sm all spindle shaped follicular 
cells starts to  proliferate and surrounds th e oocytes. W eakly eosinophilic layer (precursor of zona 
radiata) also starts to appear betw een  th e  follicular cells and oocytes. But in  th e later stage, large  
PNS oocyte m ay develop sm all vacuoles in  the cytoplasm , very close to  the nucleus.

J. F ish. A quat. Sci., 8  (2): 355-366, 2013

Pig. l(a-b); S ta g e  I: Im m ature ovary view; (a) W hole v iew  and (b) Transverse section,
CNS: Chrom atin nucleolus, Bv: Blood vessel, T: Tunica, La: Lam ella, Total length  of 

fish  is  24 cm
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Pig. 2(a-b): S tage I: nucleolus stages in  im m ature ovary, (a) Chromatin nudeolus and (b) 
P eri-nucleolus, CNS: Chrom atin nucleolus stage, PNS: Pen-nucleolus stage, 
O: Oogonia, n: N ucleolus, F: Follicular cells

Fig. 3(a-b): S ta g e  II: m atu rin g  ovary view; (a) W hole view  and (b) Cortical alveoli stage, 
PNS: Peri-nucleolus stage, N: Nucleus, F: Follicular cells, 0: Oil droplets, Ya: Vacuoles, 
Total len gth  of fish  is 48

S ta g e  II: M a tu r in g  o v a r y
M a c r o sc o p ic  fe a tu r e s :  M edium  size  ovaries usually  appeared as translucent pink, flattened, 
flaccid and re la tive ly  inconspicuous. Oocytes are not v isib le through th e  ovarian wall. E xternal 
surface is  sm ooth and uniform  in  appearance (Fig. 3a).

M icro sco p ic  fe a tu r e s :  The Cortical Alveoli Stage (CAS) in which yolk deposition im tiated. In this  
stage, cytoplasm  becom es w eekly basophilic nature and th e  nucleus is about h a lf of th e  oocyte and  
still occupies a central position  and it  contains several nucleoli; Sm all clear sta in in g  yolk vesicles  
appear throughout th e  m id and outer regions of the cytoplasm  and form ing a narrow row (cortical 
alveoli) near th e periphery of th e  cytoplasm  and clear sta in in g  oil droplets also appear w ith in  th e  
inner region of th e  cytoplasm , increasing in  number and size around the central nucleus. Follicular
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cells becom e enlarge and surrounds the oocytes. This stage of ovary also contains CNS and PNS  
oocytes. Large oocytes grow up to 150 pm (Fig. 3b).

Stage III: R e s t /d e v e lo p in g  o v a r y
M acro sco p ic  fe a tu r e s :  It is difficult to differentiate macroscopic ally with first tim e m aturing  
stage. Colour is typically sem i-translucent rose/purple; the ovarian wall and blood capillaries are 
thick. But the lum en is large when made a transverse section. Few oocytes can be seen in the late  
stage (Fig. 4a).

M icro sco p ic  fe a tu r e s :  Second tim e developing ovary with several stages of oocytes such as 
CNS, PN S and CAS but th e  dom inating stage is depending on the season; Lam ellae very thin; 
ovarian lum en  is larger than  fist tim e developing ovary. Some large oocytes reached to 200 pm 
(Fig. 4b).

Stage IV: M a tu red  o v a r y
M a cro sco p ic  fe a tu r e s :  Large, rounded, yellow to orange coloured ovaries, occupying about 
75% to alm ost filling  body cavity. Ovarian w all is thin and transparent. Sm all opaque 
oocytes can be seen clearly through th e ovarian wall. Prom inent blood capillaries also formed 
(Fig. 5a).

M icro sco p ic  fe a tu r e s :  This stage starts with early YGS. In the early stage ovary is dominated  
by early YG S and Previtellogenic oocytes (PVO). YGS oocytes m ature and grow, causing the 
lamellae to  expand th e  lum en to decrease and th e tunica to stretch and thin. Vascular tissue  
becomes m ore common. In th e later stage (Yolk globule stage/advanced vitellogenic oocytes) yolk 
granules alm ost cover the cytoplasm; nucleus starts to m igrate towards the periphery (also refereed 
as migratory nucleus stage-M N S) of the oocytes. In the ovary, 300-350 pm size oocytes dom inate 
but few of them  reached to 450 pm. This stage of ovary also consists of CNS, PN S and CAS oocytes 
(Fig. 5b).

Fig. 4(a-b): Stage III: rest/developing (m aturing) ovary view; (a) W hole view and (b) Cortical 
alveoli stage, CAS: Cortical alveoli stage, PNS: Pen-nucleolus stage, CNS: Chromatin 
nucleolus, Lu: Lum en, La: Lam ella, Total length o ffish  is 71 cm
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Fig. 5(a-b): S ta g e  IV: m atured ovary view; (a) W hole view  and (b) Yolk globule stage oocyte, 
Yg: Yolk globule, Mn: M igratory nucleus, F: Follicular cells, Zr: Zona radiata, Total 
len gth  of fish  is 68  cm

Fig. 6(a-b): S ta g e  V: pre-spaw ning  sta g e  ovary, (a) A  portion of pre spaw ning ovary and (b) Late  
yolk stage  oocyte, Mn: M igratory nucleus, Yg: Yolk globules, O: Oil droplets, Zr: Zona 

radiata, F: Follicular cells, T otal len gth  o ff ish  is  78 cm

S tage  V: P r e  s p a w n in g  o v a r y
M a c r o sc o p ic  fe a tu r e s :  It is difficult to d ifferentiate pre spaw ning stage from the stage  

V l-spaw ning stage  ovary b y  m acroscopic analysis (Fig. 6a).

M ic ro sco p ic  fe a tu r e s :  Large oil droplets increase in size and interm ixed with th e  yolk  
globules. N ucleus starts to m igrate tow ards th e  periphery of the oocyte. H ydrated oocytes 
and post ovulatory follicles can be seen  i f  th e  spaw ning is started. Zona radiata  becom es 
enlarged and can be seen  clearly w ith  surrounding follicular cells. M ost of th e oocytes in  
this sta g e  are reached to 350  pm and considerable num ber of oocytes reached 400-450  pm

(Fig. 6b).
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Fig. 7(a-b): S tage  III: spaw ning stage ovaiy  view; (a) W hole view  and (b) A portion of hydrated  
oocyte, Yp: Yolk plate, Mn: M igratory nucleus, Zr: Zona radiata, F: Follicular cells, 
Total length  of fish  is 80 cm

Fig. 8(a-b): (a) Spaw ning stage  w ith different stages of oocytes and (b) Spent stage ovary 
D egen eratin g  post ovulatory follicles, POF: Post ovulatory follicles, CNS: Chromatin 
nucleolus stage

S tage VI: S p a w n in g  o v a r y
M acroscop ic  fe a tu r e s :  Ovaries are very large and swollen. The translucent hydrated oocytes give 
the ovaries a d istinctive speckled or granular appearance through the thin ovarian wall. Eggs may 
he released from th e ovaries w hen pressure applied (Fig. 7a).

M icroscop ic  fe a tu r e s :  Yolk granules becom e fused  together and form yolk plates; nucleus 
migrates towards th e periphery of the oocytes. H ydrated oocytes can be seen in the lum en. Yellow  
brown bodies and vascular tissu e  w ill becom e m ore prom inent at th is tim e and Post Ovulatory 
Follicle (POF) m ay be present if  the fish has previously spawned. At the tim e of spaw ning ovulated  
eggs are found  in th e  lum en and new POF are present in the periphery of the lam ellae and few  
MNS, CNS, P N S m ay also present (Fig. 8a). Most of the oocytes in this stage are reached to 350 pm 
and considerable num ber of oocytes reached 400-450 pm (Fig. 7b).
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Fig. 9(a-b): A tretic  oocytes h isto logy (a) a and P and (b) y  and 8 stage atresia  

S tage VII: S p e n t  o v a r y
M acroscop ic  fe a tu r e s :  F laccid and large ovaries u su a lly  grayish  in colour. Lum en is very large.

M icroscop ic  fe a tu r e s :  Post ovulatory follicles dom inate the space; few CNS also present (Fig. 8b).
A tresia stages o f oocytes w ere recorded in m atured, Pre spaw ning, spaw ning and spent stage  

ovaries (Fig. 9a, b).

T e s t ic u la r  d e v e lo p m e n t a l  s t a g e s  
S tage I: I m m a tu r e  t e s t is
M acroscop ic  fe a tu r e s :  Sm all, strap/thread lik e opaque testis  w ith sm ooth appearance (Fig. 10). 
No m ilt is p resen t in  th e  transverse section  (Fig. 10a).

M ic ro sco p ic  fe a tu r e s :  T estis contains sperm atogonia and iso lated  pockets of sperm atocrypts. 
These m ain ly  contain  sperm atocytes. The central sperm  sinus is sm all and em pty (Fig. lOe).

S tage II: M a tu r in g  t e s t is
M a c r o sc o p ic  fe a tu r e s :  Larger than  im m ature gonads and produce m ilt when squeezed
(Fig. 10b).

M icro sco p ic  fe a tu r e s :  Sperm atocytes are th e  prom inent sperm  tissu es and sperm atocrypts are 
larger than im m ature testis . Interstitial cells surround the spermatocrypts. Central sperm  sinus is 
empty (Fig. lOf).

Stage III: M a tu r e  t e s t i s
M acroscop ic  fe a tu r e s :  Large, opaque and ivory or bone colour testis. Exterior dorsal blood vessels  
are present and prom inent. Produce w hite m ilt w hen squeezed  and m ilt should be visib le in  the  
outer areas of th e  tran sverse  section (Fig. 10c).

M icro sco p ic  fe a tu r e s :  Sperm atozoa and/or sperm atids are th e dom inant stages. The central 
sperm sin u s m ay be sm all w ith  a th ick  m uscular w all and m ay contain litt le  or no sperm. 
However, th e  peripheral sperm  sinuses are well developed, prom inent and filled  w ith sperm atozoa
(Fig. lOg, i).
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Fig. 10(a-j): M acroscopic and microscopic stag ing  of testes; (a) W hole view  of im m ature testis, (b) 
M aturing testis , (c) M ature testis , (d) Spaw ning testis  and histology of; (e) 
Sperm atocytes (Scy) in  sperm atocrypts (Sc) o f testis; (f) Large sperm atocrypts, (g) 
Sperm atocytes in  peripheral sperm  sinus (Pss), (h) Spermatozoa (Sz) in  Pss, (i) Empty 
central sperm  sinus (Css) and sperm atozoa present in Pss and (j) Spermatozoa present 
in  th e Css

S ta g e  IV: S p a w n in g  t e s t i s
M a c r o sc o p ic  fe a tu r e s :  Running ripe stage. Testis is large in  size sim ilar to m ature stage but more 
have sw o llen  w ith  lager exterior blood vessels. M ilt is  released  with little  or no pressure on the  
abdomen or w hen  th e  te stis  is  cut (Fig. lOd).

