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Chapter 1 

General Introduction 
1.1   Introduction 

1.2   Aims and objectives 

1.3   Review of Literature 

1.4   General organization of thesis 

----------------------------------------------------------------------------------------------------------------------------------------------------- 

1.1 Introduction 

The coast of Maharashtra harbours a significant diversity of natural resources. It 

stretches about 720 km from the river Tapi in the north up to the river Terekhol in 

the south and encompasses six districts viz Thane, Greater Mumbai, Mumbai, 

Raigad, Ratnagiri and Sindhudurg. The coastal zone of Maharashtra extends 

between latitude of 15o43´to 20o10´N and longitude between 72o39´E to 73o30´E. 

The coastline is indented by numerous river mouths, creeks, small bays, headlands, 

sandy and rocky beaches, promontories, cliffs etc. The coast is indented with 

number of beaches, 15 rivers, 5 major estuaries and over 30 backwater regions. 

The coastal belt of Maharashtra experiences tropical warm, humid and maritime 

climate throughout the year. The average atmospheric temperature varies from 25-

36o C with the average humidity ranging between 60-90%. During monsoon the 

rainfall ranges between 2286-2540mm.The coastal belts are very rich with 58 

creeks along the coast. These creeks are rich sources for large number of flora and 

fauna(Shindikar,http://mangrovecell.org/attachments/conservationof_mangroves_

maharashtra 15/10/2012). 

 

Mumbai lies on the western coast of Maharashtra on the bank of Arabian Sea and 

is formed from group of seven islands called Salsette islands. Towards the north of 

Mumbai, the coast is wide up to 100 km which gradually decreases towards 

Vengurla in south to about 40 km. The city of Mumbai is situated at the mouth of 

river Ulhas off western coast in the Konkan region of India which is just south of the 

Tropic of Cancer. It is located at 0o altitude at sea level. Three fourth part of Mumbai 

is above the sea level and its elevation is approximately 10-15 meters. Its northern 

http://mangrovecell.org/attachments/conservation
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part is hilly and the highest point is about 1450 ft high. Mumbai is located at 18.96o 

North latitude and 72.82o East longitude. It spans over 437.77 sq km in area. 

Mumbai has a warm and humid climate throughout the year and the average 

temperature varies between 25ºC and 35ºC. According to the influence of the 

southwest monsoon and other associated meteorological conditions the year is split 

into three well defined periods with characteristic hydrographic conditions- 

monsoon (June-September), post-monsoon (October-January) and pre-monsoon 

(February-May). The annual rainfall is 2500 mm which keeps on fluctuating year 

after year (http://www.mumbai.org.uk/geographical.locat. 20/7/2013). 

 

Thane is located to the northeast of Mumbai, partly on Salsette island which it share 

with Mumbai city and partly on the mainland across Thane creek 

(http:/en.wikipedia.org/wiki/thane. 20/7/2013). The coastline of Mumbai and Thane 

is inundated by bays and creeks. In Mumbai and Thane mangroves are dominant 

along the tidal estuaries and creeks. Estuaries are highly productive ecosystems 

that sustain valuable biological and economic resources (Costanza, et al 1997; 

McLusky and Elliot, 2004). These transitional environment support fundamental 

ecological links between fresh water and marine environments with a diverse fish 

assemblage of resident, occasional, early life stage and migratory organisms (Beck 

et al., 2001; Able, 2005; Franco et al., 2008). Estuaries provide various habitats for 

feeding, refuge from predators, nursery areas, reproduction and migration routes 

for species that are resilient to the highly dynamic environment (Haedrich, 1983; 

McLusky and Elliot, 2004; Elliot et al., 2007). Estuarine systems are characterized 

by highly dynamic environmental conditions such as varying water temperature, 

salinity and dissolved oxygen concentration, chiefly due to the influence of tidal 

regimes, freshwater input and sea water intrusion. The tides in the estuarine areas 

of Mumbai and Thane are semidiurnal characteristically having two high tides and 

two low tides per day in the creek with maximum movement of water during the 

spring tide every fortnight. Along the coastal Mumbai a wide spread mangrove 

forest can be seen along Vasai, Thane, Manori, Malad, Mahim, Bandra, Versova, 

Sewri and Mumbra-Diva. Mangrove forests and their waterways are important in 

supporting many species of fishes. The north-south coastline along the mainland 

has small inlets of creeks.  Mumbai and Thane have around 15 estuaries and 

creeks. These creeks have defined catchment area with limited supply of freshwater 

http://www.mumbai.org.uk/geographical.locat
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and silt forms the major component of the sediment.  The creeks of Mumbai and 

Thane include Colaba, Mahim, Bandra, Danda, Thane, Madh, Malad, Vasai, Mahul, 

Sewri, Panvel and Dharamtar. The common fishes observed in the creeks include 

Mystis gulio, Arius spp, Therapon jarbua, Therapon theraps, Meglops cyprinoids, 

Lates calcarifer, Mugil spp, Elops saurus, Sciaena spp, Chrysophyrs datnia, Tilapia 

spp, Equula fasciata, Eleotridae spp, Mudskippers like Boleopthalmus dussumeiri, 

Boleophthalmus boddaerti, gobies like Glossogobius guiris, Parachaeturichthys 

ocellatus, Parachaeturichthys polynema, Gobius criniger, Acentrogobius neilli, 

Awaous stamineus, and Trypauchen vagina etc. By any measure, fishes are among 

the world’s most important natural resources (Sebastian, 2011). Additionally, with 

over 25,000 known species, the biodiversity and ecological roles of fishes are being 

increasingly recognized in aquatic conservation, ecosystem management, 

restoration and aquatic environmental regulation (Ormerod, 2003)  

 

The Gobiidae is the largest family of marine fishes and comprises more than 220 

genera and 1500 species in the Western central pacific (Murdy and Hoese, 2004) 

and around 1875 around the world (Jonna, 2004). Gobies represent 100 genera 

and approximately 500 species. They inhabit shallow tropical and subtropical 

waters and have invaded all benthic habitats from freshwater to the shoreline 

depths exceeding 500m (Murdy and Hoese, 2004). The gobioid fishes are 

distributed throughout the temperate and tropical zones of the world (Weber and 

De Beaufort, 1953). They occur in fresh to saline waters of the world and in all types 

of aquatic habitats. Most inhabit coastal marine environments, where they occupy 

relatively specialized niches but a number of species enter or live primarily in 

estuaries or freshwater rivers and streams (Nelson, 1976; Berra, 1981). Gobiids are 

one of the most abundant groups of species in marsh edge habitats and presumably 

play important role in the ecology of coastal environment (Baltz et al., 1993, Hendon 

et al., 2000).  Some of them spend their lives in freshwater, others migrate back 

and forth between fresh water and brackish water environments or between marine 

and brackish waters (Larson and Murdy, 2001).  

‘Gobi’ or ‘goby’ is a Latin word which means a fish of small value, gudgeon and from 

Greek word ‘Kobios’ (http://www.fishbase.org 20/7/2013). Gobiid fishes dwell on a 

variety of substrata from mud to rubble and coral reefs. Some gobies associate with 

http://www.fishbase.org/
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other organisms such as shrimps, sponges, soft corals and other fishes. Most are 

flat-bottomed often sheltering in rock or coral or burrows in sand and live on the 

substrate (Berra, 1981; Moyle, 1993). Some gobies are catadramous species and 

lead a symbiotic relationship with shrimps and sponges (Nelson, 1976). The 

smallest gobies are Paudaka pygmaea from Japan and some species of genus 

Mistichthys which mature at 6mm and reach a length of 12mm (Nelson, 1976). Two 

of the largest gobies are Gobioides broussentii from the Caribbean Sea and 

Glossogobius giuris from Indo-Pacific Ocean reaching 50cm in length (Jordhan, 

1905). 

 

Gobies are typically small but distinctive, elongated with a slender body, thick lips 

distended cheeks characterized by bulging eyes with two dorsal fins, one spiny and 

other soft. Their pectoral fins placed anteriorly which are fused to form a sucker or 

grasping organ. The most distinctive gobiid character is the fusion of the ventral fins 

into a pelvic sucker forming sucking disc which is capable of maintaining the fish’s 

position against water currents and wave action (Murdy and Hoese, 2004). 

Colouration in gobies is vivid, those in reef are brilliantly neon coloured to where as 

estuarine species are usually drab while some are pallid or translucent. The scales 

in gobies may be cycloid or ctenoid or totally absent, lateral line may also be absent 

(Nelson, 1994; Berra, 2001). Female gobies lay a small mass of eggs attached by 

an adhesive stalk to the underside of dead shells, rocks or corals whereas the eggs 

are guarded and tended by male (Thresher, 1984). In most gobies eggs hatch in a 

period of about one to five days and grow rapidly within few days (Hoese, 1998).  

Although small, gobies are of considerable importance ecologically and 

commercially. They can be very abundant at certain localities, where they form an 

important component of the food web (De Sylva, 1975). Skazkina and 

Kostyuchenko (1968) reported that Neogobius melanostomus consumes up to 13 

percent of the total benthos production of the Sea of Azov each year. Kovtun (1976) 

found that Pomatoschistus microps is an important food competitor of the anchovy 

in the Sea of Azov and may determine the strength of anchovy year-classes.  

Petersen (1917) observed that gobies are among the most common fishes of 

Denmark and play an extremely important role in the nourishment of larger fishes. 

Blegvad (1917) supported the claim with a report of gobies from the guts of several 
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important Danish food fishes. Dawson (1966) found that at least ten species of 

fishes and one species of bird prey on Gobiosoma species in eastern North 

America, though the importance of these gobies as forage for food and sport fishes 

is underestimated.  

 

Several species of gobies are fished commercially for food, especially in the Far 

East. The black goby, Gobius niger Linneaus, is fished commercially (Fabi and 

Froglia, 1984). Goby fishes are considered as delicacy and precious food in some 

countries like Italy, India, Burma, Nepal and France (Joadder, 2009). Western 

Europe and Japan have been the main areas where there is high demand for goby 

(Pillay, 1990). At least six species of freshwater gobies contribute to the goby fry 

fishery in the Philippines (Smith, 1901; Manacop, 1953; Dotu and Mito, 1955a; 

Marquez, 1968). Fry of the goby Sicydium plumieri are fished in Puerto Rico 

(Erdman, 1961). Adult goby Acanthogobius flavimanus are considered delicacies 

in Japan (Miyazaki, 1940). The majority of goby fishes, being small constitute a 

small fishery in Bangladesh but Glossogobius giuris which attains a length of about 

one foot forms a fishery of some magnitude in southern part of Bangladesh (Islam, 

2004). Oxyeleotris marmoratus commonly called ‘Marble gobies’ are highly prized 

nutritionally by Asian consumers as they are lean, boneless and their firm white 

flesh has no off-flavour taste (Sompong, 1980). These gobies are considered a 

species of high economic value and fetch the highest price of any edible fresh water 

fish (Bundit, 2007).  

 

Gobies are popular aquarium fishes often due to their bright colours, interesting 

behaviour and general hardiness, with many species appearing in the commercial 

aquarium trade. Most common species sold are the neon gobies, Gobiosoma 

oceanops from Florida coral reefs. Gillichthys mirabilis is the basis for a live-bait 

fishery in southern California and Mexico (Fitch and Lavenberg, 1975). A number 

of gobies have been successfully bred in captivity and some are popular in the 

aquarium trade (Allen and Robertson, 1994; Hoese, 1998). 

 

In India about 150 species of gobiids have been reported by Day (1876), Jones and 

Kumaran (1980) and Murty (2002). Many species of gobies from  coasts of India 

has been reported by various authors like Glossogobius minutus from South west 
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coast of India (Geevarghese and John, 1983), Oxyurichthys paulae from South 

western India (Pezold, 1998), eel goby Odontamblyopus spp from Indo West Pacific 

region (Murdy and Shibukawa, 2001), Boleophthalmus dussumieri, Periophthalmus 

barbarous, P.waltoni, P.septemradiatius, Scartelaos tenius from Gujarat coast by 

(Barman et al., 2000) Trypauchen vagina from Tranquebar, India (Murdy, 2006), 

Stenogobius gymnopomus from southern Kerala (Lekshmi et al., 2010), Apocruptes 

bato and Scatelaos histophorus from Gujarat coast (Vachhrajani et al.,2014). 

 

Closer home twenty one species of gobiidae were reported from different creeks of 

Mumbai by Mutsaddi and Bal (1973) including Boleophthalmus dussumeiri 

(Mutsaddi, 1964), Boleophthalmus detatus (Shettu, 1993), Boleophtalmus 

boddaerti (Gore, 2007) and Parachaeturichthys ocellatus (Day, 1878). Mutsaddi 

and Bal (1973) reported that Parachaeturichthys ocellatus occurs in the muddy 

creeks of Colaba, Worli, Mahim, Danda, Madh, Mahul, and Thane. P.ocellatus 

forms a part of fishery along Mumbai and Ratnagiri coast (The Gazetteers Dept of 

Ratnagiri 1962 and Kolaba, 1964). It was identified by Day (1873). It inhabits 

demersal marine environment in deep waters (www.fishbase.org.20/7/2014). A 

brief description of the species is available in The Fishes of India (Day, 1878), 

Gobiidae (Larson and Murdy, 2001) and Catalogue of Fishes (Eschmeyer, 2003). 

Though in terms of value, goby fishes cannot compete with commercial fishes along 

the Mumbai coast, during monsoon which is a lean period for commercial fisheries; 

goby fishes do fetch a good price. The local communities residing in the vicinity of 

the creeks rely on the creek fisheries for their nutritional requirement. Fishing of 

gobiid fishes is carried by Dol net, Bokshi net, seines and traps operated by small 

boats. The gobiid fishes are sold in the local markets of Vasai, Malad, Thane and 

Mahul creek. 

 

A survey undertaken by the candidate revealed that Parachaeturichthys ocellatus 

was sold in the market in a local measure ‘Vata’ which consists of 6-8 fishes 

depending on the size.  The cost of P.ocellatus is in the price range of Rs 100-200 

per vata. Large sized fish fetch still higher price. Juveniles are sold at a very cheaper 

rate of Rs 40-60 per vata. In some markets of Thane mudskippers are sold as ‘Kodi’ 

which consists of 22 pieces with a price range of Rs 100-150 irrespective of size 

http://www.fishbase.org/
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and depending on availability of fishes (Rathod, 2005). The P.ocellatus is very much 

relished by the poor as well as rich due to high nutritious value. The small sizes 

ones are usually eaten whole along with their bones which are very soft. It is 

prepared by boiling along with tomatoes and tamarind along with spices. It is also 

often cooked with mudskippers and prawns by the local people and often served as 

soups to small children, recuperating patients and elderly people. It has a very soft 

flesh with a sweet taste similar to prawns and crabs. 

 

Along the Mumbai creeks during monsoon due to heavy rainfall, sea and riverine 

discharge, large number of gobiid fishes enter in the creek. A pilot survey was 

carried out by the candidate on Parachaeturichthys ocellatus. During the present 

study P.ocellatus was found a plenty along with other gobiids during monsoon. The 

size group of P.ocellatus in the catch was highly variable. The post monsoon period 

from late December to mid March has stable environmental conditions and has 

increasing benthic population (Parulekar et al., 1980). P.ocellatus obtained during 

this period were uniformly bigger in size and were found to be reproductively 

mature. Juveniles were obtained in large numbers in the catch from June to 

January. Rathod (2005) has recorded similar observations in Boleophthalmus 

dussumieri. 

 

The biology of fish has been the subject of vast study for many decades. In recent 

years, 4000-5000 original research papers have been published annually in over 

400 journals covering all aspects of fish biology (Cvancara, 1992). Knowledge of 

fish biology, and the principal factors which determine growth and body 

composition, is important when considering the role of fish as a source of nutrition 

(Sebastian, 2011). So far no study on the biology of Parachaeturichthys ocellatus 

has been reported in the literature survey carried out by the candidate. The fact that 

not much data about the biology of the fish or its fishery was available has provided 

an impetus to select P.ocellatus for the present study which reflects on various 

aspects of fish biology. Thus some of the aspects of biology which the present study 

elucidates are: Taxonomy and Systematics, Morphometric and meristic characters, 

Length weight relationship and Relative condition factor, Food and feeding habits 

and Reproductive biology. 

 



 
 

8 
 

Taxonomy and Systematics forms the very fundamental of all research in the 

biology of any species. Taxonomic documentation is only first step in understanding 

biodiversity without which other research is impossible (Sebastian, 2011). 

Systematics gives an understanding of the evolutionary history of a species and its 

diversity and relationship with other species. Morphometric characters are useful in 

identification of a fish species and for detecting variations in the fish population. It 

also reflects the proportionate growth of different body parts. Meristics characters 

are useful to detect the variations among the population of fish and whether the 

variations exhibit any significance to be grouped as a separate population. Length 

weight relationship is useful to explore any deviation from the established length 

weight relationship as a measure of effect of ecological factors like disease, food 

scarcity as an indicator of stress due to exposure to pollutants. The length weight 

relationship is used as basic parameter for monitoring study of fisheries since it 

provides important information concerning the structure and function of populations 

(Anderson and Neumann, 1996).  The relative condition factor ‘Kn’ (LeCren, 1951) 

reflects the state of well being of the fish. It varies according to physiological factors 

and stages of development of fish. Food and feeding habits of the fish are of great 

importance to understand the niche, behavioural patterns, life history and growth of 

the fish as well as in management of commercially important fisheries (Bal and Rao, 

1984). The study of reproduction involves various aspects such as sexual 

dimorphism, sex ratio, maturation, spawning season, spawning frequency, 

fecundity and gonad morphology and histology. This knowledge is useful in 

successful management of fishery and in protecting the unduly vulnerable species.    

 

Fish is a rich source of protein with composition of amino acid which is well suited 

to human dietary requirements, comparing favourably with egg, milk and meat in 

the nutritional value of its protein (Waterman, 1976). The biochemical constituent of 

any species of fish is essential to evaluate its quality in terms of nutrition and energy.  

Macromolecular indices like RNA concentration, RNA : DNA ratios, RNA : Protein 

ratios and Protein: DNA ratios are frequently measured as indicators of protein 

synthesis potential and growth in marine fishes and invertebrates (Bulow, 1970; 

Carter et al., 1998; Buckely et al., 1999). These indices are particularly useful for 

evaluating environmental conditions as they reflect on differences in growth rates 

over a period of several days (Rooker and Holt, 1996; Buckley et al., 1999; Vrede 
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et al., 2002). The nucleic acids study provide useful tool for assessing the 

instantaneous growth rate and condition of fish (Fukuda et al., 2001). 

Nature of habitat 

Gobies are extremely successful in their ability to exploit habitats inaccessible to 

other fishes. Hoese (1998) and Moyle and Cech (2000) have reported that gobies 

are found in subarctic streams to mountain streams at altitudes of 2000 m on islands 

to ocean depths of 800m. The authors further reported that they occur in coral reefs, 

tide pools, mudflats mangrove swamps, holes along sandy beaches, estuaries, 

inland seas and continental shelf. The creeks of Mumbai like Vasai, Malad, Thane 

and Mahul are fringed by mangrove forest on one side and by river and sea on 

other sides. These creeks are regularly inundated by tides and divided into three 

zones namely upper intertidal zone, middle intertidal mudflat and lower sub tidal 

zone. The goby fishes are found mostly in the lower sub tidal zone which is always 

submerged under water and middle intertidal mudflat which gets submerged only 

during high tides. The tidal water brings in many phytoplankton, zooplankton, 

variety of fishes and crustaceans. The creeks have their own phytoplankton, 

zooplankton nematodes, oligochaetes, polycheates, mollusks and arthropods. 

P.ocellatus was found in plenty towards the seaward end of the Thane creek and 

Ulhas river estuary (Rathod et al., 2002). During the present study 

Parachaeturichthys ocellatus was obtained from the local fishermen who fished it 

from the lower sub tidal and middle intertidal mudflats during high tides in the creeks 

of Vasai, Malad, Thane and Mahul. 

 

Geographical distribution of P.ocellatus 

Parachaeturichthys ocellatus is native to Western Indian Ocean and Western 

Central Pacific ocean at 30o E - 80o E and 45o S - 30o N. According to Global 

Biodiversity Information Facility (http://www.discoverlife.org) location of 

Parachaeturichthys ocellatus was recorded 50 km southwest of Karachi in salt flats, 

400m North west of Bonbhoe excavation site in Sind provice, south of Karachi, 6-8 

km of Hajambo creek and Turshian creek and 15-18 km east of Korangi creek of 

Pakistan (Swift et al., 1979). Closer home its occurrence was recorded by Day in 

1875 from Mumbai coast between longitude18.93º and latitude 72.85º.   

 

http://www/
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Figure 1.1 Map showing creeks of Mumbai 

The present study on P.ocellatus deals with some aspects of biology of the fish. 
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1.2 Aims and Objectives 

The aims and objectives of the present study on Parachaeturichthys ocellatus from 

four different creeks of Mumbai namely: Vasai, Malad, Thane and Mahul creek are 

as follows:  

1) To study the taxonomy and systematic position of the fish with its historical account 

and salient features of the order, family, genus and species. 

2) To study 19 different morphometric characters of the fish of different sizes and the 

relationship of those characters with one another. 

3) To study meristic characters like the number of fin rays and spines in dorsal, anal, 

pectoral, pelvic, caudal fin, longitudinal scales, transverse scales, gill rakers and 

vertebrae.  

4) To determine length weight relationship in the fish separately for males, females 

and juveniles. 

5) To assess the relative condition factor ‘Kn’ which is the ratio of observed weight and 

calculated weight separately for each sex and to calculate the fluctuations in the 

condition factor in different months. 

6)  To study food and feeding habits of the fish by analyzing the gut content to ascertain 

the food composition, to determine degree of preference and feeding status of fish 

in different months.  

7) To study the reproductive biology of the fish with respect to different parameters 

like sexual dimorphism, sex ratio, spawning periodicity, gonadosomatic index, 

fecundity; morphology and histology of gonads.  

8)  To elucidate nutritional status and edible value of P.ocellatus by estimating its 

proximal composition and its analysis with reference to length, sex and energy 

value, and to compare these parameters with those of few other fishes from the 

selected creeks. 

9) To determine nucleic acid derived condition indices like content of RNA, DNA, ratio 

of contents of RNA/DNA, RNA/protein and RNA/lipid in male, female and juvenile 

fishes during various seasons to establish their relation to growth and nutritional 

conditions. 

The creeks of Mumbai where the present study of P.ocellatus was under taken are 

as follows: 
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Station I: Vasai creek 

Vasai creek is an estuarine creek, one of the two main distributaries of the Ulhas 

River in Western coast. It lies between 18º 45´ to 19º 20´ N & 72º 42´ to 73º 20´E. 

The Ulhas River splits at the north east corner of Salsette Island into main 

distributaries, Vasai creek and Thane creek. Vasai creek forms the northern 

boundary of Salsette Island and empties west into the Arabian Sea. The fishes 

observed in Vasai creeks during the present study along with Parachaeturichthys 

ocellatus were Lates calcarifer, Mystis spp, Arius spp, Therapon sps, perches, 

snake head fishes, mugils, and gobies like Boleopththalmus dussumeiri, 

Boleopththalmus boddaerti and Glossogobius guiris to name a few.   

 

Plate 1.1:  Station I,  Vasai creek 

Station II: Malad creek 

The estuarine creek of Malad is about 5km in length with Madh island onits west 

and versova on its east. It occurs between longitude 72º8´ E to 72º48´E and latitude 

19º8´ N to 19º 13´ N. The river Oshiwara River drains into it. Earlier it was 

surrounded by a 1000 acre area of mangroves, but now it has shrunk to 400 acres 

(Menzes, 2005) The fishes of Malad creek observed along with P.ocellatus during 

the present study were mugils, catfishes, puffer fishes, Tilapia spp, guppy, snake 

head fishes, barbs, eel, pipe fish, ribbon fish, anchovies, mudskippers like 
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Boleophthalmus dussumeiri, gobies like Glossogobius guiris, Parachaeturichthys 

polynema, Gobius criniger, Awous spp, Trypauchen vagina etc. 

 

Plate no. 1.2  Station II,  Malad creek 

Station III: Thane creek 

The estuarine creek of Thane which is situated on the central west coast of India 

occurs between longitude 72º2´E to 73º55´E and latitude 19º to 19 º 15´N. Thane 

creeks is part of the estuary of the Ulhas river opening into Mumbai harbour. It 

comprises of 26 km from Trombay till Thane stretching from Mumbra Retibunder to 

the Mankhurd-Vashi Bridge. Rathod et al. (2002) observed the following fin fishes 

in the creeks of Thane like Stromatidae, Scombridae, Carangidae, Sclerodermi, 

Squamipinnes, Scopelidae, Muraenidae, Pleuronectidae, Polynemidae, 

Gymnodontes, Sciaenidae, Cyprinadae, Siluridae, Cichlidae, Percidae,   

Batrachidae, Mugiladae, Cyprinodontidae, Sparidae, Chromidae, Clupidae, 

Trachinidae and Gobiidae. Along with P.ocellatus other goby fishes observed in 

Thane creek were Boleophthalmus dussumieri, Boleophthalmus boddaerti, 

Glossogobius giuris, Parachaeturichthys ocellatus, Parachaeturichthys polynema 

etc. 
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Plate 1.3: Station III, Thane creek 

Station IV: Mahul creek 

The estuarine creek of Mahul is on the east coast of Mumbai along the Arabian Sea 

and is situated in Chembur suburb and 17 km from Sasson dock. It occurs between 

latitude 19º13´ to 19º 14´N & longitude 72º 46´ to 72º53´E.  It is surrounded by 

mangrove forest. Bordering the Mahul creek on its west is the village of Anik, with 

saltpans and lands flooded by the sea during high tides. These swamps are 

populated by migratory birds. The wetlands also act as sponges absorbing 

excessive surface runoffs during the rainy season. Fishes of Mahul creek along with 

P.ocellatus included Megalops spp, Guppy poecilia, catfish Clarius spp, Tilapia 

oreochronis Tilapia mossambicus, mullet Mugil cephalus, mudskippers like 

Boleophthalmus boddarti, Boleophthalmus dussumieri and gobies like 

Glossogobius guiris, Parachaeturichthys polynema etc. 
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Plate 1.4: Station IV,  Mahul creek 

1.3 Review of Literature 

Extensive studies on gobioid fishes are available from many regions of world. Code 

goby Gobiosoma robustum in the Tampa bay Florida was studied by Springer and 

Mcerlean (1961). Miller (1961, 1969) also studied aspects of the life histories of 

Gobius pagnellus (Linnaeus) and Gobius ephippiatus (Lowe). Jones and Miller 

(1966) gave an account of the migration activities of Pomatoschistus microps 

(Kroyer). Healey (1971) studied the population dynamics of Gobius minutus 

Linnaeus and the age structure and life-span of the same was examined by 

Miller(1975). In estuarine gobies the lunar cycle is thought to play a role in spawning 

behaviour as well as larval recruitment. (Hoese,1998; Thresher,1984). Torricelli et 

al. (1985) studied the acoustic displays of the freshwater goby, Padogobius 

martensi. Nellbring (1986) carried out a quantitative investigation of the spawning 

activities of the sand goby, Pomatoschistus minutus, and the common goby, 

Pomatochistus microp.  

Numerous studies on abundance, distribution, biology, growth, ecology and 

behaviour of gobies are reported from different regions of the world. Oriental goby 

Acanthogobius flavimanus in New South Wales (Bell et al., 1987); Tubenose goby 

Proterorhinus marmoratus in Lake Basin (Jude et al., 1992); Lubricogobius exigus 
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from Taiwan (Cheng and Fang, 1997); Neogobius malanostomus in the upper 

Detroit river (Macinnis and Corkum, 2000); Crystallogobius linearis from the Adriatic 

sea (La Mesa, 2001); Parioglossus species from western Pacific and Indian oceans 

(Wang, 2001); genus Pseudogobius from Indo-West Pacific region (Larson, 2001); 

coral reef goby, Asterropteryx semipunctatain Kaneohe Bay, Hawaii (Privitera, 

2002); Neotropical gobies Elacatinus gemmatus, Elacatinus palleus, Elacatinus 

dileps (Taylor and Tasseli, 2002); Knipowitschia longicaudata from Lake Manya 

Turkey(Turan et al., 2005); Papulogobius uniporus from northeastern Laos (Chen 

and Kottelat, 2003); fresh water gobi Glossogobius guiris of the river Padma (Islam, 

2004); Eviota hoesei and Eviota readerae from Southwest Pacific (Gill and Jewett, 

2004); sex changing marine goby Coryphopterus personatus from atoll-fringing reef 

in Belize (Allsop and West, 2004);  cleaner goby Gobiosoma evelynae (Olivotto et 

al., 2005); Vanderhorstia bella from Fijii (Greenfield and Longnecker, 2005); 

Neogobius melanostomus as alien invasive species from north European and Baltic 

sea (Sapota, 2006);three Butis species in a mangrove estuary southern Thailand 

(Yokoo et al., 2006);   shrimp goby Vanderhorstia opercularis from northern red sea 

(Randall, 2007); sicydiine goby Sicyopterus lagocephalus (Smith and Spark, 2007); 

gobies of genus Rhinogobius in Central Asia and Kazakhstan(Vasil’ev and Kuga, 

2007); a new species of Lubrigobius from Nha Trang Bay, Vietnam (Prokofiev, 

2007);  Neogobius fluviatilis, Neogobius gymnotrachelus, Neogobius 

melanostomus and Proterorhinus  marmoratus in Yantra river Bulgaria (Vassilev et 

al., 2008); a cleaner goby Elacatinus phthirophagus from southwestern Atlantic 

(Sazima et al., 2008); fresh water goby Gobius nigricans in Mediterranean stream 

(Sealici and Gibertini, 2009); chameleon goby Tridentiger trigonocephalus from 

Mediterranean sea (Goren et al., 2009);  bumble bee goby Brachygobius 

mekongensis from Mekong basin Central Laos (Marioka and Sano, 2009) and 

burrowing goby Trypauchen vagina in the north-eastern Mediterranean sea 

(Akamca et al., 2011). A new species of goby Obliquogobius from Ryukyu Islands 

Japan was described based on its morphometric and meristic characters by Chen 

et al. (2012). A new species of mudskipper Boleophthalmus poti was described from 

Gulf of Papua New Guinea by Polgar et al. (2013).  

 

Studies on Indian gobioid fishes are very few and those available are restricted 

mostly to few species of mudskippers and large size goby Glossogobius giuris. 
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Fowler (1929) carried out the study on gobiids from Bombay waters. The taxonomic 

description of the various species of gobies from different habitats of India has been 

provided by Day (1889) Annandale (1919), Hora 

(1924,1934,1935,1936,1940,1941) Koumans (1942, 1953) Pillai (1929), Panikkar 

(1937) and Mutsaddi and Bal ( 1973). Rao (1939) studied burrowing habits of a 

gobiid fish of genus Taenioides from Andamans. Pillay and Sarojini (1950) 

elucidated the larval development of the Indian transparent goby Gobiopterus 

chuno. Silas (1952) published notes on the bionomics of red goby Trypauchen 

vagina. Koumans (1941, 1953) has done excellent work on the gobioids of India 

and Pacific. 

 

The Glossogobius giuris (Hamilton) is widely distributed in the freshwater and 

estuaries of Bangladesh, India, Pakistan, Burma and Far East (Bhuiyan, 1964; 

Srivastava, 1968). Tandon (1962) studied the feeding biology of the G.giuris in the 

river Ganga. Geevarghese (1976) carried out a detailed study of G.giuris from Lake 

Veli, Kerala, India. Glossogobius mintus and a new goby Ctenogobius veliensis 

from the south western coast of India (Geevarghese and John, 1983), Oxyurichthys 

paulae from South western India (Pezold, 1998), eel goby Odontamblyopus spp 

from IndoWest Pacific region (Murdy and Shibukawa, 2000), gobiid fish Trypauchen 

vagina from Tranquebar, India (Murdy, 2006), Stenogobius gymnopomus from 

southern Kerala (Lekshmi et al., 2010).  

 

P.ocellatus was recorded by Murty (1969) in Catalogue of fishes as a specimen 

recorded from Mumbai coast. Mutsaddi and Bal (1973) recorded it from the muddy 

creeks of Colaba, Worli, Mahim, Danda, Madh, Mahul and Thane. Karbhari (1982) 

has recorded P.ocellatus in his list of marine fishes from Maharashtra and Gujarat 

coast. P.ocellatus was collected from Madras coast by as reported by 

Venkateswarlu and Ramarao, 1986. It was recorded from Ketibunder in Pakistan 

(DEA report, 2008) during winter. It has been photographed and published in fish 

base by Khan (2007, 2011) (http://www.fishbase.org 20/7/2013).  

1.4 Genaral organization of the Thesis 

The thesis is organized into twelve chapters: 

http://www.fishbase.org/
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First chapter comprises introduction, aims and objectives, Literature review and 

brief note on general organization of thesis. 

 

Second chapter describes history of gobioid classification with details of family and 

genera by Day (1878), key to subfamilies and genera proposed by Larson and 

Murdy (2001), followed by systematic position, local name, unambiguous synonym 

and valid name of P.ocellatus. The chapter concludes with morphology of 

P.ocellatus. 

 

The third chapter gives a brief account of various morphometric characters of 

P.ocellatus and the relationship of these characters with one another.  

The study of meristic characters of P.ocellatus is reflected in the fourth chapter. It 

also gives a comparison of meristic counts by various researchers. 

 

The fifth chapter gives a detailed account of length weight relationship in male, 

female and juvenile P.ocellatus. 

The relative condition factor ’Kn’ in male, female and juvenile in different months is 

exhibited in chapter sixth. It also gives the relative condition value in adult fishes of 

different length groups. 

 

The seventh chapter gives a detailed account of food and feeding in P.ocellatus 

like morphological features, relative gut length, monthly variation in food 

composition, lengthwise variation in food compostion, feeding intensity and 

gastrosomatic index. 

 

The eighth chapter incorporates various aspects of reproductive biology like sex 

ratio, sexual dimorphism, spawning periodicity, gonadosomatic index, fecundity, 

morphology and histology of gonads.  

 

The ninth chapter evaluates the nutritive value of P.ocellatus by analyzing its 

biochemical composition. Seasonal variations in moisture, protein, carbohydrates, 

lipids and ash were estimated. Similar estimations were recorded in male and 

female fish of different length groups. The comparative account nutritive value of 

P.ocellatus with few other commercial fishes is also estimated. 
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The tenth chapter records month wise variation in RNA and DNA content and the 

ratios of RNA : DNA, RNA : protein, RNA : lipids in male, female and juvenile 

P.ocellatus.  The values are also recorded in different length groups of male and 

female. 

 

The eleventh chapter gives a comprehensive profile of growth and reproduction in 

P.ocellatus. 

 

The twelfth chapter gives the summary of all chapters. It also includes a discussion 

a comprehensive discussion on the various aspects of biology studied in 

P.ocellatus. 

 

Each chapter has been organised into a brief introduction, material and method, 

review of literature, results and discussion. Data represented in the form of tables, 

graphs, charts and photographs are inserted at appropriate places in the relevant 

chapters. The bibliography is enclosed at the end of the thesis. 
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Chapter 2  

Taxonomy and Systematics 
2.1   Introduction 

2.2   Identification keys 

2.3   Systematic position 

2.4   Morphology 

---------------------------------------------------------------------------------------------------- 

2.1 Introduction 

The Gobies belong to the suborder Gobioidei which comprises nearly 2000 extant 

species (Eschemeyer, 2013) occurring in fresh water, brackish water and marine 

water with a worldwide distribution. Order Perciformes, the most diversified of fish 

order contain 18 suborders, 148 families 1496 genera and about 9293 species 

(Gore, 2007). Of the 18 suborders of order Perciformes, the suborder Gobioidei is 

an important one. Gobioidei is one of the largest suborders of teleost fishes 

(Agorreta et al.,2013) They exhibit a spectacular diversity in morphology, ecology 

and behaviour (Patzner et al., 2011).They are increasingly used as model 

organisms in many comparative studies aimed at understanding the evolutionary 

processes underlying diversification (Ruber and Agorreta, 2011). Nelson (1994) has 

observed that 8-9% of all fishes belong to suborder Gobioidei and comprises of 

eight families namely: Rhyacichthyidae, Odontobutidae, Eleotridae, Gobiidae, 

Kraemeriidae, Xenisthmidae, Microdesmidae and Schidleriidae.  Family Gobiidae 

is the largest family of suborder Gobioidei with more than 2000 species. 

 

The family Gobiidae includes small gobies. These fishes have separate dorsal fins 

which may be spinous and rayed whereas their pelvic fins are usually fused. Colour 

pattern of gobies ranges from brightly coloured to drab and camouflaged (Thacker, 

2011). The taxonomy of gobies is considerably difficult. Phylogenetic studies have 

been limited to familial levels. Exact identification of species is often difficult 

because the gobies are generally small and look morphologically alike (Van Tassell, 

1998). 

 

History of Gobioid Classification  
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Survey of literature revealed that substantial amount of morphological data is 

available and osteology of gobioid fishes has been reported. Van Tassell (1998) 

has reviewed the morphological and oteological features of gobioids. The history of 

gobioid classification is very interesting. The earliest reports were by Linnaeus 

(1758) who recognized one genus (Gobius) in the family having seven species. 

Subsequently the number of genera have seen remarkable increase during the 

span of 75 years from 1800-1874. In 1800 Lacepede reported seven genera 

whereas immediately in 1801, Bloch and Schneider recognised eleven genera; the 

number then rose to 23 genera (Gunther, 1861b), and 99 genera Bleeker (1874). 

These systems of classification were based primarily on the structure of the fins, 

numbers and types of scales, teeth and placement of eyes. 

 

Gunther (1861b) proposed four distinct groups of gobioids to which 23 genera 

belong namely: the Gobiinae, the Amblyopina, the Trypauchenina and the 

Callionymina. On the other hand Bleeker (1874) proposed that the 99 genera of 

gobies belong to four subfamilies namely: Eleotriformes, Gobiiformes, 

Amblyopodiformes and Luciogobiiformes. 

 

Based on osteological studies, to be specific, bones of cranium, pectoral girdle and 

number of vertebrae, Regan (1911) classified Gobioidei into three families: 

Eleotridae, Gobiidae and Psammichthyidae. The Eleotridae was separated by 

Regan (loc.cit.) from Gobiidae on the basis of shape of palantine, greater 

development of mesopterygoid and the scapula in the eleotrids. The family 

Gobiidae was further divided by the author into two subfamilies namely Gobiinae 

and Periophthalminae, who proposed the third family Psammichthyidae and placed 

it within the Gobioidei. 

 

Jordan (1923) raised the number of families proposed by Regan (loc.cit.) from 3 to 8: 

by adding 5 families namely: Rhyacichthyidae, Periophthalmidae, Gobioididae, 

Trypauchenidae, Doliichthyidae to the 3 described by Regan (loc.cit.) namely: 

Eleotridae, Gobiidae and Psammichthyidae.  However, Duncker (1928) recognized 

only four families namely: Eleotridae, Gobioididae, Periophthalmidae and Gobiidae 

whereas Berg (1940) in fact proposed that the Gobioidei be grouped into two super 

families: Eleotrioidae with one family and Gobioidae with three families namely: 
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Gobiidae, Periophthalmidae and Kraemeriidae. Webber and DeBeaufort (1953) 

proposed that the order Gobioidae to be further divided into four families with 

constituent subfamilies: family Gobiidae, subfamilies namely: Goiodontinae, Gobiinae, 

Periophthalminae, Sicydiaphiinae and Apocrypteinae; family: Taenioididae 

subfamilies namely: Taenioininae and Trypaucheninae; family: Eleotridae and family: 

Rhyacichthdae. Gasoline (1955) and Regan (1911) based their classification of 

Gobioidei on osteological studies and gave sufficient evidence for placement of 

microdesmids and kraemeriids among the gobioids. Gosline (1955) demonstrated that 

the shape of the palantine along with the presence or absence of the scapula did not 

adequately separate the Eleotridae and the Gobiidae. He based his separation of 

these two families on the presence of six brachiostegal rays in eleotrids and only five 

in gobiids. 

 

Ginsburg (1933a) and Koumans (1953) pointed out inadequacies of the earlier 

classification system for gobioids. Gobiod lateralis system was studied by Sanzo 

(1911) who described it as follows: the external neuromast organs called sensory 

papillae form a distinct pattern on head region which can be divided into two basic 

groups one which the neuromast are in longitudinal rows and the other in which the 

same are in transverse rows. These patterns have been useful in defining genera 

and species (Hoese, 1971,1983; Gill et al.,1992) and have been used by Miller 

(1963,1973,1992b) in defining taxa and arranging systems of classification. 

 Takagi (1967) made an extensive study of the cephalic sensory canal systems of 

gobies from Japan. A portion of the study was published in 1967 and the complete 

work was published in 1988. Takagi examined 82 species of 54 genera from 

Japanese waters and amended the terminology of the cephalic sensory canals, 

head pores and sensory papillae patterns. 

Miller (1963) briefly outlined the major differences between gobiids and eleotrids, 

commenting that the occurrence of separate pelvic fins was not sufficient to 

distinguish between eleotrids from gobiids. His classification was based largely 

following osteological characters like: number of epurals, hypural connection, the 

presence or absence of the endopterygoid, the number of branchiostegal rays, 

development of the scapula, the number of pectoral radials, presence or absence 

of the post eleithrum, a metapterygoid bridge to the quadrate, a preoperculum-
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symplectic bridge, and the extent of development of the oculoscapular and 

preopercular canals. Greenwood et al. (1966) concluded that the suborder Gobiodei 

comprised six families: Gobiidae, Microdesmidae, Gobioididae, Kraemeriidae, 

Rhyacicthydae and Trypauchenidae. Akhito (1963, 1967) extensively studied the 

scapula of gobioids and in 1969, proposed classification of gobioid fishes based on 

oosteology into 71 genera with 85 species. 

 

Miller (1973) divided the suborder Gobioidei into two families: Rhyacichthyidae with 

only one species and Gobiidae with 200 species. Gobiidae has one or two epurals 

and a reduced cephalic lateralis system. 

Miller divided Gobiidae into seven subfamilies: Eleotrinae, Pirskeninae, 

Xenisthminae, Gobionellinae, Tridentigerinae, Gobinnae and Kraemeriinae. He 

included Pholidichthyidae within Gobiinae. Lindberg (1974) in his comprehensive 

review of the fishes of the world concluded that there were five families in the 

Gobioidei: Eleotridae, Gobiidae, Gobioididae, Periopthalmidae and Microdesmidae. 

Springer (1983) studied the Gobioidei cladistically and proposed following four 

synapomorphies for all gobioids: Parietals absent, pelvic intercleithral cartilage 

present, dorsal end of interhyal fails to meet the dorsal end of the symplectic and 

basibranchial one cartilaginous. Miller (1992a) added the presence of a sperm duct 

gland to this list of synapomorphic character.  

 

Hoese and Gill (1993) presented phylogenetic problems within the lower members 

of the Gobioidei. They defined three families: Rhyacicthyidae, Odontobutidae and 

Gobiidae. The Gobiidae was divided into subfamilies Butinae, Eleotridinae and 

Gobiinae based on sixteen characters. The Gobiidae was distinguished according 

to the following set of synapomorphies: 1) no autogenous middle radial in the first 

pterigiophore of second dorsal fin 2) upper proximal radial of the pectoral fin usually 

in contact with the cleithrum and extending well above the scapula. 3) anterior 

elongation of the procurrent caudal cartilage 4) scales without transforming ctenii. 

 

Pezold’s (1993) studied the cephalic pore configuration of a comprehensive sample 

of Gobiidae and proposed a diagnostic character for the group Gobiinae: a single 

cephalic inter orbital pore, rather than a pair of pores. He also noted that most of 
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those taxa possess a common dorsal fin pterygiophore pattern and vertebral 

number.  

 

Phylogenetic analysis of morphological characters has been performed in some 

subgroups of Gobioidei by Gill (1994) and Thacker (2000) and other subgroups of 

Gobioidei have been investigated with molecular data by Ruber et al. (2003) and 

Taylor and Hellberg (2003, 2005). A combination of both phylogenetic and 

molecular data have been used by Thacker and Cole (2002) and Harold et al. 

(2008) and gobiids have been included in larger molecular phylogenetic hypothesis 

by Thacker (2003, 2009)and by Thacker and Hardman  (2005). Thacker (2009) 

recognised six families and later several sub familial units for two of the families 

(Thacker and Roje 2011, Thacker 2013). Re evaluation of gobiod systematic based 

on molecular data have shown that the smaller distinctive families historically 

separated from the bulk of gobioid taxa are actually nested within the larger groups 

(Akihito et al., 2000, Wang et al., 2001, Thacker, 2003, Ruber and Agorreta, 2011).  

 

Gill and Mooi (2012) described a new family Thalasseleotrididae and redefined the 

family Gobiidae to encompass Gobiidae and Gobionellidae in contrast with the 

classification given by Thacker (2009) based on five brachiostegal rays. Thacker 

(2011) stated that the development of gobiid systematics seems to be progressing 

in the same pattern as seen for the entire Gobioidei: distinctive groups are 

delineated and singled out from the majority of taxa and as data accumulate, it is 

revealed that this perceived distinctiveness is simply a part of the range of diversity 

in the larger group and comprehensive surveys of both morphology and molecular 

data will be required to further evaluate gobiid relationships, and to reveal the 

systematic of this diverse group.  