M ic r o s c o p ic  f e a tu r e s :  T estis is dom inated by sperm atozoa in th e large peripheral and central 
sperm  sin u ses. Crypts of sperm atocytes are uncommon and in some testis they confined to the most 
outer region  of each lobe (Fig. lOh, j).

For oocyte d iam eter distribution stud ies, ovarian developing stages V  and VI are combined as 
spaw ning stage. Frequency distribution of various size  oocytes in  relation to m aturity stages were 
shown in  Fig. 11. It exp lained  th at th e ovaries of Scomberoides lysan  have several batches of 
oocytes at a tim e b u t th eir  abundance varies w ith m onths.

D IS C U S S IO N
M acroscopic and microscopic structural changes on the ovaries of te leost were done by various 

researches (Saeed et al., 2010). In th e present study, seven m aturity stages of ovary were identified  
according to th e  macroscopic and microscopic analysis. Although, Yamamoto and Yam azaki (1961) 
recorded ten  developm ental stages of ovary and Chen et al. (2006) characterizes Thunnus  
orientalis  oocyte developm ent into seven  stages of m aturation.

M acroscopic stu d ies based on th e colour and appearance is a cheaper and faster m ethod  
(Mackie and Lewis, 2001) however, microscopic histological studies on the S. lysan  explain the
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detailed develop m en ta l changes in  th e  gonads during m aturation. In th e  S . lysan, ovary, 
rest/developing and pre spaw ning  stages w ere clearly identified  by m icroscopic stag in g  only. 
Proliferation o f  fo llicu lar cells in  th e peri nuclear stage  of ovary explained th e  com m encem ent of 
reproductive activ ity .

The p resen ce  o f sp aw n in g  and sp en t sta g e  ovaries w ith  hydrated oocytes and post ovulatory 
follicles clearly explain  th e spaw ning season  as Ju n e and Septem ber. H unter and M acewicz (1980) 
suggested th a t th e b e st indicator of th e  tim e of spaw ning was the occurrence of both  hydrated eggs 
and post ovulatory follicles. The hydration stage is  very short in  duration and m ay not be commonly 
observed (S tah l and K ruse, 2008; H unter and Goldberg, 1980).

O ccurrence of severa l stages p resent in  an ovary at a tim e (Fig. 4b, 8a) revealed  th a t the  
S. ly sa n  sp a w n s m ore th an  once. It is also supported by th e studies on narrow-barred Spanish  
mackerel S c o m b e ro m o ru s  co m m erso n  which h a s  a prolonged spaw ning season  during which eggs 
are spaw ned  b y  fem ales in  m ultip le batch es (M cPherson, 1993) and oocytes of varying  
developmental stages are p resent w ith in  th e  ovary at th e sam e tim e. Collection of rest/developing  
stage is a stron g ev id en t for th e  spaw ning  pattern . That m eans S . ly sa n  spaw ns m ore th an  once. 
Presence o f  sperm atocytes in  sperm atocrypts of peripheral regions of spaw ning  stage  testis  also
explained th a t  th is  sp ec ies spaw ns m ore th an  once.

Presence of several batches of oocytes in  an ovary at a tim e explain th a t S', ly sa n  ovulated m ore 
than once term ed as group synchronous ovulation pattern and it is a m ultiple spawner. M assut and 
Nin (1997) s ta te d  th a t th e fish  C o ry p h a e n a  h ip p u r u s  is  a m ultip le spaw ner because th eir  ovaries 
consist of various s ize  distributions of oocytes w ith  at least two groups of oocytes in  the ovaries.
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M oham ed (2010) also exp lained  th a t th e  presen ce of oocytes at different stages of developm ent 
belongs to th e  fish  w ith  prolonged and fractional spaw ning season . G riffiths e t a l. (2005) recorded  
two sep a ra te  p eak  sp aw n in g  sea so n s in  February and N ovem ber for S co m b ero id e s  
co m m erso n n ia n u s  from northern A ustralian  w aters. Sadeghi e t a l. (2009) stu d ied  th e reproductive 
biology of S c o m b e ro m o ru s  c o m m erso n  in  th e  coasta l w aters of Iran and reported S', co m m erso n  
spaw n from  J u n e to  Septem ber.

CONCLUSION
From  th e p resent study it  can be concluded th a t th e  S . ly sa n  is  a m u ltip le  spaw ner w ith  group 

synchronous ovulation. The spaw ning tim e w as determ ined  as June and Septem ber b y  identify ing  
th e  presence of pre spaw ning, spaw ning  and post-ovulatory fo llicle s ta g e s . T hese findings could be 
u sed  in  form ulating  or su g g estin g  m an agem en t m easures for th is species.
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A B S T R A C T
The p resent study w as undertaken to understand th e lip id  changes in  gonad, m uscle and liver  

tissu es o f tropical double sp otted  queen  fish , S c o m b e ro id e s  ly sa n  (Fam ily: C arangidae) in  relation  
to  se x u a l m aturity  and spaw ning. C holesterol (CS), phospholip id (PL) an d  triacylgycerol (TAG) 
w ere determ ined  in  gonad, m uscle and liver  tissu es w ith  respect to  m atu rity  stages of both  sexes  
as w ell as m onths. F ish  w ere period ically  caught from w aters around Sri L anka throughout th e  
yea r  2 0 1 0  to 2011. F ish  length , w eight, se x  and m aturation sta tu s w ere recorded. C ontent of CS, 
PL an d  TAG in  gonad, m uscle and liver  tis su e s  were determ ined at th e  laboratory. The va lu es of 
CS, PL and TAG in  th e  ovary in creased  to 2-5 fold throughout th e  ovarian m aturation  and  
d ecreased  to  2-8  fold  after spaw ning, w h ereas in  liver and m uscle t issu e , in creased  up to  
m atu ra tion  and decreased during spaw ning . S im ilar dynam ics w as recorded in  m ales. The m ain  
lip id  co n stitu en ts  in  th e  liver and m u scle  of m ature fish  w ere TAG and PL, respectively . Lipid 
con stitu en ts in  gonads show ed higher value, w hereas m uscle and liver show ed  low er v a lu e  in  June  
an d  Septem ber, which rep resen t th e  sp aw n in g  tim e of S . ly sa n . It h a s  b een  concluded th a t the  
v a lu e s  o f  lip id  in  tissu es  of S . ly s a n  in flu en ce  th e  cycle of m aturation  and tim e  of spaw ning. This 
n ew  inform ation can b e  u sed  for th e determ ination of the fish ing  season  for S . ly sa n , w hen  it  is not 
reproductively active and h as high nutritional value in  term s of lipid. The know ledge gained on CS, 
PL an d  TAG in  d ifferent m atu rity  s ta g es  o f S . ly sa n  can also b e  u tilized  in  broodstock diet 
form u lation  in  th e  fu ture cu lture tr ia ls  o f  S . ly sa n .

K e y  w o r d s :  C holesterol, phospholip id , S co m b e ro id e s  ly sa n , triacylglycerol 

IN T R O D U C T IO N
In fish , lip ids are know n to b e  an im portant energy source for reproduction, since large am ounts 

of lip id s are required  both for fem ale  egg  production and for m ale b reed in g  activ ities, such as 
enh an ced  sw im m ing activity, com petition , courtship, paren ta l care and n e stin g  (Goda e t a l., 2007; 
E b rahim nezhadarabi e t a l.,  2011).

W hen  a spaw ning m igration is  involved , th e  adult fish  generally  d ep lete  a ll th eir  reserves and  
die after spaw ning as in  th e  case of Sockeye Salm on (O n corh yn ch u s n erka )  (H inch e t a l., 2006) and  
e e l (A n g u i l l ia  a n g u il l ia ) (Fricke and K aese, 1995). If no m igration is involved , f ish  are capable of 
b u ild in g  th e ir  energy  reserves com p letely  after spaw ning.

555



A s ia n  J . A n im . Vet. A dv., 8  (4): 555-570, 2013

The lipid storage tissue vanes depending on the fish species; some species deposit in  liver (most 
gadoids; Alonso-Fernandez and Saborido-Rey, 2012) while some in muscle (Antarctic fish; 
Clarke e t a l., 1984) and some in  both liver and muscle (Jezierska e t a l., 1982; H edayatifard and 
Yousefian, 2010).

F lu ctu ation  of lip id  c la sses  in  gonad, m u scle  and liver o f adult fish  is d irectly  assoc ia ted  w ith  
sex u a l m aturity  and sp aw n in g  of fish  (M ourente e t a l., 2002; H uynh e t a l., 2007). K now ledge  
ga in ed  from  lip id  changes in  d ifferent t is su e s  of species w ould be help fu l to u n d erstan d  the  
physiology and ecology o f th a t species. D u e to  higher in vestm en t of resources for reproduction, lipid  
reserv es  in  liver  and m u scle  are m obilized  and transferred  to  th e  gonad during m atu ration  and  
sp a w n in g  (Zaboukas e t a l . ,  2006; S u th arsh in y  and S ivashanth in i, 2011a; S ingh  e t a l.,  2012). 
Further, variations in  lip id  com position  in  fish  tissu es  depend on en v iron m en ta l conditions 
(Lund e t a l., 2000) and sea so n a l variation s (K andem ir, 2010).

The len g th  of th e  sp a w n in g  season  an d  sp aw n in g  frequencies varies greatly  b e tw een  species. 
Som e species for exam ple S a lm o n ifo rm , A th e r in ifo r m  and T etra o d o n tifo rm  have a m arked seasonal 
periodicity in  gonadal m aturation  (Taylor, 1984), w hile  species of B le n n iu s p h o l is  h a s  r ip e  ovaries 
th rou gh ou t th e  year (Q asim , 1957). Som e fish  spaw n only once a year or once in  their  
life tim e  (e.g., m ost O n c o rh y n c h u s  spp. and A n g u il la  spp., D e V lam ing, 1983) w h ile  o th ers spaw n  
several tim es a year for exam ple Black and W hite bream  (Jacques and Patrick, 2003), L a tr is  lin ea te  
(B ransden e t a l.,  2007) and S c o m b ro id e s  ly s a n  (T hulasitha and S ivashanth in i, 2013).

Lipids are com plex c la sses  of com pounds, can b e  broadly divided in to  tw o groups, on e  is polar 
lip id s com posed p rincipally  o f phospholip ids and th e  other one is non polar lip id s com posed  
p rin cip ally  o f tr iacylglycerols and cholestero l (Tocher, 2003). T hese com ponents affect the  
biochem ical processes o f organ ism  at d ifferent level. Phospholipid is th e  m ain lip id  o f cellular  
m em branes and im portant co n stitu en ts o f egg  yolk in fish  (Johnson, 2009). It can  also b e  an 
im p ortan t source of en ergy  (fatty  acids) in  fish , particu larly  during em bryonic an d  early  larval 
d evelop m en t in  species th a t produce phospholip id  rich eggs (Tocher, 1995). T riacylglycerol is  the  
m ajor energy storage form  in  fish  (Shulm an, 1974) and stored  in  fiver, m uscle and m esen teric  fat 
(Sheridan , 1994). C holesterol is  a precursor for th e steroid  horm ones and b ile  acids (Scott, 1987) 
and used  for additional cellu lar  fu n ction s in  th e  te s t is  (Sharpe e t a l., 2006).

The D ouble spotted  q u een fish  (S c o m b e ro id e s  ly sa n )  is  a tropical fish  and broadly distributed  
throughout th e  Indo-Pacific region  (Froese and Pauly, 2010; V arghese e t a l., 2011). It is  an 
econom ically im portant food f ish  in  Sri L an k a . The species is  popular for dry fish  production w ith  
export dem ands and esp ecia lly  consum ed b y  m others during pregnancy and im m ed ia te ly  after 
delivery. T hus, it  is  h ig h ly  prized, con tin u es to  m aintain  a h igh  m arket dem and and m arketed  
preserved , dried or sa lted  (S u th arsh in y  and S ivash an th in i, 2011b; c) and h old  an im portant 
p osition  tow ards th e  econom y of th e  fish er ie s  of Sri Lanka.

Though there are several stu d ies on lip id  dynam ics in  different tissu es  re la ted  to  reproduction  
w ere recorded for tem perate fish  species (Fiorin e t a l., 2007; Lloret e t a l., 2008) only few  stu d ies are 
ava ilab le  for tropical fish  sp ecies (A rrington e t a l.,  2006; Hiroaki, 2012; O vie e t a l., 2007; 
T alat e t a l., 2006) esp ec ia lly  for carangids (Ram adan, 2002; A ssem  e t a l . ,  2005). F ew  research  
w orks re la ted  to lip id  com position  o f fish  w ere carried out b y  different authors in  Sri Lanka  
(Anas e t a l ,  2009; T h ilak arath n e and A ttygah e, 2009; U bhayasekera e t a l., 2012). H ow ever no 
stu d ies  w ere perform ed on h p id  changes in  S . ly sa n  and therefore th e  p resen t stu d y  on variation  
in  h p id  c lasses of S . ly s a n  is  th e  first p ilo t stu d y  in  Sri Lanka.
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The know ledge gained  from  th e  p resen t study on lip id  changes of S. ly sa n  based  on lip id  class  
con stitu en ts-ch o lestero l, triacy lg lycerol and phospholip ids can b e  considered and applied  in  th e  
fu ture stu d ies , contributing to  econom ic and h ealth  developm ent and su sta in ab le  m an agem en t of 
S', ly s a n  in  Sri Lanka.

M A T E R IA L S  A N D  M E T H O D S
S a m p le  c o lle c t io n :  Regular field  v is its  w ere m ade once a m onth to th e  lan d in g  centers a t  Jaffna, 
Trincom alee, M annar and P u tta lam  (Fig. 1). From the landed  m arketed fish, size selective sam p les  
w ere  co llected  m onthly from  Jan u ary  2 0 1 0  to D ecem ber 2011 w ith  th e  assistan ce of fisherm en  
co-op erative  society’s U nion o f each  la n d in g  site. The fish  sam ples collected w ere actually  caught 
m ain ly  b y  17.78 cm 21 ply m esh  size , drift n ets used  p articu larly  for queen fish  (K atta vala i). F ish  
sa m p les  w ere also collected  from  th e  b y  catch sp ecies caught u sin g  6 .35  and 8 .89  cm  m esh  
s iz e  d rift n et and se in e  net. Im m ed iately  after collection, fish  w ere ch illed  before freezing  
(G raham  e t a l., 1992) and b rought to th e  laboratory in  an ice box (G iostyle, Ole 25; Ita ly ).

M o r p h o m e tr ic  a n a ly s is :  F ish  w ere a llow ed  to  th aw  slow ly  and Standard Length (SL) was 
d eterm in ed  u sin g  m easu rin g  tap e  to th e  nearest 0.1 m m  and Body W eight (BW) was m easured  
u sin g  top load ing  balance to th e  n earest 0 .01 g before conducting lip id  analysis.

S e x  d e te r m in a t io n :  Sex and gonad m atu rity  stages w ere determ ined  for each specim en u sin g  
m acroscopic exam ination  of gonad and recorded.

A sia n  J . A n im . Vet. A dv., 8  (4): 555-570, 2013

Fig. 1: S am p lin g  stations o f S . ly sa n .  A: Jaffn a , B: M annar, C: T rincom alee and D. P utta lum
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Tissues analysis: F ish  w ere d issected  and w hole gonad and liver  w ere rem oved and w eighed  
u sin g  an  electronic balance (OHAXJS; USA) to th e nearest 0 .01 g. The m uscle tissu e  from dorsal side  
th a t is  d irectly  under th e  dorsal fin  and w ell above th e  la tera l line w as rem oved. T issu es w ere dried 
in  an O ven (YCO-010; G erm any) at 60°C  for 24 h. T he tissu es  w ere covered  w ith  filter  paper to  
p r e v e n t accid en ta l w eigh t loss of lip id  from  tissu es and to stop droplets eru p tin g  out of th e  
container. The dried tissu es  were rew eighed  and ground tw ice in  an electric grinder (Preett XT - 97; 
India).

Total lipid extraction: T otal lip id  in  each  t issu e  w as an alysed  according to  th e  B ligh and Dyer 
(1959) m ethod. A ll chem icals w ere pu rch ased  fro m  stan d ard  sources S igm a chem ical company, 
U SA . A  w eigh t of 10 g dried t issu e  pow der w as hom ogenized  w ith  200  m L of chloroform /m ethanol 
m ixture th a t prepared as in  th e ratio 2:1 (v/v). After dispersion, th e  w hole m ixture w as ag ita ted  for 
2 0  m in at 2 0 0 0  rpm  in  vortex m ix (Karl H echt KG; G erm any) at room  tem p eratu re. The whole 
m ixture w as filtered (funnel w ith  a folded filter  paper; D iam eter-11 cm ). The so lids on filter  paper 
w ere w a sh ed  w ith  40  m L of d istilled  w ater, th en  th e  flu id  m ixture w as vortexed  for 1 m in and  
centrifuged (Sigm a; Germ any) at low sp eed  (2000 rpm) for 10 m in to sep ara te  th e  tw o p h ases and  
a llow ed  to  stand. A  b ip h asic  sy stem  w as obtained. The upper p h a se  w as siphoned, th e  lower 
chloroform p h ase containing hpids w as filtered  off and th e  w ater w as rem oved  from  th e  extract by 
p assin g  it  through a folded filter  paper con ta in in g  anhydrous sodium  su lp h ate . The in terface was 
rin sed  tw ice  w ith  m ethanol/chloroform  (1:1 v/v). The low er p h ase con ta in in g  in d iv id u a l hp ids were 
recovered  after evaporating under vacuum  in  a rotary evaporator (1 K A  H B  10 basic; Germany). 
T he dried lip id  extracts w ith  a sm all volum e of chloroform -m ethanol m ixtu re in  K jldhal fla sk  were 
le ft  to  evaporate in  th e fum e cham ber. The resu lting  extract of to ta l lip id  w as stored in  a sea led  vial 
at -20°C for further analysis.

Lipid class analysis: C holesterol (CS) (Z latkis e t a l.,  1953), phosphohpid  (PL) (Z ilversm it and 
D avis, 1950) and triacylglycerol (TAG) (Foster and D unn, 1973) in  different t issu es were estim ated. 
S tan d ard  curve for each lip id  c lass con stitu en ts w as p lo tted  u sin g  th e  attached  LABOM ED, INC 
so ftw a re  in  UV V isib le spectrophotom eter (LABOM ED, U V D -3000). T he concentrations of hpid  
c la sses  in  tissu es  were quantified .

Cholesterol analysis: A w eight of 0.1 g  extracted hpid  w as taken. F ive m illiliter  of ferric chloride 
(in acetic acid) reagent w as pipetted  in to  h p id  and m ixed. Then 3 mL of concentrated sulphuric add  
w as p ip p etted  into it, m ixed again  and allow ed to stand for 20  min. 0.1 mL of g la d a l acetic acid was 
u sed  for b lan k . The concentration  o f CS in  tis su e s  w as read  against th e  b lan k  at 560 nm .

Phospholipid analysis: A  w eigh t o f 0 .1  g  extracted  h p id  w as tak en  in to  a 150 m L o f kjeldhal 
fla sk  and 1.0 mL o f 5 N  su lp h u ric  acid w as added to  d igest th e  h p id  in  a d igestion  rack (Sigma; 
G erm any) t i l l  th e  appearance of ligh t brow n colour. Three drops of concentrated  n itric acid were 
added to  fla sk  and con tin u ed  th e  d igestion  t il l  th e  brow n colour ch an ged  in to  colourless. The 
K jeldhal fla sk  w as cooled. 0.1 mL of d istilled  w ater w as added to it  and h eated  in  a boiling water 
b ath  for 5 m in. 1.0 mL o f am m onium  m olybdate and 0 .1  mL of am ino-2-naphthol-4-su lphonic acid 
w ere added and it  was transferred to 5 mL volum etric flask  and to ta l volum e w as m ade upto 5 mL  
w ith d istilled  water. D istilled  w ater w as used  for blank. The concentration of PL in  tissu es w as read  

ag a in st th e  b lan k  at 660  nm  w ith in  10 m in.
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Triacylglycerol analysis: A  w eigh t of 0.1 g extracted  lip id  w as tak en . Four m illiliter  of 
isop rop an o l w as added and m ixed  w ell. 4 0 0  mg of w ashed  a lu m in a w as added. The m ixture was 
p la ced  in  a m echanical rotator for 15 m in  and centrifuged. Two m illiliter  o f su p ern atan t was 
transferred  into 15x 100 m m  o f screw -capped tubes. A  volum e of 0 .6  mL of p otassiu m  hydroxide was 
added in to  supernatant solutions, stoppered and incubated at 70°C for 15 m in. Tubes w ere allow ed  
to  cool. 1 mL of m etaperiodate solution and 0 .5  mL of acetone reagen t w ere added and m ixed  well; 
stoppered  and incubated  at 50°C for 3 0  m in. Tubes were allow ed to  cool. One m illiliter  o f  d istilled  
w a ter  w as u sed  for b lank. T he concentration  of TAG in  t is su e s  w as read  aga in st th e  b lan k  at 
4 0 5  nm .