 

Day (1876) has reported 150 species of gobiids from the waters of India. Taxonomic 

description of various species of gobies from the different habitats occurring in India 

was provided by Annandale (1919); Pillai (1929); Panikkar (1937); Here (1939, 

1940); Hora (1924, 1934, 1936, 1940, 1941) and many others. Mutsaddi and Bal 

(1973) classified 21 species of gobies from waters of Mumbai under twelve genera 

within the sub family Gobiinae. The authors reviewed the systematic position of 

these fishes with special reference to salient features such as fin-ray formula, 
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morphology, coloration of fish in live and preserved condition and range of 

distribution. 

 

2.2 Identification Keys  

Family Gobiidae 

Family Gobiidae has been described extensively by Day (1878), the salient features 

of which as described by Day are reproduced below.  

 

Pseudobranchiae present, sometimes rudimentary. Gill openings varying from 

extremely narrow to wide with the gill membranes attached to the isthmus: four gills. 

Body generally elongated. Eyes lateral, occasionally prominent and mostly without 

free orbital margins, the skin being continued directly over their surface. The infra 

orbital ring of bones does not articulate with the pre opercle. Teeth of varying 

characters, canines present or absent: inferior pharyngeal bones may be 

separated, or coalesced with a median suture. A single rayed dorsal fin, sometimes 

divided into two portions, the spines are flexible, and this part of the fin has less 

rays than the remainder: anal  similar to the soft dorsal: ventral’s sometimes united 

so as to form a disk, or arising close together. Scales and lateral line present or 

absent. Air-vessel generally absent, Pyloric appendages, if present are few. 

 

The family Gobiidae has been subject to numerous subdivision, due to the great 

variations observed amongst those species of which it is composed. Following 

subdivisions have been recognised based on dorsal and ventral fins: 

Gobiina: Ventrals forming a disk being united along their whole extent, or only in 

their basal halves, two separate dorsal fins. 

Eleotrina: Ventrals not united together. 

Amblyopina: Ventral fins united, a single dorsal occupying the whole length of the 

back 

Within subdivision Gobiina are placed seven genera namely: Gobius, Gobiodon, 

Sicydium, Apocryptes, Apocryptichthys, Periophthalmus, Boleophthalmus.  

Genus Gobius (Artedi) describes the following identifying characters: 

Brachiostegals five, pseudobranchae, gill openings of moderate width, body low 

and elongated, Opercles.  
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The subdivision Gobiina is further divided into five subfamilies namely: Brachygobii, 

Platygobii, Eugobii, Chaeturichthyi and Gobionelli which are described along with 

genera comprising these subfamilies.  

Gobiini: Teeth in jaws simple, their spaces being neither clubbed nor incised in or 

two rows in upper, in two or more in lower jaw.  

 I. Brachygobii: no canines 

   1. Lophogobius (Gill). Body compressed, teeth in both jaws in many        

       villiform rows, the outer the longer, scales ctenoid. 

II. Platygobii: Teeth in many rows in both jaws, no true canines. 

2.  Gillichthys (Coop) Gillia, (Gunther). Teeth villiform in both jaws, scales small, 

cycloid. 

   3. Gobiopsis (Steind): Teeth, the outer row the larger. Scales large     ctenoid. 

   4.  Glossogobius (Gill) Cephalogobius (Bleeker). Outer row of teeth the   

         longer, curved not crowded together, unequal upper jaw not produced   

         posteriorly. 

   5.  Platygobius (Bleeker). Teeth, outer row in pre maxillaries scarcely   

         enlarged. 

III. Eugobii: Teeth in jaws fixed. 

 a) Teeth in both jaws sharp, in many rows, with the outer one   

         enlarged: canines. 

   6.  Gobius (Artedi) Pomatoschistus (Gill). Teeth in the outer row conical     

          and subequal: caudal obtuse, scales ctenoid, abdomen scaled, snout         

          short. 

   7. Acanthogobius (Gill). Teeth in the outer row subequal: caudal obtuse   

        scales ctenoid,  snout conical. 

   8. Brachygobius (Bleeker) = Hypogymnogobius (Bleeker). Teeth in the  

        outer row  sub equal, abdomen scale less. 

   9. Eucyclogobius (Gill). Teeth in the outer row sub equal. Scales cycloid   

         none on    the head. 

   10.Lepidogobius (Gill)= Cyclogobius (Steind). Teeth in the outer row sub  

          equal. Scales cycloid. Head scaled. 

   11. Callogobius (Bleeker). Teeth in the outer row, slender sub equal.   
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        Caudal lanceolate, head depressed convex. 

   12. Stenogobius (Bleeker). Teeth in the outer row, conical, sub equal   

         caudal obtusely lanceolate, longer than the head. 

   13. Actinogobius (Bleeker). Teeth in the outer row unequal. Caudal   

        acute, shorter than  the head. 

b) Teeth in each jaw in many rows, the outer the longer: some   

     truncated. 

   14. Hemigobius (Bleeker). Some of the middle teeth of the outer row in   

      the  premaxillaries truncated. 

c) Teeth in each jaw in many rows, pointed, sub equal, the outer  row   

    erect and not elongated, no canines. 

   15. Awaous  (Val). Scales 50 to 60. 

   16. Rhinogobius (Gill) = Chonophorus (Poey)  Scales 28 

d) Teeth in either jaw in many pointed rows, the outer the longer: in    

    the lower jaw, laterally a   posterior curved canine. 

   17. Ctenogobius (Bleeker). Head scale less, scales 14 to 30. 

   18. Centrogobius (Bleeker) = Oplopomus (Steind). First dorsal spine  

         pungent. 

   19. Acentrogobius (Bleeker) = Porogobius (Bleeker). Head scaled, no   

      pungent  dorsal  spine, caudal lanceolate. 

    20. Amblygobius (Bleeker) = Odontogobius (Bleeker).   Scales 52 to 56 

    21. Cryptocentrus (Ehr) = Paragobius (Bleeker). Scales 85 to more than   

      100. 

 e) Teeth in both jaws pointed, and in two rows. 

    22. Zonogobius (Bleeker). Outer row of teeth in upper and inner in lower   

          jaw the longer 

    23. Lophiogobius (Gunther) =Teeth in two rows in each jaw, the outer  

          row the longer, placed wide apart and sub-horizontal, no canines. 

  f) Teeth pointed, in one or less than two rows in the upper and many    

     in the lower   jaw, canines present or absent. 

    24. Stigmatogobius (Bleeker). Teeth in one row in the upper jaw: outer   

         row in the lower   jaw the longer, and posteriorly above the symphysis    

         two canines. 

    25. Euctenogobius, (Gill). A single row of teeth in the premaxillaries, few    
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         rows in lower jaw: no canines. 

    26. Oxyurichthys, (Bleeker)= Gouchthys (Klunz). Teeth in pre maxillaries   

          in one or less  than two rows, the inner of which is rudimentary: many    

        rows in the lower, the outer being the longer: no canines, caudal     

        lanceolate. 

IV. Chaeturichthyi: No canine: barbels on lower jaw. 

     27. Chaeturichthys (Rich). Teeth in two rows in either jaw, the outer row   

          close together, the longest, and consisting of fixed curved, subulate   

           teeth directed obliquely inwards. 

     28.   Amblychaeturichthys (Bleeker). Teeth in the premaxillaries in few   

           rows, the outer the   longer, fixed, straight, subulate: three or  ]    

           laterally two rows in the  lower jaw, the outer the longer, moveable,   straight, 

and directed obliquely inwards. 

     29.  Parachaeturichthys (Bleeker). Many rows of teeth in both jaws, the   

          outer row close together, consisting of elongated straight and fixed    

          ones. 

 V. Gobionelli:   Teeth in both jaws in many rows. 

     30. Synechogobius (Gill). Pointed fixed teeth in both jaws, the outer the  

          longer. 

     31. Gobionellus (Gir) = Samaragdus (Poey). Teeth small, the outer row   

          setaccous moveable. 

 

Day (1878) has recorded thirty five species under genus Gobius. Description of 

Gobius ocellatus  according to Day (1873) is as follows: 

Length of head 4 1/3 to 4 ½ of caudal 5 to 6, height of body 6 to 7 in the total length. 

Eyes some what superior, diameter 5to 6 in the length of head, 1 ½ diameters from 

end of snout, and 1 apart. Head slightly broader than high, its greatest width being 

equal to the length of its postorbital portion, the summit of which is somewhat flat 

and snake- shaped. No occipital crest, nor warts on the head: a pair of short barbels 

under the symphysis of the lower jaw. Cleft of mouth somewhat oblique, 

commencing opposite the middle of the eye: the lower jaw a little the longer: the 

posterior extremity of the maxilla extends to beneath the anterior margin of the orbit. 

Teeth- several rows in both jaw, an enlarged outer one in the mandibles, the 

external of which on either side is a moderately or small recurved canine in large 
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specimens. Fins- the two dorsal not widely separated, the distances of the first 

dorsal from the orbit equals the distance from the snout to the base of the pectoral 

fin, its second spine is elongated  in some specimens, being nearly as long as the 

head, last  dorsal ray divided to its base. Pectoral rays silk-like, second dorsal and 

anal about equally developed and highest posteriorly; caudal wedge-shaped, 

rounded behind; ventral reaches half way to the vent. Scales ctenoid on body, 

cycloid on head, much smaller anterior to the dorsal fin than posterior to it: they 

cover the cheeks,  opercles and top of the head to snout and are in irregular rows. 

Colour olive, a dark green spot above upper margin of opercle, about six indistinct 

blotches along sides; dorsal and caudal fins stained dark and indistinctly spotted or 

barred; a yellow ocellus with a black centre, at the top of the caudal fin in its last 

half; anal whitish, basal half covered with fine black dots; ventrals yellow. 

 

Family Gobiidae (Larson and Murdy 2001) 

The Family gobiidae was further reviewed and described by Larson and Murdy 

(2001). The salient features of which are described here:  

Small gobioid fishes (to 30cm, usually less than 10 cm); body typically stout (but 

with many exceptions). Head short and broad, often scaly, typically with a series of 

sensory canals and pores, and cutaneous papillae. Snout rounded. Teeth usually 

small, sharp and conical, in one to several rows in jaws. Gill membranes broadly 

joined to isthmus. Two separate dorsal fins, the first with V to X weak spines, the 

second with I weak spine and 5 to 37 soft rays; anal fin with I weak spine and 5 to 

36 soft rays(typically terminal ray of second dorsal and anal fins divided to its base, 

but only counted as a single element); pectoral fins broad with 12 to 25 rays; pelvic 

fins long with I spine and 5 soft rays, pelvic-fin spines usually joined by fleshy 

membrane (frenum), and innermost, pelvic-fin rays usually joined by membrane, 

forming a disk (gobies with pelvic fins not united typically found in coral-reef areas): 

caudal fin broad and rounded with 16 or 17 segmented rays. Scales are large, either 

cycloid or ctenoid. Lateral line is absent on body. Colour: variable. 

 

Key to subfamilies of Gobiidae  

The subfamilies of Gobiidae according to Larson and Murdy (2001) are as follows: 

 1a. Dorsal and anal fins connected to caudal fin, both dorsal fins united by   
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      membrane mud-burrowing, elongate gobies with pink to purple  

                                                                                    ……......Amblyopinae 

1b. Dorsal and anal fins separated from caudal fin, both dorsal fins typically   

      separate............................................................................................→2 

2a. Lower jaw typically possessing only a single row of teeth..................→3  

2b. Lower jaw typically possessing more than 1 row of teeth...................→4 

3a. Pelvic frenum with fleshy lobes over spines; eyes lateral........Sicydiinae 

3b. Pelvic frenum without fleshy lobes; body elongate; eyes located mostly   

      dorsally.............................................................................Oxudercinae 

4a. Paired anterior  interorbital pores  present or head pores present or   head pores 

completely lacking; pelvic frenum simple, not folded forward, frenum without 

fleshy lobes around pelvic-fin spines; if head pores absent, then 1 or more of 

the following conditions also exist:1) pelvic frenum present, 2) body fully scaly 

or mostly scaly, and/or 3) no barbels present on chin [except for 1 genus, 

Gnatholepis, only non-coral reef gobies are included here, Gnatholepis 

possesses head  

pores]...............................................................................Gobionellinae 

4b. Usually a single anterior inter orbital pore present or head pores completely 

lacking; If 2 anterior inter orbital pores present, then pelvic frenum folded 

forward and a   fleshy lobe  present around each spine; if head pores absent, 

then 1 or more of the following conditions also exist: 1) pelvic frenum absent, 

2) body naked or with a  few scales on caudal peduncle, and/or 3) barbels 

present on chin [although exceptions exist head pores are typically absent only 

in a few small coral-reef gobies].................................................................... 

Gobiinae 

 

Key to genera of Gobiinae  

According to Larson and Murdy (2001) the key to genera of Gobiinae are as 

follows: 

1a. First gill slit closed by membrane distinctive transverse papillae pattern  on 

head (coralreefs) ......................................................… .Hetereleotris 

1b. First gill slit open; pappilae pattern longitudinal or transverse............→2 

2a. Body naked or with a few scales on caudal peduncle..........………....→3 
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2b. Body scaled at least on posterior half ......…..……......……….............→8 

3a. Pelvic fins separate and slender ……..………………………………....→4 

3b. Pelvic fins united…………..……………………………………….…......→5 

4a. Body deep and robust, eyes small (coral reefs) ...……....Austrolethopso  

4b. Body slender, eyes moderate to large (coral reefs)………….Trimmatom 

5a. Teeth tricuspid; body slender (rocky shores)………………….Kelloggella 

5b. Teeth pointed………………………………………………………….......→6 

6a. Body elongate; anal fins with 13 elements, including spine (sandy 

shores)...............................................................................Parkraemeria 

6b. Body short and/or compressed; anal fin with 10 or fewer elements, including 

spine...................................................................................→ 7 

7a.Head and body deep and compressed: body and fins with thick mucus pelvic 

fins short and fleshy (coral reefs) coat not generally developed..... 

..............................................................................................    Gobiodon  

7b.Body short and robust, compressed posteriorly but head usually rounded; 

mucus coat not greatly developed; pelvic fins not fleshy (deep 

water)......................................................................................Lubrigobius 

8a.Thin dermal crest on top of head anterior to first dorsal fin…..............→9 

8b. No dermal crest anterior to first dorsal fin…………………................→11 

9a. Sensory papillae on head transverse; body relatively plain dark brown, with 

dark blotch on shoulder just above pectoral-fin base (estuaries, shallow 

reefs)..................................................................... Lophogobius 

9b. Sensory papillae on head longitudinal; colour pattern variable, often with small 

dark spots ………………...................……….……….….. →10 

10a.Dermal crest low, less than pupil diameter; body elongate; second dorsal fin 

and anal fin with 1 spine and 12 soft rays (estuaries, shallow reef)  

.......................................................................... Cryptocentroides 

10b. Dermal crest high, more than pupil diameter; body deep; second dorsal fin and 

anal fin with 1 spine and 9 soft rays 

(estuaries)…………....................................................... Cristatogobius 

11a. Barbels present on ventral surface of head (may be on chin only), barbels 

distinctly larger than any elongate papilla........................→12 

11b. Papillae on underside of head may be elongate, but no barbells present 

.........................................................................................→16 
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12a. Large black spot present dorsally on caudal fin; cheek and opercle covered 

with scales (deepwater) ......................... Parachaeturichthys 

 

List of species under genus Parachaeturichthys recorded by Larson and Murdy 

(2001) are as follows: 

Parachaeturichthys ocellatus (Day, 1873) 

Parachaetutichtys polynema (Bleeker, 1853) 

State wise local name of gobies  

Maharashtra:             Kharbi, Karpa, Gavati Mori, Nevta 

Gujarat:                     Nevta, Lepta                                              

Tamil nadu:               Uluvai, Nullatan                                         

Karnataka:                Abbrony, Mannuli                                       

Kerala:                      Wartoe, Poolah, Pooan, Kurudan                

Andhra Pradesh:       Isakee doondoo                                          

Punjab:                     Gooloowah, Boulla                                     

Orissa:                      Gulah                                                           

Andaman Islands:      Poodah  

                                                       

Unambiguous Synonyms 

1. Gobius ocellatus Day,1873 

2. Parachaeturichthys ocellatus Day,1873 (Larson and Murdy, 2001) 

3. Aulopareia ocellatus  by Helen Larson 1981 ( Ferraris et al., 2000) 

 

Valid name  

Parachaeturichthys ocellatus Day, 1873 

 

Member of genus Parachaeturichthys  

1. Paracheaturichthys ocellatus Day,1873 

2. Paracheaturichthys polynema Bleeker 1853 (tail eyed goby) 
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Fig 2.1 Classification of Gobiidae  Day (1878) 
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Fig 2.2: Classification of Gobiidae Larson and Murdy (2001) 
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Fig 2.3: Classification of Gobiinae  Larson and Murdy (2001) 
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2.3 Systematic position of   Parachaeturichthys ocellatus Day 

(1873) 

Natura: nature   

Mundus:  Plinius physical world 

Naturalia  

Biota 

Domain: Eukaryota- eukaryotes  

Kingdom: Animalia C. Linnaeus, 1758 animals- 

Subkingdom: Bilateria (Hatschek1888) Cavalier-Smith,1983 bilaterians 

Branch: Deuterostomia Grobben, 1908-deuterostomes  

Infrakingdom: Chordonia (Haekel, 1874) Cavalier-Smith 1998 

Phylum: Chordata Bateson,1885- chordates 

Subphylum: Vertebrata Cuvier, 1812-vertebrates 

Class: Osteichthyes Huxley, 1880 

Infraphylum: Gnathostomata- auct jawed vertebrates  

Subclass: Actinopterygii-ray finned fishes 

Infraclass: Actinopteri 

Superdivision: Neopterygii 

Division: Halecostomi 

Subdivision: Teleostei 

Infradivision: Elopocephala  

Cohort: Clupeocephala 

Subcohort: Euteleostei 

Infracohort: Neognathi 

Division: Neoteleostei 

Subdivision: Eurypterygii 

Infradivision: Ctenosquamata 

Superorder: Acanthopterygii 

Series: Percomorpha 

Order: Perciformes  

Suborder: Gobiodei 

Family: Gobiidae- gobies 

Genus: Parachaeturichthys 
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Parachaeturichthys ocellatus 

 

2.4 Morphology of Parachaeturichthys ocellatus (Plate no. 2.1 and 

2.2.) 

Body was elongated, anteriorly cylindrical and posteriorly compressed. Head 

dorsoventrally flattened. Eyes slightly protruding. Mouth was cresent shaped and 

wide, extending below the eye orbit. Lower jaw was projecting with many minute 

barbels on the chin. Maxilla extended to the lower part of the eye. Teeth were 

present in four rows in both upper and lower jaw. In the upper jaw the outer row had 

larger teeth with the central four teeth largest recurved inside slightly. The remaining 

teeth decreased in size on both the sides. In the lower jaw also teeth were larger in 

the outer row while inner rows had small villiform teeth. The number of teeth 

decreased from outer to inner rows. Ventral and dorsal pharyngeal tooth plates 

were present in both jaws. Tongue was rounded.   

 

Four pair of gill arches with 16-18 short gill rakers were present on each arch and 

were spaced a part. A pair of dorsal fins were placed together on dorsal side and 

pointed posteriorly. First dorsal fin had six fin rays, second fin ray was longer and 

was almost double of the fin first ray and reached till the head. Second dorsal fin 

had nine to eleven fin rays. Second dorsal fin was dark spotted or barred. A pair of 

pectoral fins one on each side of body was stronger and larger and had 16-20 soft 

rays. Pelvic fins were on the ventral side of body. They were fused together to form 

a sucking device and reached till the middle of the vent with 8-12 fin rays. The 

pectoral and pelvic fin rays were light yellow. Anal fin pointed posteriorly similar to 

dorsal and was lighter in colour.  

 

Ctenoid scales were present on upper head, cheeks, opercles, belly and breast 

whereas cycloid scales were present on lower head and body and other parts of 

body not covered by ctenoid scales. Caudal fin was wedge shaped. Caudal fins 

showed the presence of yellow ocellus with a black centre towards the posterior 

side of the upper end. The lower end of the posterior side of the caudal fin was 

black. Lateral line scales ranged between 32-36 while transverse scales ranged 

between 8-11. The fish was olive green. The upper half of the body was dark and 
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lower half was lighter in colour. The lateral side of body showed six alternating rows 

of dark blotches. 

 

Fin formula according to the present study of P.ocellatus:   

Bv, D1 6, D2 1/ 9-11, P16-20, V8-12, A 1/8-11, C22-26, Ll 32-36, Ltr 8-11. 

 

 

Plate 2.1:  Parachaeturichthys ocellatus  

 

 

Plate 2.2 : Parachaeturichthys ocellatus  (ventral view) 
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Chapter3    

Morphometric characters 
3.1     Introduction 

3.2     Review of Literature 

3.3     Materials and methods 

3.4     Result 

3.5     Discussion 

------------------------------------------------------------------------------------------------------- 

3.1      Introduction 

The word morphometry is derived from two greek words: morph meaning shape or 

form and metron meaning measurement. Daly (1985) defined ‘morphometrics’ as a 

measurement and quantitative analysis for morphology or shape. Rohlf (1990a) 

defined morphometry as the qualitative description, analysis and interpretation of 

shape and shape variation in biology. The complete set of measurements used to 

describe a form is a morphometric character set (Strauss and Bond, 1990). 

Morphometric characters represent one of the major keys for determining the 

systematics, growth variability, ontogenic trajectories and various population 

parameters of the fish (Kovac et al., 1999). 

 

An accurate identification of any organism depends upon understanding its taxonomy 

thoroughly along with morphometric and meristic characteristics. Fishery biologists 

have noticed differences in morphological characters in fishes due to change in habitat 

and other environmental factors (Mayr et al, 1953). For identification of species and 

raciation of fish, several researchers have resorted to analysis of morphometric 

characters. Marr (1955) used morphometric data for systematic, racial and relative 

growth studies in fishes. Morphometry and meristic counts are considered as earliest 

and authentic methods for the identification of species in different region (Nayman, 

1965). An analysis of morphometric characters indicates the degree of closeness or 

remoteness of a particular species of a particular locality with the same or similar 

looking species (Acharya, 1980). Morphometric study is a powerful tool for 

characterizing strains of the same species which involves detection of subtle variation 

of shape, independent of size (Strauss and Bond, 1990). 
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Morphological characters like morphometrics and meristics have been frequently used 

to delineate stock of fish species (Haddon and Wills, 1995).  Morphometric 

investigations of a species reveal the inter-relation between the various bodily 

parameters like length, weight, fecundity etc (Carpenter et al, 1996). The shape and 

structure are unique to the species and the variations in its features are probably 

related to the habit and habitat among the variants of the species (Cavalcanti et al., 

1999). Morphometric studies are essential to understand not only taxonomy but health 

and reproduction of a species in the given environment. Morphometry provides 

substantial information with regard to exact identification key of the species (Dhanya 

et al., 2004).  

3.2     Review of literature 

Morphometric studies in many species of fishes have been carried out by a number of 

authors, a few of which are cited here: Mugil cunnesius (Sarojini, 1958), Gadusia 

chapra (Banerjee and Venkateswarlu, 1968), Hilsa kanagurta and Hilsa toli (Sarma, 

1973), Solea vulgaris (Ezzat et al., 1979),  Wallago attu (Ohol, 1981),  Salmostoma 

clupeoides (Piska, 1990), Etroplus suratensis (Rao, 1990). A straight line relationship 

was observed between total length and each of other body measurements by many of 

above workers in different fishes. Morphometric characters show high plasticity in 

response to differences in environmental conditions such as food abundance and 

temperature (Allendorf 1988; Swain et al., 1991; Wimberger, 1992). Reiss (1989) 

proposed that organisms are not usually isometric, even when organised on similar 

patterns, instead certain proportions change in a regular fashion. Even within a single 

growth stage, different parts of a fish may grow at different rates (Ricker, 1975). 

Many authors have reported on the morphometrics in goby fishes around the world. 

Kulkarni (1936) has described bionomics of goby Periophthalmus barbus along with a 

special note on respiration. A study of morphometric characters was carried out in 

Boleophthalmus dentatus by Shettu (1993), Periophthalmus barbarus by Udo (2002), 

Periophthalmus argentilineatus Kruitwasen et al. (2006), Boleophthalmus boddaerti  

by Ravi (2000) and  Gore (2007). The morphological, morphometric and meristic 

characters of the goby Glossogobius minutus from south west coast of India were 

studied by Geevarghese and John (1983) who compared it with two other species 

namely Glossogobius giuris and Glossogobius biocellatus The morphometric 

characters of Glossogobius giuris from the Ganges of north western Bangladesh were 
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found to be highly correlated by Hossain et al. (2009b). The morphometric 

measurement of Periophthalmus papilion from Lagos Lagoon Nigeria was carried out 

to ascertain the possibility of genetic diversity by Lawson (2010). The morphometry of 

many species of gobies was studied by number of authors like Rhinogobius 

hongkonghensis (Chen et al., 1999); Gobius kolombatovici (Kovacic and Miller, 2000); 

Buenia affinis (Kovacic, 2002) Gobius vittatus (Kovacic, 2006) from Adriatic Sea. 

Neogobius melanostomus (Leslie and Timmins, 2004), Chromogobius zebratus 

(Engin and Dalgic, 2008), Tryssogobius spp from China and Taiwan (Larson and 

Chen, 2007), Neogobius platyrostris from Black sea (Engin and Bektas, 2010), frill fin 

goby Bathygobius soporator   from Badgary creek, Nigeria (Lawson et al., 2011) and 

Lagos Lagoon Nigeria (Adeboyejo, 2011), Obliquogobius (Chen et al., 2012), 

Microgobius urraca (Tornabene et al., 2012). Morphometric characters of native and 

non native populations of round goby Neogobius melanostomus from river Danube 

were compared by Polacik et al. (2011) who concluded that the differences between 

populations were due to differing environments. Idris et al. (2012) found that 

morphometric features have significant value in sexual determination of marble goby 

Oxyeleotris marmoratus. Corpuz et al. (2013) studied morphometric and 

morphomeristic variations in five populations of the goby Glossogobius celebius and 

found that the morphological divergence was environmentally induced (phenotype 

plasticity) due to differences in flow rate of water and temperature of the study sites. 

No reports on morphometry of P.ocellatus could be found in the survey of literature 

carried by the candidate. The present study on morphometry has therefore been 

undertaken to determine the interrelationship of various morphometric characters in 

P.ocellatus. 

 

3.3     Materials and Methods 

The fishes for the present study were collected every fortnight at regular intervals from 

four different coastal locations in Mumbai: viz Malad, Vasai, Thane and Mahul creeks 

over a period of 16 months from June 2010 to September 2011.The fishes were 

collected from the fishermen and were brought to the laboratory in an icebox. They 

were thoroughly washed and cleaned in the laboratory. Morphometric measurements 

were recorded carefully in millimetres using a pair of fine dividers on a measuring 

board. The standard methods described and adopted by Snedecor (1946), Dwivedi 
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and Menezes (1974), Acharya (1980), Rao (1985) were used. In all nineteen 

morphometric characters (Plate 3.1) were studied as follows: 

 

1. Total length (TL): The distance from the tip of the snout to the tip of longest ray of 

caudal fin. 

2. Standard length (SL): The distance from the tip of the snout to the origin of caudal 

fin. 

3. Head length (HL): The distance from the tip of the snout to the posterior point of 

operculum. 

4. Snout length (SntL): The distance from the tip of upper jaw to the front margin of 

the orbit. 

5. Inter orbit length (IOL): The distance between the dorsal margins of the eyes. 

6. Eye diameter (ED): The maximum distance between the free orbital rims. 

7. First pre dorsal length (FPDL): The distance from the tip of the snout to the 

anterior end of the first dorsal fin base. 

8. First dorsal length (FDL): The distance from the anterior end of first spine or ray 

to the posterior end of the last spine or ray of first dorsal fin. 

9. Second pre dorsal length (SPDL): The distance from the tip of the snout to the 

anterior end of second dorsal fin. 

10.Second dorsal length (SDL): The distance from the anterior end of first ray to the 

posterior end of last ray of second dorsal fin.  

11.Pre pectoral length (PPL): The distance from the tip of the snout to the insertion 

of the pectoral fin. 

12. Pectoral length (PL): The distance from the insertion of pectoral fin to the tip of 

the longest ray of pectoral fin. 

13.Pre pelvic length (PPvL): The distance from the tip of the snout to the insertion of 

the pelvic fin.  

14. Pelvic length (PvL): The distance from the insertion of pelvic fin to the tip of the 

longest ray of pelvic fin. 

15.Pre anal length (PAL): The distance from the tip of the snout to the insertion of 

the anal fin. 

16. Anal length (AL): The distance from the anterior end of first fin ray to the posterior 

end of last fin ray of anal fin. 
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17. Body depth (BD): The distance from the anterior end of first dorsal fin to the 

ventral surface of the fish at the deepest part. 

18.Caudal depth (CD): The minimum distance between the dorsal and ventral caudal 

peduncle.  

19.Caudal length (CL): The distance from the insertion of caudal fin to the tip of the 

longest caudal fin ray. 

 

Statistical parameters like mean, standard deviation, standard error, correlation 

coefficient and regression coefficient were calculated. Standard deviation was 

calculated by the formula:  
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 SD =      √

(X − X )² 

− − − − − − − −

(n − 1) 
 

                
               

 where X refers to individual values recorded for the morphometric characters and X  

refer to the mean of all the X values and n is the total number of fishes studied in the 

sample. The standard error was calculated by the following formula:  

 

Std error (Se) =            S.D 
                          _______________ 

                                 n   

 

In order to determine the degree of association between various morphometric 

measurements the correlation coefficient (r) was calculated by the following formula 

of Bailey 1959:            

            

               ∑XY-n X Y    
r =   _________________________ 

          (∑X² – n X ²) (∑ Y² –n Y ²) 

 

The coefficient of determination r2 is calculated by the square of ‘r’. 

The various morphometric measurements were plotted against total length. Linear 

regression was applied and the statistical relationship between total length and other 

morphometric characters were derived through the regression equation  

Y= a+ bX  

where ‘Y’ denotes dependent variable and ‘X’ denotes independent variable (total 

length), ‘a’ constant and ‘b’ the regression coefficient. 

The values of a and b were calculated by the following formula    

               ∑XY-n X  Y  
 b=     __________________ 

            ∑X² – n X ² 
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           ∑Y- b ∑Y 
 a =   ___________ 
                n 

 

To analyse the allometric relationship between total length and other morphometric 

measurements, total length was log transformed and the regression slopes were 

calculated. The morphometric measurements were divided into positive allometry (A+) 

when slope was greater than 1, negative allometry (A-) when the slope was less than 

1 and isometry when the slopes showed a non significant difference from 1.  

 

To examine differences in morphometric dimensions between males and females, the 

regression slopes of each variable versus total length were tested by means of 

student’s t-tests. The test statistics t is calculated as follows: 

 

  t=   (b1-b2) 
        (Se1-Se2)  
 
where b1 is the slope of regression lines of male and b2 is the slope of regression 

lines of female and Se1 is the standard error of b1 in male and Se2  is the standard 

error of b2 in female. 

 

The regression coefficient of males and females from four different creeks of Mumbai 

were analysed by student’s t test to find any significant difference in morphometric 

characters and was tested at 5% level of significance with p<0.05. 

 

3.4     Results:   

Various morphometric measurements of Parachaeturichthys ocellatus from the Malad, 

Vasai, Thane and Mahul creeks of Mumbai were recorded from June 2010 to 

September 2011. The range and the standard error, for each of the nineteen 

morphometric characters are presented for the males and the females in Table no. 3.1 

and for the juveniles in Table no. 3.2. For statistical analysis involving correlation 

coefficient, regression coefficient, intercept reports are available in which either total 

length or standard length is used as reference parameters (Akombe et al., 2013). In 
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the present study, total length has been used as the reference for statistical analysis. 

The summary of statistics of various morphometric characters as a function of TL for 

male and female P.ocellatus are presented in Table no.3.3 while the same for the  

juvenile is presented in Table no.3.4. The total length ranged between 66-182mm in 

male, 66-153mm in female and 52-65 in juvenile.  

 

The data on correlation coefficient ‘r’ for measurements in male, female and juvenile 

is presented in Table no. 3.5, 3.6 and 3.7. There was a high degree of positive 

correlation between standard length and total length with’ r’ value being 0.9943 for 

male and 0.9511 for female.  The positive correlation with coefficient ‘r’ value was 

found to be between 0.7-1 for different morphometric characters at p<0.01. 

 

Figure 3.1, 3.2 and 3.3 a, b, c, d, e and f represents scatter plots of various regression 

lines of males, females and juveniles. The linear relationship observed between TL 

and other parameters are as mentioned below:  

 

Total length (TL) and standard length (SL):  

The equations obtained for standard length and total length were as follows:  

Male SL = 9.5743+0.7099TL, Female SL= 26.936+0.5054TL, Juvenile SL=25.4372+ 

0.4365TL. The regression coefficient ‘b’ was significant at p≤0.001 and showed an 

average increase in standard length at 0.71mm in male, 0.51mm in female while in 

juvenile or immature fishes it was only 0.44mm per 1mm increase in total length. There 

was a high degree of positive correlation between total length and standard length with 

‘r’ values at 0.9943, 0.9511and 0.9061 for male, female and juvenile respectively. The 

coefficient of determination showed that the percentage increase of standard length 

to total length was 98.86, 90.46 and 82.10 in male, female and juvenile respectively. 

 

Total length (TL) and head length (HL):  

The equations obtained for head length and total length were as follows:  

Male HL= -4.8540+0.2852TL, Female HL= -3.4594+0.2521TL, Juvenile HL=                 -

13.7696+0.48886TL. The regression coefficient ‘b’ was significant at p≤0.001. There 

was an average increase of 0.29mm for male, 0.25mm for female and 0.49mm in 

juvenile of head length per 1mm increase in total length of fish. The correlation value 

‘r’ was 0.9528, 0.9059, and 0.9556 for male, female and juvenile respectively. The 
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coefficient of determination showed that the percentage rate of increase in head length 

to total length was 90.78, 82.06 and 91.32 in male female and juvenile respectively.  

 

Total length (TL) and snout length (Snt L): 

The equations obtained for snout length and total length were as follows:  

Male Snt L =-4.3505+0.1037TL, Female Snt L= -5.807+0.1184TL, Juvenile SL= -

5.5905+ 0.1488TL.  The regression coefficient value ‘b’ was significant at p≤0.01 and 

showed an average increase of snout length of 0.10mm in male, 0.12mm in female 

and 0.15mm in juvenile or immature fishes per 1mm increase in of total length. There 

was a high degree of positive correlation between total length and snout length as the 

‘r’ values are 0.9493, 0.9097and 0.8345 for male, female and juvenile respectively. 

The coefficient of determination showed that the percentage rate of increase of snout 

length to total length was 90.12, 82.76 and 69.63 in male, female and juvenile 

respectively. 

 

 

 

Total length (TL) and inter orbit length (IOL): 

The equations obtained for inter orbit length and total length were as follows:  

Male IOL = -1.2984+0.0752TL, Female IOL= -2.4675+0.0823TL, Juvenile IOL= -

4.2749+0.1305TL  The regression coefficient value ‘b’ was  highly significant  at p≤0.01 

and showed an average increase of inter orbit length of 0.07mm in male, 0.08mm in 

female and 0.13mm in juvenile per 1mm increase in of total length. There was a high 

degree of positive correlation between total length and inter orbit length as the ‘r’ 

values are 0.8808, 0.9664and 0.7997 for male, female and juvenile respectively. The 

coefficient of determination showed that the percentage rate of increase of inter orbit 

length to total length was 77.58, 93.39 and 63.95 in male, female and juvenile 

respectively. 

 

Total length (TL) and eye diameter(ED): 

The equations obtained for eye diameter and total length were as follows:  

Male ED =0.1566+0.306TL, Female ED=-2.009+0.0372TL, Juvenile ED=           -

6.7724+0.1522TL.The regression coefficient value ‘b’ was highly significant at p≤0.01 

and showed an average increase of eye diameter of 0.03mm in male, 0.04mm in 
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female 0.15mm in juvenile per 1mm increase in total length. There was a high degree 

of positive correlation between eye diameter and total length as the ‘r’ values are 

0.8796, 0.8445 and 0.8415 for male, female and juvenile respectively. The coefficient 

of determination showed that the percentage rate of increase of eye diameter to total 

length was 77.38, 71.32 and 70.80 in male, female and juvenile respectively. 

 

Total length (TL) and first pre dorsal length (FPDL): 

The equations obtained for first pre dorsal length and total length were as follows:  

Male FPDL = -2.8185+0.3120TL, Female FPDL=-7.7035+0.3625TL, Juvenile FPDL= 

-9.2275+0.3711 TL. The regression coefficient ‘b’ was significant at p≤0.001. There 

was an average increase of 0.31mm for male, 0.36mm in female and 0.37mm in 

juvenile pre first dorsal length per 1mm increase in total length. The correlation value 

‘r’ was 0.9887, 0.9208 and 0.9358 for male, female and juvenile respectively. The 

percentage rate of increase of first pre dorsal length to total length was 97.76, 84.79, 

and 87.58 in male, female and juvenile respectively. 

      

Total length (TL) and first dorsal length (FDL): 

The equations obtained for first dorsal length and total length were as follows:  

Male FDL =-9.5810+0.2061TL, Female FDL=-12.4102+0.2584TL, Juvenile FDL= -

16.9085+0.3711TL  The regression coefficient value ‘b’ was significant at p≤0.001 and 

showed an average increase of first dorsal length of 0.21mm in male, 0.26mm in 

female 0.37in juvenile or immature fishes per 1mm increase in total length. There was 

a high degree of positive correlation between total length and first dorsal length as the 

‘r’ values are 0.9454, 0.9450 and 0.9198 for male, female and juvenile respectively. 

The coefficient of determination showed that the percentage rate of increase of first 

dorsal length to total length was in 89.37, 89.30 and 84.61 in male, female and juvenile 

respectively. 

Total length (TL) and second pre dorsal length (SPDL): 

The equations obtained for second pre dorsal length and total length were as follows:  

Male SPDL=-13.2502+0.5698TL, Female SPDL=-4.5219+0.509 TL, Juvenile SPDL= 

-9.8613+ 0.5458TL.  The regression coefficient value ‘b’ was significant at p≤0.001 

and showed an average increase of standard length of 0.57mm in male, 0.51mm in 

female and 0.55 in juvenile or immature fishes per 1mm increase in total length. There 
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was a high degree of positive correlation between total length and second pre dorsal 

length as the ‘r’ values are 0.9583, 0.9853 and 0.9530 for male, female and juvenile 

respectively. The coefficient of determination showed that the percentage rate of 

increase of second pre dorsal length to total length was 91.84, 97.07 and 90.81 in 

male, female and juvenile respectively. 

 

Total length (TL) and second dorsal length (SDL): 

The equations obtained for second dorsal length and total length were as follows:  

Male SDL =-10.1623+0.2675TL, Female SDL=-426++0.2017TL, Juvenile SDL= -

27.4437+0.665TL  The regression coefficient value ‘b’ was highly significant and 

showed an average increase of standard length of 0.27mm in male, 0.20mm in female 

and 0.67 in juvenile or immature fishes it was per 1mm increase in total length. There 

was a high degree of positive correlation between total length and second dorsal 

length as the ‘r’ values are 0.9228, 0.9884 and 0.9075   for male, female and juvenile 

respectively. The coefficient of determination showed that the percentage rate of 

increase of second dorsal length to total length was 85.17, 97.69 and 82.35 in male, 

female and juvenile respectively. 

 

Total length (TL) and pre pectoral length (PPL) 

The equations obtained for pre pectoral length and total length were as follows:  

Male PPL =2.3234+0.2556TL, Female PPL=2.7169+0.2765TL, Juvenile PPL= -

7.3398+ 0.3872 TL. The regression coefficient value ‘b’ was significant at p≤0.001 and 

showed an average increase of standard length of 0.26mm in male, 0.28mm in female 

while in juvenile or immature fishes it was 0.39mm per 1mm increase in total length. 

There was a high degree of positive correlation between total length and pre pectoral 

length as the ‘r’ values are 0.9793, 0.9878 and 0.9437 for male, female and juvenile 

respectively. The coefficient of determination showed that the percentage rate of 

increase of pre pectoral length to total length was 95.90, 97.56 and 89.05 in male, 

female and juvenile respectively. 

 

Total length (TL) and pectoral length (PL) 

The equations obtained for pectoral length and total length were as follows:  

Male PL = -18.2084+0.4163 TL, Female PL= -1.4541+0.164 TL, Juvenile PL= -

14.9747+0.4254 TL. The regression coefficient value ‘b’ was highly significant and 
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showed an average increase of pectoral length of 0.19mm in male, 0.16mm in female 

while in juvenile or immature fishes it was 0.43mm per 1mm increase in total length. 

There was a high degree of positive correlation between total length and pectoral 

length as the ‘r’ values are 0.9132, 0.9841and 0.9437 for male, female and juvenile 

respectively. The coefficient of determination showed that the percentage rate of 

increase of pectoral length to total length was 83.40, 96.85 and 89.05 in male, female 

and juvenile respectively. 

 

Total length (TL) and pre pelvic length (PPvL) 

The equations obtained for pre pelvic length and total length were as follows:  

Male PPvL =-18.2084+0.4163TL, Female PPvL=1.0933+0.2333TL, Juvenile PPvL= 

25.4372+ 0.6073TL.The regression coefficient value ‘b’ was significant (p≤0.001) and 

showed an average increase of pre pelvic length of 0.42mm in male, 0.23mm in female 

and 0.61 in juvenile or immature fishes per 1mm increase in total length. There was a 

high degree of positive correlation between total length and pre pelvic length as the ‘r’ 

values are 0.9665, 0.9839 and 0.6073 for male, female and juvenile respectively. The 

coefficient of determination showed that the percentage rate of increase of pre pelvic 

length to total length was 93.41, 96.79 and 92.69 in male, female and juvenile 

respectively. 

Total length (TL) and pelvic length (PvL) 

The equations obtained for pelvic length and total length were as follows:  

Male PvL =-11.8800+0.2493 TL, Female PvL=-1.7019+0.1396 TL, Juvenile PvL= 

19.7344+0.4857 TL. The regression coefficient value ‘b’ was highly significant at 

p≤0.01 and showed an average increase of pelvic length of 0.25mm in male, 0.14mm 

in female and 0.49 in juvenile or immature fishes per 1mm increase in total length. 

There was a high degree of positive correlation between total length and pelvic length 

as the ‘r’ values are 0.9074, 0.9516 and 0.9588 for male, female and juvenile 

respectively. The coefficient of determination showed that the percentage rate of 

increase of pelvic length to total length was 82.34, 90.55 and 91.92 in male, female 

and juvenile respectively. 

 

Total length (TL) and pre anal length (PAL) 

The equations obtained for pre anal length and total length were as follows:  
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Male PAL =-3.9322+0.5345TL, Female PAL=5.0444+0.4617TL, Juvenile PAL= -

9.8016+0.596TL. The regression coefficient value ‘b’ was significant at p≤0.001 and 

showed an average increase of pre anal length of 0.53mm in male, 0.46mm in female 

and 0.60mmin juvenile or immature fishes per 1mm increase in total length. There was 

a high degree of positive correlation between total length and pre anal length as the ‘r’ 

values are 0.9902, 0.9863 and 0.9184 for male, female and juvenile respectively. The 

coefficient of determination showed that the percentage rate of increase of pre anal 

length to total length was 98.06, 97.28 and 84.35 in male, female and juvenile 

respectively. 

 

Total length (TL) and anal length (AL) 

The equations obtained for anal length and total length were as follows:  

Male AL= -9.2233+0.2447TL, Female AL= -3.3885+0.1900TL, Juvenile  

AL= -14.9989+ 0.4147TL.  The regression coefficient value ‘b’ was significant at 

p≤0.001 and showed an average increase of standard length of 0.24mm in male, 

0.19mm in female and 0.41mm in juvenile or immature fishes per 1mm increase in 

total length. There was a high degree of positive correlation between total length and 

anal length as the ‘r’ values are 0.9479, 0.9775 and 0.9335 for male, female and 

juvenile respectively. The coefficient of determination showed that the percentage rate 

of increase of anal length to total length was 89.86, 95.55 and 87.14 in male, female 

and juvenile respectively. 

 

Total length (TL) and body depth (BD) 

The equations obtained for body depth and total length were as follows:  

Male BD = -14.0774+0.3057 TL, Female BD = -6.7697+0.2579TL, Juvenile BD = -

10.8558+ 0.3472TL The regression coefficient value b was significant  at p≤0.001 and 

showed an average increase of body depth of 0.31mm in male, 0.26mm in female and 

0.35mm in juvenile or immature fishes per 1mm increase in total length. There was a 

high degree of positive correlation between total length and body depth as the ‘r’ 

values are 0.9622, 0.9841 and 0.9297 for male, female and juvenile respectively. The 

coefficient of determination showed that the percentage rate of increase of body depth 

to total length was 92.58, 96.85 and 86.43 in male, female and juvenile respectively. 

 

Total length (TL) and caudal depth (CD) 
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The equations obtained for caudal depth and total length were as follows:  

 Male CD =-1.9395+0.1385 TL, Female CD=-0.4616+0.1119TL, Juvenile  

CD= -13.6333+0.3325TL. The regression coefficient value ‘b’ was significant  at p≤ 

0.001 and showed an average increase of caudal depth of 0.14mm in male, 0.11mm 

in female and 0.33 in juvenile or immature fishes per 1mm increase in total length. 