Data analysis: A ll d ata  w ere sta tis t ic a lly  analyzed b y  Micro soft E xcel (Version 2007) and  
ST A T IST IC A  Soft w are (Version 6; StatSoft Inc.,Tulsa, USA). T he d ata  w ere checked for norm al 
distribution  b y  one-sam ple kolm ogorov-sm irno test and th e  variances w ere te s te d  b y  th e  L evene’s 
te s t  for hom ogeneity . L ipid c lass concentrations in  tis su e s  w ere com pared am ong gonad m atu rity  
s ta g e s  as w ell as m onths. L ipid c lass con ten ts in  tissu es w ere first an alyzed  b y  one w ay  A nalysis  
o f V arian ce  (ANOVA). W hen th e  r e su lts  o f th e one w ay ANO V A  show  th e  m ean va lu es o f the  
sam p les are significantly different, th e  ANOVA was followed by Post h oc com parison o f m ean s and  
D u n ca n ’s M ultip le R ange T est (DMRT) u sin g  STATISTICA 6 .0  softw are. The leve l o f sta tistica l 
sign ifican ce  w as se t  a t p<0.05. M onth ly  analysis of lip id  c lass content in  different t is su e s  was 
conducted  only for adult f ish  (m atu rin g  s ta g e  to spent stage), w hich w as collected throughout the  
yea r  ex cep t January, N ovem ber and Decem ber for fem ale  w h ereas M arch, N ovem ber and  
D ecem ber for m ale. M onthly lip id  c lass d ata  in  different tissu es for both  years were pooled together  
and th e  average va lu es for each  m onth  w ere computed.

RESULTS
O ne th ousand  four hundred and n in eteen  fish sam ples ranging from  10.7 to  67.8 cm  in  SL were 

exam in ed  and BW of individuals ranged  from  21.10 to 2925.00 g. R eproductive sta tu s of indiv idual 
f ish  w as exam ined  and th e  gonad d evelopm ental stages w ere c la ssified  as im m ature u n sex  
(s ta g e  I), im m ature (stage II), m atu rin g  (stage III), m ature (stage IV), sp aw n in g  (stage V) and  
sp en t (sta g e  VI) (Table 1).

Table 1: Macroscopic features of different gonad m aturity stages (GMS) in  S. lysan
Gonad m aturity  stages Female Male

Stage I No differentiation of the gonad No differentiation of the gonad

Stage II Small ovaries, pinkish to  translucent in colour with 
tapering ends. 25 to 35 mm in  length

Small strap/thread like opaque testis with 
smooth appearance

Stage III Flattened ovaries w ith pink colour. Oocytes are not 
visible externally and 30-100 mm in length

Larger than  stage II, m ilt produced when 
squeezed

Stage IV Rounded ovaries; yellow to orange in  colour. Small 
oocytes can be visible through ovarian wall and 
70-120 mm in  length

Large opaque, bone colour testis. Exterior 
dorsal blood vessel are present and prominent

Stage V Large, rounded and yellow colour ovaries with visible 
oocytes. Blood capillaries are also visible. Eggs may be 
released when pressure applied and 100-150 mm in  length

Testis is large in  size, but more have swollen 
with larger exterior bloodvessels. M iltis released 
with little  or no pressure on the abdomen or no 
pressure on the abdomen or when the tests is 
cut.
Testis is small and shrunkenStage VI Ovaries are severely shrunken, flaccid, reddish yellow to grey 

in  colour with large lum en and 100-130 mm in length
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Fig. 2(a-f): B ox and W hisker p lot sh ow in g  changes of lip id  class content (mg.lOOg-1) in  gonad  
t is su e  of S . ly s a n  in  different gonad m aturity  stages, II: Im m ature; III: M aturing; IV: 
Mature; V: Spawning; VI: Spent, a, c and e-G onad in fem ale; b, d and f-G onad in  M ale. 
M ean va lu es for each  gonad m aturity  stages w ith  the com m on le tters  in d ica te  not 
sign ifican tly  d ifference (p>0.05)

L ip id  c h a n g e s  in  t i s s u e s  w it h  g o n a d  m a tu r ity  s t a g e s
L ip id  c la s s  c o n t e n t  in  g o n a d  t is s u e s :  The changes in  hpid content of tissu es for gonad m atu rity  
s ta g e s  w ere  analyzed  for th e  entire d ata  se t  (2010/2011). The am ounts o f CS, PL and TAG in  th e  
ovary in creased  throughout th e  ovarian m aturation  (stage I-V).

C S content in ovary show ed 5 fold in crease (p — 4.57E - 05) from stage II to stage  V  w h ile  5 fold  
decrease (p = 2.86E-05) from stage V to VI (Fig. 2a). CS content in  testis  show ed approxim ately
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3  fold in crease  from  stage II to  V  w hereas a 6 fold decrease thereafter (Fig. 2b). The m ean PL lev e ls  
of b oth  se x es  show ed 2 fold in creases up to  stage  V  and d ecreased  thereafter (Fig. 2c, d). C ontent 
of T A G  in  ovary sh ow ed  4 fold  in crease (p = 4 .6 8 E -0 5 ) up to  stage  V  w hereas 8 fold d ecrease  
(p — 2 .94E  -05) from  stage  V  to  VI (Fig. 2e). Content of TAG in  te stis  show ed approxim ately 2 fo ld  
in crease a t  stage  V  w hen com pared to stage  II w hile  a 5 fold  decrease from  stage  V to  VI (F ig. 2f).

Lipid class content in muscle tissues: Lipid c lass concentration  in  im m ature u n sex  (stage  I) o f  
S . ly sa n  w as higher in  m uscle t is su e  com pared w ith liver. PL content of m uscle and liver t is su e s  in  
s ta g e  I w as h igher th an  th a t o f other lip id  c lasses. T he content of CS in  m uscle of fem a le  
s ig n if ic a n tly  (p = 0.004) in creased  from  stage  I to sta g e  III and sign ificantly  (p =  4 .05E -06) 
d ecreased  beyond th a t (Fig. 3a). In th e  case o f m ale, CS content in  stage II is sign ifican tly  
(p = 0 .01) increased  from sta g e  I and decreased  th erafter (Fig. 3b). The PL levels in  th e  m u scle  o f  
fem a le  w ere (p = 0.008) in crea sed  from  sta g e  I to IV (Fig. 3c). The content of PL w as h igh er  in  
fem ales th an  m ales at stage TV. The h ig h est contents o f PL  in  m ale m uscle tissu e  w as observed  at 
s ta g e  III an d  i t  w as d ecreased  (p = 3 .65E -05) beyond s ta g e  IV  (Fig. 3d). Content of TAG in  
m u scle  o f  fem ales s ign ifican tly  (p = 4.29E -06) increased  from  sta g e  I to stage IV and d ecreased  
(p = 4 .05E -06) upto stage  VI (Fig. 2e). In m ale, th e  content o f TAG significantly  (p = 4 .05E -06)  
in creased  from  stage  I to III an d  decreased  th ereafter (Fig. 3f).

Lipid class content in liver: In fem ale liver  tissu e, con ten t of CS sign ificantly  (p = 4 .50E -06) 
in crea sed  from  stage I to III and sign ifican tly  (p =  4.3E -06) decreased thereafter (F ig. 4a). 
A lthough  th e  increase in  CS content in  m ale w as m oderately  increased  (p = 4.05E-06) from  stage  
I to IV, it  sharp ly  decreased from  stage  IV to  VI (Fig. 4b). PL content in  fem ale show ed a s lig h t  
fluctuation  am ong m aturity s ta g es (Fig. 4c), significant (p =  0.09) difference w as not observed  from  
s ta g e  I to  IV b u t a considerable (p = 0.01) drop w as recorded at stage  V. H owever, PL con ten t in  
m ale in creased  from  stage  I to II and sign ifican tly  (p = 4 .05E -06) decreased from  stage II to stage  
V I (Fig. 4d). C hanges in  th e  con ten t of TAG  w as h igh er w h en  com pared to  th e m oderate ch an ges  
in  PL  an d  CS in  th e  liver t is su e s  of fem ale  (Fig. 4e). T he m ean TAG content of fem ale  liver  
t is s u e s  sh ow ed  a 2 fold in crea se  (p =  1.09E -05) from  stage  II to  IV and th en  a 4 fold decrease  
(p = 4.29E -06) from stage IV to  VI. A  sim ilar trend w as a lso  observed for TAG in m ale liver  tis su e s  
(Fig. 4f) .

Monthly lipid changes in tissues: A ll three constituents of lip id  class, CS, PL and TAG, sh ow ed  
h ig h e r  an d  low er va lu es corresponding to  th e  m aturation  stage  and annual spaw ning  even ts  
(Table 2, 3). CS content of te s t is  w as sign ifican tly  (p = 0 .003) different from CS of ovary, w h ereas  
PL an d  TAG  w ere not sign ifican tly  d ifferent betw een  m ale  and fem ale. M ean CS, PL and TAG  
con ten t in  ovary of fem ales flu ctu a ted  throughout stu d y  and a tta in ed  h igher value in  J u n e  and  
Septem ber (Table 2). M ale gonads also followed a more or le s s  sim ilar  pattern for CS, PL an d  TAG  
as th a t o f  fem ale  adult fish  (Table 3).