There was a high degree of positive correlation between total length and caudal depth 

as the ‘r’ values are 0.9602, 0.9748 and 0.9293 for male, female and juvenile 

respectively. The coefficient of determination showed that the percentage rate of 

increase of caudal depth to total length was 92.21, 95.03 and 86.36 in male, female 

and juvenile respectively. 

 

Total length (TL) and caudal length (CL): 

The equations obtained for caudal length and total length were as follows:  

Male CL= -9.5744+0.2900TL, Female CL=-26.9361+0.4956TL, Juvenile CL=               -

25.4373+ 0.5634TL  The regression coefficient value b was significant (p ≤ 0.001) and 

showed an average increase of caudal length of 0.29mm in male, 0.50mm in female 

and 0.56 in juvenile or immature fishes per 1mm increase in total length. There was a 

high degree of positive correlation between total length and standard length as the ‘r’ 

values are 0.9672, 0.9495 and 0.9403 for male, female and juvenile respectively. The 

coefficient of determination showed that the percentage rate of increase of caudal 

length to total length was 93.55, 90.16 and 88.42 in male, female and juvenile 

respectively. 

As revealed in Table no. 3.10 the comparison of regression coefficient in males and 

females, the caudal length showed a statistically significant difference at p<0.05 

between male and female fish while the difference between total length and other body 

parameters between male and female were not significant at p<0.05. 

 

Ontogenic and morphometric changes 

Table no.3.8, 3.9 and 3.10 shows the ontogenic changes in the morphometric 

measurements of male, female and juvenile P.ocellatus. In male isometric growth was 

observed in standard length while all other characters showed negative allometry. In 

female isometric growth was observed in three measurements (second dorsal length, 

pre pectoral length and pre anal length) while standard length showed positive 

allometry and all other characters showed negative allometry. In juveniles standard 
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length showed positive allometry while all other characters showed negative allometry. 

Table no.3.11 presents the comparison of regression coefficient of various 

morphometric measurements on TL in male and female P.ocellatus 

 

Table no. 3.12 and 3.13 presents the comparison of correlation coefficient of fishes 

(males and females) from the different stations studied. The students t test applied 

between stations revealed no significant difference in morphometric characters at 

p<0.05.  

 

Table no. 3.1: Morphometric measurements in male and female P.ocellatus 

Morphometric 

characters 

Male (N=684) Female (N=489) 

Min Max Mean ± SE Min Max Mean ±SE 

TL 66 182 100.13±0.65 66 153 101.92±0.64 

SL 59 137 80.55±0.46 60 103 78.33±0.34 

HL 10 46 23.65±0.19 13 32 22.23±0.17 

Snt L 4 13 6.01±0.07 3 11 6.26±0.08 

IOL 4 14 6.21±0.05 3 10 5.92±0.05 

ED 2 5 3.21±0.02 2 5 3.59±0.05 

FPDL 18 53 28.37±0.20 18 46 29.24±0.25 

FDL 4 26 11.02±0.14 6 19 13.93±0.17 

SPDL 21 78 43.71±0.38 22 69 47.36±0.33 

SDL 10 36 16.56±0.18 12 32 20.98±0.13 

PpecL 15 43 27.87±0.17 16 40 25.46±0.18 

PecL 8 26 13.15±0.13 9 26 15.26±0.10 

PpelL 13 48 23.41±0.28 16 36 24.87±0.15 

PelL 6 31 13.04±0.17 8 21 12.52±0.09 

PAL 24 87 49.50±0.35 30 75 52.11±0.30 

AL 9 32 15.24±0.16 9 24 15.98±0.12 

BD 8 35 16.48±0.20 10 32 19.51±0.16 

CD 5 24 11.90±0.09 7 17 10.94±0.07 

CL 6 45 19.41±0.19 6 50 23.58±0.33 

 

 

 

Table no. 3.2:  Morphometric measurements in juvenile P.ocellatus. (N=338) 

Morphometric 

characters 

Minimum Maximum Mean ± SE 

TL 52 65 61.57 

SL 48 54 52.32 

HL 12 20 16.32 

Snt L 3 4 3.57 

IOL 3 5 3.76 

ED 2 4 2.60 
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FPDL 14 21 17.46 

FDL 4 9 5.94 

SPDL 20 28 23.75 

SDL 10 19 13.55 

PpecL 14 19 16.50 

PecL 8 15 11.22 

PpelL 10 20 15.31 

PelL 7 13 10.17 

PAL 23 32 26.90 

AL 8 13 10.54 

BD 8 13 10.52 

CD 8 13 6.84 

CL 4 11 9.25 

 

 

Table no. 3.3:  Various morphometric characters as a function of TL in male and female 

P.ocellatus- statistical analysis. 

Morphomet   

       ric 

characters 

Male Female 

a b r r2 a b r r2 

SL/TL 

 

9.5743 0.7099 0.9886 0.9886 26.936 0.5043 0.9511 0.9046 

HL/TL -4.8540 

 

0.2852 0.9078 

 

0.9078 -3.4594 0.2521 0.9058 

 

0.8206 

SntL/TL -4.3505 0.1037 0.9012 0.9012 -5.807 0.1184 0.9097 

 

0.8276 

IOL/TL -1.2984 0.0752 0.7758 0.7758 -2.4675 0.0823 0.9664 

 

0.9339 

 ED/TL 0.1566 0.0306 0.7738 0.7738 -2.009 0.0372 0.8445 

 

0.7132 

FPDL/TL -2.8185 0.3120 0.9776 0.9776 -7.7035 0.3625 0.9208 

 

0.8479 

FDL/TL -9.5810 0.2061 0.8937 0.8937 -12.4102 0.2584 0.9450 

 

0.8930 

SPDL/TL -13.2502 0.5698 0.9184 0.9184 -4.5219 0.509 0.9853 

 

0.9707 

SDL/TL -10.1623 0.2673 0.8517 0.8517 0.426 0.2017 0.9884 

 

0.9769 

PPL/TL 2.3234 0.2556 0.9590 0.9590 -2.7169 0.2765 0.9878 

 

0.9756 

PL/TL -5.9294 0.1909 0.8340 0.8340 -1.4541 0.164 0.9841 

 

0.9685 

PPvL/TL -18.2084 0.4163 0.9341 0.9341 1.0933 0.2333 0.9839 

 

0.9679 

PvL/TL -11.8800 

 

0.2493 0.8234 

 

0.8234 -1.7019 0.1396 0.9516 

 

0.9055 

PAL/TL -3.9322 0.5345 0.9806 0.9806 5.0444 0.4617 0.9863 

 

0.9728 

AL/TL -9.2233 0.2447 0.8986 0.8986 -3.3885 0.19 0.9775 

 

0.9555 

BD/TL -14.0774 0.3057 0.9258 0.9258 -6.7697 0.2579 0.9841 0.9685 
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Table no.3.4: Various morphometric characters as a function of TL in juvenile P.ocellatus- 

statistical analysis. 

Morphometric 

measurements 

a b r r2 

SL/TL 

 
25.4372 0.4365 0.9061 0.8210 

HL/TL 

 
-13.7696 0.4886 0.9556 0.9132 

SntL/TL 

 
-5.5905 0.1488 0.8345 0.6963 

IOL/TL 

 
-4.2749 0.1305 0.7997 0.6395 

ED/TL 

 
-6.7724 0.1522 0.8415 0.7080 

FPDL/TL 

 
-9.22758 0.4334 0.9358 0.8758 

FDL/TL 

 
-16.9085 0.3711 0.9198 0.8461 

SPDL/TL 

 
-9.8613 0.5458 0.9530 0.9081 

SDL/TL 

 
-27.4437 0.6658 0.9075 0.8235 

PPL/TL 

 
-7.3398 0.3872 0.9437 0.8905 

PL/TL 

 
-14.9747 0.4254 0.9437 0.8905 

PPvL/TL 

 
25.4372 0.6073 0.9628 0.9269 

PvL/TL 

 
-19.7344 0.4857 0.9588 0.9192 

PAL/TL 

 
-9.8016 0.596 0.9184 0.8435 

AL/TL 

 
-14.9989 0.4147 0.9335 0.8714 

BD/TL 

 
-10.8558 0.3472 0.9285 0.8643 

CD/TL 

 
-13.6339 0.3325 0.9293 0.8636 

CL/TL -25.4373 0.5634 0.9403 

 

0.8842 

 

 

 

CD/TL -1.9395 0.1385 0.9221 0.9221 -0.4616 0.1119 0.9748 

 

0.9503 

CL/TL -9.5744 0.2900 0.9355 0.9355 -26.9361 0.4956 0.9495 

 

0.9016 
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Table no. 3.5: Various morphometric measurements in male P. ocellatus- correlation 

matrix. 

 

Table no. 3.6:  Various morphometric measurements in female P. ocellatus- correlation 

matrix. 

 

 

Table no.3.7: Various morphometric measurements in juvenile P.ocellatus- correlation 

matrix. 
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Table no. 3.8: Ontogenic  changes  in morphometric characters as a function of TL in 

male P.ocellatus 

Morphometric Log a b SE Increement 

SL/TL 0.1848 0.9482 0.0032 I 

HL/TL 0.9289 0.8017 0.0130 A- 

SntL/TL 1.6029 0.5188 0.0239 A- 

IOL/TL 1.6325 0.4891 0.0242 A- 

ED/TL 1.7281 0.5407 0.0285 A- 

FPDL/TL 0.9102 0.7506 0.0109 A- 

FDL/TL 1.4212 0.5423 0.0218 A- 

SPDL/TL 0.5325 0.8856 0.0070 A- 

SDL/TL 1.4177 0.4441 0.0137 A- 

PPL/TL 0.7888 0.8660 0.0118 A- 

PL/TL 1.3285 0.5720 0.0161 A- 

PPvL/TL 0.9332 0.7684 0.0120 A- 

PvL/TL 1.4648 0.4902 0.0177 A- 

PAL/TL 0.7192 0.7536 0.0064 A- 

AL/TL 1.3936 0.5083 0.0158 A- 

BD/TL 1.3112 0.5465 0.0146 A- 

CD/TL 1.4034 0.5775 0.0188 A- 

CL/TL 1.6670 0.2652 0.0153 A- 

 

 

 

 

Table no. 3.9: Ontogenic changes in morphometric characters as a function of TL in 

female P.ocellatus 

Morphometric  Log a b SE Increement 
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characters 

SL/TL -0.63256 1.393531 0.003501 A+ 

HL/TL 1.049082 0.712477 0.015356 A- 

SntL/TL 1.679304 0.41799 0.028176 A- 

IOL/TL 1.504974 0.653883 0.028301 A- 

ED/TL 1.662348 0.623396 0.033119 A- 

FPDL/TL 0.992337 0.693732 0.012788 A- 

FDL/TL 1.498983 0.448841 0.020442 A- 

SPDL/TL 0.506506 0.896578 0.008112 A- 

SDL/TL 0.666351 1.0150 0.015771 I 

PPL/TL 0.722838 0.914541 0.013959 A- 

PL/TL 0.948207 0.89583 0.01891 A- 

PPvL/TL 0.553014 1.042421 0.014117 I 

PvL/TL 1.06665 0.858055 0.02084 A- 

PAL/TL 0.130433 1.093443 0.0021 I 

AL/TL 1.095598 0.75907 0.018553 A- 

BD/TL 1.069358 0.728733 0.016665 A- 

CD/TL 1.045959 0.926155 0.022128 A- 

CL/TL 1.506891 0.369001 0.003501 A- 

Table no. 3.10: Ontogenic changes in morphometric characters as a function of total 

length in juvenile P.ocellatus 

Morphometric 

characters Log a b SE Increement 

SL/TL -0.99013 1.617135 0.002109 A+ 

HL/TL 1.189588 0.494921 0.015821 A- 

SntL/TL 1.642266 0.267157 0.033844 A- 

IOL/TL 1.623857 0.288613 0.033205 A- 

ED/TL 1.711287 0.19091 0.037781 A- 

FPDL/TL 1.065185 0.58329 0.014992 A- 

FDL/TL 1.616047 0.22569 0.028034 A- 

SPDL/TL 0.891095 0.653123 0.011358 A- 

SDL/TL 1.461917 0.290109 0.018193 A- 

PPL/TL 1.032665 0.621673 0.015645 A- 

PL/TL 1.389043 0.381845 0.020293 A- 

PPvL/TL 1.336763 0.38248 0.016647 A- 

PvL/TL 1.475513 0.312423 0.021532 A- 

PAL/TL 0.871335 0.64224 0.009897 A- 

AL/TL 1.417639 0.364064 0.021042 A- 

BD/TL 1.353023 0.427258 0.021005 A- 

CD/TL 1.548228 0.289811 0.026216 A- 

CL/TL 1.606151 0.190984 0.022952 A- 

 

Table no.3.11: Comparison of regression coefficient of various morphometric 

characters on TL in male and female P.ocellatus. 
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Morphometric 

measurements 

(mm) 

Male Female   

b1 Sb1 b2 Sb2 t test Significance 

SL/TL 0.7099 0.4674 0.5043 0.3426 -0.71165 NS 

HL/TL 0.2852 0.1959 0.2521 0.1798 -1.18148 NS 

SntL/TL 0.1037 0.0715 0.1184 0.0841 -1.63634 NS 

IOL/TL 0.0752 0.0558 0.0823 0.055 -1.45471 NS 

ED/TL 0.0306 0.0227 0.0372 0.055 -1.66317 NS 

FPDL/TL 0.312 0.2065 0.3625 0.2544 -1.69785 NS 

FDL/TL 0.2061 0.1427 0.2584 0.1767 -1.78139 NS 

SPDL/TL 0.5698 0.3892 0.509 0.3339 -1.07191 NS 

SDL/TL 0.2673 0.1896 0.2017 0.1319 -0.92842 NS 

PPL/TL 0.2556 0.1708 0.2765 0.1809 -1.54415 NS 

PL/TL 0.1901 0.1368 0.164 0.1077 -1.11643 NS 

PPvL/TL 0.4163 0.2819 0.2333 0.1532 -0.5645 NS 

PvL/TL 0.2493 0.1798 0.1396 0.0948 -0.62192 NS 

PAL/TL 0.5345 0.3533 0.4617 0.3025 -1.07482 NS 

AL/TL 0.2447 0.1689 0.19 0.1256 -1.00583 NS 

BD/TL 0.3057 0.2079 0.2579 0.1693 -1.1041 NS 

CD/TL 0.1385 0.0944 0.1119 0.0741 -1.12098 NS 

CL/TL 0.29 0.1965 0.4956 0.3373 -2.56944 S 

 

(t 1172 =2  at p≤0.05) , NS is not significant at 5% level of significance, S is significant at 5% level of 

significance 

Table no. 3.12: Coefficient of correlation between TL and various morphometric measurements 

in male P.ocellatus  from different stations. 

Characters Malad Vasai Thane Mahul 

 

TL/SL 0.9375 0.9377 0.9378 0.9379 

TL/HL 0.8384 0.8387 0.8395 0.8389 

TL/Snt L 0.7574 0.7566 0.7564 0.7569 

TL/IOL 0.6959 0.6977 0.6917 0.6936 

TL/ED 0.4798 0.4786 0.4787 0.4783 

TL/FPDL 0.8712 0.8725 0.8720 0.8715 

TL/FDL 0.6818 0.6823 0.6814 0.6819 

TL/SPDL 0.8152 0.8154 0.8168 0.8158 

TL/SDL 0.6330 0.6360 0.6330 0.6303 

TL/PPL 0.8238 0.8252 0.8216 0.8275 

TL/PL 0.6170 0.6180 0.6173 0.6167 

TL/PPvL 0.7871 0.7860 0.7875 0.7874 

TL/PvL 0.5034 0.5018 0.5011 0.5007 

TL/PAL 0.8316 0.8308 0.8336 0.8353 

TL/AL 0.6373 0.6395 0.6378 0.6386 

TL/BD 0.7744 0.7758 0.7680 0.7740 

TL/CD 0.6352 0.6330 0.6350 0.6341 

TL/CL 0.6488 0.6489 0.6486 0.6486 
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t  values for males 

Stations Malad/ 

Vasai 

Malad 

/Thane 

Malad/Mahul Vasai/Thane Vasai/Mahul Thane/ 

Mahul 

t statistical 

value 

-0.155 1.245 0.1325 1.4501 0.7100 -1.06 

 t critical = 1.7396  the values are not significant 

Table no. 3.13:  Coefficient of correlation between TL and various morphometric measurements 

in female P.ocellatus  from different stations. 

Characters 

 

Malad Vasai Thane Mahul 

TL/SL 0.9381 0.9376 0.9386 0.9366 

TL/HL 0.8344 0.8417 0.8408 0.8387 

TL/Snt L 0.7576 0.7546 0.7583 0.7567 

TL/IOL 0.6943 0.6954 0.6942 0.6950 

TL/ED 0.4793 0.4779 0.4786 0.4799 

TL/FPDL 0.8729 0.8638 0.8764 0.8739 

TL/FDL 0.6808 0.6887 0.6769 0.6813 

TL/SPDL 0.8149 0.8151 0.8171 0.8162 

TL/SDL 0.6359 0.6337 0.6327 0.6301 

TL/PPL 0.8243 0.8235 0.8249 0.8251 

TL/PL 0.6165 0.6176 0.6179 0.6169 

TL/PPvL 0.7855 0.7856 0.7875 0.7898 

TL/PvL 0.5020 0.5003 0.5022 0.5023 

TL/PAL 0.8326 0.8336 0.8326 0.8325 

TL/AL 0.6372 0.6384 0.6373 0.6403 

TL/BD 0.7716 0.7724 0.7749 0.7729 

TL/CD 0.6328 0.6338 0.6370 0.6334 

TL/CL 0.6481 0.6473 0.6547 0.6448 

 

t  values for males 

Stations Malad/ 

Vasai 

Malad 

/Thane 

Malad/Mahul Vasai/Thane Vasai/Mahul Thane/ 

Mahul 

t statistical 

value 

0.1812 -1.5901 -0.6080 -0.7989 -0.2198 0.9604 

 t critical = 1.7396  not significant. 
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Fig 3.1a:  Relationship between various morphometric measurements and total length of 

P.ocellatus male    
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Fig 3.1b:  Relationship between various morphometric measurements and total length of 

P.ocellatus male  
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Fig 3.1c:  Relationship between various morphometric measurements and total length of 

P.ocellatus male  
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Fig 3.1d:  Relationship between various morphometric measurements and total length of 

P.ocellatus male  
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Fig  3.1e:  Relationship between various morphometric measurements and total length of 

P.ocellatus male  
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Fig 3.1 f:  Relationship between various morphometric measurements and total length of 

P.ocellatus male  
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Fig  3.2a: Relationship between various morphometric measurements and total length of 

P.ocellatus female  
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Fig 3.2b.: Relationship between various morphometric measurements and total length of 

P.ocellatus female  
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Fig  3.2c: Relationship between various morphometric measurements and total length of 

P.ocellatus female  
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Fig  3.2d:  Relationship between various morphometric measurements and total length of 

P.ocellatus female  
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Fig 3.2e: Relationship between various morphometric measurements and total length of 

P.ocellatus female  
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Fig  3.2f:  Relationship between various morphometric measurements and total length of 

P.ocellatus female  
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Fig 3.3a: Relationship between various morphometric measurements and total length of 

P.ocellatus juvenile 
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Fig  3.3b:  Relationship between various morphometric measurements and total length 

of P.ocellatus juvenile 
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Fig 3.3c: Relationship between various morphometric measurements and total length of 

P.ocellatus juvenile 
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Fig 3.3d: Relationship between various morphometric measurements and total length of 

P.ocellatus juvenile 
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Fig  3.3e: Relationship between various morphometric measurements and total length of 

P.ocellatus juvenile 
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Fig 3.3f: Relationship between various morphometric measurements and total length of 

P.ocellatus juvenile 

3.5     Discussion  
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have been recorded for specimens collected from the four creeks of Mumbai. The 
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length ranged between 66-182mm in males and 66-153 in females. In the immature 

or unsexed fishes or juveniles, the TL ranged between 52-65mm. Male fishes were 

found to be longer than the female fishes. Similar observations were recorded in goby 

Bathygobius soporator (Adeboyejo, 2011).  
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Pillay (1952, 1957) has referred to the usefulness of regression analysis and Godsil 

(1948) has employed analysis of covariance in the racial study of fishes. Several 

univariate and multivariate techniques are used to nullify the effect of size and 

regression analysis is one among them (Sebastian, 2011). The regression analysis of 

P.ocellatus indicated that in males standard length has high growth rate followed by 

second pre dorsal length while eye diameter has the slowest growth rate. In females 

the second pre dorsal length has highest growth rate followed by standard length while 

eye diameter showed the slowest growth rate. Piska (1990) and Shettu (1993) in 

Bolephthalmus dentatus and Gore (2007) in Boleophthalmus boddaerti found 

maximum rate of growth in standard length and minimum in eye diameter in both the 

sexes.  

In juveniles of P.ocellatus second dorsal length was the fastest growing parameter 

followed by pre pelvic, pre anal, caudal length, head length, pelvic length, standard 

length and eye diameter. The inter orbit length was the slowest growing parameter. 

Juveniles or unsexed fishes showed such difference in growth pattern compared to 

mature adults probably because they have to develop and adjust faster to survive in 

the muddy creeks.  

 

A straight line relationship was observed between total length and each of the other 

body measurements in P. ocellatus as observed in Figure 3.1 to 3.3. Similar 

observations were recorded in gobies like Boleopthalmus dentatus (Shettu, 1993) and 

Boleopthalmus boddaerti (Gore, 2007) from creeks of Mumbai.  

The student’s t test was used for testing hypothesis of difference in regression 

coefficient ‘b’ of male and female population of P.ocellatus. It was applied to verify the 

difference in growth rate of different morphometric characters in male and female.  The 

differences in growth of all morphometric characters of male and female fish were not 

statistically significant except caudal length at p<0.05. This indicates that male and 

female fishes have similar growth pattern except in caudal length.  

 

The value of correlation coefficient ‘r’ was highly significant at P ≤ 0.01 in all the 

parameters in male, female and juvenile ranging between 0.7-1. Thus there seemed 

to occur positive correlation between morphometric characters in adults as well as 

juvenile P.ocellatus indicating homogeneity of population. Gore (2007) obtained strong 
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correlation between total length and other characters in Boleophthalmus boddaerti 

from Bhayander creek 

.  

The coefficient of determination ‘r2’ ranged between 0.773 – 0.9886 in males and 

between 0.7132- 0.9769 in females and between 0.6395-0.9269 in juveniles indicating 

that the regression line fits well as the value is closer to 1 for the different morphometric 

characters with total length. Thus the growth rate of P.ocellatus as indicated by 

coefficient of determination ‘r2’ in creeks of Mumbai was quite satisfactory. Hossain et 

al. (2009b) recorded value of ‘r2’> 0.712 (p<0.001) in Glossogobius guiris from the 

Ganges of Bangladesh. 

 

In the present study of ontogenic changes based on morphometry, isometric growth 

was observed between total length and standard length in male, while positive 

allometry was observed in female and juvenile. All other characters in male showed 

negative allometry while in female second dorsal length, pre pectoral length and pre 

anal length showed isometry. Thus sexual dimorphism is exhibited in some of the 

morphometric characters in P.ocellatus. 

 

The correlation coefficient of male and female P.ocellatus from all the four sites were 

analysed by t test at p<0.05 and they did not show any statistically significant 

differences. It may therefore be concluded that the creeks of Mumbai from where the 

samples of P.ocellatus for the present study were collected are not geographically 

isolated from each other and there is homogeneity in the population of the species 

from these creeks.  

 

Thus in conclusion it can be stated that in the male P.ocellatus the standard length 

was the fastest growing parameter and the eye diameter the slowest growing one. In 

females the second pre dorsal length was the fastest growing parameter and the eye 

diameter was slowest one. In juveniles the second dorsal length was found to be the 

fastest growing parameter and the inter orbit length the slowest growing one. A linear 

relationship has been observed between the total length and the other body 

parameters in males, females and juveniles. 
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Chapter 4 

Meristic characters  
4.1    Introduction 

4.2    Review of Literature 

4.3    Materials and methods 

4.4    Result 

4.5    Discussion 

----------------------------------------------------------------------------------------- 

4.1     Introduction 

Meristics is an area of ichthyology which relates to quantitative features which can be 

counted such as the number of fins, fin rays, scales, vertebrae etc.  Meristics can be 

used to describe a particular species and is useful in identification of fish of an 

unknown species. Meristic characters are most commonly used for differentiation of 

species and populations. Environmental factors like temperature can influence 

meristic characters specially during development. Variations of this nature have been 

noted in many species (Hubbs, 1922; Taning, 1952; Weisel, 1955; Lindsey, 1958, 

1962; Fowler, 1970). Meristic features may also be size dependent within or among 

species (Strauss, 1985). Meristic characters provide substantial phylogenetic 

information despite the potential for increased levels of homoplasy and thus remain 

relevant to empirical systematics (Campbell and Frost, 1993; Wiens, 1995; Wiens and 

Servedio, 1998). 

 

Variability in the meristic characters was observed in the Salmon, Oncorhynchus keta 

due to temperature changes during development (Murray and Beacham, 1989). In 

zebra fish Danio rerio meristic characters presented a significant differentiation in the 

extreme temperature where as lower temperature produced higher meristic count in 

majority of characters (Sfakianakis et al., 2011).The scale counts in salmonids have 

been most widely used for differentiation of populations within species 

(http://en.wikipedia.org 16/10/2012). In rainbow and steel hard trout the most notable 

differences among populations occur in counts of scales (http://en.wikipedia.org 

16/10/2012). 

http://en.wikipedia.org/
http://en.wikipedia.org/
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Meristic characters share many properties with morphometric characters: they are 

readily described numerically; they usually vary within and among taxa and often 

appear to follow similar underlying frequency distributions (Burbnik, 2001; Allsteadt et 

al., 2006). Differences in meristic characters are less pronounced than in 

morphometric ones, but they can be successfully used to discriminate samples or 

stocks within wide geographic regions (Hermida et al., 2005). Analysis of meristic 

features has been widely used by ichthyologists for monitoring ontogenesis (Beacham 

et al., 1983; Tolan and Newstead, 2004), assessing morphological status of a species 

(Favaloro and Mazzola, 2000), differentiating populations (Murta 2000) and species 

(Kullander and Ferreira, 2006), and performing paleontological studies (Carnevale and 

Bannikov, 2006). Meristic characters are generally lumped with morphometric 

characters into the broader category of quantitative continuous characters for 

phylogeny reconstruction (Lawing et al., 2008).  

 

4.2     Review of Literature 

Jordan (1891) studied the relationship between the temperature and the number of 

vertebrae in fishes. Babu Rao (1964) reported that Stolephorus insularis collected from 

three places along the east coast of India exhibited extreme difference in meristic 

characters due to their different ecological conditions and he indicated that they 

constitute three distinct populations. Choudhary and Dwivedi (1984) studied meristic 

characters in Lactarius lactarius and reported that the pectoral fin rays and spines of 

ventral fin, caudal rays and anal spines did not show any variation. Epperly (1989) 

observed significant differences in meristic characters of the fish Brevoortia tyrannus 

captured from south and north of Long Island waters in New York which he attributed 

as migratory behaviour of fish and the differences in ecological conditions. Piska et al. 

(1991) reported in Ambalyphryngodon mola the pectoral and pelvic fins had fixed 

number of fin rays, only dorsal, anal and caudal showed some variations. They 

concluded that these variations in meristic characters were not sufficient to classify 

them into separate populations since they were temporary variations and were liable 

to disappear with the changes of the habitat. Ferreri et al. (2000) studied the meristic 

counts in wild and reared zebra fish and reported that the variability of the meristic 

counts exhibited by the wild populations was higher than reared ones. Different strains 
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of angel fish Pterophyllum scalare were identified using meristic counts as a 

preliminary step in identification (Koshy and Pillay, 2003). 

 

The meristic characters in family gobiidae were studied by various authors from 

different parts of the world as follows: Boleophtalmus dussumeiri   from Mumbai coast 

(Mutsaddi, 1964); Callogobius mannarensis,Callogobius liolepis from Gulf of Mannar 

(Rangarajan, 1968); Lubricogobius exiguus from Taiwan (Chen and Fang, 1997); 

Papuligobius uniporus from north-eastern Laos (Chen and Kottelat, 2003); 

Knipowitschia longicaudata  from Lake Manyas (Turan et al., 2005); Boelophthalmus 

boddaerti from Tamil nadu and Mumbai coast(Ravi, 2000; Gore, 2007)and 

Glossogobius giuris from Iran (Coad, 2006). The meristic counts of three species of 

juvenile Pseudogobius from mangrove estuary of Southern Thailand was studied by 

Yokoo et al. (2008). 

 

The gobiid fish Vanderhorstia opercularis from red sea was distinguished from 13 valid 

species of the same genus from its meristic characters (Randall, 2007). The number 

of fin rays, scales head pores as well as differences in colour and pattern are used to 

distinguish among species of goby fishes (Sweat, 2009). Scalici and Gibertini (2012) 

detected significant intra and inter population differences for some meristic traits in 

Padogobius nigricans. A new species of mudskipper Boleophthalmus poti was 

reported from New Guinea based on meristic variations with others of the same genus 

(Polgar et al., 2013). 

 

The meristic characters in Parachaeturichthys ocellatus were noted and fin formula 

was recorded by Day (1858) and Mutsaddi and Bal (1973). However in the survey of 

literature carried out by the candidate revealed that not all the meristic counts have 

been covered by earlier reports. Hence the present study was aimed to provide a 

comprehensive description of various meristic characters and compare the same with 

those reported in literature earlier. 

 

4.3     Materials and method 

The fishes for the present study were collected every fortnight at regular intervals 

during the period from June 2010 to September 2011 from Malad, Vasai, Thane and 
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Mahul creeks along Mumbai coast. The fishes were collected and brought to the 

laboratory in icebox. They were thoroughly washed and cleaned in the laboratory. In 

all eleven meristic characters were recorded as follows:  brachiostegal rays, first dorsal 

fin rays, second dorsal fin rays, pectoral rays, pelvic rays, anal rays, caudal rays, 

longitudinal scales, transverse scales, vertebrae, and gill rakers. The meristic counts 

were made based on the standard procedure described by Appa Rao (1966), Dwivedi 

and Menzes (1974). The minimum and maximum counts for the characters were noted 

and following statistical parameters for the characters were recorded: mean, median, 

mode, standard deviation, standard error, variance, coefficient of variation. Meristic 

characters of the fishes from the four creeks of Mumbai were compared and their 

counts were tested for significance at p<0.05 

The meristic characters in the present study were compared with those from previous 

literature of Day (1858) and Mutsaddi and Bal (1973). 

 

4.4     Results 

In the present study fish samples were collected from Malad, Vasai, Thane and Mahul 

creek for meristic counts of eleven characters.  Table no. 4.1, 4.2, 4.3 record meristic 

values in male, female and juvenile P.ocellatus respectively. Among the meristic 

counts the brachiostegal rays numbering 5 and first dorsal fin rays numbering 6 were 

same in male, female and juvenile. For the remaining 9 meristic characters in male 

and female fish, the range observed was as follows: second dorsal fin rays 10-12, 

pectoral fin rays 16-20, pelvic fin rays 8-10, anal fin rays  8-11, caudal fin rays 20-26, 

vertebrae 22-26, longitudinal scales 32-36 transverse scales 8-11 and gill rakers 11-

14. In juveniles the values for the same were as follows: second dorsal fin rays 9-11, 

pectoral fin rays 14-16, pelvic fin rays 8-10, anal fin rays 8-9, caudal fin rays 16-18, 

vertebrae 22-24, longitudinal scales 24-26, transverse scales 6-7 and gill rakers 11-

14.  

 

In males the highest coefficient of variation was recorded in the number of anal fin rays 

(10.7195) and lowest in longitudinal scales (5.0406). The females showed highest 

coefficient of variation in number of pelvic fin rays (10.4404) and lowest in longitudinal 

scales (3.6561).The juveniles showed highest coefficient of variation in pelvic fin rays 
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(11.59) and lowest in longitudinal scales (4.02). The juveniles of unsexed individuals 

also exhibited differences in meristic counts compared to adult fishes.  

 

The range and median meristic counts of male and female P.ocellatus from the creeks 

of Mumbai selected for the present study viz. Malad, Vasai, Thane and Mahul are 

recorded in Table no. 4.4 and 4.5 respectively. The area wise difference observed in 

the counts was not significant at p< 0.05. 

 

A comparative account of the meristic counts as per Day (1858), Mutsaddi and Bal 

(1973), and by the candidate during present study is presented in Table no. 4.6. 

Similarly Table no. 4.7 presents a comparative study of fin formula by Day (locit) and 

Mutsaddi and Bal (loc.cit). 

 

The meristic counts in the present study  revealed variations in counts of second dorsal 

fin, pectoral fin, pelvic fin, anal fin, vertebrae, longitudinal scales and transverse 

scales. A greater variability was observed in the number of caudal fin rays which 

ranged from 22-26 in the present study while the same was 12 according to Day(locit).  

Table no.4.1:  Profile of meristic characters in male P. ocellatus.   
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Table no. 4.2: Profile of meristic characters in female P. ocellatus. 

  

Table no. 4.3: Profile of meristic characters in juvenile P.  ocellatus. 
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Table no. 4.4: Variations in  meristic chatacters of male P.ocellatus from different 

stations. 

  

Table no.4.5: Variations in meristic chatacters of female P.ocellatus from different 

stations. 
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Table no. 4.6: Comparative data of  Meristic  characters of P.ocellatus by different 

authors. 

 

Table no. 4.7:  Comparative study of fin formula of P.ocellatus by different authors 

 
 

 

4.5     Discussion  

In present study meristic counts were recorded in P.ocellatus from Malad, Vasai, 

Thane and Mahul creek over a period from June 2010 to September 2011. Among the 

eleven meristic characters recorded brachiostegal rays and first dorsal fin rays were 

the same among males, females and juveniles. The highest value of coefficient was 

observed in anal fin rays in male, while in female it was found in pelvic fin rays. The 
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values were not significant at p<0.05. Gore (2007) observed highest variation in pelvic 

fin rays of Boleophtahlmus boddaerti from Mumbai coast. The variation in meristic 

characters of P.ocellatus in the present study seems to be a part of natural diversity 

characteristic of biological characters whether these are dependent on environmental 

fluctuation is difficult to say since the variations are not statistically significant. Barlow 

(1961) has suggested that the body shape in fishes is related to genetic cause while 

meristic characters are dependent on environmental fluctuations.  

 

Morphometric and meristic characters were used to identify possible sexual 

differentiation in marble goby Oxyeleotris marmaorata by Idris et al. (2012). In 

P.ocellatus the meristics observed do not vary significantly between male and female 

hence cannot be used to differentiate between the sexes. The variations between 

meristic characters of juveniles and adult P.ocellatus however are statistically 

significant. Georgakopoulon et al. (2007) has reported that temperature strongly 

affects both body shape and meristic characters during the development of juveniles 

whether the lower meristic counts observed in juvenile P.ocellatus as compared to that 

of adult can be attributed to the influence of temperature and other environmental 

factors or they are simply natural as a part of growth and developmental process would 

require further studies.  

 

Al-Hassan and Miller (1987) reported that the goby Rhinogobius brunneus from 

Arabian Gulf showed low values of pectoral rays in comparison to the same species 

from the eastern Asian region in response to higher environmental temperatures 

during development. Morris (1977) observed in Staghorn sculpin Leptocottus 

armantus, well defined seasonal trends in meristic characters which appeared to be 

related to the thermal history of their habitat.  Babu Rao (1966) reported that 

Stoleophorus insularis collected from three places along the east coast of India 

exhibited extreme differences in meristic characters due to their different ecological 

conditions. Similar observations were made in Escualosa thoracata (Dutt and Rao, 

1981) and in Brevoortia tyrannus (Epperly,1989). Scalici and Gibertini (2012) 

suggested that in Padogobius nigricans meristic pattern changes from one population 

to another even within short geographical distance and similar environmental 

conditions. During the present study of meristic characters in P.ocellatus obtained from 

Malad, Vasai, Thane and Mahul creek significant variations were not observed in any 
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of the fishes. These creeks of Mumbai from where the fish samples were collected do 

not have much difference in environmental conditions there are no geographical 

barriers and the waters of the creeks intermingle with each other.  

 

The range of meristic characters in the present study showed deviation from those 

observed by Day (1858), Mutsaddi and Bal (1973). A marked difference was observed 

in caudal fin rays which were 12 as per the fin formula of Day (1858) while in present 

study the range of caudal fin rays was 22-26. The pectoral fin rays, pelvic fin rays, anal 

fin rays longitudinal and transverse scales however showed only slight variation in the 

present study compared to that of Day (loc.cit.) and Mutsaddi and Bal (loc.cit.). 

 

The meristic characters can be used for differentiating populations (Vidalis et al.,1997; 

Tudela, 1999; Murta, 2000) and assessing morphological status of a species 

(Beacham et al., 1983; Tolan and Newstead, 2004). According to Hermida et al. (2005) 

meristic traits provide limited evidences for differentiation but it has been widely used 

by ichthyologists (Waldman, 2005) for differentiating population and species (Murta, 

2000; Kullander and Ferreira, 2006). Rangarajan (1968) recorded a new species of 

goby Callogobius mannarensis in Gulf of Mannar based on the meristic variation 

between other species of the same genus.  A new species of the goby Vanderhorstia 

bella was recorded from, Fiji based on the difference in meristic characters from other 

species by Greenfield and Longenecker (2005). A new species of mudskipper 

Boleophthalmus poti was reported from Gulf of Papua, New Guinea based on 

variations in morphometric and meristic characters from other Boleophthalmus spp 

prevalent in the area (Polgar et al., 2013).  

 

In the present study, the variations observed in the meristic counts of fishes sampled 

from all the four creeks are slight, statistically without any significance and therefore 

do not merit their being placed into separate population. It can safely be assumed that 

the fish from all the four creeks belong to the same stock of population of P.ocellatus. 
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Chapter 5  

Length weight relationship  
5.1    Introduction 

5.2    Review of Literature 

5.3    Materials and methods 

5.4    Result 

5.5    Discussion 

----------------------------------------------------------------------------------------- 

5.1     Introduction 

Growth is one of the fundamental properties of all living organisms involving 

progressive increase in size up to a well defined range specific for species. Nikolsky 

(1963) has stated that growth is a specific adaptive property ensured by the unity of 

the species and its environment. Measurement of growth is a specific and its 

environment. Measurement of growth of an organism would be an important factor in 

any study of biology of the organism. Growth is a multidimensional process leading to 

increase in the length as well as weight of the organism. The length weight relationship 

in fact provides a standard index of growth, a mathematical expression between the 

two variables i.e. length and weight such that if one is measured the other can be 

reliably computed. The length weight relationship of fishes has significance in both: 

basic studies on biology of the fish and applied aspects in terms of size of fish in 

capture fisheries for rational fishing. Length-weight relationships are useful in fishery 

management for both applied and basic uses (Pitcher and Hart 1982) to convert length 

distributions into weights for biomass estimates (Gerritsen and McGrath, 2007). A 

mathematical representation of length-weight relationship derived from study of 

different sexes and sizes from a particular geographical area is a practical index of the 

condition of the fish (Petrakis and Stergiou, 1995) and is a very useful tool for the study 

of biology, physiology, ecology, population dynamics, fisheries assessment and 

general conditions of the fish (Jaiswar et al., 2004). A life history and morphological 

comparison of populations from different regions can be made from length weight 

relationship (Goncalves et al., 1997). Similarly calculating standing stock biomass and 
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several other aspects of population dynamics can be determined using length weight 

relationship (Morato et al., 2001). 

  

Schneider et.al (2000) has stated that for routine population surveys number of fish 

sampled need not be high; 5-10 fish per inch group over a wide range are enough to 

establish a regression line for each important species. The authors have studied the 

length weight regressions of fish from Great lakes of Michigan and stated that they are 

useful for: a) calculating total weight of fish from length-frequency data, b) measuring 

changes in robustness/ health of the population (relative to past or future samples at 

the same place and season), c) determining the relative condition of small fish 

compared to large fish (from the slope of regression) and d) comparing condition of 

this population to the state wide standards.  

 

The principle of the length weight relationship is that the weight of the fish increase in 

relation to increase in its length. Theoretically, it can be described using a formula in 

which weight is expressed as proportional to the length raised to the power of 3 and 

the same can be expressed as W=aL3 where ‘a’ is a constant and ‘W’ and ‘L’ are 

weight and length of the fish. The actual relationship between the variables, length 

and weight may depart from this, either due to environmental conditions or condition 

factor (Le Cren, 1951). In nature, the body proportions of a fish continually change 

with ageing. The form and specific gravity do not remain constant throughout the life 

history of the fish. Thus cube law expression does not hold well throughout the life 

history of the fish (Srivastava, 1999). Hence, a more satisfactory formula to express 

the length weight relationship has been advocated by LeCren (1951) which is W=aLb, 

where ‘a’ is constant and the value of ‘b’ lies between 2.5 and 4.0.  

 

Fish can attain either isometric growth, negative allometric growth or positive 

allometric growth. Length-weight relationship for fish was originally used to provide 

information on the condition of fish and to determine whether somatic growth was 

isometric or allometric (LeCren, 1951; Ricker, 1975). Sekharan (1968) has observed 

that in an isometric growth, the value of ‘b’ equates 3 for a hypothetical ideal fish which 

maintains shape while Tesch (1968) reported that if the value of ‘b’ is other than 3 the 

fish grows allometrically. Most of the fishes change their shape as they grow (Martin, 

1949), hence the cube relationship between length and weight would hardly be 
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expected. He further reported that ’b’ may be different for fish of different sexes and 

localities. The length-weight relationship may thus be a useful character for the 

differentiation of small taxonomic units. It provides a mathematical relationship 

between the two variables, length and weight, so that the unknown variable can be 

easily calculated from the known variable. 

 

5.2    Review of Literature 

Length weight relationship (LWR) of Family Gobiidae was carried out by different 

authors. Khaironizam and Rashid (2002) studied length weight relationship in 10 

species of mudskippers along Malaysia coast namely Periophthalmus chrysospios, P. 

graciis, P. novemradatus, P. argentilineatus, P. spilotus, Periophthalmodon schlosseri, 

P. septemradiatus, Boleophthalmus boddaerti Scartelaos histophorus, 

Pseudapocryptes elongates. The authors found that b values of  ten species ranged 

between 2.56-3.50. The b values of LWR in Acanthogobius flavimanus of Tokyo 

ranged between 2.57-2.94 (Yoshihara et al., 1999). The b values of Neogobius 

melanostomus from Turkey ranged between 2.87-3.27 (Tarkan et al., 2006) while that  

from Croatia  ranged between 3.28-3.47 (Piria et al., 2011). The b values of the same 

ranged from 2.48-3.28 in different localities (www.fishbase.us 15/7/2012). In monkey 

goby Neogobius fluviatilis from Turkey weight increased allometrically for all sexes as 

b value was 2.9848 (Sasi and Berber, 2010). Frill fin goby Bathygobius soporator  from 

Lagos lagoon, Nigeria showed a positive allometry with value 4.58 for male and 3.99 

for female Adeboyejo (2011) while the same species from Badagry creek Nigeria 

showed negative allometry of value of 1.43 (Lawson et al., 2011). 

 

The length weight relationship of Tank goby Glossogobius guiris from Ganges of 

Bangladesh was 2.95 and 3.29 in male and female respectively (Hossain et al 2009b). 

The same species from Atrai river of Northern part of Bangladesh was 2.76 for male 

and 2.66 for female (Joadder, 2009), while from Chilika Lagoon Odisha, b value was 

found to be 3.085 (Karna and Panda, 2012).  

 

Mutsaddi (1964) studied LWR in Boleophthalmus dussumeiri from Mumbai coast and 

found b values were 3.71 in male and 3.44 in female. Hoda (1980) reported that in 

same species from Karachi the b value was 2.53 for male and 2.07 for female. Soni 

http://www.fishbase.us/
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and George (1986) reported the b values in Boleophthalmus dentatus was 2.75 while 

the reports of Shettu (1993) differed with a very low value of b which was 1.20 in males 

and 1.15 in females. Ravi (2000) studied length weight relationship in Boleophthalmus 

boddaerti from south east coast of India and was found b values to be 2.81 in male 

and 2.76 in females while Gore (2007) studied the same from Mumbai coast and found 

the b values 1.24 in males and 1.31 in females. 

 

The present work of goby fish P.ocellatus from creeks of Mumbai was undertaken to 

find out comprehensive relationship between length and weight in male, female and 

juveniles and thus to establish pattern of growth which would contribute to population 

dynamics of the fish. 

 

5.3     Materials and methods  

 Fish samples for the present study were collected every fortnight at regular intervals 

from Vasai, Malad, Thane and Mahul creek during June 2010 to September 2011. 

Fishes were brought to the laboratory and thoroughly washed and cleaned. Total 

length was measured from the tip of the snout to the tip of the caudal fin in millimetres 

and weight was noted to the nearest 0.001 gram on a digital analytical balance. The 

length weight relation was estimated as per formula W=aLb advocated by Le Cren 

(1951). This equation can also be expressed in its logarithmic form as: 

Log W= Log a + b.Log L 

where W= total weight, L=total length, a=intercept (initial growth coefficient),  

b= slope (growth coefficient). 