The h ig h est m ean CS content in  ovary of fem ales collected in  June and Septem ber m onths w ere  
226.4 m g. 100 g _1±78.21 and 292 .0 0  m g. 100 g-1±156.08, resp ective ly  (Table 2). Sim ilar tren d  of CS  
content in  m ale testis  w as observed (Table 3). CS content of testis  significantly (p = 0.046) in creased  
from  J u ly  to  Septem ber and atta in ed  a p eak  at Septem ber (226.3 m g .100 g  *±69.92). The m ean  PL  
content in  ovary o f fem ale reached  th e h igh est am ount in  J u n e as 393.54 m g 100 g  ± 73 .00
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Fig. 3(a-f): Box and W hisker plot show ing changes of lip id  class content (mg.lOOg1) in m uscle 
tissu e  of S. ly sa n  in  different gonad m aturity stages, I: Im m ature unsex; II: Immature; 
III: M aturing; IV: Mature; V: Spawning; VI: Spent, a, c and e-in female; b, d and f-in 
M ale. M ean values for each gonad m aturity stages with the common letters indicate not 
sign ificantly  difference (p>0.05)

(Table 2). Sim ilarly, mean PL content in  testis of m ale significantly (p = 0.040) increased from April 
to J u n e, a tta ined  th e h igh est am ount as 475.8  m g .l0 0 g _1±153.6 and decreased in July (Table 3). 
S ign ifican tly  (p =  0.034) h igh est TAG content in ovary of fem ale was recorded in Septem ber  
(Table 2). The h igh est am ount of TAG in testis  of adult m ale fish w as recorded in June as 
453.1 m g ,1 0 0 g -1±77.64 (Table 3).

M uscle t issu e  of both sexes contained low values of CS than the PL and TAG in all m onths 
(Table 2, 3). F luctuations of CS content in m uscle tissues of fem ale were significantly lower in June
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. 4(a-f): Box and W hisker plot show ing changes of lipid c lass content (mg. lO O g 1) in liver tissu e  
of S . ly sa n  in  different gonad m aturity stages, I: Im m ature unsex; II: Im m ature; III: 
M aturing; IV: M ature; V: Spawning; VI: Spent, a, c and e -in fem ale; b, d and f  -in 
M ale. M ean values for each gonad m aturity stages w ith th e common letters indicate not 
sign ificantly  difference (p>0.05)

= 3 .21E  -05) and Septem ber (p = 1.8E-05) when com pared to  May. PL content in fem ale m uscle  
ue sign ifican tly  (p = 0.004) decreased from  April to  June. TAG content in m uscle tis su e s  of 
tale w as sign ificantly  (p = 0.001) decreased from A ugust to Septem ber (Table 2). But, m onthly  
n ges o f CS, PL and TAG in  m ale m uscle tissu e  was not sign ificantly  fluctuated (Table 3). 
C hanges in  liver CS and PL in  both sexes was not sign ificantly  predictable (Table 2, 3). B ut 
ctu a tion  of TAG content in  liver w as evident in both sexes. Fem ale liver TAG sign ificantly  
= 0 .0017) declined  from M ay to June and significantly (p = 0.0012) increased from J u n e to
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A u g u st and again  s ign ifican tly  (p — 0 .0002) decreased in  Septem ber. L iver lip id  in  both  sexes  
a tta in e d  m axim u m  valu e in  A ugust, w h ereas m inim um  values w ere obtained in J u n e  and  
Septem ber.

DISCUSSION
A n alysis o f lip id  classes in  gonad, m uscle and liver t issu es are a w idely  applied  m ethodology in  

th e  s tu d y  o f  reproduction (Shearer and Sw anson, 2000; D as and Sahu, 2001 ).The resu lts o f th e  
p resen t stu d y  su ggest th at th e  S . ly sa n  show ed  an im portant relationship  betw een  lipid c lasses and  
gonad m atu rity  stages as w ell as w ith  d ifferent m onths. It further show s th a t S . ly sa n  undergoes  
m ajor ch an ges in  lip id  contents in  gonad, m u scle  and liv er  tissu e .

Lipid changes in tissues with gonad maturity stages: The find ings o f lipid c la sses  in  
im m atu re  sta g es  o f S . ly sa n  are in  agreem en t w ith  th e  observations m ade b y  Litvin e t a l.  (2011), 
w ho rep orted  th a t PL w as th e  pred om in an t lip id  class in  m uscle o f ju v en ile  w eakfish  C y n o sc io n  
r e g a lis ,  w h ile  TAG w as in  low  concentrations. Yet, liver  of ju v en ile  fish  contained  low am ount of 
TAG  th a n  th a t  o f m uscle.

T ota l lip id  content in  ovary o f S . ly s a n  w as higher in  sp aw n in g  sta g e  w hile low est in  sp en t  
sta g e . S im ilar  observation w as show n in  T ra c h in o tu s  o v a tu s ,  w here to ta l lip id  content of ovaries  
atta ined  th e  h igh est value at sp aw n in g  sta g e  and low est v a lu e  at sp en t s ta g e  (A ssem  et a l . ,  2005).

The resu lts of th e  p resent in vestigation  reveal that th e m ean valu e of lip id  c lass com position in  
ovary h a s re la tive ly  h igher am ount o f TAG  and PL than  th e  CS. O vary o f red drum  (Vetter e t a l., 
1983) an d  g ilthead  sea  bream  (M ourente and Odriozola, 1990) also contain h ig h est am ount o f TAG  
and PL th a n  th e  CS (proportions of to ta l lip id  content). H ilton e t a l. (2008) also noticed th a t th e  PL  
in  th e  brood stock egg of y e llow ta il k in g fish  (S e r io la  la la n d i)  w as higher w hereas th e  
triacylglycerol va lu e was lower in  egg  o f y e llo w ta il kingfish. In contrast, san d  eel h as h igher v a lu e  
o f TAG th a n  PL  (proportions o f to ta l lip id  content) (Tocher and Sargent, 1984).

M uscle lip id  content of £>. ly sa n  a tta in ed  a m axim um  valu e during m ature stages and m inim um  
va lu e  during spaw ning stage. B ransden e t a l. (2007) also identified  a sim ilar pattern, they specified  
th a t th e  fa t content in  m uscle o f m ale and fem ale  striped tru m peter L a tr is  lin e a te  were d ecreased  
b y  25  an d  40%, respectively  during th e  sp aw n in g  period. C ontents of PL in  m u sd e of S . ly sa n  
in c rea sed  from  im m ature stage  to  m atu re and decreased  th ereafter. S im ilar trend  was 
d em onstrated  by Rao (1965), w ho recorded th a t concentration of inorganic phosphorous com pounds 
in  m u sc les  o f C a r a n x  se x fa sc ia tu s  in crea sed  w ith  m aturity. Y agana (1982) also reported th a t th e  
v a lu e  o f phospholip id  in  m uscle of catfish  C la r ia s  b a ira c h u s  declined during spaw ning period  and  
th e  low  phosphorous content w as observed  in  post-spaw ning  period. In contrast, Thakur e t a l. 
(2009) reported  th a t th e  polar lip id  in  m u scle  o f yellow tail (S e r io la  q u in q u e ra d ia ta )  w as m inor  
c o n stitu en ts  throughout th e  m aturation . M uscle tissu es o f m ature S . ly s a n  fish  show s low  CS 
co n ten t in  th e  p resen t study. F urther th e  p resen t study describes th a t S . ly s a n  can be in clu d ed  
u n d er Tow fa t fish' category (S u th arsh in y  and S ivashanth in i, 2011a , c) H ence, consum ption of 
S . ly s a n  f ish  p osses no r isk  to hu m an  h ea lth .

TAG content in  liver t issu es  of m ature S . ly sa n  exhibited higher values. Seiichi e t al. (1993) also  
id e n tif ie d  th a t th e  major lip id  com ponent o f  the fiver in  am berjack and striped jack  w ere  
tr ig ly cer id e . C ontent of TAG  in fiver t is su e s  o f S . ly s a n  w as decreased  after spaw ning. The  
ob servation  is  con sisten t w ith  th e  fin d in gs b y  Phleger (1971), w ho found th a t th e  total fiver lip id  
content of p ink  salm on O n ch o rh ych u s g o rb u sc h a  decreases in  th e  sp en t fish . Phleger (1971)
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fu r th e r  ex p la in ed  th a t  th e  liv e r  o f fish  do n ot to  sy n th e s iz e  th e  tr ig lycer id e  a fter  sp aw n in g . T he  

ch o lestero l con ten t o f th e  liv er  of S . ly s a n  exhib ited  a low  varia tion  during th e  m aturation cycle and  
h ig h e s t  v a lu e  w as recorded a t m atu re stage , w h ile  th e  m in im a l v a lu e  w as recorded  at sp e n t stage . 
F in d in g s  o f  th e  p r e se n t in v estig a tio n  on S . ly s a n  is  in  a greem en t w ith  th e  w ork of Id ler  an d  
B itn e r s , 1960), w ho reported  th a t th e  to ta l ch o lestero l c o n ten t in  liv er  d ec lin ed  and d ep o sited  in  
o v a iy  of m igratory salm on, O n c o rh y n c h u s  n erk a , during th e  sp aw n in g  p h a ses . In con trast, P h leger  
(1987) id e n tif ie d  th a t  th e  CS con ten t in  liv er  o f  p in k  sa lm on  (O n c h o rh y c h u s  g o rb u sc h a )  rem ain  
co n sta n t a fter  sp aw n in g .

Lipid changes in tissues through out the year: F rom  th e  p resen t stu d y , it  is  obvious th a t th e  
lip id  c la ss con stitu en ts CS, PL  and TAG  o f gonad, m u scle  and liver  t is su e s  o f tropical S . ly s a n  sh ow  
a v a r ia tio n  th rou gh ou t th e  year, corresponding  to th e  m atu ra tion  s ta g e  an d  an n u a l sp a w n in g  
e v e n ts . P ea k  sp a w n in g  of ad u lt fem a le  S . ly s a n  w as rep orted  in  J u n e  a n d  S ep tem b er m onths  
(T h u la sith a  and S iv a sh a n th in i, 2013).

T h e  lip id  c la ss  co n ten t in  ovary  of S . ly s a n  f lu c tu a ted  th rou gh ou t th e  year  and a tta in ed  a 
n oticeab le  p eak  v a lu e  during th e  sp a w n in g  period w h ile , m u sc le  and liv er  lip id  con ten t o f  S . ly s a n  

a tta in e d  th e  low er am ou n t. A rrin gton  e t a l.  (2006) a lso  proposed  s im ila r  p a ttern  o f  sea so n a l  
ch an ges in  lip id  content o f m uscle, liver  and gonad of th ree  neo tropical fish . S im ilarly, B u sta m a n te  
(1989) recorded th a t th e  body fa t accu m u lated  before th e  sp a w n in g  o f  b a r  ja ck  (C a r a n x  ru b e r ) and  
d ecr e a se d  d uring  th e  sp a w n in g  period. A t th e  sam e tim e , th e  lip id  co n ten t in  ovary in crea sed  
d u rin g  th e  sp a w n in g  tim e.

M ajor fluctuations o f PL and TAG  con ten t in  m uscle o f S . ly s a n  w ere n o ticed  d u rin g  th e  period  
o f sp a w n in g . L ik ew ise , T hakur e t a l.  (2009) sh ow ed  TA G  con ten t in  m u scle  of am berjack  
(S e r io l a  d u m e r i l i )  v a r ied  con sid erab ly  w ith  season . A lth ou gh , P olar L ipid  (PL) con ten t in  m uscle  
r e m a in e d  a lm ost co n sta n t over th e  s tu d y  period.

F lu c tu a tio n  of liv er  TAG  con ten t w as ev id en t in  b o th  sex es  o f S . ly s a n .  S im ilarly, liv e r  lip id  
com p osition  of red drum  (S c ia e n o p s  o c e lla tu s )  varied  th ro u g h o u t th e  yea r  (C raig e t a l., 2000). The  
m ea n  TA G  content in  liver  t is s u e s  of b o th  sex e s  of S . ly s a n  w as h igh er  d u rin g  th e  m atu ration  and  
d e c lin e d  th erea fter . T h is is  in  confirm ation  w ith  th e  fin d in g s o f  Craig e t a l.  (2000).

CONCLUSION
F rom  th e  p resen t s tu d y  it  h a s  b e e n  concluded th a t  th e  varia tion  in  ch o lestero l (CS), 

p h o sp h o lip id  (PL) an d  tr iacy lg lycero l (TAG) in  gonad, m u sc le  and liv e r  t is su e s  in  d ifferen t gonad  
m a tu r ity  s ta g e s , confirm  a stro n g  lin k  b etw een  lip id  p rofile  and reproductive s tr a te g ie s  o f 

tr o p ic a l S c o m b e r o id e s  ly s a n .  K now ledge o f th e  lip id  d yn am ics of S . ly s a n  th rou gh ou t th e  year  
a s s is t  to  d e term in e  th e  non sp a w n in g  p eriod  and th erefore  it  is  th e  f ish in g  season  o f  S . ly sa n .  

R a n g e  o f  m u sc le  CS, PL an d  TAG  v a lu e  ob ta in ed  in  th e  p resen t s tu d y  sig n ifies  th a t  S . ly s a n  

recom m en d ed  as on e  o f th e  h e a lth ie s t  food fish  for h u m a n  consum ption . D eterm in ation  o f  CS, PL  
an d  TA G  con ten t in  ovary, m u scle  and liv er  t is su e s  o f d ifferen t m atu rity  s ta g e s  o f S', ly s a n  fu rth er  
p ro v id e  in form ation  on n u tr ition  o f lip id  in  term s of d ie t  form u lation  in  fu tu re cu ltu re  tra ils  

o f S . ly s a n .  T he p r esen t s tu d y  provides fu n d am en ta l in form ation  to  su ccessfu l form u lation  and  
im p le m e n ta tio n  of p o lic ies, s tr a te g ie s  an d  p lan s in  fish e r ie s  m a n a g em en t an d  fu tu re  aq u acu ltu re  

tr ia ls .
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ABSTRACT
E stim ating  length-w eight param eters for food fish is an im portant com ponent in  the population  

dynam ics stu d ies. The p resent study w as carried out to find th e len gth -w eigh t relationship  
param eters of tropical S co m b e ro id e s  ly sa n  (Forsskal 1775) from th e northern w aters of Sri Lanka. 
W eekly sam p les w ere collected from  th e com m ercial catches during Jan u ary  2010 to Decem ber 
2010. A  to ta l of 892 specim ens (299 m ales, 354 fem ales and 239 unsexed) were analyzed. 
C urvilinear relationsh ips of length-weight relationships for m ale, fem ale and unsexed obtained  
w ere W = 0 .0037*L 31318, W = 0.0058*L 3 0048 and W = 0.0179*L26486, respectively . Comparison of 
regression  co-efficient o f m ale, fem ale and unsexed  using GLMANCOVA revealed  that th e  b ’ 
va lu es show  sign ificant differences (p<0.05) betw een  each other. The exponent values 3 .1319 for 
m ale and 2 .6496  for unsexed  w ere sign ificantly  different (p<0.05) from  3, w hereas, the value  
3.0048 for fem ale did not deviate sign ifican tly  (p>0.05) from 3. From  th e sta tis tica l analysis i t  can 
be concluded th a t  m ales exhib it p ositive allom etric growth, fem ales exh ib it isom etric growth and  
u n sexed  exh ib it negative  allom etric grow th. The param eters obtained from  th e  study are usefu l 
fundam ental factors applicable in  future cu lture trials as well as in  population dynam ics studies.

Key words: L ength-w eight relationship , double spotted queen fish , S co m b ero id e s  lysan , 
allom etric growth, cube law , drift g ill net, Indian ocean

INTRODUCTION
U nderstanding th e  length-w eight relationship param eters plays a major role in  fisheries biology  

and population  dynam ics (S ivashanth in i, 2008). Studies on len gth -w eigh t relationship  provide  
in form ation  about th eir  growth leve l (O kgerm an, 2005). M easuring th e  w eigh t of live fish in  th e  
fie ld  is very  difficult and tim e consum ing (Morato et a l., 2001). Various authors revealed th a t  
in form ation  on len gth -w eigh t relationship  is required to determ ine th e  conversion of  
grow th-in-length equations to growth-in-weight. These conversions can be u sed  in stock assessm ent 
m odels. It can  also be used  in  th e  estim ation  of biom ass from length  observations and estim ation  
of th e condition o f th e fish  and th is  relationship  is useful for com parison o f life  h istories of certain  
species b etw een  regions (De La Cruz Aguero e t a l., 2011; Goncalves e t a l., 1996; M outopoulos and  
Stergiou, 2002).

U sin g  th e  length-w eight relation sh ip s, th e well-being o f in d iv id u als can be assessed . 
Okgerman (2005) derived th e  condition factor form th e len gth -w eigh t relationship  for
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S c a r d in iu s  e ry th ro p h th a lm u s  from  th e Sapanca Lake. The V  va lu es of 3.3731 and m ean condition  
o f 1 .243 w ere recorded in his study. The d ifferences betw een separate u n it stocks of th e sam e  
sp ec ies  can also be determ ined b y  th ese  param eters (King, 2007). M oreover, estim atin g  
len g th -w eig h t param eters is e ssen tia l to com pare th e  growth p attern  in fish er ies m anagem ent 
(M outopoulos and Stergiou, 2002).

Previous studies show th at several researchers reported th e  length-w eight param eters not only  
for fin fish  b u t also for fish  rela ted  organism s from  various parts of th e  world. F ew  exam ples for 
such  research work on finfish are studies m ade b y  Ayoade (2011) for African carp L a b eo  o g u n en sis , 
L aw son e t a l.  (2011) for frill fin  goby, B a th y g o b iu s  so p o ra to r , Elp e t a l. (2006) for Barbel, B a r b u s  
p le b e ju s  e rc is ia n u s ,  H ossein i e t a l. (2009) for S p h y r a e n a  je llo  and b y  S ivash an th in i e t a l. (2009a) 
for S p h y r a e n a  o b tu sa ta .  One related  study availab le for fish  rela ted  organism  is  th e  study m ade  
b y  S ivash an th in i e t a l. (2009b) for squid, S e p io te u th is  le sso n ia n a . It is  evident from  th e literature  
survey th a t th e  length-w eight relationship of S co m b ero id e s  ly sa n  have not been  studied, so far and  
th is  is th e  first stu d y  for S . ly sa n .

The genus S co m b ero id e s  is  classified under fam ily Carangidae; and four species o f S co m b ero id es  
h a v e  b een  recorded from  th e Sri Lankan w aters, such as S . ly sa n , S . c o m m erso n ia n u s , S . to l  and  
S . ta la  (De B ruin ef a l., 1995). N o inform ation is available on th e  biology or length-w eight  
relationship o f th e above four species from th e  Sri L ankan w aters. S . ly sa n  is  com m only know n as 
double sp otted  queen fish  found in  th e  tropical areas of Indian and Pacific Ocean. These are one 
o f th e  econom ically im portant large food fish  found in coastal as well as offshore fisheries in  
Sri L anka (De B ruin e t a l., 1995). It is m ore popular for dry fish  production and h as high export 
value. Therefore, the present study has been carried out to find th e  len gth -w eigh t relationship  
param eters of tropical S co m b e ro id e s  ly sa n  u sin g  m orphom etric m easurem ents from  th e northern  
w aters of Sri Lanka.

M A T E R IA L S A N D  M E T H O D S
S a m p le  c o l le c t io n :  N orthern part o f Sri L anka is  situated  b etw een  79°E to 80°E  longitude and  
9 °N  to 10°N  la titu d es in  th e  Indian ocean. Sam ples were collected w eekly from  th e com m ercial 
catches at Passaiyoor, D elft, K arainagar and P oint Pedro landing centers during January 2010 to 
D ecem ber 2010, u sin g  a specific drift gill net for G enus S co m b e ro id e s  w ith th e  m esh  size of 7", 21 
p ly  (K atta  vala i). Beach se in es and trap net (K alankatti valai) fixed in shallow  w aters are also  
operated  to caught S . ly sa n  in  w aters around Jaffna peninsula.

M o r p h o m e tr ic  m e a s u r e m e n ts :  Total L ength (TL) o f each fish  w as m easured from  th e anterior 
m ost edge o f th e  low er lip (tip of snout) to th e  d ista l part of th e  caudal fin to th e  n earest m m  w ith  
a m easu rin g  board and T otal W eight (TW) w as m easured to th e  n earest 0.1 g b y  an electronic  
b alan ce  (A N D, H F-1200G ). A ll specim ens w ere sorted by sex  according to  th e  m orphological 
an alysis of gonads as m ale, fem ale or unsexed.