The values of ‘a’ and ‘b’ were estimated by linear regression analysis by the method 

of least square (Snedecor and Cochran, 1967). The log transformed data and the 

association degree between variables W and L was calculated by coefficient of 

determination (r2).  The significance of regression was assessed by ANOVA. Variance 

ratio F was calculated by the following formula 

 
F=   Mean square between groups (MS) 
       Mean square within groups (Residual) 
 
The regression coefficients of the sexes were compared by the analysis of covariance 

(ANCOVA) to establish the variations in the b values, if any between males and 
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females. The significance of the difference, in the estimate of b in males, females, 

juveniles and pooled data of sexes from the expected value of 3 was tested by Bailey’s 

t-test (Snedecor and Cochran, 1967) as given by the formula,  

 
t =  b-3    
     Sb 
 
where b= regression coefficient of log transformed data and Sb = standard error of b 

The t-test on ‘r’ values reveals whether significant correlation exist between length and 

weight. 

 

5.4     Results 

To understand the length weight relationship the length and weight of a sample of fish 

were recroded and statistical analysis in terms of correlation coefficient and regression 

coefficient were computed. 

 

Table no 5.1 represents the statistical details  as follows: the number of fish studied, 

the range of total length, range of total weight,  correlation  coefficient ‘r’  and t values 

for correlation coefficient ‘r’ , intercept ‘log a’ , regression coefficient ‘b’ , std error ‘Sb’ 

and t values of ‘b’ for  P. ocellatus male, female and juvenile. The pooled values for 

male and female are also included in the table. The values ‘a’ and ‘b’ obtained for the 

calculation of LWR are as follows:  

 Male:         Log W= -4.8161 + 2.9071. Log L  

Female:     Log W= -4.3520 + 2.7216. Log L 

Juvenile:    Log W= -4.5939 + 3.0082. Log L 

Pooled(for male and female):      Log W= -4.7474 + 2.8919. Log L 

The regression lines based on these observations are presented in Figure 5.1, 5.2, 

5.3 and 5.4. The correlation coefficient ‘r’ between log length and log weight was found 

to be 0.9913 in males, 0.9699 in females, 0.9604 in  pooled (males and females) and 

0.9913 in juveniles . The regression values were found to be highly significant 

(p<0.001) indicating a strong relationship between length and weight in P.ocellatus. 

The values of coefficient of determination ‘r2’ were 0.9818 in the males, 0.9407 in the 

females and 0.9180 in the juveniles. 
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Table no.5.2, 5.3 and 5.4 presents the results of ANOVA in male female and juvenile 

respectively. The length and weight relationship was found to be highly significant at 

p<0.01 in all the three cases.  The results of the analysis of covariance (ANCOVA) are 

presented in Table no. 5.4.  The values of regression coefficient ‘b’ exhibited significant 

difference between male and female ( F=9.06, df 1, 1173 at 5% level of significance). 

Table no.5.5 depicts the comparison of LWR between males and females carried out 

using student’s t test. The results indicate that there is significant difference in LWR 

between male and female P.ocellatus at p< 0.01.  

 

The significance of variations in the values of regression coefficient ‘b’ from  ‘3’ was 

tested by using t test and is presented in Table no.5.6. The results indicate that t value 

is significant in males, females and pooled observation of male and female, while in 

juveniles it is not significant at p<0.01. The ‘b’ values were 2.9071, 2.7216 and 3.0082 

in males, females and juveniles respectively. Based on LWR the growth in males and 

females was negative allometric whereas the same in juveniles was almost isometric.  

Table no. 5.1:  LWR studies in P.ocellatus male, female, and juvenile- statistical 

analysis. 

 

 

Table no. 5.2: Analysis of Variance (ANOVA) on the regression of the LWR in male 

P.ocellatus 

 

df- degree of freedom, SS Sum of squares, MS Mean square 
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 Table no. 5.3: Analysis of Variance (ANOVA) on the regression of the LWR in female  

P.ocellatus 

 

df- degree of freedom, SS Sum of squares, MS Mean square 

 

 Table no. 5.4: Analysis of Variance (ANOVA) on the regression of the LWR in juvenile  

P.ocellatus 

 

df- degree of freedom, SS Sum of squares, MS Mean square 

 

 Table no.5.5:  Comparison of regression lines of males and females of P.ocellatus by 

ANCOVA 

  

Table no 5.6:  Comparison of regression coefficients of male and female  P.ocellatus 

using t- test 

 

df-degree of freedom 

  

Table no.5.7:  Significance of variations in the estimates of regression coefficient value 

‘b’ from ‘3’ using t test 
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Fig 5.1:  LWR between total length and total weight in male P.ocellatus 

 

 

 

Fig 5.2:  LWR between total length and total weight in P.ocellatus female 
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Fig 5.3:  LWR between total length and total weight in P.ocellatus juvenile 

 

 

 

Fig 5.4: LWR between total length and total weight in P.ocellatus male and female 

(pooled) 
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5.5     Discussion 

Length-weight relationship of any fish is dependent upon various environmental 

factors besides body shape, outline and contour (Ojha et al., 2007). The principle of 

the length-weight relationship is that the weight of the fish increases in relation to 

increase in its length. To test application of this principle to studies on LWR in 

P.ocellatus the statistical tool like correlation coefficient, regression analysis, ANOVA 

and ANCOVA are employed. 

 

In the present study the correlation coefficient ‘r’ was observed to be highly significant 

in male female and juvenile P.ocellatus indicating a strong correlation between length 

and weight of the fish.  

 

Wooton (1990) has observed that if fish retains the same shape and its specific gravity 

remains unchanged during the lifetime, it is growing isometrically and the value of 

exponent ‘b’ would be exactly 3.0 whereas a value of less than 3.0 shows that the fish 

becomes lighter (negative allometry) and greater than 3.0 indicate that the fish 

becomes heavier (positive allometric) for a particular length as it increases in size. 

According to Jhingran (1968) and Frosta et al. (2004) the slope value ‘b’ indicates the 

rate of weight gain relative to growth in length and varies among different populations 

of the same species or within the same species. 

 

In the present study the ‘b’ value representing LWR was 2.9071 in male and 2.7116 in 

female. The‘t’ test on b values indicated a significant deviation from cube law in both 

male and female P.ocellatus suggesting that the male and the female had negative 

allometric  growth. The ‘b’ value in male which is slightly higher than that of female is 

suggestive of comparatively greater weight gain in male fish than that in the females 

for the corresponding increase in their length. Similar trend was observed in 

Gloossogobius guiris from North Western Bangladesh  which showed b value of 2.768 

and 2.667 for males and females respectively (Joadder, 2009) indicating  negative 

allometry. Kalayci et al. (2007) reported that the growth was negative allometric for 

Gobius niger, Engraulis encrasicolis, Sprattus, sprattus and Pomatomus saltatrix. The 

authors opined that functional regression ‘b’ value represents the body form, and it is 
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directly related to the weight, affected by ecological factors such as sex, age, fishing 

time area and fishing vessels. 

 

The analysis of covariance and comparison of slopes revealed significant differences 

between both the sexes of P.ocellatus at p< 0.05. The observed differences in the 

males and females in the present study may be attributed to factors like gonad 

maturity, sex and diet. Tesch (1971) has stated that length weight relationship can be 

affected by several factors including habitat, area, seasonal effect, degree of stomach 

fullness, gonad maturity, sex, health, preservation techniques and differences in the 

observed length ranges of the specimen caught. Moyle and Cech (1988) indicated that 

the differences in length between the sexes are the most common form of sexual 

dimorphism among fishes. The males being longer than the female is a distinct 

sexually dimorphic character in P.ocellatus observed during the period of study. 

In the present study on LWR in P.ocellatus the b value for juveniles was 3.0082 which 

was highly significant at p<0.01. The ‘t’ test clearly indicated that b values did not 

deviate from 3.0 significantly showing an isometric growth i.e. increase in weight with 

the corresponding increase in length. The observation of LWR in juveniles and adult 

P.ocellatus are in agreement with Nikolsky (1963) in terms of specific characteristics 

of growth in different age groups. 

All allometric values observed in the present study were within the range of 2.5 to 3.5 

indicating that growth of P.ocellatus in the creeks of Mumbai was satisfactory.  Hile 

(1936) found that the exponent ‘b’ usually lies between 2.5 and 4.0 with 3 as the ideal 

value for ‘b’ indicating  isometric growth while deviation from 3 indicates an allometric 

growth. The value of coefficient of determination ‘r2’ was 0.9828, 0.9407 and 0.8428 

for males, females and juveniles respectively. The value being closer to 1 indicates 

goodness of fit for regression to the observed data. 

 The present study provides a baseline data on the LWR of P.ocellatus from the four 

creeks of Mumbai. LWR and linear regression was highly significant in males, females 

and juveniles. The males and females indicated a negative allometric growth pattern 

while the juveniles exhibited isometric growth pattern. The significant difference 

between the slopes of regression of male and female reflects a divergence in growth 

pattern in both the sexes.  
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Chapter 6 

Relative condition factor 
6.1    Introduction 

6.2    Review of Literature 

6.3    Materials and methods 

6.4    Result 

6.5    Discussion 

----------------------------------------------------------------------------------------- 

6.1     Introduction 

The Condition Factor is a frequently used index in studies on fish biology, since it 

furnishes important information related to the physiological state of the fish. The 

condition factor is an index reflecting interactions between biotic and abiotic factors 

reflecting on the physiological condition of the fishes. It shows the population’s welfare 

during the various stages of the life cycle (Angelescu et al., 1958).Condition factor 

indicates relative robustness, or degree of well being, of a fish expressed by coefficient 

of condition denoted by ‘K’ (also known as Fulton’s condition factor or Ponderal Index). 

It is given by the formula:   

K= W_ ×100 
                                                          L3 
 

where ‘K’ is the condition factor, ‘W’ is the weight of the fish; ‘L’ is the length of the 

fish. Fluctuations in ‘K’ values have been used as a tool to study various biological 

events of fish life history by many biologists. K values vary in fish with age, season, 

sex, species and size. If the fish does not undergo the cube law, the ‘K’ value is directly 

affected by length, age, maturity, feeding intensity and other factors. In order to 

eliminate the effect of these factors on the ‘K’ value, LeCren (1951) suggested the 

calculation of relative condition factor ‘Kn’ which is expressed by the formula  

 
Kn = W 
         W´ 

where ‘Kn’ is the relative condition factor, W is the observed weight of the fish, W´ is 

the calculated weight of the fish from the LWR. Le Cren (loc.cit.) proposed relative 

condition (Kn) in preference to condition factor (K) as the former considers all the 
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variations like those associated with food and feeding, sexual maturity etc while the 

latter does so only if the exponent value is equal to 3.The difference between ‘K’ and 

‘Kn’ is that while the former measures the deviation from a hypothetical ideal fish, the 

latter measures deviation of an individual fish from the average weight or length. The 

relative condition factor has an expectation of one and the deviation from one will yield 

information such as differences in the nutritive level and the effect of physicochemical 

factors on the life cycle of the fish species and contributed to adequate management 

of these species and therefore, to the maintenance of equilibrium in the ecosystem 

(Le Cren, 1951) 

.  

Anderson and Neumann (1983) reported that the condition factor was a relative 

indicator of fish health and the degree of sustainable environments, where variations 

in the relative condition factor is linked to sexual maturity and the degree of nutrient 

supply within the environment. Changes in Kn may be attributed to sexual maturation 

and active spawning sizes and seasons (El-Agami, 1988; Hadi, 2008; Shalloof and 

Salama, 2008). The variation of ‘K’ in the fish may be indicative of food abundance, 

adaptation to the environment and gonad development (King, 1995). Barnham and 

Baxter (1998) reported that in some fish species the gonads may weigh up to 15% or 

more of the total body weight and the K value will decrease rapidly when the eggs are 

shed.  

 

Suitability of an aquatic habitat for fish growth is determined by the value of relative 

condition factor with higher values indicating better habitat suitability in terms of food 

availability and other requirements for optimum fish growth (Samat et al., 2008; 

Abowei, 2009). The environmental conditions such as rainfall and productivity of the 

ecosystem can also influence Kn values (Abowei, 2010). The condition factors of 

threatened species of fishes are the most important biological parameter which 

provide information on condition of fish species and the entire community and is of 

high significance for management and conservation of natural populations (Sarkar et 

al., 2009; Muchilisin et al., 2010). Decreasing trends of ‘Kn’ may be attributed to the 

development of gonadal stages and a resource transfer to the gonads during 

reproductive periods (Sugilar et al., 2012). 
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6.2     Review of literature 

The survey of literature reviewed by the candidate revealed a few reports on the 

condition factor studies of fish by researchers from various parts of the world. Nash 

(1982) observed in Lesuerigobius friesii that the condition factor continued to fall with 

the onset of spawning. In goby Acanthogobius virdipunctatus maximum relative 

condition values were observed from February to April suggesting gonadal maturation 

and spawning (Hoda, 1991). Maximum values of condition factor were observed in 

smaller sized individuals of Glossogobius giuris from Atarai river of Bangledesh 

(Joadder, 2009). The condition factor of Neogobius fluviatilis from Turkey ranged from 

1.225-1.458 in males and 1.192-1.283 in females (Sasi and Berber, 2010). Another 

species of goby Neogobius melanostomus had relative condition factor value of 1.071 

and 1.103 in downstream and upstream waters respectively (Raby, 2010).  In 

Bathygobius soporator from Badgary creek Nigeria the condition factor ranged 

between 0.01-2.20. In the same species it increased from March to June during the 

period of increased rate of feeding, followed by increase in accumulated fat (Lawson 

et al., 2011). In sleeper goby Butis gymnopomus condition factor ranged between 

0.617-1.002 in males and 0.812-0.899 in females (Mat Isa et al., 2012). 

 

Indian fish studies report fluctuation in the condition factor of many fishes in relation to 

their reproductive cycle (Neelakantan & Pai, 1985; Narejo et al., 2002), feeding 

rhythms (Pandey and Sharma, 1997) or physico-chemical factors of environment, age 

and physiological state of fish (Kurup and Samuel, 1987; Kurup, 1990; Kalita  and 

Jayabalan, 1997). 

 

Kader et al (1988b) reported in Gobioides rubicundus that the condition factor reached 

its peak in the maturation period and it remained considerably high until the beginning 

of spawning. A drastic fall in condition factor during and immediately after spawning 

was observed in Boleophthalmus dentatus by Shettu (1993). Ravi (2000) observed 

that in Boleophthalmus boddaerti relative condition factor was not closely associated 

with feeding but with sexual cycle and weight of gonads. Gore (2007) observed that 

value of relative condition factor in Boleophthalmus boddaerti was 0.9668-1.0543 in 

males and 0.9550-1.0349 in females.   
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The present study of relative condition factor ‘Kn’ of Parachaeturichthys ocellatus was 

carried to assess month wise and length wise  general condition of the fish to be useful 

in studies on fish biology management of the fisheries of the fish in the creeks of 

Mumbai. 

 

6.3     Materials and Methods 

The total length and weight of P.ocellatus was measured as the method described in 

this chapter 5 of LWR. 

The relative condition factor Kn was calculated using the formula expressed by Le 

Cren (1951) as follows: 

Kn= W 

        W´ 

where W is the observed weight of the fish and W´ is the calculated weight of the fish 

derived from the length weight relationship. 

‘Kn’ was calculated for different months for males, females and juveniles. The average 

value of each month was calculated and plotted. The length wise average ‘Kn’ values 

was calculated and plotted using a frequency distribution of length in class interval of 

10mm in adults and 5mm in juveniles.  

 

6.4     Results 

For determination of relative condition factor the weight was recorded month wise and 

length wise male, female and juvenile P.ocellatus. The weight was also calculated 

from the length weight relationship. 

In the present study a sample of 1512 fish was assessed for relative condition values. 

The sample consisted of 685 males, 489 females and 338 juveniles. The range of 

weight in adult fishes was 1.152-54.801g in males, 2.209-38.383g in females, whereas 

the range of weight in juveniles was 1.775-3-545g. The data was analyzed using a 

frequency distribution with range of class equal to 10mm in adult fish and 5mm in 

juvenile fish. Relative condition values were calculated from June 2010 to September 

2011 in male, female and juvenile P.ocellatus separately.  
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The month wise values for relative condition factor ‘Kn’ for male, female and juvenile 

P.ocellatus are listed and presented in Table no.6.1 and figure 6.1. The mean value 

for relative condition factor ’Kn’ obtained was 1.0126, 1.0375 and 1.0013 for male, 

female and juvenile fishes respectively. The maximum ’Kn’ value equal to 1.0470 was 

observed in November 2010 in males and of 1.0764 in females in June 2010. In 

juveniles high value of 1.0059 was observed in August 2010. 

 

Table no. 6.2 and Figure 6.2 presents the ‘Kn’ values of male and female in different 

length groups. The maximum ‘Kn’ value of 1.0129 was observed in the length group 

of 106-115mm in males while in female the maximum value of 1.0384 was observed 

in length group of 66-75mm. Similarly the ‘Kn’ values in different length groups in 

juveniles are represented in Fig 6.3. The minimum value was observed in lowest 

length group of 51-55mm and maximum in highest length group of 60-65mm. 

 

Table no. 6.1: Relative condition factor ‘Kn’ values of male, female  

and juvenile P.ocellatus during different months. 

Months 

 

Male Female Juvenile 

Jun-2010 1.0024 1.0764 1.0018 

Jul-2010 1.0038 1.0403 1.0023 

Aug-2010 1.0052 1.0564 1.0059 

Sept-2010 1.0036 1.0548 1.0016 

Oct-2010 1.0155 1.0201 1.0020 

Nov-2010 1.0470 1.0302 1.0030 

Dec-2010 1.0357 1.0333 1.0016 

Jan-2011 1.0353 1.0407 1.0010 

Feb-2011 1.0341 1.0555 1.0007 

Mar-2011 1.0081 1.0411 - 

Apr-2011 1.0003 1.0134 - 

May-2011 1.0002 1.0003 0.9964 

Jun-2011 1.0013 1.0515 1.0006 

Jul-2011 1.0031 1.0201 1.0013 

Aug-2011 1.0041 1.0235 1.0001 

Sept-2011 1.0029 1.0430 1.0003 

Average 1.0126 1.0375 1.0013 
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Table no. 6.2: Relative condition factor’Kn’ values in different  

length groups of male and female P.ocellatus. 

Length group Male  Female  

66-75 1.0125 1.0394 

76-85 1.0126 1.0383 

86-95 1.0127 1.0381 

96-105 1.0128 1.0380 

106-115 1.0129 1.0372 

116-125 1.0127 1.0371 

126-135 1.0126 1.0373 

136-145 1.0125 1.0369 

146-155 1.0124 1.0352 

156-165 1.0124 - 

166-175 1.0123 - 

176-185 1.0122 - 

 

 

 

Figure 6.1: Relative condition values of male, female and juvenile P.ocellatus during 

different months. 
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Figure 6.2: Relative condition factor of male and female P.ocellatus in different length 

groups. 

 

Figure 6.3: Relative condition factor of juvenile P.ocellatus in different length groups. 
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6.5     Discussion   

The condition factor as a frequently used index furnishes important information related 

to physiological state of the fish and its determination is important for any studies on 

fish biology. According to Le Cren (1951) Kn greater than 1 indicated good general 

condition of fish. In the present study the mean ‘Kn’ value which is ratio of W:W´ where 

W is the  recorded weight  and W´ is the calculated weight from LWR observed in male 

female and juvenile was greater than 1 indicating an overall good condition of fish in 

creeks of Mumbai throughout the year. Sex wise analysis revealed ‘Kn’ value of 1.0375 

and 1.0126 in male and female fish respectively. The female fish thus seem to be 

heavier than male fish for a given length. LeCren (1951) reported that females are 

heavier than males of the same length probably because of difference in fattiness and 

gonadal development. The present observation of comparative value of ‘Kn’ in male 

and female P.ocellatus was in agreement with the observation of Le Cren (loc.cit.) and 

the findings of Ravi (2000) and Gore (2007) in Boleophthalmus boddaerti. 

 

Sebastian (2011) reported that there was a definite seasonal cycle in the ‘Kn’ values 

of both male and female Colletteichthys dussumieri. In the present study maximum 

‘Kn’ value was observed in male fish in November 2010 and the value progressively 

decreased though slightly till February 2011 The values showed a sharp decline from 

March 2011 to May 2011. The lowest value was recorded in May 2011 There is a 

gradual increase in ‘Kn’ value from June 2011 to August 2011 indicating a recovery in 

the general condition of male fish.  

 

In female P.ocellatus maximum ‘Kn’ value was observed in the month of June 2010 

which the decreased gradually from August 2010 to October 2010. There was an 

increase gradually thereafter till February 2011.The ‘Kn’ values declined sharply again 

in April 2011 and continued to decline till May 2011. The ‘Kn’ value was found to again 

increase sharply in June 2011. Thus the ‘Kn’ value in P.ocellatus also seems to follow 

a seasonal cycle. Similar observations were noted in Lesuerigobius friessi by Nash 

(1982) and in Gobioides rubicundus by Kader et al., (1988b).  
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When the condition factor of a fish is determined every month of the year the suitability 

of the environment of the fish during each month could be better understood (Bagenal, 

1979). Seasonal variation of ‘Kn’ is influenced by gonadal development, feeding 

activity and several other factors (Gowda 1984, Doddamani et al., 2001). The period 

in which lower condition value is obtained is also a period in which accumulated fat is 

in use for spawning (Braga et al., 1990). Condition and feeding activity decrease in the 

spawning time (Maddock and Burton, 1999). Relative condition factor is closely related 

not only to the feeding intensity but also with sexual cycle and weight of gonads before 

and after spawning as reported in gobiids of south east cost by Ravi (2000). Lizama 

and Ambrosio (2002) reported that lowest ‘Kn’ values during the more developed 

gonadal stages suggesting resource transfer to the gonads during the reproductive 

period. According to Da Costa and Araujo (2003), relatively lower ‘Kn’ values are 

usually due to the fact that a larger part of the energy is allocated for certain activities 

such as growth and emptying of ovaries. Sebastain (2011) reported that higher ‘Kn’ 

values in C.dussumieri may be related to the increase in the feeding intensity of the 

spent fishes to rebuild their body reserves resulting in sharp increase of ‘Kn’ at the end 

of spawning and during post spawning period.  

 

In the present study of P.ocellatus the condition value of male was high in pre 

spawning phase being maximum during November 2010 and declined during the 

spawning period to reach minimum immediately after the peak spawning to again 

show a great rise.  In female ‘Kn’ values increased gradually from the pre spawning 

period of November 2010 to the peak spawning period of February and March 2011 

and declined sharply in the post spawning phase to reach minimum during May 2011. 

The female recovered immediately after spawning with sharp increase in condition 

value whereas the condition values in males increased gradually as compared to the 

female. 

 

El-Agami (1988), Hadi (2008) and Shalloof and Salam (2008) reported that the 

condition factor determines the period of gonad maturation, and can be attributed to 

sexual and active spawning sizes. Froese (2006) observed that reproduction results 

in lower value of Condition factor with K<1 coinciding with the post spawning period 

when the fish tends to lose weight. However in the present study the ‘Kn’ was never 

less than 1 throughout the year and it can therefore be assumed that P.ocellatus tends 
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to maintain its overall good condition irrespective of its reproductive phase probably 

by modulating its feeding intensity. The condition values of juvenile ranged between 

0.9964-1.0059 and the juvenile fish were found to be in overall good condition 

throughout the year except in May 2011. 

 

The ‘Kn’ also varies in different length groups and probably also depends on feeding 

intensity. The variation of ‘Kn’ values observed in different length groups seems to be 

due to differences in feeding intensity and reproductive cycle. Sebastian (2011) 

reported that in C.dussumeiri high ‘Kn’ values observed in 131-140 mm TL and 151-

160 mm TL size groups of male might be due to the occurrence of large number of 

maturing and mature individuals within that particular range. The ‘Kn’ values in male 

P.ocellatus gradually increases from the length group of 66-75mm through 96-105mm 

reaching the maximum value in the length group 106-115mm. This probably correlates 

with the advancing stages of maturity. The lower ‘Kn’ values in P.ocellatus were 

observed in the large sized individuals with a length of 166-175mm and 175-185mm 

probably because the male fishes have reached the post spawning stage. However 

the ‘Kn’ values in male P.ocellatus was never less than 1 in the sample of fish 

analysed.  

 

In female P.ocellatus maximum ‘Kn’ value was observed in smallest length group of 

66-75mm. The value slightly decreased in the higher length groups. The lowest value 

was observed in the length group of 146-155mm. Thus be surmised that in male 

P.ocellatus the  relative condition factor ‘Kn’ increased till the males attained maturity 

and then the ‘Kn’ decreased slightly while the females are in good condition at 

minimum body length and later undergo slight decrease in condition values in the 

higher length groups reaching the lowest values in the large sized females. According 

to Palazon-Fernandez et al. (2001) males and females of Halobatrachus didactylus 

matured at different length and the authors opined that size at maturity for males was 

greater than that of females, which may indicate that after first maturation females tend 

to allocate energy mainly for the production of gamete and then they do not exhibit 

further growth in terms of length while males, with a small reproductive effort, continue 

growing to the larger length group.  
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Juvenile P.ocellatus showed lower ‘Kn’ values in lowest length group of 51-55mm and 

increased with the increase in length of fish as would be expected till they attain 

adulthood.  

 

During the course of  present study, the male, female and juvenile P.ocellatus were 

found to be in a healthy condition in the creeks of Mumbai. The sex wise analysis 

revealed that females have higher ’Kn’ values and are in a better condition than males. 

The condition factors may be influenced by number of factors of which feeding and 

reproductive activity may probably be the important factors. 
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Chapter 7  

Food and feeding habits  
7.1    Introduction 

7.2    Review of Literature 

7.3    Materials and methods 

7.4    Result 

7.5    Discussion 

------------------------------------------------------------------------------------------------------- 

7.1     Introduction 

Fishes, as living organisms, are linked to other life forms in their environment 

through the food web. Food is one of the most essential prerequisite for survival 

and growth of all living forms. The diets of the fish species may change with age 

and growth. The time and extent of changes in food and feeding habits vary from 

species to species and often with changes in the life style or habitat (Blaber, 2000). 

The study of food and feeding habits of a fish is of primary importance, since the 

growth, reproduction, development migration and other physiological activities are 

dependent on the energy derived from the food (Bal and Rao, 1984). The food and 

feeding habit of fishes vary from season to season. Seasonal change in 

temperature not only influence food consumption and rate of digestion but also 

quality and quantity of available food organisms (Sebatian, 2012). 

 

The feeding behaviour in a fish is a species characteristic formed during its 

evolutionary history (Nikolsky, 1963). The general nature of a fish’s feeding habits 

can be inferred from the knowledge of its functional morphology (Weatherly, 1972). 

Saxena (1980) reported that the mouth, buccal cavity and pharynx of fishes are 

associated with the selection and seizure of the food.  The author further states that 

the position and form of the mouth, dentition on the jaws and the buccopharynx and 

the gill rakers show a close relation with the mode of feeding and the kind of food. 

Diets of fishes represent an integration of behaviour, condition, habitat use, energy 

intake and inter and intra specific interactions. (Zacharia and  Abdurahiman, 2004). 
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Food habits of gobies are very diverse consisting of crabs, shrimps, small 

crustaceans like copepods, amphipods and ostracods, molluscs and fishes (Jonna, 

2004). Darcy (1980) reported that most species of gobies are carnivorous and only 

few are herbivorous.  He further stated that some species of the gobies feed on 

small benthic invertebrates and algae, some have very specialized food habits, 

some are semi pelagic and feed on planktonic copepods while those living in 

freshwater streams and lakes feed on diatoms and other micro algae. Mudskippers 

of genus Boleophthalmus, Periophthalmus, Periophthalmodon and Scartelaos 

actively forage over mudflats and mangrove roots for crustaceans and insects. 

Members of genus Gobiosoma act as cleaner fishes, feeding on parasites and dead 

skin of larger fish (Allen and Robertson, 1994). Gobies of all sizes eat small 

molluscs and crustaceans, small and medium sized gobies eat polychaetes but only 

larger individuals eat other fish (Skazkinia and Kostyuchenko,1968 and Kovtun et 

al., 1974). 

 

A lot of information on the type of food of a fish can be derived from analysis of the 

gut content with simple observation and microscopic studies. The food encountered 

in the gut contents of a fish may not always be its natural food. The gut content at 

times may include accidental, emergency or spurious food items. The food recorded 

in the gut contents of a fish has to be verified and examined with the help of 

collateral parameters; the gut contents only indicate what the fish would feed on 

and hence require additional information to ascertain its natural food (Lagler, 1949). 

Pillay (1952) made a critical review of different methods of food analysis of fishes 

and stated that the best way of examination of food and feeding habit of fish is by 

studying its gut contents.   

Hynes (1950) pointed out different methods of food analysis for fishes and stated 

that if a large number of guts are analyzed for study the results obtained by 

occurrence, dominance and point’s method are approximately the same. Index of 

preponderance is a definite and measurable basis for grading the various food 

items. The index of preponderance is an index taking into consideration both 

frequency of occurrence and volume of food items. It was constructed by Natarajan 

and Jhingran (1961) and is a desirable tool to study food preference of the fish. The 

Index of preponderance assumes biological significance when examined against 
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the state of digestion of food in stomach and rectum. The study of the feeding habits 

of fish and other animals based upon analysis of stomach content has become a 

standard practice (Hyslop, 1980). There is no single method available, which could 

give sufficient accuracy over the quantitative and qualitative aspects of food, and 

yet be not time consuming and tedious (Qasim, 1972). In an attempt to consolidate 

the desirable properties of individual diet measures, compound indices were 

developed that combine two or more measures into a single index (Zacharia and 

Abdurahiman, 2010). 

 

Feeding intensity is the quantitative index of the bulk of food that a fish would feed 

on. Feeding intensity of fishes can be assessed based on emptiness percentage 

and stomach fullness indices (Shanti Prabha and Manjulatha, 2008). The feeding 

intensity of a fish is related to its stage of maturity, reproductive state and the 

availability of food items in its environment (Maddock and Burton, 1999; Sivakami, 

1996; Kiran and Puttaiah, 2004). Feeding index of the food is calculated based on 

the percentage of feeding intensity. 

 

Gastro somatic index is the percentage of the amount of food present in the gut of 

fish in relation to the total weight of fish. Gastrosomatic index is useful in estimating 

the feeding intensity of fishes (Desai, 1970). According to Venkatramanujam and 

Ramanathan (1994) gastrosomatic index indicates the spawning period in some 

teleostan fishes. They further states that rise and fall of gastrosomatic index and 

relative condition values always show an inverse relationship with the 

gonadosomatic index and percentage of empty stomachs. Thus the knowledge of 

food and feeding habits of fish along with feeding intensity and gastrosomatic index 

will be useful in understanding the biological aspects like condition factor and 

reproductive status of fish which will be useful in the successful management of 

fishery.  

 

7.2     Review of Literature 

The earliest reports available in the survey of literature undertaken for the present 

study date back to 1917 (Blegvad) who studied gobies from Denmark and reported 

that the food of Gobius niger was amphipods, mysids, decapods, crustaceans, 
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polycheates, molluscs, insect larvae, small fishes, algae and that of Gobiusculus 

flavescens was calanoid and harpacticoid copepods, larvae of small crustaceans, 

small polycheates and small mollusks. Hildebrand and Schroeder (1928) studied 

gobies from Chesapeake bay and reported that Gobiosoma bosci fed on 

gammarus, small crustaceans, annelids, small fish and fish eggs while Gobiosoma 

ginsburgi fed on gammarus and small crustaceans. Microgobius gulosus from 

Florida was found to feed on copepods, mysids, amphipods (Reid, 1954). The goby 

Parioglossus taeniatus fed on planktonic copepods (Dotu, 1955a), Gobius 

poecilichthys fed on molluscs and crustaceans (Dotu, 1955b), Zonogobius boreus 

fed on small crustaceans (Shiogaki and Dotsu, 1974), Eutaenichthys gilli from 

Japan estuaries fed on organic detritus (Dotu, 1965), Paleatogobius uchidai fed on 

worms, young fish detritus (Dotu, 1958a), Rhinogobius giurinus from the estuaries 

and fresh water of southwest Japan fed on insects, small fishes, molluscs, 

crustaceans, detritus, fish eggs (Dotu, 1961a),Chaenogobius scrobiculatus from 

Southwest Japan estuaries fed on small crustaceans molluscs, detritus and algae 

and Apocryptodon bleekeri from Ariake Sound Japan fed on mud and diatoms 

(Dotu,1961c). 

 

Randall (1967) reported that Gobiosoma spp from Virgin Islands of Caribbean sea 

fed on gnathid isopods. Gibson (1970) reported that Gobius cobitus from Pallas  fed 

on algae, gammarid amphipods, crabs, isopods, chironomid larvae and adults and 

small fishes. Odum (1970) reported that Lophogobius cyprinoids from north river 

estuary, Florida fed on amphipods, plant detritus, filamentous algae, mysids, 

caridean and penaeid shrimps and Darcy (1978) reported that same species from 

Dade County, Florida fed on algae, crustaceans, molluscs, insects, bryozoans, and 

polycheates.  The smallest goby Aphia minuta from Belt sea Denmark fed on 

harpacticoid copepods, barnacles, mysids, unidentified crustaceans and algae 

(Hesthagen, 1971).  The same species from north western Adriatic sea was found 

to be planktivorous feeding exclusively on pelagic invertebrates like copepods, 

decapods, polycheates and bivalves (La Mesa, 2010). Gibson and Ezzi (1978) 

observed Lesuerigobius friesii fed predominantly polycheates although small 

crustaceans, and mollusc also featured commonly in its diet.  
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The food of Porogobius schlegelii from Elechi creek off Bonny River, Niger delta, 

Nigeria fed on detritus, diatoms and blue green algae (Ockiya, 2001). The violet 

goby Gobioides broussoneti from estuaries of Tecolutla, Veracruz, Mexico fed on 

algae and detritus (Cortes et al., 2004). Black goby Gobius niger from Aegean sea, 

Turkey fed on crustaceans, polycheates, foraminiferons and teleosts (Filiz and 

Togulga, 2009). Frill fin goby Bathygobius soporator from Badgary creek, Lagos 

Nigeria fed on crustaceans, Pisces, insects detritus, bivalves and gastropods 

(Lawson et al., 2011). American fresh water goby Ctenogobius shufeldti from 

Paranagua bay showed that it was a typical omnivorous, generalized benthic 

predator of low trophic levels feeding on 56 dietary items (Contente et al., 2012).  

 

Bhowmick (1963) made a preliminary study of the feeding biology of G giuris from 

Hoogly estuary and found that crustaceans formed the major food of the juveniles 

while the most preferred food of the adults was fish. Kumar and Roy (2009) 

observed that G.guiris showed cannibalism but mainly subsisted on zooplankton, 

aquatic insects and other fishes. Boleophtlamus boddaerti mainly subsists on plant 

biota, feeding exclusively on phytoplankton with a distinct preference for diatoms 

(Biswas, 1979). Ravi (2000) studied B.boddaerti from South east coast and found 

that it fed exclusively on phytoplankton. Gore (2007) found B.boddaerti from 

Mumbai coast fed on phytoplankton of which diatoms formed the principal 

component of the food. Kader et al. (1988a) observed that Gobiopterus rubicundus 

was mainly carnivorous and even cannibalistic at times in its feeding habits. 

Parachaeturichthys polynema from Gulf of Thailand fed on crustaceans and 

shrimps (Yamashita et al., 1991).   

 

Literature review revealed hardly any reports on food and feeding of 

Parachaeturichthys ocellatus from around the world and none for the fish from the 

creeks of Mumbai. The study of food and feeding is of primary importance in any 

study of its biology. The knowledge of food and feeding is essential also for the 

fishery management and conservation in different habitats and its commercial 

exploitation. Thus the present study was carried out to understand the seasonal 

and length wise variation in food, feeding intensity and gastro somatic index of 

P.ocellatus from the creeks of Mumbai.  
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7.3      Materials and methods 

Fish samples for the present study were collected from Malad, Vasai, Thane and 

Mahul creek every fortnight from June 2010 to September 2011. The samples were 

brought to the laboratory in ice-box. Morphological observation of features related 

to food and feeding habit was observed and noted and the fishes were cleaned and 

total length for each fish in millimetres and total weight in milligrams were recorded. 

The fish were then dissected by making an incision from the anus up to the throat 

and following characters were noted: sex, states of maturity and fullness of 

stomach. The alimentary canal was then removed from the body to record its length 

in millimetres and weight in milligrams. The alimentary canal was preserved in 5% 

formaldehyde; the fish too was preserved separately for other studies. 

 

For understanding food and feeding habits following parameters were determined: 

1) Relative gut length 2) Index of preponderance 3) Feeding intensity 4) Gastro 

somatic index. 

 

Relative gut length 

The value of Relative gut length was calculated by the formula: 

 
RGL= Length of the gut ×100 

           Total body length 
 

General diet composition in terms of gut contents 

The gut contents were obtained by dissecting the stomach and microscopic 

examination of the contents was carried out. The food items were sorted out and 

identified up to the species level. The food items which could not be distinguished 

due to state of digestion were grouped as semi digested food. 

 

Index of preponderance (IoP) 

The occurrence method (Hynes 1950) was employed to express the percentage 

occurrence of each food item in the total number of stomachs examined. The 

percentage volume of each food item of major groups was estimated by 

displacement method (Pillay, 1952). The food items were graded by the method of 
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index of preponderance (Natarajan and Jhingran, 1961) which combines both 

frequency of occurrence and volumetric estimation by displacement method. It was 

resolved by the equation 

IoP =    ViOi  x 100 

             ∑ ViOi 

where  

IoP ꞊  Index of preponderance of the food item 

Vi  ꞊ percentage of volume index of the food item 

Oi  ꞊  percentage of occurrence index of the food item. 

The IoP was determined separately for male, female and juvenile P.ocellatus. 

Feeding intensity and feeding index 

The stomach fullness was visually examined and classified as gorged, full, three-

fourth full, half full, one-fourth full, trace and empty depending on the fullness and 

amount of food contained in it. The average feeding intensity was evaluated by 

point’s method. Points were assigned as 10, 8, 6, 4, 2, 1, 0 for gorged, full, three-

fourth, half, one-fourth, trace and empty respectively (Bapat and Bal, 1950). The 

fish was considered active feeder when stomach was gorged, full and ¾ full, 

moderate when half full and poor feeder when ¼ full or with traces of food items. 

Feeding index was determined for all the fishes observed in the sample used for 

the study. The determination was carries out separately during each month for 

male, female and juvenile fish and for different length groups of male and female 

fish. The feeding index was calculated as per the following formula. 

Feeding index =   X ×100 

                       N ×points assigned (10, 8, 6, 4, 2, 1, 0). 

where 

 X= the number of particular type of fullness of stomach 

 N= total number of stomachs examined. 

 

Gastrosomatic index (GaSI)  

GaSI was calculated using the method adopted by Desai (1970):     
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GaSI =       weight of the stomach contents × 100 

                total weight of the fish  

The above analysis were carried out in terms monthly variation in male, female and 

juvenile fishes separately and in terms of length groups for male and female fishes. 

 

7.4     Results 

The feeding behaviour in a fish is a species characteristics formed during its 

evolutionary history (Nikolsky, 1963). The general nature of the fish’s feeding habits 

can be inferred from the knowledge of its functional morphology (Weatherly 1972). 

The nature of food can be surmised by analysis of gut contents and other 

characters. 

 

Morphological features. 

Saxena (1980) had reported that form of mouth, dentition on the jaws and the 

buccopharynx and the gill rakers show a close relation with the mode of feeding 

and kind of food. The following morphological features which are important for 

understanding food and feeding of P.ocellatus were observed in the fish:  

 

Body elongated and cylindrical, dorsoventrally flattened head, protruding eyes for 

vision in dark and crescent shaped wide mouth extending below the eye orbit. A 

protruding lower jaw with many minute barbels for feeding on benthos. There were 

four rows of teeth on lower jaw with larger teeth in outer row and small villiform teeth 

in inner rows, the number of teeth decreased from outer to inner rows. Upper jaw 

too had four rows of teeth, the outer row having larger teeth with the front four teeth 

being the largest.  The size decreased progressively on both the sides. The four 

teeth in the front were also slightly recurved. The inner teeth on the upper jaw were 

smaller in size. Ventral and dorsal pharyngeal tooth plates were observed in both 

jaws. There were four pairs of gill arch which are spaced apart and bear 16-18 

tooth-like gill rakers on each. All the observed characters in terms of the position 

and the form of mouth and the dentition in jaws, all indicate that P.ocellatus is 

carnivorous. 
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Pelvic fins were united to form a sucking device which extended till the vent thus 

enabling the fish to adhere to the substratum in water and thereby maintain their 

position. A large wedge shaped caudal fin would facilitate acceleration in water. All 

these morphological features indicate that P ocellatus seems to be carnivorous 

predatory fish. 

 

Relative gut length 

Relative gut length gives an idea of the nature of food. The range and average of 

relative gut length of P.ocellatus is as presented below: 

 

Male = 0.51 - 0.85 with an average of 0.68 

Female = 0.55 - 0.88 with an average of 0.70 

Juvenile = 0.78 - 0.84 with an average of 0.79 

Fig 7.7 presents the RGL value of male female and juvenile P.ocellatus in different 

months. 

 

General diet composition                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Average percentage of various food items in the P. ocellatus male, female and 

juvenile are presented in Table no. 7.1 and figures 7.1 a, b, c .The various food 

items recorded from the gut of P.ocellatus consisted of the following major groups: 

 

Crustaceans formed the major bulk of the food with an average IoP value of 

40.71% in male, 38.64% in female and 38.28% in juvenile. The food included zoea 

larvae of crab, zoea and megalopa of paenid and metapaenid  prawns, mysis, 

acetes, lucifer, crustacean appendages, crustacean eggs and other whole and 

remanants of arthropods were also obtained from the gut namely amphipod e.g. 

caprellids, copepods e.g. acartia, paracalanus, eucalanus and cladocerans e.g. 

daphnia.   

 

Molluscans obtained in the food of P.ocellatus consisted of velliger of bivalve, 

clams, young ones of gastropods e.g Nassarius spp and Thiara spps, young ones 

of bivalves. Of the general diet, molluscans formed about 12.80% of the entire gut 

contents in male, 12.64% in female and 3.37% in juvenile P.ocellatus. 
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The general diet composition also include various adult and juvenile fishes e.g 

Glossogobius guiris, Boleophthalmus dussumeiri, fish larvae, fish eggs, scales, fins 

etc. Of the entire gut contents, fishes consisted of 9.44%, 11.66% and 6.10% in 

male, female and juvenile respectively.  

 

Of the general diet composition phytoplanktons observed in the gut contents of 

P.ocellatus consisted of Phylum Cyanophyta e.g Oscillatoria, Phylum Chlorophyta 

which included Spirogyra, Zygnema, Cladophora, Ulothrix and Phylum 

Bacillariophyta (Diatoms) which consisted of Melosira, Pleurosigma, Synedra, 

Nitzchia, Naviculla, and Pseudonitzchia. Of the entire gut content phytoplanktons 

formed 4.07% in males, 5.87% in females and 13.16% in juveniles. 

 

The general diet of P.ocellatus also consisted of miscellaneous food e.g nymphs 

of May fly, Hymenoptera larvae, Trichoptera larvae, polycheates worms e.g. nereis 

and glycera spp, Sagitta spp, rotiferons, dinoflagellates e.g. noctiluca, medusae,  

and foraminiferans . Of the entire gut content miscellaneous food formed 2.89% in 

males, 5.16% in females and 3.01% in juveniles. 

 

Semi digested food in the gut content consisted of fishes, prawns, fish larvae in 

digested and semi digested state which could not be identified. Of the entire gut 

content semi digested food formed 10.59% in males, 8.24% in females and 11.96% 

in juveniles. 

 

The gut contents also revealed presence of detritus, mud and sand. Detritus 

consisted of organic matter comprising of 9.69%, 8.87% and 12.44% in gut contents 

of male, female and juvenile respectively. Mud constituted 6.73%, 5.91% and 

9.09% in male female and juvenile respectively while sand were 3.08%, 3.02% and 

2.17% in male, female and juvenile respectively. 

Monthly variation in food composition 

Month wise index of preponderance of various food items in the guts of P.ocellatus 

is presented as follows: Males- Table no. 7.2a and Figure 7.2a Females Table no. 

7.2b and Figure 7.2b and Juveniles Table no.7.2c and Figure 7.2c. 
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Crustaceans: Gut contents revealed that crustaceans formed the major bulk of 

food of males, females and juveniles in all seasons. The maximum IoP values 

recorded were 52.41 and 48.52 for males and females respectively in August 2011 

where as in juveniles IoP was maximum at 45.84 in February 2011. The minimum 

values recorded were 31.07 and 28.04 in June 2010 and April 2011 in males and 

females respectively while in juveniles the minimum value of 32.42 was observed  

in October 2010. 

 

Molluscs: Molluscs were the second most preferred food of males and females in 

all seasons while in juveniles it was third most preferred food. The maximum IoP   

values of mollusc were 26.73 and 18.82 in male and female respectively in 

September 2011 while in juveniles it was 8.12 in August 2011. The molluscs were 

minimum of values 1.23 and 4.09 in males and females respectively in May 2011 

while in juveniles the minimum value was 1.07 in September 2010. 

 

Pisces: Pisces was the third most preferred food of male and female P.ocellatus 

during monsoon months from June to September and the post monsoon months 

from October to January. However pisces formed the second most preferred food 

during the pre monsoon months from February to May. The maximum IoP of Pisces 

in the food composition were found to be  16.87 in male fish during June 2011; 

26.63 in female fish during May 2011 and 9.06 in February 2011 in the juvenile fish. 

The minimum values were 5.05, 6.75 and 2.69 in male, female and juvenile fish; 

the minimum value was obtained in male in September 2011 whereas in female 

and juvenile the minimum values were obtained in the month of September 2010. 

Phytoplankton: Phytoplankton was observed in the guts of male, female and 

juvenile in monsoon and post monsoon period. However the contribution of 

planktons to the diet composition surmised from the gut content was very little 

during pre monsoon months in male and female P.ocellatus. On the contrary 

phytoplankton contributed a considerable to the diet of juveniles almost throughout 

the period of study. It was very less in males and females in pre monsoon months. 

Juvenile gut recorded phytoplankton even in post monsoon months showing a 

preference for phytoplankton. 
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Micellaneous food items: Miscellaneous food items like insects, annelids, 

cheatognaths, rotiferans dinoflagellates and cnidarians were recorded as per their 

availability in the creeks. The maximum IoP of male, female and juvenile was 7.03, 

9.04 and 5.16 in Septerber 2011, March 2011 and May 2011 respectively. The 

minimum IoP for male was 0.25 in May 2011, female was 2.00 in October 2010 and 

juvenile was 0.7 in September 2011. 

  

Semi digested: Semi digested food was recorded from the guts of male, female 

and juvenile P.ocellatus in all seasons. The maximum IoP value was 19.74, 12.53 

in May 2011 in both male and female while in juvenile it was 15.03 in July 2010. 

The minimum IoP values recorded were 4.99 and 3.35 in September2011 in both 

male and female fish while the value in juvenile was 8.45 in February 2011.   

 

Detritus: Detritus was found to be present in gut contents of male, female and 

juvenile P.ocellatus in all seasons. The maximum IoP values recorded were 14.78 

in July 2011 in males, 12.72 in December 2010 in female and 17.47 in juvenile fish 

during June 2010. The minimum values recorded were 5.65 in January 2011 in 

males, 4.81 in September 2011 and 10.22 in juveniles during June 2011.  

 

Mud and Sand: Mud and Sand occurred in the gut contents of male female and 

juveniles throughout the period of study. 

 

Thus P.ocellatus was found to forage on a variety of food items in different seasons. 

 

Length wise variation in food items: 

The values of index of preponderance of various food items in the gut contents of 

male and female P.ocellatus in different length groups are presented in Table no. 

7.3a and 7.3b and Figure 7.3a and 7.3b. 

 

Crustaceans: In male and female P.ocellatus crustaceans were the dominant food 

in all length groups. In males the maximum IoP value of 63.33 was recorded in 

length group of 166-175mm and minimum IoP value of 36.78 was obtained in the 

length group 66-75mm. In females crustaceans recorded the maximum IoP value 
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of 48.9 in the length group of 136-145mm and the minimum IoP value of 21.14 in 

the length group of 66-75mm.   

  

Mollusc: Molluscs were the second most preferred food of the male in all length 

groups with the maximum IoP at 22.28 in the length group of 156-165mm and the 

minimum IoP value of 8.37 in the length group 136-145mm. In females, molluscs 

were the second preferred food in the entire range of length group from 66-125mm 

while in females of length range from 126-155mm, molluscs formed the third most 

preferred food. The IoP was maximum at 20.66 in the length group 76-85mm where 

as minimum at 5.00 was obtained in length group 146-155mm.  

 

Pisces: Pisces consisting of adult fishes, fish larvae, fish scales, and eggs were 

recorded from the gut contents of male and female P.ocellatus in all the length 

groups with the maximum IoP values in larger length group male and female. In 

males the maximum IoP value of 12.5 was obtained in the largest length group of 

176-185 mm while the minimum IoP of 3.93 was observed in the lowest length 

group of 66-75mm. In females Pisces formed the second most preferred food in the 

length group of 126-155mm. The  maximum IoP value at 23.57 was obtained in the 

length group of 146-155mm and minimum IoP at 2.52 was obtained in length group 

of 76-85mm.  

 

Phytoplankton: Though the phytoplankton forms on a average 4.07% of the gut 

contents; in P.ocellatus males ranging in the length group of 146-175mm 

phytoplankton were absent. Maximum IoP at 12.19 was obtained in the length 

group of 106-115mm in male and the minimum value at 0.25 was obtained in longer 

length group of 136-145mm. In female P.ocellatus also phytoplankton was absent 

in the gut contents in the range of the fish belonging to length range of 136-155mm. 

The maximum IoP of 17.39 was observed in length group of 66-75mm and minimum 

IoP at 4.38 in the length range of 126-135mm 

 

Miscellaneous food: Miscellaneous food items were remarkably absent in male 

P.ocellatus in higher length group ranging from 166-185mm. The maximum IoP at 

4.67 was obtained in length group of 66-75mm and minimum at 1.57 in length group 

of 136-145mm. In females also miscellaneous food items were absent in the gut 
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contents of largest length group of 146-155mm with maximum IoP at 10.14 in length 

group 66-75mm and minimum value of IoP at 1.57 in length group of 136-145mm. 

 

Semi digested: In male P.ocellatus semi digested food was observed in the gut 

contents in males except in length group of 166-175mm. The maximum IoP was 

obtained at 13.01 in length group of 136-145mm with minimum value of 6.27 in 

length group of 116-125mm. In female fish semi digested food was obtained in all 

length groups and maximum IoP at 14.29 in the length group 146-155mm and 

minimum IoP at 5.77 in the length group of 106-115mm.  

 

Detritus: Detritus was recorded in the gut content of male and female P.ocellatus 

in all the length groups. The maximum IoP recorded in the male fish was at 12.62 

in length group of 136-145mm with the minimum IoP at 6.25 in the length group of 

116-125mm. In female the maximum IoP 17.85 was recorded in length group of 

146-155mm and minimum at 5.6 in length group of 106-115mm 

 

Mud and Sand: Mud and sand were found to be absent in male and female 

P.ocellatus in the largest length groups.  In males the IoP of mud was maximum at 

8.96 and minimum at 4.17 in length groups of 126-135mm and 156-165 mm 

respectively while the IoP value of sand was the maximum at 4.21 in the length 

group of 76-85mm and the minimum at 0.75 in length group of 156-165mm. In 

females the maximum IoP of mud was at 9.83 in length group of 76-85mm and  

minimum IoP at 4.23 in the length group of 116-125mm while the maximum IoP for 

sand was 7.58 in the length group of 126-135mm and minimum at 2.12 in the length 

group of 76-85mm.  

Thus length wise variation in gut contents indicated that males and females of lower 

length groups tend to fed on variety of food items dominated by crustaceans while 

males and females of higher length groups showed preference for larger food items 

though crustaceans were the dominant and the preferred food.  

Monthly variation in feeding index 

Percentage variations in feeding index in different months for male, female and 

juvenile P.ocellatus are presented in tabular and graphical form in Table.no.7.4a, 

7.4b and 7.4c. and Fig.7.4a, 7.4b and 7.4c 
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The males are observed to be active feeders as reflected by feeding intensity in 

June 2010, January, February, May  and June 2011 where as the feeding activity 

was moderate in  September and December 2010, January, March, April, July, 

August  and September 2011 and the feeding intensity was poor in July, August, 

October  and November 2010. 

 

The data reveals that females fed actively in September 2010, May, June  and 

September 2011 whereas the feeding intensity appears moderate in June, July, 

August 2010, January, February, April  and July 2011 and females appear poor 

feeders in October, November, December 2010, March and August 2011. 

  

The juveniles were found to be poor feeders throughout the year with moderate 

feeding activity in June, August 2010, and September 2011. 

 

Empty guts were observed in all months in male, female and juveniles barring June 

2010, July 2010 and October 2010 in male ; October 2010 in female  and June 2011 

and July 2011 in  juveniles.  

 

Length wise variation in feeding index 

Percentage variation in feeding index of male and female P.ocellatus in different 

length group based on degree of fullness is presented in Table No.7.5a and 7.5b 

and in Figure No. 7.5a and 7.5b.  

 

The males in the length group of 106-115mm, 116-125mm and 126-135mm, 146-

155mm, 156-165mm and 166-175mm were actively fed while those in length group 

of 96-105mm, 136-145mm and 176-185mm were found to be moderately fed where 

as the length group 66-75mm, 76-85mm and 86-95mm were found to be poorly fed.  

 

The females in the length group 96-105mm, 106-115mm and116-125mm were 

observed to be actively fed and length group of 126-135mm, 136-145mm and 146-

155mm were found to moderately fed while the fishes in length group 66-75mm, 
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76-85mm, 86-95mm were found to be poorly fed. The feeding intensity was thus 

observed to vary depending upon the size of fish and season. 

  

Gastro somatic index (GaSI) 

The gastro somatic index of male, female and juvenile P.ocellatus in different 

months is presented in Figure 7.6. In males Ga.S.I was found to be lowest in 

November 2010 (2.04) and highest in June 2011 (4.77). In females Ga.S.I was 

found to be lowest in March 2011 (1.71) and highest in June 2011(3.32). In juvenile 

the difference in value of Ga.S.I was comparatively less with values of 2.12 in May 

2011 and 2.99 in September 2011. 

 

Length wise Ga.S.I in male and female P.ocellatus in Fig 7.7. In males Ga.S.I was 

minimum in length group 176-185mm with a value of 2.01 and maximum of 3.62 in 

length group 126-135mm. In females Ga.S.I was minimum in length group 146-

155mm with a value of 1.91 and maximum with a value of 3.23 in length group 116-

125mm. 

 

Table no. 7.1: Average Index of Preponderance of various food items in the gut of 

P.ocellatus. 

 

Sr.no 
Food items 

Index value 

Male Female Juvenile 

1 
Crustaceans 

 
40.71 38.64 38.28 

 

2 

Mollusca 

 
12.80 12.64 3.37 

 

3 

Pisces 

 
9.44 11.66 6.10 

 

4 

Miscellaneous 

 
2.89 5.16 3.01 

 

5 

Phytoplanktons 

 
4.07 5.87 13.16 

 

6 

Semidigested 

 
10.59 8.24 11.96 

 

7 

Detritus 

 
9.69 8.87 12.87 

 

8 

Mud 

 
6.73 5.91 9.09 

        9 
Sand 

 
3.08 3.01 2.17 
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Table no.7.2 a: Index of preponderance of various food items in the guts of male 

P.ocellatus duringS different months. 
 

 

 

Table no. 7.2 b: Index of preponderance of various food items in the guts of female 

P.ocellatus during different months.  

 
 

 

Table no. 7.2c: Index of preponderance of various food items in the guts of juvenile 

P.ocellatus during different months.  

 



 
 

130 
 

Table no.7.3a: Index of preponderance of various food items in the guts of male 

P.ocellatus in different length groups. 

Table no.7.3b: Index of preponderance of various food items in the guts of female 

P.ocellatus in different length groups. 

 

 

Table no.7.4a:  Feeding index in P.ocellatus, male during different months 

Months 

No. 

of 

fish 

Poor feeding 
Moderate 

feeding 
Active feeding 

  
Empty 

(%) 

Traces 

(%) 

1\4 

(%) 
1\2 (%) 

3\4 

(%) 

Full 

(%) 

Gorged 

(%) 

Jun-10 40 4.62 2.22 15.01 26.99 4.17 37.90 9.09 

Jul-10 36 2.76 15.74 26.93 36.91 17.68 0.00 0.00 

Aug-10 40 0.00 2.38 40.10 35.89 15.68 5.95 0.00 

Sep-10 23 0.00 1.25 36.44 42.35 19.96 0.00 0.00 

Oct-10 80 0.34 5.44 57.13 37.08 0.00 0.00 0.00 

Nov-10 39 0.00 8.02 56.16 30.27 5.55 0.00 0.00 

Dec-10 70 0.00 2.57 42.71 49.93 4.80 0.00 0.00 

Jan-11 50 0.00 0.00 24.00 40.41 25.04 6.54 4.00 

Feb-11 34 0.00 0.00 10.92 36.22 44.14 8.72 0.00 
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Mar-11 35 0.00 0.00 18.55 51.37 30.08 0.00 0.00 

Apr-11 17 0.00 0.00 24.76 52.50 13.81 8.93 0.00 

May-11 8 0.00 0.00 10.00 31.67 33.33 25.00 0.00 

Jun-11 17 0.00 0.00 17.16 8.82 55.58 9.62 8.82 

Jul-11 90 0.00 0.00 44.93 50.56 4.51 0.00 0.00 

Aug-11 81 0.00 0.65 30.99 55.53 12.84 0.00 0.00 

Sep-11 25 0.00 0.00 19.68 47.02 16.03 17.26 0.00 

Table no.7.4b:  Feeding index in P.ocellatus, female during different months. 

Months 

No. 

of 

fish 

Poor feeding 
Moderate 

feeding 
Active feeding 

  
Empty 

(%) 

Traces 

(%) 

1\4 

(%) 
1\2 (%) 

3\4 

(%) 

Full 

(%) 

Gorged 

(%) 

Jun-10 24 0.00 7.48 24.36 37.50 19.09 11.58 0.00 

Jul-10 17 0.00 0.00 49.17 50.83 0.00 0.00 0.00 

Aug-10 33 0.00 4.25 31.00 49.87 14.89 0.00 0.00 

Sep-10 25 0.00 0.00 3.13 41.71 55.17 0.00 0.00 

Oct-10 49 0.93 16.18 49.35 33.54 0.00 0.00 0.00 

Nov-10 22 0.00 8.12 43.18 48.71 0.00 0.00 0.00 

Dec-10 52 0.00 9.35 49.03 41.62 0.00 0.00 0.00 

Jan-11 26 0.00 3.67 34.51 44.05 17.78 0.00 0.00 

Feb-11 26 0.00 0.00 8.40 57.10 34.50 0.00 0.00 

Mar-11 34 0.00 21.33 18.92 35.95 23.9 0.00 0.00 

Apr-11 24 0.00 2.27 23.81 30.33 43.59 0.00 0.00 

May-11 9 0.00 0.00 0.00 32.17 67.83 0.00 0.00 

Jun-11 24 0.00 1.43 28.10 40.48 22.86 7.14 0.00 

Jul-11 50 0.00 2.21 26.20 51.88 19.72 0.00 0.00 

Aug-11 54 0.00 8.89 31.55 31.36 24.53 3.68 0.00 

Sep-11 20 0.00 2.78 31.07 29.78 36.38 0.00 0.00 
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Table no. 7.4c:  Feeding index P.ocellatus, juvenile, during different months 

Months 

No. 

of 

fish 

Poor feeding 
Moderate 

feeding 
Active feeding 

  
Empty 

(%) 

Traces 

(%) 

1\4 

(%) 
1\2 (%) 3\4 (%) Full (%) 

Gorged 

(%) 

Jun-10 

 

20 0.00 1.92 30.39 34.05 33.64 0.00 0.00 

Jul-10 

 

27 0.00 26.24 31.76 42.00 0.00 0.00 0.00 

Aug-10 

 

21 0.00 2.94 43.82 53.24 0.00 0.00 0.00 

Sep-10 

 

30 0.00 6.34 41.79 24.09 27.78 0.00 0.00 

Oct-10 

 

37 0.00 36.50 47.40 16.09 0.00 0.00 0.00 

Nov-10 

 

26 0.00 58.04 35.71 6.25 0.00 0.00 0.00 

Dec-10 

 

25 0.00 9.36 71.16 19.49 0.00 0.00 0.00 

Jan-11 

 

25 0.00 21.65 46.58 23.44 8.33 0.00 0.00 

Feb-11 

 

7 0.00 27.78 52.22 20.00 0.00 0.00 0.00 

May-11 

 

9 0.00 58.33 33.34 8.33 0.00 0.00 0.00 

Jun-11 

 

21 2.27 10.10 54.43 33.20 0.00 0.00 0.00 

Jul-11 

 

31 2.27 16.02 26.35 51.79 3.57 0.00 0.00 

Aug-11 

 

35 0.00 9.26 33.15 52.60 5.00 0.00 0.00 

Sep-11 

 

24 0.00 4.01 37.98 44.08 13.94 0.00 0.00 
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Table no.7.5a: Feeding index in male P.ocellatus, in different length groups. 

Length 

group in 

mm 

No. 

of 

fish 

Poor feeding 
Moderate 

feeding 
Active feeding 

Emp

ty 

(%) 

Traces 

(%) 

1\4 

(%) 
1\2 (%) 3\4 (%) Full (%) 

Gorged 

(%) 

66-75 47 1.19 5.14 52.47 41.2 0 0 0 

76-85 72 0 1.25 50.25 42.35 6.15 0 0 

86-95 138 0 1.28 46.27 47.11 5.34 0 0 

96-105 201 0.07 1.66 45.67 43.32 6.75 2.53 0 

106-115 92 0 0 17.63 57.28 21.68 2.02 1.39 

116-125 71 0 0 15.29 38.39 38.99 3.33 4 

126-135 27 0 0 14.68 33.98 30.51 8.93 11.9 

136-145 13 0 0 13.33 47.92 31.17 7.58 0 

146-155 15 0 0 30 20 22.22 27.78 0 

156-165 7 0 0 30.15 31.7 38.15 0 0 

166-175 1 0 0 0 0 100 0 0 

175-185 1 0 0 0 100 0 0 0 

 

Table no.7.5b:  Feeding index in P.ocellatus, female in different length groups. 

Length 

group in 

mm 

No. 

of 

fish 

Poor feeding Moderate 

feeding 

Active feeding 

  Empty 

(%) 

Traces 

(%) 

1\4 (%) 1\2 (%) 3\4 (%) Full (%) Gorged 

(%) 66-75 21 0 13.67 72.04 14.29 0 0 0 

76-85 42 0 7.07 51.94 36.23 4.76 0 0 

86-95 81 0 1.28 51.17 34.06 13.49 0 0 

96-105 140 3.42 1.3 15.64 37.2 35.65 6.79 0 

106-115 97 2.16 0.2 9.87 40.81 32.28 12.26 2.42 

116-125 51 0 0 7.47 24.18 40.52 21.24 6.59 

126-135 34 0 0 0 62.3 23.34 0 0 

136-145 15 0 0 0 63.59 17.85 0 0 

146-155 8 0 0 0 60.81 14.44 0 0 
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Table no.7.6 a: Gastro somatic index in P.ocellatus male, female and juvenile during 

different months. 

Months Male Female Juvenile 

Jun-10 3.66 3.12 2.43 

Jul-10 2.44 2.47 2.64 

Aug-10 2.65 2.44 2.74 

Sep-10 2.83 3.24 2.85 

Oct-10 2.15 2.01 2.15 

Nov-10 2.04 1.92 2.19 

Dec-10 2.35 2.49 2.29 

Jan-11 2.83 2.79 2.48 

Feb-11 3.45 2.89 0 

Mar-11 2.55 1.71 0 

Apr-11 2.43 1.82 2.18 

May-11 3.13 2.95 2.12 

Jun-11 4.77 3.32 2.27 

Jul-11 2.15 2.55 2.91 

Aug-11 2.23 2.47 2.94 

Sep-11 2.43 2.78 2.99 

 

Table no.7.6 b:  Gastro somatic index in P.ocellatus male, female and juvenile in 

different length groups. 

Length group (mm) Male Female 

66-75 2.15 2.26 

76-85 2.62 2.51 

86-95 2.79 2.63 

96-105 2.93 2.95 

106-115 3.11 3.02 

116-125 3.32 3.23 

126-135 3.62 2.31 

136-145 3.15 2.24 

146-155 2.32 1.91 

156-165 2.23 - 

166-175 2.11 - 

176-185 2.01  
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Table no. 7.7: Monthly variation in general diet composition of P.ocellatus male, female and 

juvenile  

 

 

 Table no. 7.8: Length wise variation in general diet composition of P.ocellatus 
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Fig 7.1a: Diet of male P.ocellatus, composition of food item in the gut. 

 

Fig 7.1b: Diet of female P.ocellatus, composition of food item in the gut. 

 

Fig 7.1c: Diet of juvenile P.ocellatus, composition of food item in the gut. 
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Fig 7.2a: Index of preponderance of various food items in the gut of male P.ocellatus  

during different months. 

 

 

Fig 7.2b: Index of preponderance of various food items in the gut of female P.ocellatus 

during different months. 
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Fig 7.2c:  Index of preponderance of various food items in the gut of juvenile P.ocellatus 

during different months. 
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Fig 7.3a: Index of preponderance of various food items in the guts of male P.ocellatus  in  

different length groups. 

 

 

Fig 7.3b: Index of preponderance of various food items in the guts of female P.ocellatus  

in different length groups. 
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Fig 7.4a: Feeding index of male P.ocellatus during different months. 

 

 

Fig 7.4b: Feeding index of female P.ocellatus during different months. 
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Fig 7.4c: Feeding index of juvenile P.ocellatus during different months. 
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Fig 7.5a: Feeding index of male P.ocellatus in different length groups. 

 

 

Fig 7.5b: Feeding index of female P.ocellatus in different length groups. 
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Fig 7.6: Gastrosomatic index of male, female and juvenile P.ocellatus in different 

months. 

 

 

Fig 7.7: Gastrosomatic index in male and female P.ocellatus  of  different length groups. 
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Fig 7.8a: Feeding intensity of P.ocellatus  male during different months 

 

 

Fig 7.8b: Feeding index of P.ocellatus  female during different months. 
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Fig 7.8c: Feeding index of  P.ocellatus  juvenile during different months. 
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Fig 7.9a: Feeding index of P.ocellatus  male in different length groups. 

 

 

 

Fig 7.9b: Feeding index of P.ocellatus  female  in different length groups. 
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passing prey by the fishes. The characters of P.ocellatus mentioned above are in 

agreement with Moyle and Cech (1982). 

 

P.ocellatus has a protruding lower jaw probably helping in benthic feeding. It has 

been reported by Alexander (1967) and Osse (1985) that the ability to protrude the 

jaw confers an advantage in specific circumstances such as obtaining benthic prey 

or food from otherwise inaccessible places. In P.ocellatus lower jaw is provided with 

minute barbels which may also help in benthic feeding. Barbels are sensory 

structures which carry tactile and chemical receptors and are used to locate prey. 

In P.ocellatus pharyngeal teeth are present in both dorsal and ventral jaw and the 

fish seems to be well adapted for mastication of food. Gasoline (1996) had opined 

that pharyngeal teeth are adapted to perform mastication. 

 

Abuzinadah (1995) noticed that carnivorous fishes are characterized with few and 

limited number of gill rakers. Sebastian (2011) studied the gill rakers in 

Colletteichthys dussumieri which that they are short stubby and spaced apart, 

characteristics which according to him seems to prevent the escape of prey from 

the mouth of fish. The gill rakers in P.ocellatus too are short, stubby and spaced 

apart to prevent escape of prey as suggested by Sebastian (loc.cit.). 

 

The stomach in P.ocellatus was observed to be highly muscular which is believed 

to be characteristic for carnivorous feeding as reported by Sebastian (loc.cit). The 

intestine in P.ocellatus was short and relatively straight. Carnivorous fishes 

normally have short and more or less straight intestine because the meat gets 

digested more easily (Pandey and Shukla, 2005; Serajuddin and Ali, 2005). 

P.ocellatus was observed to have a relatively short intestine with RGL having a 

range of 0.51-0.88 in adults and 0.78-0.84 in juveniles. Thus RGL which is less than 

1 indicates that P.ocellatus is a carnivorous fish. It is generally accepted that RGL<1 

indicates carnivorous diet, 1<RGL<3 indicates omnivorous diet and RGL>3 

indicates herbivorous diet (Ward-Campbell et al 2005). Thus the morphological 

characters of P. ocellatus like shape of the body, shape of mouth, dentition, 

occurrence of pharyngeal teeth, muscular stomach, short and straight intestine, all 

the characters together confirm the carnivorous nature of the fish. 
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Most species of gobiidae are carnivorous (Coad, 2006). There are numerous 

studies reporting that most members of family gobiidae feed on benthic organisms 

such as molluscs, crustaceans and worms etc. (Simonoviv et al., 2001, Fitzsimous 

et al., 2006, Lederer et al., 2006). Geevarghese (1976) observed that Glossogobius 

guiris from Lake Veli in Kerala was carnivorous and fed on fishes and crustaceans 

whereas Marquez (1960) found G guiris from Phillippines to be predominantly 

herbivorous. On the contrary Tandon (1962) found G.guiris from Varanasi (India) to 

be carnivorous feeding on fishes and insects. Many species of gobiids in the 

mudflats of coastal Mumbai like Beleophthalmus dentatus, B. boddaerti , B 

dussumieri were found to forage on phytoplanktons (Shettu,1993; Gore, 2007; 

Rathod and Patil, 2009). The adult P.ocellatus was found to feed on crustaceans, 

molluscs, fishes, miscellaneous groups of organisms and phytoplanktons. Thus 

P.ocellatus can be said to be predominantly carnivorous, though phytoplankton was 

comparatively predominant in gut contents of juveniles. 

 

 Based on the extent of variation in the selection of food, Nikolsky (1963) classified 

fishes as (a) euryphagic: feeding on a variety of food (b) stenophagic: feeding on 

few selected types of food and (c) monophagic: feeding only on a single type of 

food. P.ocellatus has a wide variety of organism mainly animals in the gut content 

and it can be presumed that  the fish is a euryphagus feeder as it feeds on wide 

variety of food like crustaceans, copepods, smaller invertebrates, molluscs, fishes 

and small quantity of algae and diatoms. The semi digested food containing fish 

larvae, mollusc, prawns etc were found in large quantity often in a state in which it 

was difficult to identify. Barring a few months, the guts were found to be empty in 

male, female and juvenile P.ocellatus. According to Lawson and Ajibola (2010) the 

occurrence of empty guts is a characteristic feature of predatory fishes which is 

associated with rapid rate of digestion. The empty guts of P.ocellatus thus seem to 

indicate predatory mode of feeding in P.ocellatus. The presence of detritus, mud 

and sand in the gut contents of male, female and juvenile P.ocellatus collectively 

indicate benthic feeding.  

 

The material food of fishes was classified by Schaperclaus (1933) into 3 groups’ i.e. 

main food, occasional food and emergency food. Nikolsky (1963) classified the food 

of fishes based on feeding habits into 4 group’s i.e. basic food, secondary food, 
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incidental food and obligatory food. The most preferred food of P.ocellatus 

throughout the year was crustaceans. Mollusc ranked second followed by Pisces 

and detritus. Phytoplankton was also recorded from the guts of male, female and 

juveniles but juveniles were found to prefer phytoplanktons in contrast to adults. 

Miscellanous food items like insects, rotiferans, foraminiferans, cnidarians, 

medusae, annelids and chaetognaths were often found in the gut contents of 

P.ocellatus though in smaller proportions. Detritus was found in the gut contents of 

male, female and juvenile P.ocellatus in considerable amount. Thus it can be 

concluded that in adult P.ocellatus, crustaceans formed the basic food while 

mollusc and Pisces formed the secondary food. Detritus formed the obligatory 

content and phytoplankton and miscellaneous food items were incidental food. On 

the contrary in juveniles crustaceans molluscs formed basic food while Pisces and 

phytoplankton formed secondary food, detritus obligatory and miscellaneous were 

incidental food. Seasonal variations are observed in gut contents of P.ocellatus 

especially in the different types of crustaceans in the diet depending on their 

availability, though crustaceans formed predominant food in P.ocellatus. 

 

 The juveniles of P.ocellatus were found to feed on smaller crustaceans, 

phytoplanktons, copepods, crustacean eggs and fish eggs. The smaller 

crustaceans like mysis, shrimps and lucifer formed the most favoured food for 

juveniles whereas the second preferred food for the juvenile P.ocellatus was 

phytoplankton dominated by bacillariophyta. Detritus, mud and sand were also 

found in the gut of juvenile P.ocellatus. The quantity of detritus was higher in gut 

content of juveniles in the month of May probably due to scarcity of food.  

 

Kader et al (1988a) concluded on the basis of the analysis of the stomach contents 

of Gobioides rubicundus that it was mainly carnivorous and even cannibalistic at 

times in its feeding habits. Rao and Rao (2002) reported that in Glossogobius guiris 

from Gosthani estuary cannibalism was noticed during peak spawning season due 

to abundant availability of fry of its own species. In P.ocellatus though cannibalism 

could be observed its occurrence was not regular in the general diet. 

 

The food and feeding intensity of the fishes vary from month to month due to the 

changes in the composition of food occurring at different seasons of the year 
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(Bhuiyan et al., 1997, 1998, 1999). In the gut contents thus crustaceans consisted 

of crab larvae, prawn larvae and at times large paenid prawns. P.ocellatus was also 

found to feed on mysis, acetes, lucifer, eggs and appendages of crustaceans. The 

second most prefered food in P.ocellatus consists of Mollusc e.g bivalves, 

gastropods, velliger, clams and slug. Pisces were the next preferred food of 

P.ocellatus with its IoP exhibiting a sharp increase in pre monsoon months from 

February to May. The fish was found to swallow large preys like fish, fish larvae and 

prawns. The fish was found to exhibit cannibalism since the gut contents also 

revealed presence of adult P.ocellatus ingested as food.  P.ocellatus can thus be 

said to be hyperphagic and cannibalistic. 

 

 The P.ocellatus was found to show seasonal variation in food. The intake of variety 

of food depends on the availability and the preference of the fish to feed on a 

particular type of food. The ultimate objective of dietary changes is to maximize the 

energy intake, enhance growth rate and minimize the risk of predation in competing 

for food with bigger predators (Bradstreet and Brown 1985).  The P.ocellatus was 

found to forage on a variety of food items in different season. However, there seems 

to be definite niche segregation between adults and juveniles in terms of preferred 

food especially related to the seasons during the period of study. 

In terms of feeding intensity, the fish can be categorised as active feeders, 

moderate feeders and poor feeders. Data on feeding intensity revealed male 

P.ocellatus to be actively fed than females. The percentage of emptiness and 

stomach fullness indices are very important to assess feeding intensity (Shanti 

Prabha and Manjunalatha, 2008). Feeding intensity is negatively related to the 

percentage of empty stomachs (Bowman and Bowman, 1980). 

 

The males exhibited high feeding intensity in June, February 2010, May and June 

2011 Females were actively fed in September 2010, May, June and September 

2011. The high feeding in males occurred during peak spawning and also after 

immediately spawning while in female high feeding intensity was observed after 

spawning probably to recover the spent stage. Moderate feeding was observed in 

males in September, December 2010, January, March, April, July, August and 

September 2011 while in female it was from June- August 2010, January, February, 

April and June 2011. Poor feeding was observed in July, August, October and 
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November 2010 in males and October, November, December 2010, March and 

August 2011 in females. The poor feeding of November 2010 in male and 

November  December 2010 in female coincides with the resting period in 

P.ocellatus. The juvenile were moderate feeders in June, August 2010, and 

September 2011 and poor feeders in all other months of study. 

 

The feeding intensity of a fish is related to its stage of maturity, reproductive state 

and availability of food items in its environment (Maddock and Burton, 1999; 

Sivakami,1996; Kiran and Puttaiah, 2004). The occurrence of poor feeding coincide 

with peak breeding in other fishes has been reported by Desai (1970), Khan et al. 

(1988), Rao and Rao (1991), Piska et al. (1991), Serajuddin et al. (1998), Bhuiyan 

et al. (2006).  

 

The length wise analysis of adult P.ocellatus revealed greater proportion of larger 

sized food in their diet consisting of large prawns, molluscs and fishes in higher 

length groups. The smaller invertebrates, phytoplankton except diatoms and 

detritus were found to be considerably low in higher length group organisms. 

Detritus occurred in all length groups in male and female whereas the mud and 

sand were absent in the largest length group of male and female. This pattern of 

change in the diet of P.ocellatus adults may probably help to reduce intra specific 

competition among the fish and offer vast spectrum of the food. The length wise 

analysis of gut content revealed not only a change in pattern of diet but also 

characteristics pattern of feeding intensity.  

 

The data on length wise feeding intensity reveals active feeding in P.ocellatus in 

the length group of 106-115mm, 116-125mm and 126-135mm, 146-155mm, 156-

165mm and 166-175mm in males and 96-105mm, 106-115mm and116-125mm in 

females. Moderate feeding intensity was observed in males of length 96-105mm, 

136-145mm and 176-185mm and 126-135mm, 136-145mm and 146-155mm in 

females while poor feeding was observed in length group of 66-75mm, 76-85mm 

and 86-95mm in male and 66-75mm, 76-85mm, 86-95mm in females. The poor 

feeding observed in fishes of smaller length group may be due to the fact that the 

developing individuals of lower length groups fed on smaller crustaceans and 

planktons while the maturing adults fed on larger crustaceans and fishes. 
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The gastro somatic index in male and female was found to be highest during June 

2010 and 2011 which agrees well with the feeding intensity. Length wise gastro 

somatic index revealed higher value in length group 116-125mm in both male and 

female. Gastro somatic index was found to decrease in the larger individuals as can 

be seen from Figure 7.6b. Minimum GSI was observed in the largest length group 

of 176-185mmin males and 146-155mm in females. Lower GSI in adult P.ocellatus 

of larger length group may probably be due to increased body weight, though few 

of them were actively fed or moderately fed. 

 

In conclusion P.ocellatus from the coast of Mumbai was found to be carnivorous, 

euryphagus and predatory fish. It also fed on phytoplankton. It also at times showed 

cannibalism although it was not a common occurrence observed but only in summer 

when food was scarce. It was found to be detritus feeder, feeding on the benthos 

and among complex network of mangrove roots. P.ocellatus can also be classified 

as hyperphagic fish consuming large sized prey. Thus they occupy the position of 

secondary and tertiary consumers in the food chain determined by the size and type 

of the food consumed by the fish. The diet composition of the fish was mainly 

crustaceans, molluscs, Pisces, phytoplankton and traces of other food items which 

varied as per their availability.  An analysis of seasonal variation in food preference, 

length wise analysis of feeding intensity reveal that the male and female P.ocellatus 

had the same preference throughout the seasons which was different for the 

juvenile. In this case preference seems to be function of the size/maturity of the fish 

rather than the sex, niche segregation in terms of preferred food could probably be 

a strategy for ensuring survival and growth of the juvenile P.ocellatus. 
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Chapter 8 

Reproductive biology 
8.1    Introduction 

8.2    Review of literature 

8.3    Materials and methods 

8.4    Results 

8.5    Discussion 

----------------------------------------------------------------------------------------- 

8.1     Introduction 

Reproduction is the sole method through which an organism endeavours to propagate 

and the evolutionary strategy is to have maximum number of viable offsprings for 

perpetuation of the species. Therefore for studies on biology of an organism, studies 

on its reproduction are imperative. Moyle and Cech (1988) stated that success of any 

fish species is ultimately determined by the ability of its members to reproduce 

successfully in a fluctuating environment and thereby maintain the viable population. 

The establishment of extensive data on reproduction with corresponding data on 

abiotic factors enables the study of causal relationships between reproductive 

potential and environmental variations (Kraus et al., 2002). 

 

In nature, reproduction is closely related with environmental conditions (Sundararaj 

and Vasal, 1976; Davies et al., 1999) such as temperature and food supply. The 

temperature of water plays an important role in the reproductive process of fishes and 

most species have their own favourable range of temperature for spawning (Pawar, 

1989). Reproduction is dependent on the consumption of food; the more the fish feeds, 

the faster is its growth and higher is the fraction of acquired nutrition spent on gonad 

production (Chiu, 1987). The predation pressure, food availability, habitat and 

competition within the species for mates are some of the factors which will influence 

the organism’s capacity to produce viable offspring. Thus anatomical, behavioural and 

physiological adaptation would reflect on reproductive strategies.  
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Studies on reproductive biology like the sexual dimorphism, sex ratio, spawning 

periodicity, size at first maturity, assessment of maturation cycle, gonado somatic 

index, fecundity and histology of gonads of a fish are necessary for quantifying the 

reproductive potential of individual fish. Some of the aspects of reproductive biology 

selected for the present study in P.ocellatus are as follows:  sexual dimorphism and 

sex ratio, spawning periodicity, gonadosomatic index, fecundity, morphology and 

histology of gonads. 

 

Sexual dimorphism is a phenomenon in which sexes can be differentiated from each 

other due to the presence of certain morphological and especially external 

characteristics. These differences may be seen throughout the life span in some 

species of fish while in others the differences may be apparent only during the 

breeding season. The secondary sexual characters are the external characters that 

specially develop during spawning season and/or at maturity and may help identify the 

sexes by observation of morphology. These secondary sexual characters serve 

several functions in fishes such as recognition of opposite sex by the members of the 

same species, help in copulation, transfer of spermatozoa from male to female, 

facilitate parental care and play significant role in seed production programme (Idris et 

al., 2012). Identification of sexes by some morphological studies alone becomes very 

difficult in most of the fishes that do not exhibit sexual dimorphism. Gore (2007) stated 

that the sex determination by the observation of secondary sexual characteristics often 

fails in such cases and hence the sex of a fish can accurately be determined by 

macroscopic and microscopic examination of the gonads. 

 

Sex ratio is the proportion of number of males to the females in a natural population 

and is an indicator of population behaviour and fecundity (Panthulu, 1961).  According 

to the sex ratio model of Fisher (1930), animals should produce off springs of a 

balanced ratio of males and females. An understanding of the sex ratio in a fish 

population in different months, seasons and length groups is essential for obtaining 

information on seasonal segregation of the sexes and their relative abundance in pre 

spawning, spawning and post spawning seasons. The optimum sex ratio may vary 

drastically being affected by numerous factors (Nikolsky, 1980) which are genetic as 

well as by environmental (Devlin & Nagahama, 2002).  
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Venkataramanujam and Ramanathan (1994) stated that “In studies of fisheries 

biology, it is important to determine the cycle of maturation and depletion of gonads. 

Determination of maturity stages find primary application in providing basic knowledge 

on the reproductive biology of a stock. Information derived from these analyses is 

useful in ascertaining the age and size at which a fish attains sexual maturity, the time 

and place of spawning and duration of the cycle from the beginning of development of 

the ovary to actual release of the eggs”. The spawning period is closely connected 

with the development of intra ovarian eggs in batches (Gore, 2007) 

.  

The information on the minimum size at maturity of fishes is an important tool in fishery 

management as it can suggest methods for the conservation of fish and to maintain 

constant yield by imposing regulation on mesh size.  

 

Mein (1927) introduced gonadosomatic index (GSI) and since then GSI has been 

widely used as an indicator of relative gonadal development or activity. Gonads 

represent a significant proportion of the body weight and therefore it is easy to 

determine the GSI as the ratio of gonad weight to body weight.  Saksena (1987) has 

suggested the use of GSI and volume of gonads as indicators of gonadal state. The 

significant changes may occur in the size of the gonads throughout the year which 

may reflect the reproductive cycle of the fish. Gonads undergo regular seasonal cyclic 

changes in weight; particularly in females indicating the spawning season (Dadzie et 

al., 2000b).  Determination of maturity by GSI has proved significant in the life of fishes 

which is helpful in fish breeding (Belsare, 1962; Lehri,1968; Shashi and Akela, 1996). 

GSI is one of the parameters of the fish biology which gives the detailed idea regarding 

the fish reproduction and reproductive status of the species and helps in ascertaining 

breeding period in fish (Rao et al., 1999; Mohan and Jhajhria, 2001, Gupta and 

Shrivastava, 2001, Shankar and Kulkarni, 2005). GSI with histological analysis 

enhances the ability to determine if fish are spawning in the immediate area (Fox, 

2007). The study of GSI thus has a large number of applications such as determining 

the number and duration of spawning seasons in a year, the size at maturity, the 

reproductive status of a species etc. These application are of considerable practical 

significance in the effective management of fishery. The high correlation of gonado 

somatic index with number of matured females and males could be utilised to 
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extrapolate peak spawning season and provide good population level information of 

reproductive performance (Durham and Wilde, 2008).  

 

The fecundity of a fish is defined as the number of eggs that are likely to be laid during 

a spawning season (Bagenal, 1957). The fecundity varies among the species and 

individual, and has been known to be dependent on brood conditions such as size 

(length, weight and age), genetics, food availability and environmental factors 

(Muchlisin et al., 2011). Estimation of fecundity is important for acquiring knowledge 

about different races as different races have characteristic fecundities and egg 

diameter, which in turn is helpful in recognizing the population whether it is 

homogenous or heterogeneous type (Shafi, 2012). Thus in the study of reproductive 

biology, fecundity is one of the important aspect, from which the reproductive potential 

of the fish can be estimated and can be used in the proper management of the fishery. 

  

The knowledge of fecundity or the egg laying capacity of a fish is an essential requisite 

in fishery science. Fecundity is of central interest in several aspects of fish biology e.g. 

in recruitment related studies in order to replace spawning stock biomass with total 

egg production and in studies on life history evolution (Witthames and Marshall, 2008). 

Fecundity is also considered to be an essential factor to understand variations in 

population size, recruitment and population growth rate and hence is a life history trait 

very relevant to fisheries management (Kraus et al, 2002; Lambert, 2008; Alonso-

Fernandez et al., 2009).  

The study of gonad morphology at the gross anatomical, histological and fine structural 

levels has become increasingly important in identifying annual reproductive cycles, the 

length of breeding seasons, the onset of reproductive maturity, spawning rhythms, 

fecundity and various other aspects of reproductive biology (Parenti and Grier, 2004). 

Knowledge of the gonad maturation stages of fishes is helpful for the determination of 

stocks that are mature and the age and size at first maturity (Bagenal, 1978); to 

determine the pattern of oogenesis, the spawning pattern and the methods necessary 

for estimation of annual fecundity (Morrison, 1990); identifying stages of development, 

documenting presence of intersex tumours, parasites, abnormalities and quantifying 

atresia (Blazer, 2002); establishing the reproduction period and the length of gonad 

maturation (Goncalves et al., 2006); determination of reproductive potential of fish 
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populations and monitoring of changes in biological characteristics of exploited stocks 

(Williams, 2007).  

 

The use of macroscopic characteristics to classify gonads based on external 

examination cannot reliably identify reproductive states of those fishes that do not 

exhibit active spawning (Hunter and Macewicz, 2001). The validation of gonad 

maturation stages with histology permits better determination and understanding of 

the process of gonad maturation by revealing the details of oocyte and sperm 

development, which present less ambiguity in assigning maturity status (Mendonca et 

al., 2006). Gonad histology is also a fundamental tool in the study of gonochorism, 

sexual inversion in fish, correct determination of sequence, timing and duration of sex 

and sex inversion (Al-Masoodi, 2012). The study of histology of gonads is therefore 

necessary in the studies of reproductive biology. A survey of literature was then 

undertaken to understand various aspects of reproductive biology of fishes in general 

and P.ocellatus in particular. 

 

8.2     Review of Literature 

The literature survey carried out by the candidate on various aspects of reproductive 

biology such as sexual dimorphism, sex ratio, spawning periodicity, gonadosomatic 

index, fecundity, morphology and histology of gonads in some teleost fishes in general 

and goby fishes in particular revealed that the literature is replete with reports on these 

aspects. 

 

Sexual dimorphism  

The sexual dimorphism was observed in many gobiid fishes by various authors. Hora 

(1923) in Gobipterus chuno reported that the ripe female has conical teeth 

considerably larger than the minute ones found in males. Pillay and Sarojini (1950) for 

the same species of G.chuno stated that the genital papilla, present in both sexes are 

stouter and prominent in the female than the male. Gibson and Ezzi (1978) reported 

that in Lesueurigobius friesii, the sexes may be distinguished externally by the shape 

of the genital papillae once the fish attained more than 35 cm standard length; the 

male papillae was slender, conical and reaching back as far as the first anal fin ray, 

where as in the female shorter, broader papillae ends approximately half way between 
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the anus and the first anal fin ray. The sexes can be distinguished externally in the 

case of Gobius paganellus by the shape of the well developed urinogenital papilla 

(Miller, 1961). Mutsaddi (1964) reported that the sexes in Boleopthalmus dussumieri 

can be differentiated chiefly by means of the urinogenital papilla and the dorsal fins. 

Doha (1974) observed in Glossogobius giuris that the males have straight, thin and 

pointed genital papilla while the females have short fleshy and circular genital papilla. 

Unito-Ceniza et al., (2012) observed that in the G.guiris the females had deeper body 

with broader abdomen compared to the males while males had broader caudal 

peduncle compared to females. In Gobioides broussonneti the urogenital papilla in 

female is short blunt and yellow while in males it is thin, pointed and has a smooth 

appearance (Mata Cortes et al., 2004). Ravi (2000) and Gore (2007) observed in 

Boleophthalmus boddaerti that the urinogenital papillae in males are conical flat and 

short, while in females they are round and bulged. The authors further reported that 

the first, the second, the third and the fourth dorsal fin are longer with soft filamentous 

extension in male. Idris et al. (2012) reported that in Oxyeleotris marmorata the 

females have longer urinogenital papilla, whereas the males had longer caudal fin and 

caudal peduncle. 

 

Sex ratio 

The literature review on sex ratio revealed study of sex ratio in large number of goby 

fishes across the world. Gibson and Ezzi (1978) elucidated the sex ratio of goby 

Lesueurigobius friesii as 1.12: 1.00 in favour of females. In Gobioides rubicundus the 

male-female ratio was found to be 1: 1.19 (Kader et al. 1988b). Miller (1961) observed 

the sex ratio of the rock goby Gobius paganellus to be 1: 1.326 in favour of males. 