R e g r e s s io n  a n a ly s is :  The relationship  betw een  th e  length  and w eight o f a fish  is u su a lly  
expressed  b y  th e equation W = a L b (Ricker, 1973); where, W is  the w eight of th e  fish , L is th e tota l 
len gth , “a” is  th e  in tercept and “b” is the slope. If a fish  is growing isom etrically  (increasing in  all 
d im en sion s at th e  sam e rate) and doubles in  length , its  w eight w ill increase in  relation to th e  
in crease  in  volum e; th a t is  b y  8 (or 23) tim es (King, 2007). Thus there is  a cubic relationship  
b etw een  le n g th  (L) and w eight (W) and V  is  close to 3 in  isom etric grow ths and 'a’ is a constant 
determ ined  em pirically.
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Statistical analysis: W eights and lengths of m ale, fem ale and unsexed  w ere log  transform ed and  
th e  resu ltin g  linear relationsh ip  fitted  by th e  com puter based lin ear regression analysis. 
Significance of th e regression  w as a ssessed  by G eneral L inear M odel A nalysis o f C ovariance  
(GLMANCOVA). The “b” va lu es obtained for m ale, fem ale and unsexed  w ere tested  by S tu d en t’s 
t-test to see w hether th e  h' va lu es differ sign ificantly  from 3 or not (Zar, 1999). Two sam p le t-test  
was performed to compare th e m ean w eight data of m ale and fem ales to d istin gu ish  th e sign ificant  
difference betw een  m ale and fem ale. All sta tistica l an alysis was done by MINITAB (Version 14) 
sta tistica l softw are and th e  sign ificance level w as tested  at 95% confidence interval.

RESULTS AND DISCUSSION
A tota l num ber of 892 fish  (299 m ales, 354 fem ales and 239 unsexed) w ere analyzed. L ength  

ran ge of fish  collected is  22 .2-62 .5  cm  for m ales, 22 .0-71.0  cm for fem ales and 14.6-36.1 cm for 
unsexed. The estim ates of th e  regression  param eters for m ale, fem ale and u nsexed  are g iven  in  
Table 1. The r2 values obtained  w h ile  ca lcu lating th e  regression param eters are 0 .9485 for m ales, 
0.9490  for fem ales and 0 .9 4 3 5  for unsexed. For m ale, fem ale and u n sexed  S . ly sa n  ob tained  
residual degrees of freedom  are 297, 352 and 237 w hereas residual su m  of squares are 1.505861, 
1.348065 and 0.590727, respectively . Linear regression relationships betw een  total len gth  and  
w eigh t of m ale, fem ale and u n sexed  S . ly sa n  are given in  Table 2. C urvilinear relation sh ip s  
obtained  for m ale, fem ale and u nsexed  are W = 0 .0037  L 3131°, W = 0 .0058  L 3 0048 and W = 0 .0179  
L 2 6496, respectively.

The resu lts of stu d en t’s t-te st to analyze th e  sign ificance of variation in th e  estim ates o f  V  for 
S . ly sa n  from  th e  expected va lu e  for th e  id eal fish  (3.0) are as follows:

• M ale (3.1319-3)/0.0424 =  3 .1159 S ignificant (Com puted t>0)OOB 2 9 8 1 9 7)
• Fem ale (3 .0048-3 .0)/0 .0371 = 0 .1305  N ot sign ificant (Computed ta (2)00 5 ,sus« 1 .9 7 )
• U n sexed  (2 .6496-3 .0)/0 .0421 = 8 .3 1 4 4  Significant (Com puted t a(?)006 238> i g7)

Stu d en t t - te s t  show ed th a t th e  h' va lu es obtained for m ale and u nsexed  were sign ificantly  
d ifferent (p<0.05) from  3 in d icatin g  positive allom etric growth for m ale and negative allom etric  
grow th for u nsexed  w hereas th e  V  valu e obtained for fem ale very d o se  to 3, did not d ev ia te  
sign ificantly  (p>0.05) from  3 in d icatin g  isom etric growth. Correlation coefficient (r2) 0 .9485  for

Table 1: Length-weight relationship parameters of S. lysan

Sex N df

Error estimate 

df residual SS residual r ! 'a' V Length range in cm

Male 299 298 297 1.506861 0.9485 0.0037 3.1319 22.2-62.5

Female 354 363 352 1.348066 0.9490 0.0068 3.0048 22.0-71.0

Unsexed 239 238 237 0.690727 0.9436 0.0179 2.6496 14.6-36.1

N: No. of observations, df: Degrees of freedom, V: Regression exponent, 'a': Constant, SS: Sum of squares, r: Correlation coefficient

Table 2: Linear regression relationship between total length and weight of male, female and unsexed S. lysan

Sex Length -weight relationship Logarithmic transformation

Male W = 0.0037 L 313ia Log TW= -2.38+3.13 Log TL

Female W = 0.0058 L 3 0°‘“ Log TW= -2.24+3.00 Log TL

Unsexed W = 0.0179 L !MM Log TW= -1.75+2.65 Log TL
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Table 3: Parameters obtained from two-sample t-test for mean weight, nf maTpp and female of S. lysan
Parameters Male Female
Mean. 303.23 263.53
Variance 54554.95 37996.08
Observations 299 354
Hypothesized mean difference 0
Df 582
T Stat 2.332
P (T<t) one-tail 0.010
T Critical one-tail 1.647
P (T<t) two-tail 0.020
T critical two-tail 1.964

Size class interval (TL in cm)

Fig. 1: P ercen tage frequency of to ta l len g th  distribution of m ale, fem ale  and u n sexed  S . ly sa n

m ales, 0 .9490 for fem ales and 0 .9 4 3 5  for unsexed  found to be sign ifican t (p<0.001) in  all instances  
in d ica tin g  good correlation b etw een  len g th  and w eigh t of S . ly sa n .

Com parison of regression co-efficient of m ale, fem ale and u n sexed  u sing GLMANCOVA for th e  
r e g ress io n  o f log  w eight on log  to ta l len g th  for S . ly sa n  m ale, fem ale  and u n sexed  revealed  th e  b 
v a lu e s  show  sign ificant d ifferences (p<0.05) betw een  each other. The confidence intervals of ‘a’ 
v a lu e  for m ale , fem ale and u n sex ed  do not overlap w ith  each  other and therefore there is  a 
s ign ifican t difference betw een  th e  in tercep ts, too.

R esu lts  o f th e  tw o sam ple t - te s t  are given in Table 3. It sh ow ed  th a t m ales w ere sign ificantly  
(p>0.05) h ea v ier  th an  fem ales. The frequency d istribution of to ta l length  for m ale, fem ale and  
u n se x e d  S . ly s a n  ind ividuals is  show n in  Fig. 1. H igh est p ercentage of frequency (50.4%) w as 
observed  for S . ly sa n  ind iv iduals o f 21-30  cm tota l len gth  c lass in terval.

L en gth -w eigh t relationship  o f  fish  and fish  related  organism s have been stu d ied  w idely in  all 
parts of th e world h y  several authors. D ifferent values for th e  exp on en t coefficient (b) for d ifferent 
fish  h ave  b een  recorded in  d ifferent parts o f th e world. Earlier, A llen  (1938) poin ted  out th a t th e  
exponent coefficient (b) com puted from  th e  len gth -w eigh t relationsh ip  of fish es is u su a lly  3. Later, 
C arlander (1969) pointed out th a t th e  b ' va lu e  is  very d o se  to  3 .0  b u t varies b etw een  2.5 and 3.5. 
T h is s ta te m e n t could be supported  b y  th e  previous work carried out for various fish  species for 
exam ple 3.171 for A m b ly g a s te r  s ir m ,  3.24 for C a rc h a rh in u s  a lb im a r g in a tu s  (K ulbicki e t a l., 1993); 
2 .4 5 9  for S e p io te u th is  le s s o n ia n a  (S ivashanth in i e t a l.,  2009b); 3 .359  for L e u c isc u s  c e p h a lu s  
K aratas and F aith  CAN (2005); 2 .880  for T e n u a h s a  i l i s h a  (A hm ed e t a l ,  2008) and 2.929 for 
A th e r in a  sp . (B ouriga e t a l., 2011). T h ese V  va lu es cannot b e  sim p ly  com pared for consistency as 
th e se  are d ifferent species w ith  d ifferent m etabolic rate.
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W idely accepted concept is th at if  the exponent value is 3, the fish grows isom etrically, if  it  is 
grea ter  or less than 3 fish grows allom etrically (Tesch, 1968). The la' value depends on several 
factors such as age, body shape and am ount of fat present, sex, m aturity stage, season, 
tem perature, salinity and available nutrient food (Moutopoulos and Storgiou, 2002). Taskavak and 
B ilecenoglu  (2001) and Ozaydin and Taskavak (2006) stated  that th e param eter b' in the  
length-w eight relationship vary seasonally , even daily and between habitats.

L ength-w eight relationship of S . ly sa n  have not been studied in Sri Lanka, so far and this is 
th e  first study to com pute such param eters. Som e of th e earlier resu lts on length-w eight 
relationsh ip  of S co m b ero id es  species from other parts of th e world are shown in Table 4. In Now  
C aledonia and South Africa b 1 value of 2 .896 and 2.685 w as obtained, respectively for S, ly sa n  
(Letourneur e t a l., 1998). B ut b ’ value of 2 .937 was obtained for S. to l  from Karnataka waters, 
India (Abdurahiman et a l., 2004). The b ’ value obtained in th e present study for m ale (3.1319) and 
fem ale (3.0048) is slightly higher than  th e previously recorded values. It may be due to the 
variations in ecology of th e geographical locations, food availability  and different environm ental 
conditions. However the ‘a1 and b 1 values obtained for m ale and female S . ly sa n  were superim posed  
in th e plot o f log 'a’ versus V  available for S. lysan , Carangidae and 1300 m iscellaneous species in 
F ishB ase 2011 (Froese and Pauly, 2011) and it is shown in Fig. 2a and b. The param eters obtained  
from  th e  study are useful fundam ental factors applicable in future culture tria ls as well ns in 
population dynam ics studies.