Dotu (1961c) explained that in gobiid fish Apocryptodon bleekeri the preponderance 

of females might be due to burrowing and nest building habit of mudskipper. 

Keenleyside (1979) and Nash (1982) envisaged that in fry’s goby Lesueurigobius 

friesii the unequal sex ratio was probably due to the burrow oriented reproductive 

behaviour; males were less vulnerable to capture since greater time was spent in the 

burrow for guarding the eggs. Hoda (1986a) observed the sex ratio of Boleophthalmus 

dussumieri occurring at coastal Karachi and found it to be 1.42 female: 1male. Borek 

and Sapota (2005) reported that in Pomatochistus minutus the females dominated the 

population during April, with nine fold more numbers than the males. Rao and Rao 
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(2007) observed that Glossogobius giuris from Gosthany estuary showed 1 male: 0.59 

female. Goby Pseudopocryptes elongates showed female-male ratio of 1:0.96 which 

was not significantly different (Dinh et al., 2007). Kovacic (2007) reported that in 

Gobius vittatus sex ratio did not differ significantly except during spawning season, 

when it was strongly biased in favour of females. In Pomatochistus marmoratus female 

to male ratio was 1.54: 1 and was statistically different from unity in females (Koutrakis 

and Tsikliras, 2009). In Gobius niger the sex ratio was 3.3: 1 in favour of males as they 

were dominant in all ages, in all months and seasons. (Filiz and Togulga, 2009).  

Bathygobius soporator from Badgary creek Nigeria showed sex ratio of 1: 0.0106 in 

favour of males and were significantly different from the expected value (Lawson and 

Thomas, 2010). Lekshmi et al., (2010) reported that in a lesser known goby 

Stenogobius gymnopomus the male to female ratio was 1.62:1.00 indicating the 

dominance of males while from November to February females dominated over males. 

 

Spawning periodicity 

A single spawning has been observed and reported in many gobiid species by many 

workers. Gobiopterus chuno breed between October and December (Pillay and 

Sarojini, 1950), Gobius paganellus between April and June (Miller, 1961), 

Boleophthalmus dussumieri in June (Mutsaddi, 1964). Majority of the gobies posses 

a long breeding season with several spawnings per individual after which they usually 

die (Miller, 1984). Tandon (1962), Marquez (1960), Saksena (1976a, b) and 

Geevarghese (1976) reported that Glossogobius giuris has an extended breeding 

season and breeds throughout the year. Gobius niger undergoes sequential individual 

spawning which stretches over a long six month period (Joyeux et al., 1991b, 1992).  

 

Round goby Neogobius melanostomus has high fecundity; high frequency of spawning 

up to six times per year compared to other native gobies of Caspian Sea (Charlebois 

et al., 2001). Lesueurogobius sanzoi showed a breeding season that extended from 

May to October with a minimal gonadal activity during June (Paulo-Matins et al., 2004).  

 

Minimum size of sexual maturity has been reported by many authors in gobiid fishes 

like Boleophthalmus dussumeiri (Mutsaddi, 1964), B.dentatus (Hoda and Akhtar, 1985 

and Shettu,1993) B.boddaerti (Ravi, 2000 and Gore, 2007). 
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Ova diameter studies were employed in a number of gobiids to determine their 

spawning season by many workers like on Gobius paganellus (Miller, 1961), Gobius 

cobitis (Gibson, 1970), Lesueurigobius triesii (Gibson and Ezzi, 1978), 

Boleophthalmus dussumieri, (Mutsaddi, 1964) and Boleophthalmus boddaerti (Ravi, 

2000 and Gore, 2007).It has been suggested by Hoda (1986a) that the frequency 

polygon of ova diameter indicated that spawning occurs twice in Boleophthalmus 

dussumieri of Karachi coast whereas Rao and Rao (2007) suggested that 

Gonadosomatic Index values and ova diameter polygons indicated a prolonged 

breeding season in G. giuris from August to January with its peak in the month of 

September. 

 

Gonado somatic index (GSI) 

The GSI has been successfully used to determine the reproductive season in many 

gobiid fishes (Kanabashira et al., 1980, Arruda et al., 1993). Geevarghese and John 

(1983) found the GSI values of the gobiid fish Oligolepis acutipennis to be high during 

spawning. Kader et al. (1988b) found that in Gobioides rubicundus during the pre-

spawning period there is a gradual increase of GSI, reaching a peak during the 

spawning period and there after undergoing a gradual decrease in the post spawning 

period. In goby Awous guamensis GSI values ranged between 0.2-14.5 in females 

and 0.01-4.00 in males (Ha & Kinzie, 1996). Ambak et al., (2007) reported that in goby 

Pseudocryptes lanceolatus GSI values ranged between 0.008-0.024 in males and 

0.02-2-5 in females. In the frill fin goby, Bathygobius sorporator GSI varied between 

0.00-2.89 (Lawson and Ajibola, 2010). In goby Deltentosteus quadrimaculatus the 

maximum value of GSI for females was 7.45 and for male was 1.48 (Metin et al., 2011). 

In Gobius paganellus from Tunisian coast the GSI values ranged between 1.10- 7.60 

in females and 0.42-0.64 in males (Hajji et al., 2012). 

 

Fecundity 

The fecundity in gobiids varies widely among and within species ranging from less 

than 100 eggs in Eviota lacrimae to over 500000 eggs in Awous guamensis (Ha and 

Kinzie, 1996). Fecundity of similar sized gobies may differ between different species. 

In Sicyopterus japonicus of 105mm, the fecundity was reported as 2,24,960 eggs 
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where as in Neogobius melanostomus of the same length, the number of eggs 

produced was 1600 (Miller, 1984).  

 

The habitat of the fish is found to influence fecundity. Many studies have reported that 

fish fecundity increases with increasing brood size for both fresh water and marine 

water, for instance in rainbow trout (Bromage et al 1990), winter flounder (Buckely et 

al., 1991), salmonoids (Jonsson& Jonsson, 1999), cardinal fish (Kume et al., 2000), 

African bony tongue (Adite et al., 2006), Mugilids (Kendall &Gray, 2008) and Cichla 

kelberi (Lawson and Jimoh, 2010). 

 

Morphology and Histology of Gonads 

Based on macroscopic and histological examination of gonads in various fish species, 

different numbers of gonad maturation stages, ranging from five to nine were reported 

by various authors. These include Ritukumari and Padmanabhan (1976), Pathak and 

Jhingran (1977), Otobo (1978), Toor et al. (1979), Parvathi (1980), Shanbag and 

Nadkarni (1981), Susan and Nair (1983), Geevarghese (1984), Hunter and Macewicz 

(1985), Mayer et al.(1988), Morrison (1990), White et al.(1998), Dos-Santos et al. 

(2004), Seoka et al. (2007), Williams (2007), Mahmud (2009) and Shinkafi et al. 

(2011). 

 

The gonad histology of many species of gobies was studied by several authors like 

Boleophthalmus dussumeiri (Mutsaddi and Bal, 1970; Soni and George, 1986), 

Gillichthys mirabilis (De Vlaming, 1972), Eucyclogobius newberryi (Goldberg, 1977), 

Pomatochistus minutus (Riehl, 1978), Gobius niger and Gobius paganellus (Stanley 

et al., 1965; Miller, 1984; Colombo and Burighel, 1974), Glossogobius olivaceus 

(Asahina et al., 1985), Padogobius martensi (Cinquetti and Rinaldi, 2009), 

Pomatochistus marmoratus (Bouchereau et al.,1991; Mazzoldi and Rosotto, 2001), 

Aphia minuta (Caputo et al., 2000), Glossogobius giuris (Zutschi and Murthy, 2001), 

Gobiodon okinawae (Cole and Hoese, 2001), Gobioides broussoneti (Mata Cotes et 

al., 2004), Sicyopterus japanicus, Odontanblyopus lacerpedii, Acanthogobius 

flavimanus (Hara, 2004), Schindleria praematura (Thacker and Grier, 2005), 

Oxyeleotris marmoratus (Boonyoung et.al., 2003; Sawanjarat et al., 2005; Idris et al., 

2012), Trimma okinawae (Sunobe et al., 2005), Gobius vittatus (Kovacic, 2007), 
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Boleophthalmus boddaerti (Gore, 2007), Coryphopterus species (Kramer and 

Patzner, 2008) Periophthalmus papilio (Lawson, 2010, 2011),  Scartelaos gigas (Kim 

et al., 2011),  Butis gymnopomus (Mat Isa et al., 2012). Comparative cytology of 

seminal vesicles of male gobiid fish was studied by Fishelson (1991). The synthesis 

of steroids in seminal vesicles of Neogobius melanostomus was studied by Jasra et 

al. (2007).  

 

The gobies are the largest family of fishes, but there is comapratively very little 

knowledge of the reproduction of most species (Blaber, 2000).  A thorough review of 

literature revealed that there is hardly any information on the reproductive biology of 

Parachaeturichthys ocellatus. Therefore the present study was carried out to evaluate 

various aspects of reproductive biology of P.ocellatus from the creeks of Mumbai. The 

aspects of reproductive biology studied were as follows: sexual dimorphism and sex 

ratio, spawning periodicity, gonadosomatic index, fecundity, morphology and histology 

of gonads. 

 

 

8.3     Materials and methods 

Samples of P. ocellatus were collected from the creeks of Malad, Vasai, Thane and 

Mahul creek every fortnight during the period from June 2010 to September 2011. The 

specimens were cleaned and wiped to remove surface moisture. The total length to 

nearest millimetre and total weight of the fish to the nearest milligram was noted. The 

following aspects of the reproductive biology were studied in the samples: 

 

Sexual dimorphism 

The morphology of the fish was carefully examined to identify sexually dimorphic 

characters if any and record was maintained during different months in each fish. The 

fishes were then dissected and the nature and position of the gonads were recorded.  

 

Sex ratio 

The numbers of male and female fish were determined during different months and in 

different length groups. The Chi-square test was employed to find out the goodness 
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of fit of the observed sex ratio to that of theoretical sex ratio of 1:1 (1male: 1female). 

The following formula of Bhatnagar (1972) was used for Chi-square test. 

χ2 = (F-S)2  + (M-S)2 

           S              S 

Where χ2 is the symbol for Chi-Square, F is the observed number of females, M is the 

observed number of males and S is the expected number of each sex (the hypothetical 

1:1 ratio). 

Pooled Chi-square (K) was calculated by using the formula of Bhatnagar (1972)  

 

K=    (F-M)2 

         F-M 

After calculating individual and pooled Chi-square values, the data were tested for 

heterogeneity. 

 

Spawning periodicity 

The gonads from the dissected fish were excised. The length and weight of the gonads 

were noted and gonad development stage was determined by visual examination. The 

stage of maturity and colour of the gonads were recorded. The gonads and fish were 

then preserved in 5% formaldehyde separately for further studies. 

 

Maturation and Spawning habits were studied by the methods by Clark (1934), 

Hickling and Rutenberg (1936) Prabhu (1956a) and Karekar and Bal (1960). The 

stages of maturity in fish were determined based on the observation of the gonads. 

The spawning season was inferred from the observation of matured and ripe gonads 

in the fish. 

 

In all five maturity stages in ovary and testis were considered following the standard 

laid down by International council for exploration of sea (Lovern and Wood, 1937) and 

Jayashankar (1991b).The fishes belonging to maturity stage II onwards have been 

considered as maturing fishes and are used for the purpose of calculating the size at 

first maturity.  A graph was plotted using the percentage of the maturing and mature 

fish in both sexes in the length group from 66-185mm in males and 66-155mm in 
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females. The size at which 50% fishes were mature was considered as the minimum 

size for maturity.  

 

Ova diameter 

Ova from the preserved ovaries were used for the measurement of ova diameter. An 

ocular micrometre with capacity of magnification of 0.01mm was used to measure ova 

diameter. Samples from anterior, middle and posterior region of the ovary were used 

in all measurements. 500 ova from each ovary were selected as per the methods of 

June (1953) and Jhingran (1961) for the studies of ova diameter. Spawning frequency 

was determined based on the peaks in frequency polygon of ova diameter in the 

mature ovaries. 

 

Gonadosomatic index (GSI)  

The Gonadosomatic index (GSI) was computed by formula based on June (1953) and 

Yuen (1955) which is as follows 

GSI =  Gonad weight   × 100 

          Total Body weight 

 

Fecundity 

To study the fecundity of the fish a small portion of the preserved ovary was excised 

from the anterior, middle and posterior portion and was weighed to the nearest 0.1g. 

The sample of the ovary was then teased out in water with the help of lancet. The 

matured opaque eggs in each of the three sections of the ovary were counted and the 

mean numbers of eggs were calculated using the formula:  

 

 F = Total weight of ovary       × Number of mature ova in the sub sample 

       Weight of the sub sample 

 

A mathematical relationship of fecundity was worked out by the formula proposed by 

Snedecor (1961) which is as follows:  

F= aXb  
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where F is the fecundity, X represents various parameters like total length, total body 

weight, ovary weight and ovary length, ‘a’ is the point of intercept and ‘b’ the regression 

coefficient.  

 

The exponential relationship was transformed into a straight line from the following 

equation   Log F = Log a +b Log X where F is the fecundity, X is the variable and ‘a’ 

and ‘b’ are the two constants. 

 

Morphology and Histology of gametes 

Developmental stages of gonads were determined from gross visual examination of 

preserved gonads. 

 

Macroscopic and microscopic observation were used following the standard laid down 

by International council for exploration of sea (Lovern and Wood, 1937) and described 

by Jayashankar (1991b).  

 

Macroscopic determination of maturity stages:  All gonads were assigned to their 

developmental stages, based on size, colour, shape, consistency, vascularisation, 

tunic transparency, and degree of swelling of gonads. 

 

Histological and staining methods: The gonads fixed in 10% formalin were washed 

in water to remove excess fixative from the tissues. Processing of the tissues was 

carried out according to the method suggested by Epple (1967).The tissues were 

cleaned by tetrahydrofurane. And were pre-embedded with xylene- paraffin and then 

later fully embedded in pure paraffin wax. This was then poured into a mould and 

cooled in a freezer. The cooled wax block with the gonads was sliced into very thin 

ribbons at 4-5 micrometer thickness using a microtome. The sections were mounted 

on a slide and were processed further following the procedure suggested by Humason 

(1967) and Morrison (1990). Two staining methods were used: Haemotoxylin Eosin 

and Toulidine blue. The sections were deparaffinised in xylene and hydrated through 

graded series of alcohol.  Fifty percent of the slides were stained in aqueous Dalafield’s 

haemotoxylin for 10 minutes. Following dehydration through alcohol series, the 
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sections were counterstained with alcoholic eosin (90%) and then subjected to 

changes for clearing alcohol by xylene. 

The remaining fifty percent of deparaffinized slides were rehydrated with deionised 

water and stained with 0.04% Toluidine blue solution for 10minutes. The slides were 

rinsed with three changes of deionised water and dehydrated with 95% absolute 

alcohol. 

 

All the slides were finally mounted in DPX mountant and observed under a 

microscope. Pictomicrographs of the different maturity stages were taken using a 

digital camera. 

 

8.4    Results 

Various aspects of reproductive biology like sexual dimorphism, sex ratio, spawning 

periodicity, gonado somatic index, fecundity, morphology and histology of gonads 

were studied. Various observations were recorded and analysed using appropriate 

statistical tools. Results are expressed in tables, graphs and photographs/plates. 

 

Sexual dimorphism  

The plate 8.1 and 8.2 show the male and female P.ocellatus. The plates show 

characters with which the male and female fish could be distinguished by observation 

of external characters as follows: The males were longer than the females. The ventral 

side of the body of males was reddish around the pelvic fin and anal fin. The depth of 

the body at the abdomen was more in females. The female abdomen was large and 

protruding during February, March, April, August and September months. The second 

dorsal fin ray of male was longer than that of female of the same length. The fused 

pelvic fins of male exhibited bifurcation at the anterior end while in female the anterior 

end was somewhat rounded. The urinogenital papillae in male were straight, thin, long 

and pointed while in female the papillae were rounded, short, fleshy and prominent 

compared to male. The determination of the sex from the external characters was 

confirmed by dissecting the fish and checking the nature of gonads. The colour and 

appearance of the gonads was different in male and female. The testes in mature male 

were creamy white in colour whereas ovaries were deep orange in ripe females. Thus 

it can be concluded that P.ocellatus exhibited sexual dimorphism during February, 
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March, April, August and September months and in general male P.ocellatus were 

slender as compared to female in the same length groups. 

 

Sex ratio 

The variation in sex ratio of P.ocellatus is presented in Table no.8.1 and Figure no. 

8.1. A total of 1174 individuals comprising of 685 males and 489 females were 

collected in different months during the study period. The overall sex ratio was 1: 0.71, 

M: F indicating the dominance of males. The monthly sex ratio showed that females 

were dominant during September 2010 and April, May and June 2011, while the males 

dominated in all the remaining months during the period of study from June 2010 to 

September 2011. The highest number of females in the samples was obtained in the 

month of April 2011 when the ratio was 1:1.41, M: F and the lowest ratio was at 1: 

0.47, M: F was obtained in July 2010. The sex ratio in August, September, December 

2010, February, March, April, May, June and September 2011 did not statistically 

deviate from the theoretical ratio of 1:1 at p≤0.05. 

 

The variations in sex ratio in different length group are presented in Table no. 8.2 and 

Figure 8.2. The range of length in the males observed was 66-185mm whereas the 

range of length in females was 66-155mm. No uniform pattern of ratio was observed 

in the sexes of various length groups. The highest ratio of 1:1.25, M: F was observed 

in the length group of 126-135mm. The lowest ratio of 1: 0.44, M: F was observed in 

the length group of 66-75mm. The sex ratio deviated significantly at p<0.05 in  length 

groups of 66-75mm, 76-85mm, 86-95mm and 96-105mm. 

 

Spawning periodicity 

The spawning periodicity was ascertained by studying the following aspects: Stages 

of maturity in male and female gonads in different months and length groups, ova 

diameter, frequency polygon based on ova diameter in different stages of maturity and 

different months and by determining length at which fifty percent of fish attain maturity. 

 

The visual examination of the gonads of P.ocellatus revealed the following: 

In all five stages of maturity have been observed during present study for both male 

and female P.ocellatus  
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Stages of maturity of testes in P.ocellatus from visual examination 

Stage Nature of 
Maturity 

Appearance of gonads 

I Immature Thread like small and thin testes 

II Developing Greyish white testes extend over half the length of the 
body cavity 

III Mature Large, opaque, well developed and white testes 
occupying 2/3rd to ¾th of the body cavity 

IV Ripe Thick, milky white testes extending throughout the body 
cavity 

V Spent Shrunk, flat and strap like testes occupying 2/3rd of the 
body cavity 

 

 

 

Stages of maturity of ovaries in P.ocellatus from visual examination  

Stages Nature of 
Maturity 

Appearance of gonads 

I Immature Small transparent light ovaries having inconspicuous 
blood capillaries and occupying ½ of the body cavity 

II Developing Yellow ovaries occupying ½ of the body cavity 

III Mature Yellowish orange ovaries with conspicuous blood 
capillaries occupying ¾th of the body cavity  

IV Ripe Large bulky orange ovaries with prominent blood 
capillaries occupying entire body cavity 

V Spent Flaccid reddish yellow ovaries with prominent dark 
blood vessels occupying 2/3rd of the body cavity 

 

 

Maturity stages and season 

The percentage occurrence of males and females in various stages of maturity during 

different months is presented in Tables and figures 8.3a and 8.3b. Based on the 

concept of minimum size at maturity, immature males were found in the sample from 

June 2010 to September 2011 except from February 2011 to April 2011. Maximum 

number of immature males was present in July and then in again in November 2010. 

Developing males were present throughout the period of study except in May 2011. 

Mature males in stage III were present during following months: August to October 

2010, January to April 2011 and again from July to September 2011. Ripe males were 
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observed from July to September 2010, predominantly from February to May 2011 

and again from July to September 2011. Spent males were observed in the following 

months: June 2010, September 2010 October 2010, and April 2011 to July 2011. 

Maximum percentage (56) of ripe males was found in February 2011.  

 

Immature females were found in sample from July 2010 to August 2010, November 

2010 to January 2011 and again from June 2011 to August 2011. Maximum 

percentage (73%) of immature females was observed in November 2011. Developing 

females occurred in the sample from July 2010 to January 2011 and again from June 

2011 to September 2011. Mature females in Stage III were observed from June 2010 

to October 2010 and then from December 2010 to April 2011 and again from June 

2011 to September 2011. Mature females with ripe ovaries were found in June 2010, 

from August 2010 to October 2010, from February 2011 to June 2011 and again in 

August 2011 to September 2011. Maximum percentage (77%) of females with ripe 

ovaries was found in February 2011.  

  

Maturity stages and length group 

Variation in the testicular and ovarian cycles in different length groups are presented 

in Table no.8.4a and 8.4b and Figure 8.4a and 8.4b. The range of length of males 

observed was 66-185mm while in females was 66-155mm. All males below 75mm 

were immature. The developing individuals occurred in length groups from 76-85mm 

to 136-145mm. Mature males were found to occur in length group 96-105mm to 146-

155mm. Ripe males occurred in length group 106-115mm to 176-185mm. All males in 

the larger size from 156-185mm were ripe and mature. The spent males observed in 

the present study were in the length group of 86-95mm to 146-155mm.  

 

All the females with length below the range of 75mm were immature. Developing 

females occurred from length groups in the range of 76-85mm to 116-125mm. Mature 

females at stage III of maturity occurred from length group 76-85mm to 146-155mm.  

Ripe female at stage IV of maturity occurred from length range of 86-95mm to 146-

155mm. Spent females also occurred from length group 86-95mm to 146-155mm.  

 

In P.ocellatus with total length less than 66mm fishes were found to be immature and 

gonads were minute and translucent hence sex of such fish could not be determined. 
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Ova diameter 

The study of ova in P.ocellatus revealed the following ova diameter in various stages 

of maturity. 

Stage Nature of maturity Size of  the ovum 

Stage I Immature 0.01-0.25mm 

Stage II Developing 0.06-0.35mm 

Stage III Mature 0.11-0.55mm 

Stage IV Ripe 0.5-0.70mm 

Stage V Spent 0.06-0.35mm 

 

The oocytes measuring 0.01-0.25mm were immature. The oocytes measuring 0.06-

035mm were the developing batch of eggs. The maturing oocytes showed increase in 

size  in the range of 0.11-0.55mm. The further increase in oocyte to become large ripe 

eggs with the range of 0.50-0.70mm represented the eggs to be spawned immediately. 

The unspawned eggs in the ovaries of spent females were in the range of 0.06-

0.35mm. The pattern of progression of ova during different months showed 

predominance of immature oocytes in November and December 2010 and again in 

May 2011. The progression of immature ova to the developing stages occurred in all 

the months except February 2011 to May 2011 during the period of study. The 

maturing oocytes occurred throughout the year in the ovaries except in November to 

December 2010 and May 2011. The progression of ova to ripening oocytes was 

observed in June 2010, August to October 2010, February 2011 to June 2011. The 

unspawned ova in the spent females were observed in June 2010, October 2010 and 

from March 2011 to June 2011. 

 

Ova diameter frequency polygons of different stages were plotted by measuring the 

diameter of ova of all stages of maturity. Ova diameter frequency polygon at different 

stages of maturity and months are presented in Figures 8.6 and 8.7.  

 

Length at which fifty percent of the fish attain maturity 
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The percentage of mature fishes at each length group was plotted for both male and 

female. This is shown in Figure 8.5a and 8.5b. It is evident that size at which 50% of 

fish attain sexual maturity was in the range of 85-96mm for male and female 

respectively. L50 for male was 91mm while in female L50 was 94mm.  All males and 

females below 85mm were immature. All males and females above the length 106mm 

were found to be mature. 

 

Gonadosomatic index (GSI) 

The GSI for both male and female P.ocellatus in different months are presented in 

Table No. 8.6a and Figure 8.8a and 8.8b. The monthly GSI value varied from 0.18-

0.91 in males and 1.58-12.67 in females. The highest value was recorded in February 

2011 and lowest in November 2010 in both the sexes. The GSI value in both male and 

female was high in August 2010 and then increased from December 2010 to February 

2011, then fell sharply in April and May 2011 and increased  slightly again in August 

2011. The GSI indicated that the spawning period extends from June 2010 to October 

2010 and again from January 2011 to September 2011 with peak spawning from 

February 2011 to April 2011. The fish were found to be in resting phase in the month 

of November 2010 and December 2010. Female GSI was found to be consistently 

higher than in males.  

 

The length group analysis of GSI in male and female is represented in Table no.8.6b 

and Figure 8.9a and 8.9b. The peak of GSI occurred in length group 136-145mm in 

male and female P.ocellatus. The lowest value was recorded from length group 76-

85mm in male and 66-75mm in female. In both male and female it was found to 

increase with increase in length till it attained full maturity in length group 136-145mm, 

but it decreased in the higher length group of 146-155mm to 176-185mm in male, 146-

155mm in female. 

 

Fecundity   

A total of 33 mature females were examined to determine fecundity. The length of the 

female fishes ranged between 100-153mm and their weight ranged between 10.072-

38.383g. The fecundity for the sample of 33 matured female P.ocellatus ranged 

between 21,635-1,79,334 eggs with a mean of 48,973. Table no. 8.7 records the 
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observed and calculated fecundity based on regression equation Y=a+bX where Y is 

the fecundity, X is the variable i.e. total length/ total weight/ ovary length/ovary weight 

of the fish. The factors ‘a’ and ‘b’ stand for the intercept and the regression coefficient 

respectively. The maximum fecundity at 179334 was observed in a fish measuring 

153mm in total length and weighing 38.383 grams. The lowest fecundity at 21635 was 

observed in total length103mm of weight 10.279gm. 

 

The logarithmic relationship between fecundity and total length of fish was linear and 

is presented in figure 8.10a. The calculated relationship was:  

 

Log F = -4.3523+ 4.3671 log total length. 

The correlation ‘r’ at 0.9628 indicated a significant relationship at p< 0.01 

The fecundity and body weight also showed a linear relationship and is presented in 

fig 8.10b. The regression equation of fecundity on body weight is expressed as: 

 

Log F = 2.7859 + 1.5195 log total weight. 

The correlation ‘r’ at 0.9756 indicated a significant relationship between two variable 

at p<0.01. 

 

Relationship between fecundity and ovary length and ovary weight were linear and is 

presented in figure 8.10c and 8.10d. The equations that relate fecundity to length and 

weight of the ovary are: 

Log F = -1.7967 + 4.3385 log ovarian weight 

Log F = 4.2452 + 1.5182 log ovarian length 

 

The correlation ‘r’ was 0.9705 for the relationships between fecundity and ovary length 

while it was and 0.9633 for fecundity and ovary weight indicating a high significance 

at p<0.01. 

 

The deviations of ‘b’ values were analyzed against 3 in the case of total length and 

ovary length and against unit or 1 in case of total weight and ovary weight as adopted 

by Sebastian (2011). The t values obtained were as follows: 
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Parameters t=b-3/Sb p<0.05 Parameters t=b-1/Sb p<0.05 

F vs TL 189.99 significant F vs TL 24.85 significant 

F vs OL 183.34 significant F vs OW 25.03 significant 

 

The t values thus indicates that  the regression coefficient ‘b’ deviates significantly 

from the value 3 in case of total length and ovary length while it deviates from unity or 

1 in case of total weight and ovary weight.  

 

Morphology and histology of gonads 

The testes: 

The testes of P.ocellatus were paired and elongated structures located dorsal to the 

body cavity, attached to the coelomic cavity by the mesorchia ligaments. Testes were 

united at the posterior end into a common spermatic duct which opened at the other 

terminal end of the genital papillae. The accessory sexual organ, seminal vesicles 

appeared at the base of the testes and these too opened into the spermatic duct. The 

seminal vesicles were elongated during the breeding season. According to the stages 

of sexual maturity, the testis varied in size, shape, colour, weight and location in the 

coelomic cavity. The ripe mature testes are as shown in plate no. 8.3 

 

The different maturity stages observed as depicted in Plate no. 8.4 were as follows: 

Maturity 

stage 

Macroscopic Observation 

Stage I 

Immature 

Small thin thread like white testes occupying 1/10th of the body cavity 

and weighing 0.010-0.025g. No seminal vesicles seen. 

Stage II 

Developing  

Elongated, thickened and white testes occupying 1/6th of the body 

cavity and Weighing 0.035-0.070g. Seminal vesicles were visible in the 

posterior end of the testes.  

Stage III 

Mature 

 

Large, elongated, thickened and creamy white testes with crenulated 

edges occupying 1/5th to 1/4th of the body cavity. And weighing 0.120-

0.250g. Seminal vesicles were longer than the length of the testes. 
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Stage IV 

Ripe 

Thick, swollen, mature and creamy white testes occupying 1/3th of the 

body cavity and weighing 0.250-0.275g. Milt expulsion took place on 

slight pressure. The seminal vesicles grew past the testes.  

Stage V 

Spent 

Shrunken, flat, opaque, compact and white testes reduced to 1/5-1/8 

of the body cavity and weighting 0.050-0.010g. No milt expulsion on 

pressure. The seminal vesicles decreased in size and were not visible 

in the late spent stage. 

 

The histological study of the testis showed that it was made of two layered wall, outer 

peritoneum and inner tunica albuginea. The walls were thick in immature testis and 

were thin in matured one. The testis was mainly composed of numerous lobules which 

were separated from each other by a thin connective tissue having dispersed 

interstitial cells or Leydig cells and blood capillaries. The lobules extended from 

periphery towards the centre. Each lobule was characterized by the presence of 

seminiferous tubules which contained spermatogenic cells. Various stages of 

spermatogenic cells were observed such as spermatogonia, primary spermatocytes, 

secondary spermatocytes, spermatids, and spermatozoa. The seminiferous tubules 

opened into the lumen of the lobule which showed presence of mature sperms. The 

inner margins of the seminiferous tubules showed sertoli cells.  

 

The seminal vesicles are accessory organ of male reproductive system. Seminal 

vesicles are glandular structures lined by cuboidal epithelium, muscles fibres and 

blood capillaries. The vesicles contain vesicular fluid. 

 

 The histological observation of the different stages of testis was as follows: 

Stage I: Immature Plate no.8.5a, 8.5b &  8.5c 

The lobules contain numerous seminiferous tubules of different sizes. The 

seminiferous tubule contains primary and secondary spermatogonia. Narrow and 

clear lumen observed. No spermatogenic activity observed. 

 

Stage II: Developing  Plate no. 8.6a, 8.6b & 8.6c 
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The lobules contain many seminiferous tubules. Some of the tubules shows primary 

and secondary spermatogonia while some germinal cysts along with spermatogonia 

have primary and secondary spermatocytes. The lumen is prominent. Dispersed 

Leydig cells are seen. 

 

Stage III: Mature Plate no. 8.7a, 8.7b & 8.7c 

Few spermatogonia are observed. Spermatocytes  and spermatids are observed on 

the walls of the seminiferous tubule. Large number of spermatozoa are observed in 

the lumen.  The spermatids are attached to sertoli cells. Leydig cells are observed. 

 

Stage IV: Ripe Plate no. 8.8a, 8.8b, 8.8c & 8.8d 

The lumen appears large and is completely filled with spermatozoa.  Few 

spermatocytes are observed. Leydig cells are distinct. 

 

Stage V: Spent Plate no.8.9a & 8.9b, 

The spermatozoa are shed. There is lot of empty spaces in the lumen. Few 

spermatogonia are seen in the empty tubules . The lobules decrease in size. 

 

The Ovaries: The ovaries of P.ocellatus were paired elongated organs present in the 

posterior abdominal cavity with blunt anterior and tapering posterior ends, while the 

middle portion was bulged. They were attached to the body wall by a mesovarium 

ligament. The ovaries were often found to be unequal in size with the regression in the 

right ovary. A thin oviduct arose from the posterior side of each of the ovaries and two 

fused to form a common oviduct which opened into the urogenital papilla or gonopore. 

In females the gonopore was swollen during the breeding season. During the mature 

and ripe stage, the abdomen bulge out in female fish due to bulk of the ovaries. The 

matured and ripe ovary is shown in figure 8.10. 
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The macroscopic observation of different maturity stages of development of ovary as 

in Plate no. 8.11 are as follows: 

Maturity stage Macroscopic description. 

Stage I 

Immature 

Small, slender, thin, light yellow ovaries occupying 1/8 to 

1/6 of the body cavity and weighing 0.015-0.295g.   

Stage II 

Developing 

Thickened, elongated and clear yellow ovaries 

occupying ¼ to ½ of the body cavity and weighing 0.2-

1.005 g.  Network of blood capillaries are seen on the 

surface of the ovary.  

Stage III 

Mature 

Highly thickened, swollen, orange ovaries occupying 

2/3rd of the body cavity and weighing 0.824-1.590g. A 

heavy network of blood capillaries appeared on the 

ovarian surface.  

Stage IV 

Ripe 

Large, swollen and orange ovaries occupying the entire 

space of the body cavity and weighing 1.620-3.580g. The 

gonopore was swollen and on gentle application of 

pressure the eggs flowed out. Dense network of blood 

vessels are seen on the ovaries.  

Stage V 

Spent 

Flaccid hard yellow ovaries occupying 1/3rd of the body 

cavity and weighing 0.195-0.575g. The blood vessels 

were prominent and dark.  

 

Each ovary was sheathed by a thin peritoneal membrane. The ovarian wall was thin 

in early stages and thickened progressively in the later stages of development. The 

second layer enveloping ovary the tunica albuginea consisted of connective tissue, 

smooth muscle fibres and blood vessels. The inner most layer, the germinal epithelium 

project into the lumen of the ovary in the form of lamellae. The ovary contain oocytes 

of various stages of proliferation from germinal epithelium. The oogonia or germ cells 

occur as clusters or nests in the lamellae. The younger germ cells were found towards 

the main matrix while the advanced stages were located towards distal end of the 

lamellae. The ovaries were asynchronous since they showed ova of different stages 

of development.  
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The histological observations of different stages of ovary are as follows: 

Stage I: Immature, Pre- vitellogenic and 

Perinuclear stage 

Plate no. 8.12a, 8.12b 

The oocytes of different sizes are seen in the ovary. The cytoplasm is 

homogenous and is stained. Oocytes are surrounded by rows of follicular cells. 

The diameter of oocyte  varies between 0.01-0.25mm 

 

Stage II: Developing, early vitellogenic, yolk 

vesicles stage 

Plate no.8.13a, 8.13b and 

8.13c 

The oocytes are spherical, oval or polygonal in shape. They show moderate 

amount of chromophobic cytoplasm, medium in size nucleus with many nucleoli 

near the nuclear membrane. Numerous yolk vesicles were seen in the 

cytoplasm surrounding the nucleus of larger oocytes. Smaller yolk vesicles are 

seen surrounding the nuclear membrane. Larger vesicles are seen towards the 

periphery which fills the major part of the cytoplasm towards the later stages. 

The size of the oocyte varies between 0.06-0.35mm   

 

Stage III: Mature, late vitellogenic stage  Plate no. 8.14a, 8.14b, 8.14c & 

8.14d 

Large mature oocytes seen. The nucleus contains many nucleoli. The nuclear 

membrane is indistinct. Yolk granules, lipid globules and cortical alveoli are 

present in the ooplasm. The follicular layers and zona pellucida are well 

differentiated. The size of the oocyte varies between 0.11-0.55mm. 

 

Stage IV: Ripe, yolk globule stage 

 

Plate no. 8.15a ,8.15b, 8.15c & 8.15d  

The large numbers of mature oocytes with maximum diameter are seen. They 

are spherical or polygonal in shape. The yolk globules and lipid droplets fill the 

entire ooplasm as the intra vesicular and inter vesicular yolk deposition takes 

place. The vacuolated large yolk globules are found in the centre. Peripheral 
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nucleus with disintegrated nuclear membrane and dispersed nuclear material 

can be observed. The size of the oocyte varies between 0.5-0.70mm. 

 

Stage V: Spent Plate no. 8E. 12a,  8E.12b & 8E.12c 

The ovarian wall is thick and shows empty follicles. Post ovulatory follicles, 

immature oocytes and unspawned oocytes are observed. They appear in the 

active state of reabsorption. Follicles are contracted and tunica wall appears 

folded. The size of decreased ooyte ranges from 0.06-0.35mm. Atretic oocytes 

observed in this stage. 

 

Table no. 8.1:  Sex ratio of P. ocellatus in different months 

Months 

 

 

Males 

 

Females 

 
 

Total 

No. 

of  

fishes 

Expec

ted no. 

of 

fishes 

 

Sex 

ratio 

 

 

Chi –

square  

(χ2 ) 
 

 

Significa

nce at 

p≤0.05 

No. of 

male 

 

% 

 

No. of 

female 

 

% 

Jun-10 40 63.00 24 37.00 64 32 1:0.60 4 S 

Jul-10 36 68.00 17 32.00 53 26.5 1:0.47 6.811321 S 

Aug-10 40 55.00 33 45.00 73 36.5 1:0.83 0.671233 NS 

Sep-10 23 48.00 25 52.00 48 24 1:1.09 0.083333 NS 

Oct-10 80 62.00 49 38.00 129 64.5 1:0.61 7.449612 S 

Nov-10 39 64.00 22 36.00 61 30.5 1:0.56 4.737705 S 

Dec-10 70 57.00 52 43.00 122 61 1:0.74 2.655738 NS 

Jan-11 50 66.00 26 34.00 76 38 1:0.52 7.578947 S 

Feb-11 34 57.00 26 43.00 60 30 1:0.76 1.066667 NS 

Mar-11 35 51.00 34 49.00 69 34.5 1:0.97 0.014493 NS 

Apr-11 17 41.00 24 59.00 41 20.5 1:1.41 1.195122 NS 

May-11 8 47.00 9 53.00 17 8.5 1:1.13 0.058824 NS 

Jun-11 17 41.00 24 59.00 41 20.5 1:1.41 1.195122 NS 

Jul-11 90 64.00 50 36.00 140 70 1:0.56 11.42857 S 

Aug-11 81 60.00 54 40.00 135 67.5 1:0.67 5.4 S 

Sep-11 25 55.00 20 45.00 45 22.5 1:0.8 0.555556 NS 

Critical value of   χ2   at 1 df = 3.84 at p≤0.05 

 

 

Pooled  χ2  =( F-M)2  = (489-685)2   = 38416  = 32.72   χ2  at 31df = 44.98   

                       F+M         489+685        1174 

 
Ratio 1: 0.71, M:F, Not significant 

S- Significant, NS- Not Significant, F- female and M- male 
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 Table no. 8.2: Sex ratio of P  ocellatus in different length groups 

Length 

groups 

 

Male 

 

Female 
Total 

no. of 

fish 

Sex 

ratio 

Expec

ted 

no.  of 

each 

sex 

Chi 

square 

( X2) 

Significa

nce at 

p≤0.05 

No. 

of 

male

s 

   % 

No. 

of 

fema

les 

% 

66-75 47 69 21 31 68 1: 0.44 34 9.9411 S 

76-85 72 63 42 37 114 1: 0.58 57 7.8947 S 

86-95 138 63 81 37 219 1: 0.58 109.5 14.8356 S 

96-105 201 59 140 41 341 1: 0.69 170.5 10.9120 S 

106-115 92 49 97 51 189 1: 1.05 94.5 0.1322 NS 

116-125 71 58 51 42 122 1: 0.71 61 3.2786 NS 

126-135 27 44 34 56 61 1: 1.25 30.5 0.8032 NS 

136-145 13 46 15 54 28 1: 1.15 14 0.1428 NS 

146-155 15 65 8 35 23 1: 0.53 11.5 2.1304 NS 

156-165 7 100 0 0 7 1: 0 3.5 - - 

166-175 1 100 0 0 1 1: 0 0.5 - - 

!76-185 1 100 0 0 1 1:0 0.5 - - 

 

Critical value of   χ2   at 1 df = 3.84 at p≤0.05 
 

S- Significant, NS- Not Significant 

Table no. 8.3a:  Maturity stages of testes in P.ocellatus male during different months 

Months Stage-I Stage II Stage III Stage IV Stage V  

Jun-10 30 25 0 0 45 

Jul-10 83 14 0 3 0 

Aug-10 55 25 5 15 0 

Sep-10 21 35 13 9 22 

Oct-10 26 56 6 0 12 

Nov-10 77 23 0 0 0 

Dec-10 46 54 0 0 0 

Jan-11 20 24 56 0 0 

Feb-11 0 21 23 56 0 

Mar-11 0 49 20 31 0 

Apr-11 0 12 47 23 18 

May-11 25 0 0 25 50 

Jun-11 47 12 0 0 41 

Jul-11 25 56 4 3 12 

Aug-11 43 31 22 4 0 

Sep-11 12 48 16 24 0 
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Table no. 8.3b:  Maturity stages of ovaries in P.ocellatus female during different months 

Months Stage-I Stage-II Stage-III Stage-IV Stage-V 

Jun-10 0 0 12 21 67 

Jul-10 29 59 12 0 0 

Aug-10 6 27 40 27 0 

Sep-10 0 16 28 56 0 

Oct-10 0 4 6 41 49 

Nov-10 73 27 0 0 0 

Dec-10 15 46 39 0 0 

Jan-11 15 19 66 0 0 

Feb-11 0 0 23 77 0 

Mar-11 0 0 35 41 24 

Apr-11 0 0 29 50 21 

May-11 0 0 0 33 67 

Jun-11 8 17 25 29 21 

Jul-11 32 50 18 0 0 

Aug-11 35 33 19 13 0 

Sep-11 0 15 65 20 0 

 

 

 

 

 

 

Table no.8.4a:  Maturity stages of testes in P.ocellatus  male in different length groups  

 Length 

groups Stage-I Stage II Stage III Stage IV Stage V 

66-75 100 0 0 0 0 

76-85 75 25 0 0 0 

86-95 52 47 0 0 1 

96-105 29 35 31 0 5 

106-115 27 32 14 14 13 

116-125 4 17 26 39 14 

126-135 0 7 41 30 22 

136-145 0 23 8 54 15 

146-155 0 0 47 20 33 

156-165 0 0 0 100 0 

166-175 0 0 0 100 0 

176-185 0 0 0 100 0 
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Table no. 8.4b:  Maturity stages of ovaries P.ocellatus  female in different length groups  

Length 

groups Stage-I Stage II Stage III Stage IV Stage V 

66-75 100 0 0 0 0 

76-85 38 57 5 0 0 

86-95 16 38 15 29 2 

96-105 23 24 23 9 21 

106-115 0 18 33 32 17 

116-125 0 14 29 43 14 

126-135 0 0 20 47 33 

136-145 0 0 20 46 34 

146-155 0 0 13 37 50 

 

 

Table no. 8.5:  Ova diameter in different stages of maturity of P. ocellatus. 

 

 

 

 

 

 

 

 

Ova diameter Immature Developing Maturing Ripe Spent 

0.01-0.05 44  - - - 

0.06-0.10 25 32 - - 5 

0.11-0.15 16 38 1 - 17 

0.16-0.20 8 7 1 - 23 

0.21-0.25 7 5 4 - 35 

0.26-0.30 - 11 10 - 11 

0.31-0.35 - 7 46 - 9 

0.36-0.40 - - 25 - - 

0.41-0.45 - - 4 - - 

0.46-0.5 - - 4 - - 

0.51-0.55 - - 5 19 - 

0.56-0.60 - - - 22 - 

0.61-0.65 - - - 39 - 

0.66-0.70 - - - 20 - 
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Table no. 8.6a:  Gonadosomatic index of P.ocellatus during different months 

Month 

 

Male Female 

June-10 0.59 7.63 

July-10 0.47 3.53 

August-10 0.63 8.56 

September-10 0.51 6.72 

October-10 0.39 7.95 

November-10 0.18 1.58 

December-10 0.47 2.14 

January-11 0.50 5.81 

February-11 0.91 12.67 

March-11 0.61 10.86 

April-11 0.57 9.79 

May-11 0.39 8.83 

June-11 0.53 9.18 

July-11 0.47 3.7 

August-11 0.55 8.16 

September-11 0.54 7.01 

Average 0.51 

 

7.1 

 

 

 

Table no. 8.6b:  Gonadosomatic index of P. ocellatus in different length groups 

length group male female 

66-75 0.31 1.9 

76-85 0.23 3.33 

86-95 0.55 4.81 

96-105 0.47 5.77 

106-115 0.55 7.81 

116-125 0.56 8.99 

126-135 0.69 10.22 

136-145 0.73 12.16 

146-155 0.65 9.2 

156-165 0.57 - 

166-175 0.40 - 

175-185 0.38  
 

 

 

 

 

 



 
 

183 
 

 

Table no. 8.7:  Observed and calculated fecundity in P.ocellatus 

Sr. 

no 

Total 

 length 

(mm) 

Total 

weight 

(g) 

Ovary  

length 

(mm) 

Ovary 

Weight 

(g) 

Observed 

Fecundity 

Calculated fecundity 

F=aLb F=aWb F=aOLb F=aOWb 
1 

100 10.072 27 1.225 29547 24094 20424 25898 23934 

2 
103 10.279 26 1.110 21635 27413 21065 21987 20607 

3 
103 12.372 27 1.238 23664 27413 27917 25898 24320 

4 
104 12.626 27 1.250 24616 28595 28792 25898 24679 

5 
105 12.739 27 1.330 26130 29815 29185 25898 27116 

6 
106 12.807 28 1.380 27972 31075 29421 30325 28679 

7 
107 13.250 28 1.390 29833 32376 30982 30325 28995 

8 
107 13.290 28 1.467 31401 32376 31124 30325 31468 

9 
108 14.259 29 1.550 32930 33718 34637 35311 34211 

10 
108 14.478 29 1.616 34020 33718 35448 35311 36446 

11 
108 14.532 29 1.620 35763 33718 35650 35311 36584 

12 
108 14.822 29 1.690 37600 33718 36736 35311 39010 

13 
109 15.198 29 1.693 38304 35103 38161 35311 39115 

14 
110 15.501 30 1.742 40782 36531 39323 40906 40847 

15 
110 15.676 30 1.754 41749 36531 40000 40906 41275 

16 
111 16.091 30 1.766 43002 38004 41620 40906 41704 

17 
111 16.213 30 1.810 43447 38004 42101 40906 43292 

18 
112 16.452 31 1.880 44000 39522 43047 47160 45859 

19 
112 16.457 31 1.907 46880 39522 43067 47160 46863 

20 
112 16.990 32 1.909 47538 39522 45204 54124 46937 

21 
117 18.120 32 1.921 48871 47827 49851 54124 47386 

22 
118 18.342 32 1.921 49765 49638 50782 54124 47386 

23 
122 18.438 32 1.981 53050 57417 51186 54124 49651 

24 
123 18.774 32 2.032 54374 59501 52610 54124 51605 

25 
124 20.063 32 2.122 55180 61643 58196 54124 55114 

26 
125 20.625 32 2.202 55709 63843 60691 54124 58300 

27 
125 20.902 32 2.230 57122 63843 61933 54124 59429 

28 
125 20.939 33 2.460 57715 63843 62100 61855 68979 

29 
125 20.955 33 2.502 59792 63843 62172 61855 70775 

30 
127 21.304 33 2.739 68554 68426 63752 61855 81199 

31 
132 26.501 33 2.983 81939 80995 88827 61855 92431 

32 
137 26.523 39 3.006 93906 95274 88939 127683 93515 

33 
153 38.383 40 3.321 179334 154335 155954 142507 108790 

Avg 115.36 17.39 30.66 1.901 48973 48521 48512 48535 48075 
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Fig 8.1: Variation in sex ratio  of P.ocellatus during different months. 

 

 

 

Fig 8.2: Variation in sex ratio of P.ocellatus  in different length groups.  
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Fig 8.3a:  Maturity stages of testes of male P.ocellatus during different months expressed as 

percentage. 

 

 

 

Fig 8.3b:  Maturity stages in ovaries of female P. ocellatus during different months expressed as 

percentage. 
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Fig 8.4a:  Maturity stages of testes of male P.ocellatus in different length groups. 

 

 

Fig 8.4b:  Maturity stages of ovary of female P.ocellatus in different length groups. 
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Fig8.5a:  Minimum size at which 50% of  male P.ocellatus attain maturity. 

 

 

 

Fig 8.5b: Minimum size at which 50% of female P.ocellatus attain maturity. 
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Fig 8.6: Ova diameter frequency polygon of P.ocellatus in different stages of maturity  
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  Fig 8.7: Ova diameter frequency polygon during different months  
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Fig8.8a:  Variations in gonadosomatic index of male P.ocellatus during different months 

 

 

 

Fig 8.8b: Variation in gonadosomatic index of female P.ocellatus during different months 
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Fig 8.9a: Variation in gonadosomatic index of male P.ocellatus in different length groups 

 

 

 
Fig 8.9b: Variation in gonadosomatic index of female P.ocellatus in different length groups 
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Fig8.10a: Fecundity in relation to total length in P.ocellatus 

 

 

 

 
Fig 8.10b: Fecundity in relation to total weight in P.ocellatus 
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Fig 8.10c:  Fecundity in relation to ovarian length in P.ocellatus 

 

 

 
Fig 8.10d: Fecundity in relation to ovarian weight of P.ocellatus  
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Plate 8.1: Male and female Parachaeturichthys ocellatus 

 

Plate no.8.2:  Male and female Parachaeturichthys ocellatus (ventral view) 
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Plate 8.3: Male P.ocellatus, testes  in different stages of maturity:  StageI-Immature, Stage II- 

developing, Stage III-Mature, Stage IV-Ripe, StageV-Spent. 

Plate 8.4:  

Male P.ocellatus, Testes in situ. 
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Plate 8.5a: Male P.ocellatus, C.S of testis showing stage I-Immature stage , H&E 10X 

(Psg-Primary spermatogonia)   

 

Plate 8.5b: Male P.ocellatus, C.S of Testis showing stage I-Immature stage , TB 10X 

(TA-Tunica albuginea) 
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Plate 8.5c: Male P.ocellatus, C.S of Testis showing stageI-Immature stage , TB 40X 

(ssg- secondary spermatogonia,  psg- primary spermatogonia,  Lc-Leydig cells) 

 

 

 

Plate 8.6a: Male P.ocellatus, C.S of Testis showing stage II-Developing stage, H&E 10X 

(TA- Tunica albuginea, psg-primary spermatogonia, ssg-secondary spermatogonia,  

SV- seminal vesicles) 
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Plate 8.6b: Male P.ocellatus, C.S of Testis showing stage II-Developing stage, TB 10X 

(psc-primary spermatocyte, ssc- secondary spermatocyte, st-spermatids) 

 

 

Plate 8.6c: Male P.ocellatus,  C.S of Testis showing stage II-Developing stage, TB 40X 

(psc-primary spermatocyte, ssc-secondary spermatocyte) 
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Plate no.8.7a: Male P.ocellatus, C.S of Testis showing stage III-Mature stage, TB 10X 

(sc-spermatocyte,  sz-spermatozoa)  

 

 

Plate 8.7b: Male P.ocellatus, C.S of Testis showing stageIII-Mature stage, TB 40X 

(Lc-Leydig cell, psc-primary spermatocyte, ssc-secondaryspermatocyte, st-spermatids, sz-

spermatozoa) 
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Plate 8.7c: Male P.ocellatus, C.S of Testis showing stageIII-Mature stage, H&E 40X 

(sz-spermatozoa, Lc-Leydig cell, sc-spermatocyte, st-spermatids) 

 

 

 

 

Plate 8.8a: Male P.ocellatus, C.S of Testis showing stageIV-Ripe stage, H&E 10X 

(st-spermatids, sz-spermatozoa, sc-spermatocyte) 
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Plate 8.8b: Male P.ocellatus,  C.S of Testis showing stageIV-Ripe stage, H&E 40X 

(sc-spermatocytes, st-spermatids. sz-spermatozoa, Lc-Leydig cells) 

 

 

Plate 8.8c: Male P.ocellatus, C.S of Testis showing stageIV-Ripe stage, TB 40X 

(st-spermatids, sz-spermatozoa, sc-spermatocyte) 
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Plate 8.8d: Male P.ocellatus,  C.S of Testis showing stageIV-Ripe stage, TB 40X 

(Lc-Leydigcells, sz-spermatozoa, st-spermatids) 

 

 

 

Plate 8.9a: Male P.ocellatus,  C.S of testis showing stageV-Spent stage, TB 10X 

(psg-primary spermatogonia) 
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Plate 8.9b: Male P.ocellatus, C.S of testis showing stageV-Spent stage, TB 40X 

(psg-primary spermatogonia,  ssg-secondary spermatogonia) 

 

 

Plate 8.10: Female  P.ocellatus, ovaries in different stages of maturity. 
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Plate 8.11: Female P.ocellatus, Mature ovaries in situ. 

 

 

 

Plate 8.12a: Female P.ocellatus, C.S of ovary showing stage I, Immature stage, H&E 10X 

(Pf-primary follicle) 
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Plate 8.12b: Female P.ocellatus, C.S of ovary showing stage I, Immature stage, H&E 40X 

(Po-primary oocyte) 

 

 

 

 

Plate 8.13a: Female P.ocellatus, C.S of ovary showing stage II, Developing stage, H&E 10X 

(Ni-nucleoli, Nu-nucleus, Vo- Vitelline oocyte) 
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Plate 8.13b: Female P.ocellatus, C.S of ovary showing stage II, Developing stage, TB 10X 

(Ca- Cortical alveoli, Nu-Nucleus) 

 

 

Plate 8.13c: Female P.ocellatus,  C.S of ovary showing stage II, Developing stage, TB 10X 

(Ca-Cortical alveoli, Yg-Yolk globules, Ni-Nucleoli, Nu-Nucleus,  Ve- Vitelline envelope) 
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Plate 8.14a: Female P.ocellatus, C.S of ovary showing stage III, Mature stage H&E 10X 

(Nu-Nuclues, Zp-Zona pellucida, Ni-Nucleoli) 

 

 

Plate 8.14b: Female P.ocellatus, C.S of ovary showing stage III, Mature stage H&E 40X 

(Zp-Zona pellucida, Ca- Cortical alveoli, Yg- Yolk globules, Nu- Nucleus, Ni- Nucleoli) 
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Plate 8.14c: Female P.ocellatus,  C.S of ovary showing stage III, Mature stage TB 10X 

(Nu-Nucleus, Ni-Nucleoli, Zp- Zona pellucida) 

 

 

Plate 8.14d: Female P.ocellatus, C.S of ovary showing stage III, Mature stage TB 40X 

(Zp- Zona pellucida, Ca- Cortical alveoli, Ni-Nucleoli, Nu- Nucleus, Yg- Yolk globule) 
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Plate 8.15a: Female P.ocellatus, C.S of ovary showing stage IV, Ripe stage H&E 10X 

(Nu- Nucleus, Ca-Cortical alveoli) 

 

Plate 8.15b: Female P.ocellatus, C.S of ovary showing stage IV, Ripe stage H&E 40X 

(Yg- Yolk globule) 



 
 

210 
 

 

 

Plate 8.15c: Female P.ocellatus, C.S of ovary showing stage IV, Ripe stage TB 10X 

(Nu-Nucleus) 

 

 

Plate 8.15d: Female P.ocellatus, C.S of ovary showing stage IV, Ripe stage TB 40X 

(Zp-zona pellucida, Ve-vitelline envelope, ca- cortical alveoli, Yg- Yolk globule) 
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Plate 8.16a: Female P.ocellatus, C.S of ovary showing stage V, Spent stage H&E 10X 

(Ao- Atretic oocyte) 

 

Plate 8.16b: Female P.ocellatus, C.S of ovary showing stage IV, Ripe stage H&E 40X 

(Ao-Atretic oocyte,  Yg- Yolk globule) 
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Plate 8.16c: Female P.ocellatus, C.S of ovary showing stage IV, Ripe stage TB 10X 

8.5    Discussion 

The reproductive aspects of biology studied in P.ocellatus like sexual dimorphism, sex 

ratio, stages of gonad maturity, spawning periodicity, length at first maturity, 

gonadosomatic index, fecundity, morphology and histology of gonads revealed that 

the reproduction was similar to that observed in most species of gobies by various 

researchers as reflected in the review of literature. Some aspects of reproduction are 

discussed below. 

 

Sexual dimorphism  

Sexual dimorphism has been observed in P.ocellatus which was prominent during the 

breeding season. Sexually dimorphic characters noted in P.ocellatus during the 

breeding season were colouration around the pelvic and anal fin, length of the body, 

depth of the abdomen, length of the second dorsal fin, shape and sturdiness of 

pectoral fin and pelvic fin, length and shape of urinogenital papillae. The characters 

like length of the second dorsal fin ray and sturdiness of the pectoral fin were observed 

throughout the period of study. In P.ocellatus males during the breeding season the 

region around pelvic and anal fins turned reddish in comparison to females.  The body 

of male fish was longer and slender than that of female while the female body was 

deeper especially the abdomen than that of male. Dorado (2010) and Unito-Ceniza et 

al., (2012) observed similar body shape in male and female G. Giuris.  
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The second dorsal fin ray of the male P.ocellatus was longer than that of the female.  

Gore (2007) observed in Boleophthalmus boddaerti that the first, the second, the third 

and the fourth dorsal fin rays of the male were longer than those of the female. In male 

P.ocellatus the fin rays of second dorsal fin had \ spots which were darker compared 

to those on the fin rays of the female fish. The pectoral fins of male P.ocellatus were 

larger and stronger than those of the females. In general the males appeared sturdier 

than the females. The urinogenital papillae of male P.ocellatus were straight, thin, long 

and pointed while in female they were rounded, short, and fleshy. Similar observations 

were recorded in urinogenital papillae of Gobioides broussoneti (Mata Cortes et al 

2004), Glossogobius giuris (Doha, 1974; Rao and Rao, 2007) and Boleophthalmus 

boddaerti (Gore, 2007) while Gibson and Ezzi (1978) reported that in Lesueurigobius 

triesii the male papilla was slender and conical and reached back as far as the first 

anal fin ray whereas in females it was shorter broader and ended halfway between 

anus and first anal fin ray. The pelvic fins of male and female are fused together but 

the anterior end of joint fin in male fish exhibited bifurcation while in female the same 

was rounded. However the fish were not sexually dimorphic throughout the life span 

and prominent dimorphic characters were observed during February, March, April, 

August and September. During the remaining period the sexes had to be determined 

by observation of gonads. During maturation the testes were white in colour whereas 

of mature they were creamy white. The ovaries in female P.ocellatus were initially 

yellow in the maturing females and they turned deep orange in the mature state. 

 

Sex ratio 

Sex ratio indicates the proportion of male and female in the population and is expected 

to be 1:1. Any deviation from equilibrium may be considered to indicate the dominance 

of one sex over other in the population. The range of sex ratio recorded in the survey 

of literature carried out by the candidate was: 3.3M:1F in Gobius niger reported by Filiz 

and Togulga (2009) and 1:1.54, M:F in Pomatochistus marmoratus reported by 

Koutrakis and Tsikliras (2009). In the former the ratio was in favour of male dominance 

and the male fish were dominant in all ages, all months and all seasons (Filiz and 

Togulga, loc.cit.). Kader et al., (1988b), Miller (1961) and Wiley (1973) observed 

disproportionality in the number of males and females of Gobiodes rubicundus, Gobius 

paganellus and Coryphopterus nicholsli respectively. Male dominance was recorded 
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in Glossogobius giuris from Gosthani estuary (Rao and Rao, 2007) and Bathygobius 

soporator from Badagry creek (Lawson and Thomas, 2010). Female dominance in the 

spawning season has been reported in many gobiid fishes like Gobius niger (Nash, 

1984), Gobius roulei (Kovacic, 2001), Gobius vittatus (Kovacic, 2007), Gobius 

paganellus (Engin and Seyhan, 2009), Gobius rubicundus (Kader et al., 1988b), 

Periophalmus papilion (Lawson, 2010).  

 

Deviation from the 1:1 occurrence of the number of male and female P.ocellatus during 

different months was observed. During the present study, the dominance of male or 

female in the overall sex ratio was evident depending upon season. The females 

dominated males in September, April, May and June 2011 while the males dominated 

in all the other months from June 2010 to September 2011.   

 

In P.ocellatus the sex ratio fluctuated around 1:1 and did not deviate significantly at 

p≤0.05 during the months of August 2010 at 1:0.83, M: F; September 2010 at 1:1.09,M: 

F; December 2010 at 1:0.74,  M: F; February 2011 at 1:0.76, M: F; March 2011 at 

1:0.97, M: F and September 2011 at 1 :0.8, M: F. In February and March 2011 most 

of the fishes are reproductively mature. In all the remaining months the sex ratio 

seemed to deviate significantly from the expected ratio 1:1. In fish sex ratio varies 

considerably from species to species, from one population to another of the same 

species and from year to year in the same population (Nikolsky, 1963). The deviation 

from the normal 1:1 sex ratio might be due to differential fishing (Kesteven, 1942),  

differences in age and size at maturity (Reynolds, 1974), differential behaviour of 

sexes, differences in morphology and physiological activity (Baglin, 1982), through 

environmental conditions, (Bal and Rao, 1984) and partial segregation of mature fish 

through their habitat preference (Parrish et al., 1986). In P.ocellatus the average sex 

ratio was 1:0.71, M: F which was a very narrow range and did not deviate significantly 

at p≤0.05. It would be interesting to study the reasons for the fluctuations in sex ratio 

vis a vis the male and female dominance which varied during different months of the 

year. 

 

 The length wise analysis showed near equilibrium in sex ratio in the length group 106-

115mm at 1M:1.05F though a slight female dominance was observed. Female 

dominance was observed in the length groups of 126-135mm and 136-145mm. Males 
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dominated in all the other length groups whereas in the length group 156-185mm only 

males were prevalent. The occurrence of males among larger length group in 

P.ocellatus agrees with that of Nash (1982) in Leseueurigobius frierii and Kader et al., 

(1988b) in Gobioides rubicundus. Differences in size specific sex ratio have been 

related to sexual differences in growth, mortality, energetic cost of reproduction and 

differential migration or spatial segregation (Sadovy and Shipro, 1987; Said et al., 

1994 Stergiou et al., 1996) or even sex reversal (Said et al 1994). In present study the 

disparity in sex ratio was observed in various length groups and in general the male 

P.ocellatus tended to be longer and slender while females were shorter and broader.  

 

Thus to conclude in the present study sexual dimorphism was observed prominently 

during months of August and September 2010, February, March, April, August and 

September 2011 especially with characters like colouration in male around the pelvic 

fin and anal fins, length of the second dorsal fin rays, shape and sturdiness of pectoral 

and pelvic fin length and shape of urinogenital papillae. In general P.ocellatus male 

tended to be longer and slender while females were shorterand had deeper abdomen. 

Though the near equilibrium of sex ratio was observed during the months from August, 

September, December 2010, February to June and September 2011 and in the length 

groups 106-115mm and 136-145mm, the females were slightly dominant in the 

population of P.ocellatus in the terms of sex ratio during the months of September 

2010, April, May and June 2011 whereas the males dominated in the population in all 

the other months. In the length group 156-185 only male P.ocellatus were prevalent. 

 

Spawning periodicity 

Miller (1984) and Blaber (2000) stated that all gobies are multiple spawners, they 

breed for most of the year often in wet season. Spawning occurs at a time when 

environmental conditions are most favourable for larval survival and development.  

 

In the present study of gonad maturity in P.ocellatus, the following stages were 

observed in each month of the study period: In the month of June 2010 mainly 

immature, developing and spent stages were observed; in July 2010 immature, 

developing and ripe stages were observed; in August 2010 all the four stages except 

spent stages were observed; in September 2010 all the five stages were observed; in 
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October 2010 except ripe all other stages were observed; in November and December 

2010 only stage I and stage II were observed; in January 2011 immature, developing 

and mature stages were observed whereas in February and March 2011 developing, 

mature and ripe stages were predominantly observed; in April 2011 developing, 

mature, ripe and spent stages were observed; May 2011 was predominant with spent 

stages along with few immature and ripe stages; June 2011 also showed 

predominance of spent stages with immature and developing stages; from July 2011 

to September 2011 all four stages like immature, developing, mature, ripe were 

observed with few spent stages in July 2011. Thus in P.ocellatus ripe males occurred 

in July, to September 2010 and from February to April 2011 and again from July to 

September 2011. 

 

In females in June 2010 mature, ripe and spent stages were observed; in July 2010, 

immature, developing and mature stages were observed; in August 2010 immature, 

developing, mature and ripe stages were observed; in September 2010 developing, 

mature and ripe stages were observed; in October excepting immature all the other 

four stages were prevalent with maximum ripe stages; in November and December 

2010 immature and developing stages were prevalent with few mature stages in 

December 2010; in January 2011 immature, developing and mature females were 

observed; in February 2011 mature and ripe stages were predominantly observed; in 

March and April 2011 mature, ripe and spent stages were predominant; in May 2011 

only few ripe and maximum numbers of spent females were observed; in June 2011 

all five stages were observed; in July 2011 immature, developing and ripe females 

were observed while in August and September 2011, developing, mature and ripe 

females were observed. Thus in females ripe stages occurred in June 2010, August 

to October 2010, February to June 2011 and again in August and September 2011. 

 

This study suggests that spawning in P.ocellatus extends from June to October 2010 

and again from January to September 2011 with the peak spawning occurring from 

February to April 2011. Report on the spawning periodicities in P.ocellatus could not 

be found during the survey of literature carried out by the candidate. 

 In the present study following stages of gonad maturity were observed in both male 

and female P.ocellatus: pre spawning stage consisting of immature and developing 
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gonads, spawning stage consisting of mature and ripe gonads and post spawning 

stage consisting of spent gonads. Pre spawning stages were observed in males from 

June 2010 and January 2011 and again from May to September 2011, Spawning 

stages in August and September 2010, February to May 2011 and again in August 

and September 2011. Post spawning stages were observed in June 2010, September 

and October 2010 and from April 2011 to July 2011. In females pre spawning was 

observed in July 2010, November 2010 to January 2010 and from June to August 

2011, spawning stages in June 2010, August 2010 to October 2010, January 2011 to 

June 2011 and again in August 2011 and September 2011. Post spawning was 

observed in June and October 2010 and again from March to June 2011. 

 

Pre spawning was predominantly observed from November 2010 to December 2010 

in both male and female P.ocellatus. Spawning stages were predominant from 

February to April in both male and female while post spawning was predominantly 

observed from April to June 2011 while many of them were found in various stages of 

maturity in different months indicating that this species had a prolonged breeding 

season from June 2010 to September 2010 and again from January 2011 to 

September 2011. Thus it can be concluded that P.ocellatus breeds throughout the 

year except during November and December 2010 which appears to be a resting 

phase during reproductive cycle. 

 

The ova diameter of P.ocellatus ranged in size from 0.01mm to 0.70mm. The range 

from 0.31-0.35mm included ova from developing, mature, and spent stages. The ova 

with diameter ranging from 0.50-0.70mm included only ripe ones. The maturing ova 

were found throughout the period of study except November and December 2010 

whereas ripe ova ready to spawn occurred in maximum number during February and 

March 2011 and few occurred in August and September 2010.  

The frequency polygon of ova diameter in different stages of maturity in P.ocellatus 

showed only one peak. A single peak in frequency polygon was also observed in all 

months except November and December. Hickling and Rutenberg (1936) propounded 

the theory that vital information regarding the spawning habits of fish may be obtained 

by the investigation of a mature ovary. According to them the number of peaks of ova 

in a frequency polygon in a mature ovary gives a clue to the number of spawning per 
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year. Measurement of ova diameter and their frequency polygon distribution at 

different times of the months in a year was a common method in determining the 

maturity cycle of the fish (Macer 1974). During the present study the frequency 

polygons of ova diameter showed a single peak in each stage suggesting that in 

P.ocellatus individual fish spawns once in the year. Similarly a single peak was 

obtained in the frequency polygon of ova diameter from June 2010 to May 2011. The 

frequency polygons in terms of monthwise stages of maturity indicate that in 

P.ocellatus, the individual fish may probably spawn only once in a year whereas the 

population as a whole may spawn throughout the year. 

  

The size at first maturity primarily depends on environmental and genetic factors 

(Wootton, 1990) but can be influenced by other biological condition like parental care 

and predation (Abrams and Rowe, 1996). The size at which 50 percent i.e. L50 of the 

population of P.ocellatus mature in male was 91mm whereas in female was 94mm. 

Thus it can be observed that in P.ocellatus males attain sexual maturity at a smaller 

length group than the females Similar observation have been reported in few other 

species of gobies by Hoda (1986) in Gobius pagnellus L50 was 52mm for males and 

L50 for females was 55mm, Engin and Seyha (2009) in goby Pseudocryptes elongates 

L50 was 154mm in males and 163mm in females. This may indicate that after attaining 

maturation females allocate more energy for the production of gametes while males 

with smaller reproductive effort continue growing (Palazon Fernandz et al., 2001). 

Bowering (1976) pointed out that differences in growth between sexes are the result 

of genetics that determine the physiology and behaviour of the fish.  

Thus the spawning periodicity of P.ocellatus during the present study was found to 

extend from June 2010 to October 2010 and again from January 2011 to September 

2011 with peak spawning from February to April while November and December 

appear to be resting period for reproductive activities. The frequency polygons had a 

single peak in each stage of maturity and as well as in each month indicating that for 

the population as a whole the breeding season extends throughout the year (except 

November and December) though an individual fish spawns only once during the 

breeding season. The data on maturity stages of male and female P.ocellatus and the 

size at which the population attains sexual maturity will be useful in fishery and 

aquaculture. 
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Gonadosomatic index (GSI) 

GSI is the ratio of gonad weight to the body weight. The cycle of maturation and 

monthly variation of GSI are good indicators of the extent of development of gonad 

with respect to the time of year (Sebastian 2011). The GSI has been widely used as 

an indicator of the fish spawning period, but its use in reproductive biology is suitable 

when associated with other reproductive indicators such as macroscopic and 

histological studies especially in males, since differences in size and weight are less 

conspicuous than in females (Chaves, 1991).  

 

In P.ocellatus in August 2010 high value of GSI was observed in both male and female 

fish. The lowest GSI was observed in November 2010 in both male and female fish. 

The GSI increased progressively from December 2010 to February 2011 with a 

maximum value in February 2011 in both male and female P.ocellatus. The GSI then 

decreased progressively till May 2011 in both male and female and then the GSI 

showed an upward trend in June 2011 and again in August 2011 with a dip in July 

2011 in both the sexes. Low GSI values in November 2010 and May 2011 are 

concomitant with a period of early development of gonads when the fish are in a resting 

period during the gonadal cycle. Thus it can be concluded from the GSI values that 

P.ocellatus may probably breed thought out the year except November and 

December. The high GSI value from February to April indicates peak spawning which 

is in agreement with the maturity stages. 

 

The female GSI was consistently higher than males. The consistently high GSI in 

female P.ocellatus probably point to the fact that most of the body reserves may be 

allocated for the development of ovary. Similar aspects are recorded in many gobiid 

fishes like Gobius paganellus (Miller, 1961), Gobioides rubicundus (Kader et al., 

1988b), Boleopthalmus boddaerti (Ravi, 2000; Gore, 2007), Stenogobius 

gymnopomus (Lekshmi et al., 2010) and Gobius paganellus (Hajji et al., 2012). Buxton 

(1990) pointed out that low value of GSI in case of male is due to low energy 

investment in gamete production as compared to the female. 

 

The length group analysis of P.ocellatus showed that in the length group 136-145mm 

the GSI was maximum in both male and female indicating that the fishes in this length 
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groups may probably be in peak spawning stages. The decrease in GSI value of males 

in length group of 146-155mm could be corollary to the highest percentage (33%) of 

gonads in the spent stage. GSI value decreased in length groups of 156-165mm, 165-

175mm and 175-185mm though the males in these length groups were reproductively 

ripe and mature. The females of length group 146-155mm also showed lower GSI 

which could be attributed to the spent stage observed in the ovaries of P.ocellatus.  

 

It is interesting to note that the GSI values in both male and female P.ocellatus follow 

the same trend in different months. The minimum value of GSI in November 2010 and 

December 2010 agrees with the stages of gonad maturity that the fishes are in resting 

phase. Maximum GSI value for both male and female was observed in February 2011 

which is in agreement with the stages of maturity indicating that maximum numbers of 

fishes were in peak spawning period.  The drop in values of GSI in May 2011 indicates 

the termination of spawning season. The length wise analysis of GSI correlates well 

with the stages of maturity in female fish while in larger males the correlation between 

GSI and maturity stages is not so clearly observed. Thus the male P.ocellatus showed 

lower GSI values though they were in spawning stages. Thus it can be concluded in 

general that though high GSI is an indicator of spawning period, for predicting 

spawning period in P.ocellatus, GSI alone is not enough.  

 

Fecundity 

Fecundity is the most common measure of reproductive potential in fishes. Fecundity 

of the individual fish is determined from the total number of mature ova that are 

destined to be shed at the ensuing spawning season. Marked differences in fecundity 

among species reflect different reproductive strategies (Pitcher and Hart, 1982; 

Wootton, 1984; Murua and Saborido-Rey, 2003). Within a given species fecundity may 

vary as a result of different adaptation to environmental habitat (Witthames et al, 

1995). Fecundity of any species of fish depends not only upon the size and age of the 

fish but also on the size of the egg. Fishes that produce larger eggs are generally less 

fecund than those producing smaller eggs (Tyler and Sumpter, 1996).  

 

The fecundity of gobiids varies widely among and within species ranging from less 

than 100 eggs in Eviota lacrimae to over 500000 eggs in Awous guamensis (Ha and 
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Kinzie, 1996). Many factors complicate the interpretation of fecundity data, especially 

in relation to the investment of energy. The numbers of eggs produced by the female 

fishes are dependent on various factors like size, age, condition and type of species 

(Lagler et al., 1967). Williams (1975) argues that highly fecund fishes are capable of 

rapidly adjusting their populations to environmental changes. The fishes which are 

more vulnerable to predation produce more number of eggs (Borek and Sapota, 2005).    

 

The number of mature ova in the ovaries of female P.ocellatus during the present 

study from June 2010 to September 2011 ranged between 21,635-1,79,334 eggs with 

a mean of 48,973 eggs. In P.ocellatus the fecundity of the largest sized fish with total 

length of 153mm and weight 38.383g was 1,79,334 while in the smallest mature 

female with length 100 mm and weight 10.072g the fecundity was 29,547. The 

variation in fecundity was observed in P.ocellatus having the same/identical length. A 

fish of length 108 mm and weight 14.259 was found to have 32,930 eggs while another 

fish of same length and weight of 14.822 was found to have 37,600 eggs. Similar 

variation also occurred in the fish with length 125mm where the fecundity was 55,709 

and 59,292 eggs. Variation in fecundity of the fish in the same length indicates that 

fecundity may not necessarily dependent only on the length of the fish. The variations 

in fecundity also occur due to body weight, length and weight of gonads as reported 

in Lepturacanthus savala (Kader et al., 1982), Hilsa ilisha (Akter et al., 2007), Channa 

gachua (Gaikwad et al., 2009), Sillaginopsis panijus (Islam et al., 2012). 

 

In P.ocellatus, the fecundity showed a fairly linear relationship with total length, total 

weight, ovary length and ovary weight. The positive linear relationship between 

fecundity and various body parameters was observed by many workers in goby fishes 

like Boleophthalmus dussumeiri (Mutsaddi, 1964), Glossogobius giuris (Rao & Rao, 

2007), Stenogobius gymnopomus (Lekshmi et al, 2010).  

 

The exponential value of P.ocellatus in relation to fecundity and TL was observed to 

be 4.3671 indicating that fecundity increases at a rate above the fourth power of TL. 

The t-test on ‘b’ value revealed that it deviated significantly from the value of ‘3’. The 

exponential value of fecundity and TW was 1.5195 indicating that fecundity increases 

at a rate above 1.5 times the TW of the fish and ‘b’ deviated significantly from ‘1’. 

Similarly the exponential value of fecundity and ovarian length was 4.3385 which 
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deviated significantly from the value of ‘3’ and that of fecundity and ovarian weight was 

1.5182 which deviated significantly from ’1’. 

 

The coefficient of correlation of fecundity with TL, TW, OL, and OW revealed highly 

significant relationship. The fecundity was correlated with total weight at value of ‘r’ at 

0.9756 followed by ovarian length of ‘r’ at 0.9705, ovarian weight of ‘r’ at 0.9633 and 

total length of ‘r’ at 0.9628. This was similar to the findings in Glossogobius giuris from 

Bangladesh (Nabi et al., 2007). Mutsaddi (1964) reported that weight of the fish, rather 

than the total length was more reliable factor to estimate fecundity of Boleophthamus 

dussumeiri and Gore (2007) also reported that weight of ovary in Boleophthalmus 

boddaerti was most suitable and reliable method to estimate fecundity. Assessment 

of fecundity has paramount importance in fisheries management as it provides 

knowledge about the number of offspring produced in a season and the reproductive 

capacity of the species (Qasim and Qayyum, 1963). 

 

Thus P.ocellatus was found to be highly fecund fish with large range of fecundity. The 

relationship between fecundity and total length, total weight, ovarian length and 

ovarian weight showed a straight line. The fecundity was highly correlated with total 

weight followed by ovarian length, ovarian weight and total length. The results of 

present study will be helpful in determining the fecundity of P.ocellatus from the 

morphometric external characters like length and weight of the fish and thereby help 

in deriving estimates on fecundity without actually sacrificing the fish. 

 

Morphology and histology of gonads 

Spawning as an activity of reproductive biology signifies beginning of new generation 

of fish population. This requires a long term strategic planning in the fish involving 

coordination of all the biological activities diverted towards reproduction especially 

development of gonads and gametes. The development of gonads in fish involves 

changes in its morphological, histological and biochemical parameters. The changes, 

the gonads undergo from immaturity to ripe stage leading to spawning, have been a 

subject of study for many a biologists. 
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In the present study of gonad development in P.ocellatus a general pattern similar to 

many teleost fishes was observed. A five point maturity scale for gonads  laid by 

International council for exploration of sea (Lovern and Wood, 1937) for gonads  as 

been accepted as a standard, The same has been described by Jayashankar (1991b). 

This scale is ideal for most tropical spawners and was used by many authors like 

Belsare (1962), Qasim (1973a) and Nunez and Duponchelle (2009) to classify stages 

of development in both male and female fishes. For the present study the above 

mentioned five points scale has been used to understand the phases of maturation of 

gonads in P.ocellatus. 

 

Gonads and accessory organs in male P.ocellatus 

The gonads and accessory organs in a mature fish consist of pair of testes, seminal 

vesicles, sperm ducts and genital papillae. The changes in morphology and histology 

of these organs reflect on the various stages of maturity leading to reproductive 

activities. In fact many of these changes occur in a cyclic manner. 

 

The creamy white pair of testes in P.ocellatus was narrow, elongated and tubular. 

Each of the testis continued into sperm ducts; the two sperm ducts joined towards the 

posterior end to form a common duct which opened at the terminal end into the genital 

papillae. There was a pair of accessory reproductive organ called seminal vesicles. 

The seminal vesicles appeared as paired organ and were in late stages usually much 

larger than the testis. At maturity the vesicles showed the presence of vesicular fluid. 

In some species like Gobius cobitis and Bathygobius fiscus similar findings were 

recorded while in Buenia jeffreysii and Acentrogobius cyanomus seminal vesicles 

were smaller than testis (Fishelson, 1991). The seminal vesicles of P.ocellatus were 

glandular structures lined by cuboidal epithelium. 

 

The testes of male P.ocellatus showed regular changes in the testicular cycle with 

spermatogenic activity. Histological studies showed that the testis was covered by 

tunical albuginea internally. There were numerous lobules in testis which were 

separated by conective tissue in which were dispersed the Leydig cells. Each lobule 

contained numerous seminiferous tubules which showed the presence of germs cells 

in different stages of developmentment namely: primary spermatogina, secondary 
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spermatogonia, primary spermatocytes, secondary spermatocytes, spermatids and 

spermatozoa. 

 

 The following five stages of maturity of the gonads and accessory reproductive organs 

were identified based on morphological and histological observations during the 

gonadal cycle. They can be seen in the photographs/plates.  

 

Stage-I: Immature gonads and accessory reproductive organs   

In P.ocellatus the paired white testes were thread like and thin. Seminal vesicles were 

not apparant in this stage. In the histological preparation primary and secondary 

spermatogonia could be observed around the periphery of seminiferous tubule. No 

spermatogenic activity could be observed. The lumen was narrow and clear. A few 

spermatocytes could be seen in the late stages.  

 

Stage-II: Developing gonads and accessory reproductive organs 

 In this stage the testes appeared as thick and white paired structures. A pair of 

seminal vesicles was seen reaching more than half of the length of the testes. The 

histological preparation showed seminiferous tubule with spermatogonia around the 

periphery while large number of primary and secondary spermatocytes occurred 

towards the inner margins. Spermatids were attached to Sertoli cells and few 

spermatozoa could be seen in the lumen of the tubule.  

 

Stage III Mature gonads and accessory reproductive organs   

The creamy white testes were large, elongated, bulging and attained maximum size 

with crenate margin in P.ocellatus. The seminal vesicles increased in length and were 

longer than the testis.  The histological preparation showed that the seminiferous 

tubule showed presence of spermatozoa in the lumen. Primary spermatocytes, 

secondary spermatocytes and spematids were observed in the periphery of the tubule. 

Hardly any spematogonia could be observed.  

 

Stage IV Ripe gonads and accessory reproductive gonads   

The milt flowed on application of slight pressure to the thick creamy white testis which 

appeared almost swollen in this stage. The histological preparation showed that the 

seminiferous tubules had increased in size considerably due to large number of 



 
 

225 
 

spermatozoa in the lumen of the testis. Few spematocytes and spermatids were 

observed in the tubule. Motile spermatozoa could be observed in the lumen. Some 

ruptured tubules could be seen with motile spermatozoa liberated in the tubular lumen.  

 

Stage V Spent stage of gonads and accessory reproductive gonads   

The flaccid shrunken testis in late stages were covered with dark blood vessels. The 

seminal vesicles remained longer than the testes initially but in late stages were found 

to be reduced in size. The histological preparation showed that the lumen of the 

seminiferous tubules seemed to be empty though few residual spermatozoa could be 

observed therein. Spermatogonia were observed in the periphery of seminiferous 

tubule. The testis seemed to be in resting phase.  

 

The morphological and histological structures of male gonads and accessory organs 

of P.ocellatus as described above are similar to those observed in other species of 

gobies like Gobius pagnellus (Miller, 1961), Oxyeleotris marmoratus (Suwanjarat et al. 

2004), Boleophthalmus boddaerti (Gore, 2007) and Padogobius martensi (Cinquetti 

and Rinaldi, 2009) and Periophthalmus papilio (Lawson, 2011). 

 

Gonads in female P.ocellatus 

The gonads and accessory organ in female P.ocellatus consist of a pair of ovaries, a 

common oviducts and genital papillae. The ovarian cycle seem to be reflected in the 

morphological and histological changes in the ovaries. Cyclic changes which can be 

studied as five distinct stages in terms of maturity and reproductive phases. Pair of 

ovaries in P ocellatus were fusiform, located ventral to the kidneys and suspended 

from the coelomic wall by meso-ovarian ligament. The two ovaries fused posteriorly 

forming a common oviduct which opened into a genital papilla. During the present 

study of P.ocellatus five stages of ovarian maturity were identified. Studies on the 

female gonads and gonadal cycle in P.ocellatus is based on macroscopic and 

microscopic observation of the ovaries. 

Many scientists have classified different stages of ovarian cycle on the basis of general 

appearance, size, shape, weight and area occupied by the ovaries, ova diameter and 

ovulation. Similar stages have been described by Kadar et al. (1988b), Gore (2007), 

Shamshan (2008) and Dorostghoal et al. (2009). This was in agreement with Mazzoldi 

et al. (2005) in other species of gobies. The pattern of oocyte maturation in P.ocellatus 
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is similar to that observed in other teleost fishes (Bara, 1960, 1963). Histologically 

ovaries showed asynchoronous development in P.ocellatus since many different 

stages of ova development were observed simultaneously. Similar type of 

development was observed in Gobius pagnellus, Padogobius martensi, 

Pomatochistus marmoratus, Gobius vittatus (Miller, 1984; Cinquetti and Rinaldi, 1987; 

Mazzoldi and Rosotto, 2001; Kovacic, 2007). 

   

In P.ocellatus the diameter of ripe ova ranged between 0.50-0.70mm. Similar narrow 

range of ova diameter has been reported by Miller (1961) in Gobius paganellus with 

egg diameter 0.95-1.10mm, Gibson (1970) in Gobius cobitus of eggs diameter 0.1-

1.22mm, Gibson and Ezzi (1978) in  Leseurogobius freisi with egg diameter of 0.5-

0.6mm, Gore (2007) in Boleophthalmus boddaerti with egg diameter of 0.68-0.85mm 

and Lawson (2010) in Periophthalmus papilio of egg diameter 0.2-0.5mm. 

 

The following five stages could be distinguished for ovarian development based on 

morphological and histological observations. 

 

Stage I-Immature gonads 

In P.ocellatus immature ovaries were small slender and light yellow. The histological 

preparation showed that the oocytes were immature and devoid of yolk. The oogonia 

in different stages of maturity occurred in clusters in the germinal epithelium exhibiting 

asynchronous growth. Similar features were observed in many species of goby by 

Thacker and Grier (2005). 

Stage II- Developing gonads 

In this stage the ovaries were thick, elongated and yellow. The vascularisation of ovary 

was seen in the later stages. The histological preparation showed major 

developmental changes in the oocyte in this stage. Large number of oocyte in different 

stages of development was observed.  The nucleus was visible in the centre of the 

developing oocyte. The nucleoli could be seen dispersed towards the periphery of the 

nucleus. The vitelline membrane was distinct. The ooplasm was peripheral and 

showed lipid droplets cortical alveoli and small yolk granules in larger oocytes 

suggestive of endogenous vitellogenesis. Towards the end of this stage ovaries were 

completely filled with oocytes of different sizes which were clearly visible. This was in 
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agreement with many species of teleost fishes as described by Nunez and 

Duponchelle (2008) and gobies like Oxyeleotris marmoratus (Boonyoung et al., 2003), 

Boleophthalmus boddaerti (Gore, 2007), Periophthalmus papilio (Lawson, 2010). 

 

Stage III- Mature gonads 

In this stage enlarged, bulging ovaries were dark yellow to orange in colour with well 

developed vascularisation. Though the diameter of ova was larger as compared to 

that in stage II, the nucleus was still located in the central position. An indistinct nuclear 

membrane with many nucleoli at the periphery could be observed. The chorion or zona 

pellucida and vitelline membrane was visible. The entire ooplasm was filled with yolk 

granules and lipid globules. The cortical alveoli though present in peripheral ooplasm 

were hardly visible in later stages.  Similar observation of maturing ovary was recorded 

n many teleost fishes as reported by Nunez and Duponchelle (2009) and in goby 

Padogobius martensi by Cinquetti and Rinaldi (1987). The increasing number of 

nucleoli in the later stages is an indication of yolk formation suggestive of special role 

for nucleoli in the formation of rRNA (Al Mokhtar et al., 1981). This stage was 

considered more appropriate to estimate absolute fecundity since the number of 

oocytes was very close to the number of eggs released (Nunez and Duponchelle, 

2008). 

Stage IV- Ripe gonads 

In stage IV the ovaries of P.ocellatus attained maximum size and filled the entire body 

cavity leading to distended abdomen in the female fish. The genital papillae appeared 

to be swollen. With slight application of pressure on the abdomen, the eggs were 

released into the surrounding through the ovaries gonopore. Histological observation 

showed that the oocytes contained ooplasm completely filled with large yolk globules 

and lipid droplets restricting the nuclear material towards the periphery of the ooplasm 

thus leading to the formation of an animal pole. Inner to zona pellucida, vitelline 

membrane was seen. Similar features were observed in many teleost fishes by Nunez 

and Duponchelle (2009). The multiple spawners are distinguished from single 

spawners by the presence of vitellogenic oocytes of different sizes (Nunez and 

Duponchelle, loc.cit.). In P.ocellatus the fully grown vitellogenic oocytes were of 

uniform size, without any small oocytes between them  indicting that the fish is not a 

multiple spawner  during the breeding season. 
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Stage V- Spent gonads 

The ovaries of P.ocellatus in this stage were flaccid and small. During the initial phase 

the vascularisation was visible. The histological preparation showed that ovaries 

contained remnants of some oocytes, post ovulatory follicles and few atretic oocytes. 

The vitelline membrane appeared to be disintegrated. Hardly any yolk could be seen 

probably indicating its reabsorption. Similar observation was recorded in the zebra fish 

Danio rerio (Koc et al. 2008). The occurrence of residuary mature oocyte and empty 

follicle in a state of reabsorption was observed in Mystus seenghala (Sathysanesan, 

1961), Boleopththalmus boddaerti (Gore, 2007) and Periopththalmus papilio (Lawson, 

2010). 

 

Nunez and Duponchelle (2008) have reported that the ovary with post-ovulatory 

follicles and atretic oocytes evolve into a resting stage with thicker ovarian wall and 

large empty spaces within the lamellae. The authors observed that the ovaries 

remained in this stage until next breeding season when they evolve into stage II.  

 

Atretic oocyte 

The process of degeneration (atresia) is a consistent feature of teleost ovary (Agarwal 

1988). Atresia occurs regularly in teleost fishes during vitellogenic cycle (Hunter and 

Macewicz, 1985; Rizzo and Bazzoli, 1995; Tyler and Sumpter, 1996; Miranda et al., 

1999). Many scientists have elucidated that in the teleost atresia is more relevant 

during and after spawning (Rai, 1966; Davis, 1977; Htun-Han, 1978a; Al-Daham and 

Bhatti, 1979). 

 

The atretic oocytes in spent ovary have been recorded by  Rajalakshmi (1966) in 

Gobius guiris and Rahemo and Al-Shatter (2012) in Barbus luteus and Varicorhinuus 

trutta. On the contrary atretic oocytes in different stages of development were 

observed by Al Daham and Bhatti, (1979) and Ravaglia and Maggese (2002). In the 

P.ocellatus atretic oocytes were predominantly observed in the spent ovary in the state 

of degeneration. 

 

From the study of reproductive biology of P.ocellatus, it can be concluded that in 

P.ocellatus sexual dimorphism is prominent during spawning months. The sex ratio 
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tended to be in equilibrium during peak spawning season. In other few breeding 

months female dominance was observed while in all other months male dominance 

was prevalent. The study of gonad maturity stages and gonadosomatic index indicates 

that P.ocellatus has an extended breeding season from June to October 2010 and 

from January to September 2011 with peak spawning from February to April 2011 

which is well in agreement with single peak in the frequency polygon of ova diameter. 