Table 4: The parameters of length-weight relationships of genus Scomberoides from different regions of the world ( 8L = standard length,
FL = Fork length, TL = Total length)

Species Sex N Length type a b Region Source

S. lysan all 68 SL 0.0579 2.685 South Africa Letourneur cf al. (1998)
S. lysan all 14 FL 0.0149 2.896 New Caledonia Letourneur ei al. (1998)
S. lysan all 14 FL 0.0109 2.923 New Caledonia Letourneur et al. (1998)

S. tol M 59 TL 0.007 2.937 Karnataka, India Abdurahiman ei al. (2004)
S. commersonnianus all 306 TL 0.00004 2.792 Northern Australia Griffiths et al. (2005)
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Fig. 2a: Plot of log ‘a’ versus b 1 for m ale S. ly sa n  (Black dot indicates the current estim ate; X axis 
denotes exponent coefficient b ’ and Y axis denotes constant 'log a’). Source: F ishB ase 2011
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Fig. 2b: Plot of log 'a’ versus V  for fem ale £>. lysan  (Black dot indicates tho current estim ate; X axis 
denotes exponent coefficient V  and Y axis denotes constant ‘log a’). Source: F ish B ase 2011

C O N C L U SIO N
L ength-w eight relationsh ips for male, fem ale and unsexed S’. ly sa n  were 

W = 0.0037*L31319 W = 0.0058*LS0048 and W = 0.0179*L284eo, respectively. Comparison of regression  
co-efficient of male, fem ale and unsexed using GLMANCOVA revealed that th e  b ’ values show  
significant differences (p<0.05) betw een each other. The statistical analysis confirmed th a t males 
exhibit positive allom etric growth, fem ales exhibit isom etric growth and unsexed exhibit negative  
allom etric growth, The param eters obtained can be applied in future culture tria ls and in 
population dynam ics studies.
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Estimation of growth parameters for tropical 
Scomberoides lysan (Carangidae)

W.S. Thulasitha* and K. Sivashanthini
Department o f Zoology, University of Jaffna, Jaffna, Sri htnka

The present study was carried out to understand the growth parameters of 
the tropical double spotted queen llsh, Scom bero ides lysan. Growth 
parameters of S. lysan  such as asymptotic length, growth coefficient and 
age at zero length were estimated based on length frequency data using 
FiSAT II software. A total number of 1115  samples were collected weekly 
from the commercial catches in the Northern waters of Sri Lanka during 
January 2 0 1 0  to D ecem ber 2011  and sexes were separated by observing the 
gonads. The von Bertalanffy growth parameters for male S. lysan  were L„ = 
8 7 .9 6  cm, K= 0 .4 1  y e a r 1, to = -0 .1 5 8 2  year'1 and for females, Lw = 8 8 .8 5  
cm, K= 0 .4 0  y e a r 1, to= -0 .1 6 1 9 5  y e a r1. The growth coefficient (K ) of both 
male and female indicates that this species shows faster growth. The 
Powell-W etherall plot gave a Z/K value of 2 .1 7 4  for males and 1 .96 4  for 
females, where Z is the total mortality. The estimated growth performance 
index ( 0 )  for male and female were 3 .5 0 1 3  and 3 .4 9 9 3 . The inverse von 
Bertalanffy equation shows that 5 0  %  of males attained maturity at age 
2 .2 6 6  years (5 5 .4  cm  total length) and females at 2 .7 1 2  years (6 0 .7  cm 
Total length). Estim ated longevity (tmax) for S. lysan  calculated from 
Pauly’s equation w as 7 .3 1 7  for males and 7 .3 3 8  for females. The results 
give fundam ental data for the population dynamics and stock assessment 

studies of S. lysan.

Keywords: Age at maturity, growth coefficient, longevity, Scomberoides lysan, 
tropical fish
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The state of Malaysian marine capture fisheries and the world perspective

Md. Arif Chowdhury1 and Khairun Yahya 1 
1Centre for Marine and Coastal Studies (CFMACS)

The study analyzes the status of Malaysian marine and inshore capture fisheries status. The analysis was 
performed by using data and information related to world status and impacts from capture fisheries available in 
journals, reports and conference proceedings. The statistical database software Fishstat Plus (Food and 
Agricultural Organization) was also used to analyze fisheries production trend and comparison with world 
production. In last ten years Malaysian catches were increased from 1,255,968 metric tons in 1999 to 
1,401,065 metric tons in 2008 which increased by 12 percent whereas world production was decreased by 2% 
at the same time. Malaysia contributes 1.5% of the world fisheries landing in average during last 10 years. 
More than half of the world fisheries production comes from Asian countries. Malaysia is the eleventh producer 
of capture fisheries in the Asian countries. Tunas, bonitos, billfishes are the highest catches in Malaysian 
landings. The number of fishing vessels and fishermen in Malaysia are increased as 19.01% and 14.45 
respectively in 2009 from previous year, but total catches are not increased as same fashion. It seems 
fisheries stocks in Malaysian waters are declining. The reason might be overfishing in previous years or 
environmental factors rendering the fish stock declined.

Keywords: capture fisheries, world production, Malaysia

Variation in condition factor in relation to spawning season of double spotted queen fish 
Scomberoides lysan from the Sri Lankan waters

1Thulasitha William Shanthakumar ; 2Sivashanthini, Kuganathan
1 Department of Fisheries, University o f Jaffna, Sri Lanka 
2Department o f Zoology, University o f Jaffna, Sri Lanka

Present study was carried out to understand the variation of condition of Scomberoides lysan (Frosskal, 1775) 
from the Sri Lankan waters. A total of 1429 S. lysan collected between January 2010 and December 2011 
were analyzed. Total length of female S. lysan range from 19.5 cm to 80.6 cm and males range from 18.0 cm 
to 81.2 cm. Monthly variation of mean relative condition factor (Kn) expressed low values in June and 
September in both years. Males and females followed more or less similar pattern of variation in Kn. Males had 
relatively higher mean Kn values than females during February to July and females had relatively higher mean 
Kn values than male during July to February in both years. The lowest body condition of male and female 
could have been attributed by sudden drop in weight during June and September due to their spawning nature. 
Monthly distribution of Gonadosomatic index (GSI) of males and females showed significant peaks during June 
and September. It further confirms the spawning period of S. lysan. The present study forms a primary platform 
for the management of S. lysan fishery.

Key words: Condition factor, Gonado somatic index, Scomberoides lysan
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Occurrence of Scomberoideslysan (Forsskal, 1775) 
(Pisces: Carangidae) in Relation to Ovarian Development

W.S. Thulasitha1 and K. Sivashanrhinr'

'Department of Fisheries, University of Jaifna, Sri Lanka 
“Department of Zoology, University of Jaffna, Sri Lanka 

'sivashanthinifcOgmaiLeoni

Abstract: The present study was carried out to understand the occurrence of 
maturity stages of double spotted queen fish S c o m b e r o id e s  ly s a n  in the waters 
around Jaffna Peninsula. These are economically important food fishes 
particularly used for dry fish production in Sri Lanka and also used in sport 
fishing. The knowledge on the reproductive biology by identifying the life 
stages in relation to the area of occurrence could be the most important 
parameter in the management of that species. A total number ot 1072 weekly 
random samples were collected from the commercial catches at Point Pedro, 
Delft, Paasaiyoor, Kurunagar, Ponnalai and Karainagar during January 2010 
to December 2011. Microscopic staging system used in the histological 
analysis of S. ly s a n  ovary expressed seven ovarian stages such as chromatin 
nucleolus stage (I), perinuclcolus stage (II), cortical alveolar stage (III), yolk 
globule stage (IV), previtellogenic stage (V), migratory nucleus stage (VI), 
and post ovulatory follicular stage (VII); and the developmental stage 
categorized as immature (I & II), maturing (III), mature (IV & V), spawning 
(VI & VII) and spent/resting stage (I &r VII), macroscopically. Among all 
sampling sites Paasaiyoor (100%), Ponnalai (100%), and Kurunagar (90%) 
were dominated by immature stages. Maturing stages of females found in 
Kurunagar, Karainagar, Point Pedro and Delft. Mature stages of females only 
found in Point Pedro and Delft. Spawning stages of females found only in 
Point Pedro and Delft. Resting stage of few females was recorded in Point 
Pedro area. S. lysan, male and female less than 40cm in total length were 
available only in the Jaffna lagoon. Fish with greater lengths (>50 cm in Total 
length) were available only in Point Pedro and Delft region. These results 
express that the lagoon area are distributed only by immature and maturing 
stages meanwhile matured and spawning stages occurs in the open sea 
including Delft, Karainagar and Point Pedro. The knowledge gained from the 
present study would be a fundamental addition to ensure the sustainable 
fishery.

Keywords: Histological Analysis. Occurrence of Maturity Stages, Ovarian
Developmental Stages, Scomberoides lysan, 1 otal Length
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Preliminary studies on length - weight relationship 

o f S co m b e ro id e s  lysa n  (Forsskal, 1775) (Pisces: Carangidae) 

from the Point Pedro coastal waters, Sri Lanka.

Thulasitha. W. S and Sivashanthini. K
Fisheries Unit, Faculty o f  Science, University o f Jaffna, Jaffna, Sri Lanka

The present investigation w as carried out to estim ate the length w eight relationship param eters and 

grow th p attern  o f  Scomberoides lysan (F orsskal, 1 7 7 5 )  from the Point Pedro w aters. S. lysan is 

com m only know n as double spotted queen fish found in the tropical areas o f  Indian and Pacific 

O cean. R andom  sam ples w ere collected m onthly from  January to Septem ber 2 0 1 0  from  Point Pedro 

landing centre, N orthern  part o f Sri Lanka.

A  total o f  2 9 0  specim ens w ere analyzed. Covariance analysis for length-w eight relationships o f  

m ale and fem ale S. lysan reveals that there w as no significant variation betw een m ale and fem ale 

(P > 0 .0 5 )  but there is a difference betw een unsexed and m ale or fem ale. The estim ates o f  the 

regression param eters and equations for m ale, fem ales and unsexed data o f  S', lysan obtained by 

regression analysis are TW = 0 .0 3 0 2  * SL 2 722 (N  = 9 4 , r = 0 .9 5 1 ) ,  TW  = 0 .0 2 4 0  * S L 2 8475 (N  = 1 0 2 , 

r = 0 .8 7 7 )  and TW = 0 .0 3 7 1  * SL 2'66jl (N  = 9 4  r = 0 .9 5 6 )  respectively. The exponent value, 

b = 2 .7 2 2  for m ales and b = 2 .8 4 7 5  for fem ales, significantly different from  3 (P < 0 .0 5 )  reflect a 

negative allom etric grow th in both instances. Tw o-sam ple T - T est show  that fem ales were not 

significantly (P > 0 .0 5 )  heavier than  m ales.

The results obtained from  the present study help in establishing yield and also in converting one 

variable into the other as is often required during m onitoring field m easurem ents.

K ey  words: L ength-w eight relationship, Scomberoides lysan, Regression analysis covariance 

analysis, allom etric grow th

P ro ceed in g s o f  J a ffn a  S c ien c e  A sso c ia tio n , Vol. IS , N o. 1, 7th A p r il 2011. 8
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