The gonadosomatic index agrees well with the maturity stages of P.ocellatus. The 

gonad maturity stages, frequency polygon of ova diameter and GSI index reveal that 

the individual fish in a population may probably spawn only once in the year though 

spawning occurs throughout the year in the population except during November and 

December 2010.  

 

The study of fecundity in P.ocellatus revealed that the fish is highly fecund. The 

fecundity is correlated with total weight, ovarian length, ovarian weight and total length 

of the fish. The study of morphology and histology of gonads confirms the gonad 

maturity stages in P.ocellatus. Histological studies of ripe ova revealed that all the 

oocytes mature together and there is hardly any occytes in any other stage which 

confirms that P.ocellatus is a single spawner unlike other gobies which may spawn 

many times in a year. 
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Chapter 9 

Biochemical composition of muscles 
9.1     Introduction  

9.2     Literature review 

9.3     Materials and methods 

9.4     Results 

9.5     Discussions 

----------------------------------------------------------------------------------------- 

9.1      Introduction: 

Fish is rich in protein with an amino acid composition, which is  very well suited to 

human dietary requirements comparing favourably with egg, milk and meat in the 

nutritional value of its protein (Waterman, 1976). Fishes are quite different from other 

animal foods, because they provide calories with high quality proteins, which contain 

all essential amino acids in easily digestible form and are beneficial nutrition 

(Weatherley and Gill, 1998).The protein in the fish muscles has relatively high 

digestibility and is considered to have biological and growth promoting value (Shekhar 

et al., 2004). Fish constitute a very important component of the diet for many people 

and often provide the much needed nutrient that is not provided in cereal based diets 

(Clucas and Sutchitte, 1981).Thus fish as a source of protein seems to have significant 

role in nutrition, income, employment and foreign exchange earnings of any country.   

 

Fish flesh contains varying proportion of water, protein, fat, carbohydrates, minerals 

and vitamins. Food and Agricultural Organisation (FAO) of United Nations has 

reported that fish contains 72% water, 19% protein, 8% fat, 0.5% calcium, 0.25% 

phosphorus and 0.1% vitamin A, B, C and D. The study proximate biochemical 

composition of a species helps to assess its nutritional and edible value. Food 

composition, environment and genetic trait are known to influence chemical 

composition of fish (Oni et al., 1983). Seasonal cycles of variation in the biochemical 

constituents, such as proteins, carbohydrates and lipids, are generally attributed to the 

complex interaction between environmental parameters, food availability, growth and 

reproductive activity (Venkataramanujam and Ramanathan, 1994). The authors 
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further state that the study of variation in energy storage in the form of protein, 

glycogen and lipids is helpful in understanding the ecology and overall economy of the 

species. Thus a sound knowledge of variations in biochemical composition in different 

stages of development of fish is essential in exploiting the fish when their nutritional 

value is high. 

 

Sidhu (2003) has reported that fish meat has preventive effects against cardiovascular 

diseases and some types of cancer including colon, breast and prostrate. Carlson and 

Werkman (1996) have reported that polyunsaturated fatty acids (PUFA) found in fish 

oils have been recognised as important component with beneficial properties for the 

improvement of visual function. Calder (2003) reported that PUFA can also be used 

to prevent atherosclerosis and thrombosis. The proximate composition study is 

therefore essential not only to know the nutritional status of fish but also to explore its 

therapeutic potential.  

9.2     Review of literature 

Several studies deal with the proximate composition of many commercially important 

fishes. (Parulekar, 1964; Nair, 1965; Raja, 1969; Qasim, 1972; Ramaiyan, et. al. 1976; 

Sivakami, et.al. 1986; Sinha and Pal, 1990; Das and Sahu 2001). Jafri and Khwaja 

(1968) determined the chemical composition and nutritional value of some small 

fishes. Gopalan et al. (1978); Govindan (1985); Rubbi et al. (1987); Banu et al. (1991) 

determined, analysed and compared the fish nutrients in different species. Mohanty 

and Samantaray (1993) observed the biochemical composition of juvenile Channa 

striatus. Murthy et al. (1999) studied body composition of Oreochromis mossambicus. 

Pawar (2003) studied the biochemical composition of some edible fishes belonging to 

Gobiidae and Siluridae. Shamsan (2008) studied the biochemical composition of 

Sillago sihama in relation to season and size. Ahmed et al. (1984) investigated the 

variation of biochemical composition of seven species of goby fish in respect of sex 

and season. Seasonal variation in the biochemical composition of some of the goby 

fishes has been reported by number of authors namely Glossogobius giuris (Islam and 

Joadder, 2005), Boleophtalmus dussuimeri (Rathod, 2005) and Boleophthalmus 

boddaerti (Gore, 2007). 
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Literature survey revealed several studies on proximate composition of many 

commercial fishes but hardly any report is available on the study of proximal 

composition of Parachaeturichthys ocellatus. Therefore the present study was under 

taken to understand the biochemical composition especially in the muscles of P. 

ocellatus and the seasonal and size wise variation in the same if any. 

9.3     Materials and Methods  

Samples of P.ocellatus were collected during the period from June 2010 to September 

2011 from the creeks of Mumbai. The specimens were properly cleaned in the 

laboratory and the total length, total weight and sex were determined. Muscle tissue 

was collected from the fish and subjected to biochemical analysis. Proximate 

composition was estimated every month and biochemical analyses was carried out in 

every length group and expressed in mg%. In addition some of the commercially 

important fishes like Mugil cephalus, Tilapia mossambica, Boleophthalmus dussumeiri 

and Arius spp were also collected and their biochemical composition analysed to 

determine the nutritional value of P.ocellatus vis a vis the commonly important fish. 

Estimation of moisture content 

The moisture content was estimated by oven drying the pre weighed sample of tissue 

at 60-80º C. The difference in weight was calculated and expressed as percentage 

moisture content of the tissue. Percentage was calculated by the following formula 

suggested by Sebastian (2012): 

Percentage of moisture =  Wet weight - Dry weight × 100 

                                                Wet weight 

 

Estimation of Protein 

Protein content was estimated by colorimetric method of Lowry et al.(1951). The Folin-

Ciocalteau phenol reagent contains phosphomolybdic acid and tungstate. The 

aromatic amino acid residues such as tyrosine and tryptophan, present in protein react 

with the components of the Folin-Ciocalteau phenol reagent and produce a stable blue 

colour. The extinction of the coloured solution was read at 625nm. Bovine serum 

albumin was used as standard. The values are expressed in mg %. 

Estimation of carbohydrate 

Carbohydrate content was estimated according to the method of Hedge and Hofreiter 

(1962). Carbohydrates are hydrolysed into simple sugars using dilute hydrochloric 

acid. In hot acidic medium glucose is dehydrated to hydroxymethyl furfural. This reacts 
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with anthrone and gives a green colour. Glucose solution is used as standard. The 

extinction is read at 630nm and the values are expressed in mg %. 

 

Estimation of Lipid  

Lipid content was estimated gravimetrically according to the method of Folch (1957). 

The total lipid from the muscle tissue was estimated after extraction in chloroform: 

methanol (1:1v/v). The lipid content was estimated by the following formula: 

Lipid %= Weight of lipid (mg)     × 100 
             Weight of the sample (mg)  

The result is expressed as mg % of lipid content in the muscle tissue 

 

Estimation of Ash 

Ash was estimated by incineration of known weight of fish muscle kept in a porcelain 

crucible in a furnace at 1500 C, the white charred remains were weighed and 

expressed as percentage. 

Proximal composition in terms of calories per/g wet weight   

Caloric content was calculated by multiplying the concentration of various components 

with conversion factors 4.15, 9.4 and 5.65 for carbohydrate, lipid and protein 

respectively as per the method adopted by Shamsan (2008). The caloric values were 

expressed as calories per gram wet weight of the fish.  

 

9.4     Results 

The average proximal composition of P.ocellatus male, female and juvenile were as 

follows:  

Fish Male Female Juvenile 

Moisture (%) 79.98 80.05 79.66 

Protein (%) 14.86 14.09 14.45 

Lipid (%) 1.45 2.08 2.08 

Carbohydrate (%) 0.09 0.10 0.07 

Ash (%) 3.15 3.19 3.24 
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Average analysis revealed high protein content in male, while females had high lipid, 

carbohydrate and ash content but  the difference male and female were not significant 

at p<0.05. 

 

Monthly variation of proximate composition in mg % and cal/g in male, female and 

juvenile P.ocellatus is presented in Table no. 9.1a, 9.1b and 9.1c respectively. 

Comparative presentation of moisture, protein, lipid, carbohydrate and ash in male, 

female and juvenile is graphically depicted in Fig.9.1 a, 9.1 b, 9.1c, 9.1d and 9.1e.  

Moisture is the major component of fish followed by protein, fat and carbohydrate 

. 

Seasonal variation in the proximate composition of P.ocellatus 

The seasonal variation of moisture content was in the range of 77.86-82.29% in male, 

76.15-81.75% in female and 78.17-80.90% in juvenile. Monthly variation showed 

highest percentage of moisture content in males at 82.29% in April 2011 and lowest 

at 77.86% in October 2010. In females it was found to be highest in March 2011 at 

81.75% and lowest December 2010 at 76.15%. In juveniles highest percentage was 

observed in September 2010 at 80.90% and lowest in March 2011 at 78.15%. 

Protein content in male varied from 12.63% in April 2011 to 16.18% in June 2011. In 

females it was highest at 15.95% in December 2010 and lowest at 12.75% in August 

2011. In juveniles protein content was found to be highest at 16.95% in February 2011 

and lowest at 12.60 % in August 2010. 

 

In males lipid content was found to be highest at 2.13% in September 2010 and lowest 

at 0.78% in May 2011 while in females it was highest at 3.85% in December 2010 and 

lowest at 0.83% in May 2011. In juveniles highest lipid content was observed at 2.98% 

in August 2011 and lowest at 1.12% in June 2011. 

 

Carbohydrate content was found to be in a very small amount in the muscles of fish.  

In males it was highest at 0.18% in August 2010 and lowest at 0.04% in April 2011. In 

females high percentage of carbohydrate content was observed at 0.18% in 

September 2010 and July 2011 and lowest at 0.05% in February 2011. In juveniles 

high carbohydrate content was found to be high at 0.14 in September 2010 and lowest 

at 0.03 in June 2011.  
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Ash as incinerated remain was found to be highest in males at 3.87% in November 

2010 and lowest at 2.01% in September 2011. In females it was found to be highest 

at 3.92% in October 2010 and lowest at 2.12 % in February 2011.In juveniles it was 

found to be highest at 3.98% in October 2010 and lowest at 2.55% in July 2010. 

 

Total average caloric content of the male P.ocellatus  was 979.07 cal/g wet weight 

while in female value was 995.44 cal/g and in juveniles the value was 951.57cal/g. 

The caloric content showed seasonal variation depending on the percentage of 

protein, lipid and carbohydrate content in the muscles of the P.ocellatus. High caloric 

value was recorded in October 2010 at 1093.09 cal/g in males and in November 2010 

at 1139 cal/g in females. The low caloric value was recorded in April 2011 in males 

and May 2011 in females. 

Analysis of variance on moisture, protein, lipid, carbohydrate and ash are presented 

in Table no 9.2a to 9.2e. There was no significant difference in the proximate 

composition between male and female P.ocellatus.  

 

Variation in proximate composition in terms of total length in P.ocellatus  

Analysis of moisture content, protein content, lipid content, carbohydrate content and 

ash in terms of %mg is recorded in Table no. 9.4. The comparison of moisture content 

, protein content, lipid content, carbohydrate content and ash in various length group 

of male and female are depicted in Figure 9.2a, 9.2b, 9.2c, 9.2dand 9.2e.  

 

High moisture content at 82.69% and 82.58% were observed in males and females of 

length group 66-75mm. The lowest value at 78.52% in males and 78.50% in females 

were found in the length group of 126-135mm.   

Protein content was highest at 16.18% in males in length group 96-105mm and 

15.85% in females of length group 106-115mm and lowest at 13.97% and 12.61% in 

males and females at length group 66-75mm.  

 

Lipid content was highest at 1.96% in males of length group 106-115mm and lowest 

at 1.05% in length group 166-175mm. In females it was found to be highest at 2.41% 

in length group 106-115mm and lowest at 1.24% in length group 136-145mm.  
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Carbohydrate content was highest at 0.19% in males of length group 156-165mm and 

166-175mm and lowest at 0.02% in length group of 66-75mm. In females carbohydrate 

content was highest at 0.19% was in length group of 96-105mm and lowest at 0.06% 

in 76-85mm. 

  

 In males ash as incinerated remains was found to be highest at 3.92% in males of 

length group of 76-85mm and lowest at 2% in length group of 146-155mm. In females 

it was found to be highest at 3.92% in length group 146-155mm and lowest at 1.78% 

in length group of 106-115mm.  

The correlation between the moisture, protein, lipid, carbohydrate and ash content in 

male, female and juvenile is presented in Table no.9.3. The following observations 

were recorded. 

 

1) A negative correlation was observed between moisture and protein in male, female 

and juvenile P.ocellatus. The values were significant at p<0.01 in all the three cases. 

2) A negative correlation was obtained between moisture and lipid in male and female 

P.ocellatus while the juveniles had positive correlation. The values obtained in 

males and juveniles were not significant while it was significant in females at 

p<0.01. 

3) A negative correlation was found between moisture and carbohydrate in male and 

female while juveniles had positive correlation but none of the values were 

significant. 

4) A negative but significant correlation at p<0.05 was observed between moisture and 

ash in male P.ocellatus. In females and juvenile the values were not significant. 

5) A negative and non significant correlationship exists between protein and lipid in 

males while in females it was positive and significant at p<0.05. In juveniles a 

negative and significant relationship at p<0.01 was observed. 

6) Insignificantly low correlation was observed between protein and carbohydrate in 

male and female P.ocellatus while in juvenile it was negative correlation significant 

at p<0.05. 
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7) Insignificant and low correlation was obtained between protein and ash; lipd and 

carbohydrate; lipid and ash and carbohydrate and ash in male female and juvenile 

P.ocellatus.  

 

The comparison of proximate composition of P.ocellatus with fishes like Mugil 

cephalus, Tilapia mossambica, Boleophthalmus dussumeiri and Arius arius are 

presented in Table no.9.5. The moisture content P.ocellatus is higher compared to 

other fishes while fat content is the lowest. The protein was higher than Tilapia spp 

and Boleophthalmus spp but lower that Mugil and Arius spp. The ash content of 

P.ocelltus also showed very slight variation compared to other fishes. The 

carbohydrate content was slightly more than Boleophthalmus dussuimeiri but lower 

than all other fishes.  The caloric value of P.ocellatus is less compared to that of Mugil, 

Tilapia and Arius probably due to the low fat content.  

Table no.9.1a: Biochemical composition of muscles in male P ocellatus during different months. 

 

Table no.9.1b:  Biochemical composition of muscles in female P ocellatus during different 

months. 
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Table no. 9.1c: Biochemical composition of juvenile P. ocellatus during different months 

 

 

 

 

 

Table no. 9.2a Analysis of variance on moisture content in the muscles of male and female 

P.ocellatus 

Source of Variation SS df MS F F crit 

 

p 

Between Groups 37.13515 15 2.475677 2.180997 2.352223 Not 

Significant 
Within Groups 18.1618 16 1.135113   

Total 55.29695 31       

 

Table no. 9.2b Analysis of variance on protein content in the muscles of male and female 

P.ocellatus 

      
 

Source of 

Variation SS df MS F F crit 

 

p 

Between Groups 13.19965 15 0.879977 0.922027 2.352223 Not 

Significant 
Within Groups 15.2703 16 0.954394   

Total 28.46995 31       

 

Table no. 9.2c Analysis of variance on lipid content in the muscles of male and female P.ocellatus 

Source of 

Variation SS df MS F F crit 

 

p 

Between Groups 6.124872 15 0.408325 0.850594 2.352223 Not 

Significant 
Within Groups 7.68075 16 0.480047   

Total 13.80562 31       

 

Table no. 9.2d Analysis of variance on carbohydrate content in the muscles of male and female 

P.ocellatus 

Source of 

Variation SS df MS F F crit 

 

p 

Between Groups 0.027993 15 0.001866 1.592546 2.352223 Not 

significant 
Within Groups 0.01875 16 0.001172   

Total 0.046743 31       
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Table no. 9.2e Analysis of variance on ash from muscles of male and female P.ocellatus  

Source of 

Variation SS df MS F F crit 

p 

Between Groups 5.2594 15 0.350627 1.276735 2.352223 Not 

significant 
Within Groups 4.39404 16 0.274628   

Total 9.65344 31       

 

 

Table no. 9.3: Correlation between moisture, protein, carbohydrate and ash in male, 

female and juvenile P.ocellatus 

 

Table no. 9.4: Biochemical composition of muscles in P.ocellatus male and female in different 

length groups 

 



 
 

240 
 

Table no.9.5: Biochemical composition of different fishes in creeks of Mumbai. 

 

 

 

 

Fig 9.1a: Variations in moisture content in the muscles of P.ocellatus male, female and juvenile 

during different months. 
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Fig 9.1b:  Variations in protein content in the muscles of  P.ocellatus male, female and juvenile 

during different months. 

 

Fig 9.1d: Variations in lipid content in the muscles of P.ocellatus male, female and juvenile 

during different months. 
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Fig 9.1c: Variations in carbohydrate content in the muscles of P.ocellatus male, female and 

juvenile during different months. 
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Fig 9.1e:  Variations in the ash content from incinerated muscles of P.ocellatus male, female and 

juvenile during different months. 

 
Fig 9.2a:  Variations in moisture content in the muscles of  P.ocellatus male and female in 

different length groups. 
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Fig 9.2b: Variations in protein content in the muscles of P.ocellatus male and female in different 

length groups. 

 

Fig 9.2c: Variations in lipid content in the muscles of P.ocellatus male and female in different 

length groups. 
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Fig 9.2d: Variations in carbohydrate content in the muscles of  P.ocellatus male and female in 

different length groups. 

 

Fig 9.2e: Variations in ash content from the incinerated muscles of  P.ocellatus male and female 

in different length groups. 

9.5     Discussion 

The study of proximal composition of fish is essential since the nutritive value is 

reflected in its biochemical contents. The principle constituents of fish are water (66-

84%), protein (12-24%), lipids (0.1-22%) minerals (0.8-2%) and sugar in very minute 

quantity (Jacquot, 1961). According to Nair and Susheela (2000), the range of 

proximate composition of Indian fishes is as follows: moisture (65-90%), protein (10-

22%), lipid (1-20%) and mineral (0.5-5%). In the present study, the range of values 

obtained for proximal composition of adult P.ocellatus were: 78.05-81.51% of 

moisture, 13.47-15.65% of protein, 0.8-2.55% of Lipids, 0.06-0.16% of carbohydrates 

and 2.37-3.87% of ash. The range of proximal composition observed in the present 

study is in accordance with in the ranges recorded in many fishes studied by 

Muraleedharan et al. (1996), Islam and Joadder et al. (2005) Abdulrahman and 

D’Souza (2008) Shamsan (2008) and Sebastian (2012). 

 

The present study on biochemical composition of P.ocellatus deals with the 

understanding of nutritive value of fish in terms of percentage composition and caloric 
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content.  Monthly variation, lengthwise variation and sex wise variation in the 

biochemical composition were also recorded. The present study also deals with 

comparison of the nutritive value of fish with few other fishes from the creeks of Malad, 

Vasai, Thane and Mahul. The major component of P.ocellatus muscle was moisture 

followed by protein, fat and carbohydrate. Love (1974) indicated that the availability of 

food at different times of the year has considerable effect on proximate composition of 

the muscle. 

 

The moisture content in the male was maximum in April 2011 while in female it 

maximum in March 2011. There exists a negative correlation between moisture and 

protein content in male, female and juvenile respectively. The correlation values were 

highly significant at p<0.01. The maximum moisture content in male P.ocellatus 

coincided with minimum protein content while in the female minimum moisture content 

coincided with maximum protein content. Similar observations were recorded in the 

moisture and protein content in Glossogobius giuris (Islam and Joadder, 2005) and 

Anbus testudineus (Nargis, 2006).  

 

Protein content of the fish showed variation in different months. The protein was 

maximum in male P.ocellatus in June 2011 and minimum in April 2011 while in female 

it was maximum in December 2010 and minimum in August 2011. The spawning 

season of P.ocellatus is at peak from February to April. Hence in males the protein 

content increased after spawning and decreased to the lowest during spawning 

months while in females it was maximum during pre spawning period and decreased 

to minimum in post spawning month. In females the variation in protein content may 

probably be due to the development of gametes, proteins might have contributed in 

the process of growth and development of gametes. The male fishes might have 

recovered the lost protein by active feeding immediately after spawning. Sivakami et 

al. (1986) had found in Cyprinus carpio that protein for germ building was mobilized 

from the muscle in stages I to IV of maturity.  Protein content showed sudden increase 

from April 2011 to June 2011 in male and female P.ocelltaus. This may be due to 

intense feeding and feeding on larger organisms like crustaceans and fish in post 

spawning period. Jafri and Khawaja (1967) reported that in Ophicephalus punctatus 

there is intense feeding immediately after spawning. Islam and Joadder (2005) 

reported that fish while spawning incurs energy expenditure along with the loss of 
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gonadal elements and recoups to compensate the expenditure through vigorous 

feeding activity.  

 

The lipid content was maximum in September 2010 and December 2010 in male and 

female respectively while it was minimum in May 2011 in both male and female. The 

low values of lipid content in May 2011 in both male and female may probably be due 

to post spawning phase of P.ocellatus. Depletion of fat during and after spawning in 

the tissues has been reported in many species of fishes by Hickling,(1947); Idler& 

Bitners, (1958); Das, (1978); Bumb (1992). Ahmed et al (1984) observed differences 

in seasons and availability of food at different time of the year has a considerable effect 

on the tissue component of fish particularly fat. A positive and significant correlation at 

p<0.05 exists between protein and fat in female P.ocellatus while a negative and non 

significant correlation exists in male P.ocellatus.  

 

Ackman (1989) grouped fish into four categories depending on the level of fat: lean 

fish (<2%), low fat fish (2-4%), medium fat fish (4-8%) and high fat fish (>8%). 

P.ocelltus has an average fat content in the range of 0.8-2.55% and can be grouped 

as low fat fish. Amney (1988) reported lower values of fat in carnivorous fish Megalops 

cyprinoides when compared to Scatophagus argus, an omnivore. P.ocellatus is a 

carnivorous fish feeding predominantly on crustaceans and biochemical composition 

revealed it to be a low fat fish. The low lipid content is in agreement with that observed 

that Amney (loc.cit.). 

Carbohydrate content formed a very minor percentage of 0.09% in male and 0.1% in 

females. It showed variation in different months. The low values of carbohydrates in 

fishes could be because glycogen does not contribute to the reserves in the body 

(Jayashree et al., 1994). In male P.ocellatus carbohydrate content was maximum in 

August 2010 and minimum in April 2011 while in females it was maximum in July 2011 

and minimum in February 2011. The lower values of carbohydrate content were 

observed in the spawning months in both male and female. Vijayakumaran (1979) has 

stated that carbohydrates play a minor role as energy reserves in Ambassis 

gymnocephalus and depletion due to spawning is negligible. Selvaraj (1984) reported 

minimum content of carbohydrate in the muscle of Ilisha melastoma and concluded 

that its role in the mobilization of energy during maturation and spawning may be 
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negligible. In P.ocellatus carbohydrates were found to be slightly higher in females 

compared to males. 

 The ash in incinerated remains of P.ocellatus was maximum in January 2011 and 

minimum in September 2011 while in females it was maximum in October 2010 and 

minimum in February 2011. The variation in the ash in tissues of fishes may be 

because of the variation in mineral constituents, higher ash values observed in the 

tissues during certain seasons of the year may be attributed to the higher mineral 

demand of the body (Jafri and Khawaja, 1967).  

 

The Analysis of Variance (ANOVA) between male and female P.ocellatus showed no 

significant difference in the biochemical composition in terms of content of moisture, 

protein, lipid, carbohydrate and ash. The variations in the biochemical composition 

observed may be due to the feeding and reproductive stages of the fish. 

 

The biochemical composition of juveniles showed an average of 79.66% of moisture 

content, 14.45 % of protein content, 2.08% of fat content, 0.07% of carbohydrates 

content and 3.24% of ash as incinerated remains. The values obtained did not deviate 

significantly from those of adult P.ocellatus. In juveniles the maximum moisture 

content was observed in September 2010 and minimum in March 2011. The protein 

content was maximum in February 2011 and low in August 2010. The fat content was 

maximum in August 2011 and minimum in June 2011 while the carbohydrate was 

maximum in September 2010 and minimum in June 2011 and the ash content was 

maximum in December 2010 and minimum in July 2010. Although there was no 

significant difference in the proximate composition of adults and juveniles, the 

variations observed in different months were different from those of adults. These 

differences may be due to the availability of food and growth of the juveniles.  

 

Total caloric value of the proximal composition of P.ocellatus was calculated as 

979.07cal/g in males and 995.44cal/g in females. It was higher in females due to high 

fat content compared to males. The seasonal variation in caloric content in P.ocellatus 

revealed maximum cal/g in males in October 2010 and minimum in July 2010 while in 

females maximum was in December 2010 and minimum in May 2011. The caloric 

content of the P.ocellatus was maximum during pre spawning months and minimum 
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in post spawning months. This may probably be due to the high demand of energy 

during spawning in P.ocellatus. Thus the biochemical composition revealed that 

P.ocellatus is a nutritious fish throughout the year. 

 

Length wise analysis showed that moisture content was highest in the length group of 

66-75mm in both male and female and was lowest in the length group of 126-135mm. 

The variation with increase in length probably may be due to the changes in the 

feeding and reproduction in fishes. The length wise analysis of protein content showed 

maximum protein in the length group of 96-105mm in males and 106-115mm in 

females. It was lowest in the length group of 66-75mm in both male and female and 

increased with the increase in length. The protein seems to build up in the muscle of 

fish as it grows depending on the feeding habits and reproductive stages. Length wise 

analysis of fat content showed high fat content in the length group of 106-115mm in 

male and 96-105mm in female. Minimum fat content was observed in the length group 

of 166-175mm in male and 136-145mm in female.  The low fat values in the large 

sized fish indicate that beyond a certain size the fish becomes leaner.  Similar findings 

were reported by Shekaran (1950) and Shamsan (2008). The length wise analysis 

revealed maximum carbohydrate content in males of length group 156-165mm and 

females in the length group of 96-105mm. This variation may be due to difference in 

feeding and reproduction in fishes.  

 

The comparison of proximal composition of P.ocellatus with other creek fishes like 

Mugil cephalus, Tilapia mossabica, Boleophthalmus dussumeiri and Arius arius 

revealed that it is very low in fat content compared to other fishes. The protein content 

of P.ocellatus was higher compared Tilapia and Boleophthalmus. The protein showed 

slight variation from other two species like Mugil and Arius. The lipid was lower In 

P.ocellatus compared to all other species of fish studied. Thus P.ocellatus is a fish of 

high nutritive value. The biochemical composition of P.ocellatus is at par with other 

creek fishes. It can provide sufficient amount of nutrition to the fish eaters. 

 

The biochemical composition of P.ocellatus revealed that it is a high protein and low 

fat fish with negligible carbohydrates. The seasonal variation observed in P.ocellatus 

was probably due to the reproductive cycle of the fish. The fish was found to be high 

in protein, fat and carbohydrates in pre spawning months and the value decreased in 
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post spawning months. The biochemical constitution with respect to protein and fat 

increased with increase in length of both male and female P.ocellatus, while in larger 

adults the same tends to decrease probably due to mobilization during reproduction. 

In conclusion it can be stated that P.ocellatus was found to be nutritious like any other 

creek fishes which are exploited commercially and hence can be used as food of high 

nutritive value. 
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Chapter 10  

Condition indices 
10.1     Introduction 

10.2     Review of literature 

10.3     Materials and methods 

10.4     Results 

10.5     Discussion 

----------------------------------------------------------------------------------------- 

10.1     Introduction 

Macromolecular indices like RNA concentration, RNA : DNA ratios, RNA : protein 

ratios and protein: DNA ratios are frequently measured as indicators of protein 

synthesis potential and growth in marine fishes and invertebrates (Bulow, 1970; Carter 

et al.,1998; Buckely et al.,1999). These indices are particularly useful for evaluating 

recent environmental conditions as they reflect differences in growth rates over a 

period of several days (Rooker and Holt, 1996; Buckley et al., 1999; Vrede et al., 

2002). Individuals in good condition tend to have higher RNA : DNA ratios than those 

in poorer condition (Clemmesen, 1994). It is valuable for managers of aquatic 

ecosystems for assessment of the health status of populations (Brown and Austin, 

1996). The ratio is thus used to give measure of instantaneous growth in the field, thus 

avoiding the need for repeated measurements (Buckley et al., 1999). 

  

Fulton’s condition factor ‘K’ is calculated from the relationship between length and 

weight of the fish with the intention of describing the condition of the fish. It indicates 

the relative robustness or degree of well being of fish and is extensively used in 

fisheries research as a morphometric condition index and provides a useful tool to 

examine overall growth (Suthers, 1998). The author further states that a limitation of 

this classical indicator is its insensitivity to recent events in the life of fish, such as 

feeding history. The RNA/DNA ratio was developed as a sensitive indicator for recent 

growth in marine organisms (Bulow, 1970; Buckely et al., 1999). The premise for the 

application of this index is the fairly constant concentration of DNA in a normal somatic 

cell (Wallace 1992) where as RNA concentration varies in proportion to protein 
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synthesis (Buckley, loc.cit.). The RNA : DNA ratio is an index of putative cellular protein 

synthesis capacity because nucleic acid concentrations and the ratios between them 

respond rapidly to fluctuations in food availability and are considered reliable indicators 

of instantaneous condition and growth (Rooker et al., 1997; Okumara et al., 2002; 

Islam and Tanaka, 2005; Vidal et al., 2006). It is a useful technique to evaluate 

physiological condition in short period and could be utilized as nutritional condition 

and/or instantaneous growth for routine check to verify health status in early life of 

cultivated species (Gil et al., 2003). The RNA : DNA ratios and other nucleic acids 

derived indices concomitantly with organisms and ecosystem measure responses to 

climate change (distribution, abundance, activity, metabolic rate, survival ) which will 

allow for the development of more rigorous and realistic predictions of the effects of 

anthropogenic climate change on marine systems (Chicharo and Chicharo, 2008). It 

is increasingly used as correlates of nutritional condition and growth in marine species 

(Roark et al., 2009).  

 

The application of indicators of fish condition is essential for the assessment and 

protection of nursery habitat quality. RNA : DNA ratios displayed annual and inter 

specific variability among nursery habitats which indicates a higher sensitivity of these 

ratios to short term environmental fluctuations (De Raedemaecker et al., 2012). 

 

10.2     Review of literature 

Literature review revealed that a large number of reports are available on biochemical 

studies as indicators for growth in juvenile fish such as proteins (Foster et al. 1993; 

McLaughlin  et al. 1994; Peck et al. 2003) and lipids (Wicker and Johnson, 1987). 

Many studies have found RNA : DNA ratios to be a good measure of recent growth 

and condition in larval (Bulow, 1970; Buckley, 1982; Ferron and Leggett, 1994; 

Bergeron, 1997; Buckley et al., 1999; Buckley et al., 2006) and some juvenile marine 

fish (Malloy and Targett, 1994; Kuropat et al., 2002). Correlations between RNA 

concentration or RNA-DNA ratio and growth rate have been observed for a wide 

variety of organisms (Kennell and Magasanik, 1962; Bulow, 1970; Sutcliffe, 1970). 

Seasonal variation in the concentration of protein, RNA, DNA and their ratios were 

studied in Catla catla, Labeo rohita and Cirrhina mrigala (Mustafa and Zofair, 1985). 

Nucleic acid based condition indices provide a method to infer nutritional condition for 



 
 

253 
 

various species based on their responses to changes in feeding activity (Buckley, 

1984; Gwak and Tanak, 2001; Johnson et al., 2002; Peck et al., 2003; Mercaldo Allen 

et al., 2006, 2008; Ciotti et al., 2010). RNA/ DNA ratio was evaluated as an index of 

physiological condition during larval development of hybrid between Colossoma 

macropmum and Piaractus brachypomus (Gil et al., 2003). RNA/DNA ratio of Tor 

putitora and its relationship with growth and hydrobiology was studied by Sivaraman 

et al. (2009). Effect of sex on ratios and concentration of DNA and RNA in 

Pomatochistus microps, Crangnon crangon and Ruditapes decussates was described 

by Chicharo et al. (2007). RNA : DNA ratio and other nucleic acid derived indices used 

in marine ecology were studied by Chicharo and Chicharo (2008). Field assessment 

of condition indices was studied in Mysis diluviana by Johannsson et al. (2009). Piazza 

and La Peyre (2010) compared common morphometric and biochemical growth 

indices on the wild Gambusia affinis to examine their usefulness as indicators of 

habitat quality. RNA/DNA ratios in eel Anguilla rostrata were used as evidence for 

latitudinal variation in physiological status and constraints to oceanic migration 

(Laflamme et al., 2011). Dependence of RNA : DNA ratios and Fultons condition 

indices ‘K’ on environmental characteristics of plaice and dab nursery ground was 

investigated by De Raedemaecker et al. (2011). 

 

RNA : DNA ratio was used as an indicator of nutritional condition and growth in larval 

naked goby Gobiosoma Bosc (Satterwhite, 2003). It is used for analysis of growth in 

juvenile two-spotted gobies Gobiusculus flavescens (Frommel and Clemmesen, 

2009).There are hardly any reports on such condition indices in P.ocellatus. 

 

The present study of condition indices in Parachaeturichthys ocellatus has been 

carried out to determine indices like RNA and DNA content, RNA : DNA, RNA : protein 

and RNA : lipid ratios from the muscles of male, female and juveniles to establish their 

relation to growth and nutritional conditions.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

10.3     Materials and methods 

The samples for the present study were collected every fortnight at regular intervals 

from Malad, Vasai, Thane and Mahul creek during the period from June 2010 to 

September 2011. The fish samples were brought to the laboratory and thoroughly 

washed, cleaned and wiped. Total length was measured from the tip of the snout to 
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the tip of the caudal fin in centimetres and weight was noted to the nearest gram. The 

fish was cut open and the sex was noted by the macroscopic examination of gonads. 

  

The skeletal muscle was excised from the epaxial region of the trunk below the place 

of the origin of dorsal fin (Buckley and Bulow, 1987). Known weights of the tissue were 

processed for the extraction of RNA, DNA and Protein by method of Buckley and 

Bulow (loc.cit.). Techniques of Schneider (1957) were followed for extraction of RNA 

from the tissues and its concentration was determined by the orcinol reaction. The 

values were read against standard curve prepared by relating the colour intensity to 

different concentrations of purified yeast RNA.  

 

DNA was extracted according to the method described by Webb and Levy (1955) and 

its quantity was estimated by the methodology of (Ashwell 1957). Highly polymerised 

calf-thymus DNA was used for preparation of calibration curve. 

  

Protein was assayed according to the method of Lowry et al (1951). Bovine serum 

albumin was used as the standard. Lipid was estimated by the method of Folch (1957). 

DNA, RNA, protein and lipid was expressed as µg/100mg dry tissue. 

10.4     Results 

For the present study, the contents of DNA, RNA, protein and lipids from the muscles 

of P.ocellatus have been estimated and various ratios to determine condition indices 

have been calculated. Variations in RNA and DNA content, RNA : DNA, RNA : protein, 

RNA : lipid in the muscles of male, female and juvenile P.ocellatus during different 

months is presented in table no. 10.1a, 10.1b, 10.1c and is graphically represented in 

fig no.10.1a to 10.1e. The RNA values ranged between 72-185.6µg in males, 75-

160.8µg in females and 105.2-135.25µg in juveniles. Maximum RNA content was 

observed in February 2011 at 185.6 µg and 160.8µg in male and female respectively. 

In juvenile maximum value was observed at 135.25µg in August 2011. The minimum 

RNA content was observed in November 2010 at 72µg, 75µg and 105.2µg in male, 

female and juvenile respectively. The DNA values were in the range of 22.56- 39.31µg 

in male, 25.20-32.52 µg in female and 22.12- 28.43µg in juvenile. Maximum DNA 

content was observed in October 2010 in male and August 2010 in female and 
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juvenile. Minimum DNA content was observed in September 2011 in male and juvenile 

while in female it was in June 2010.  

 

The RNA : DNA values ranged between 2.08 -5.13 in males, 2.92-5.07 in females, 

and 3.86-5.17 in juveniles. Monthly variation showed that RNA : DNA was lowest in 

October 2010 at 2.08 and 2.92 in male and female while in juvenile lowest value at 

3.86 was observed in November 2010. Maximum value was observed in March 2011 

at 5.13 and 5.07 in male and female respectively while juvenile showed maximum 

value at 5.17 in August 2011.  

The RNA : protein values ranged between 0.0010-0.0026 in males, 0.0011-0.0022 in 

females and 0.0015-0.0021 in juveniles. The RNA/protein value was lowest in 

November 2010 and September 2011 in male, while in female it was lowest in 

November 2010 and juvenile in November 2010 and February 2011.The highest RNA 

: protein value was observed in February 2011 in male and female. In female maximum 

value was further observed in June 2011. In juveniles RNA : protein was lowest in 

June 2010, November 2010 and January 2011 and highest value in August 2010.  

The RNA : lipid values ranged between 0.0078-0.0277 in males, 0.0056-0.0241 in 

females and 0.0081-0.0185 in juveniles. The minimum value was observed in 

November 2010 in male and female while in juvenile it was lowest in August 2011. 

Maximum value was observed in June 2010 in male, May 2011 in female and June 

20111 in juvenile. 

 

 The average value at 4.65 of RNA : DNA was highest in immature fishes than adult 

fishes. It was higher in female at value 3.99 and male at 3.74. The average value of 

RNA : protein ratio in male, female and juvenile was 0.0015, 0.0017 and 0.0017 

respectively. The average value of RNA : lipid value was 0.017 in male, 0.012 in female 

and 0.012 in juveniles. 

 

Through the period of study monthly variation was observed in all the above 

parameters studied as condition indices. RNA : DNA value remained between 2 and 

3 from September 2010-December 2010 in males, while it remained above 3 in all 

other months of study indicating good condition indices of male, The RNA content, 

RNA : protein ratio and RNA : lipid value also remained low from September 2010 to 

December 2010 in males while it was higher in other months of study. In females RNA 
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: DNA ratio was between 2 and 3 in October 2010 and November 2010 while in all 

other months it was above 3. The values of RNA : DNA in females was found to be 

better than males indicating more cellular protein synthesis activity in females. The 

RNA : protein and  RNA : lipid values were found to be low from October 2010 to 

January 2010 in females while in all other months the values were higher. The RNA : 

DNA values were higher in juvenile immature fishes throughout the year. The values 

were higher than 3 in all the months of study from June 2010- September 2011. The 

values showed a decline only in November 2010 while in all other months it ranged 

between 4 and 6 indicating more cellular protein systhesis activity in immature fishes 

compared to adults. The RNA : protein and RNA : lipid ratio in juveniles also did not 

show much fluctuation in monthly values compared to adult fishes. 

 

Length wise analysis of RNA and DNA content, RNA/DNA, RNA/protein, RNA/lipid is 

represented in Table no. 10.2a and 10.2b and is graphically presented in Figure no. 

10.2a to 10.2e. Maximum RNA content was observed in length rage of 96-105mm at 

143.55 in males while in females it was observed in length range of 126-135mm at 

167.33. Minimum RNA content was observed in length range of 136-145mm at 102.54 

in males and 66-75mm at 90 in females. DNA content was maximum in the length 

group of 176-185mm in male at 37.42 and 146-155mm in female at 35.25. Minimum 

DNA content was observed in 66-75mm in male and female at 29.4 and 26.5 

respectively. 

 The RNA : DNA ratio showed lowest value  in the length group 176-185mm and 

highest value in 96-105mm in male while in female the lowest value was observed in 

length group 146-155mm and highest in 106-115mm. The RNA : protein value was 

the lowest in length group 66-75mm and highest value was obtained in length group 

86-95, 96-105 and 126-135mm in males while females showed lowest value in 66-

75mm and highest value in 126-135mm. The RNA : lipid showed lowest value in 106-

115mm length group and highest value was obtained in 96-105mm length group of 

male while in female lowest value was obtained in length group of 66-75mm and 

highest in 136-145mm. 
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Table no.10.1a: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid ratios from muscles of male 

P.ocellatus during different months. 

Months 

 

 

RNA 

µg/100mg  

dry wt 

DNA 

µg/100mg 

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 

Jun-10 122.45 28.5 4.2965 0.0016 0.0277 

Jul-10 118.23 32.4 3.6491 0.0015 0.0182 

Aug-10 98.22 24.5 4.0090 0.0013 0.0137 

Sept-10 96 33.7 2.8487 0.0014 0.0098 

Oct-10 82 39.31 2.0860 0.0011 0.0090 

Nov-10 72 30.5 2.3607 0.0010 0.0078 

Dec-10 89.93 31.56 2.8495 0.0012 0.0144 

Jan-11 142.86 31.56 4.5266 0.0020 0.0169 

Feb-11 185.6 36.19 5.1285 0.0026 0.0305 

Mar-11 176.66 34.43 5.1310 0.0024 0.0236 

Apr-11 146 28.82 5.0659 0.0020 0.0138 

May-11 106.66 27.21 3.9199 0.0013 0.0270 

Jun-11 104.26 26.4 3.9492 0.0013 0.0261 

Jul-11 123.22 35.23 3.4976 0.0017 0.0220 

Aug-11 99.34 32.45 3.0613 0.0013 0.0142 

Sept-11 79 22.56 3.5018 0.0010 0.0081 

Avg 115.15 30.95 3.7425 0.0015 0.0176 

 

 

 

Table no.10.1b: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid ratios from muscles of female 

P.ocellatus during different months 

Months 

 

 

RNA 

µg/100mg 

dry wt 

DNA 

µg/100mg 

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 

Jun-10 98.00 25.20 3.8889 0.0014 0.0102 

Jul-10 125.00 32.45 3.8521 0.0017 0.0125 

Aug-10 122.00 32.52 3.7515 0.0017 0.0124 

Sept-10 94.00 28.05 3.3512 0.0014 0.0104 

Oct-10 82.00 28.05 2.9234 0.0012 0.0077 

Nov-10 75.00 25.27 2.9679 0.0011 0.0056 

Dec-10 98.66 26.69 3.6965 0.0015 0.0061 

Jan-11 112.53 25.45 4.4216 0.0015 0.0096 

Feb-11 160.8 31.93 5.0360 0.0022 0.0151 

Mar-11 145.46 28.69 5.0701 0.0019 0.0241 

Apr-11 134.93 28.95 4.6608 0.0019 0.0150 

May-11 128.40 29.33 4.3778 0.0017 0.0290 

Jun-11 138.20 32.42 4.2628 0.0019 0.0142 

Jul-11 142.40 30.34 4.6935 0.0022 0.0101 

Aug-11 122.50 32.45 3.7750 0.0018 0.0115 

Sept-11 95.50 30.25 3.1570 0.0014 0.0103 

Avg 117.21 29.25 3.9929 0.0017 0.0127 
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Table no. 10.1c: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipids values from muscles of 

juvenile P.ocellatus during different months  

Months 

 

 

RNA 

µg/100mg  

dry wt 

DNA 

µg/100mg  

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 
Jun-10 112.25 25.42 4.4158 0.0015 0.0118 

Jul-10 125.23 26.32 4.7580 0.0017 0.0117 

Aug-10 135.25 28.43 4.7573 0.0021 0.0108 

Sept-10 120.25 25.12 4.7870 0.0018 0.0085 

Oct-10 128.23 26.32 4.8720 0.0019 0.0126 

Nov-10 105.20 27.25 3.8606 0.0015 0.0099 

Dec-10 112.20 27.34 4.1039 0.0016 0.0118 

Jan-11 122.45 28.15 4.3499 0.0018 0.0136 

Feb-11 121.25 27.34 4.4349 0.0015 0.0185 

Mar-11 - - - - - 

Apr-11 - - - - - 

May -11 120.25 25.43 4.7287 0.0016 0.0137 

Jun-11 122.25 26.34 4.6412 0.0016 0.0222 

Jul-11 125.45 24.33 5.1562 0.0018 0.0092 

Aug-11 120.22 23.22 5.1774 0.0017 0.0081 

Sept-11 113.20 22.12 5.1175 0.0017 0.0085 

Avg 120.26 25.93 4.6543 0.0017 0.0122 

 

 

Table no. 10.2a: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid values from muscles of 

male P.ocellatus  in different length groups 

Length group 

(mm) 

RNA 

µg/100mg 

 dry wt 

DNA 

µg/100mg  

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 

66-75 105.6 29.4 3.5918 0.0013 0.0143 

76-85 125.25 30.23 4.1432 0.0018 0.0172 

86-95 134.26 30.4 4.4164 0.0019 0.0153 

96-105 143.55 30.25 4.7455 0.0019 0.0208 

106-115 138.23 32.12 4.3035 0.0018 0.0141 

116-125 125.33 32.98 3.8002 0.0017 0.0183 

126-135 142.34 33.45 4.2553 0.0019 0.0194 

136-145 102.54 34.34 2.9860 0.0014 0.0142 

146-155 118.27 34.23 3.4552 0.0016 0.0171 

156-165 113.22 35.12 3.2238 0.0016 0.0171 

166-175 112.43 36.25 3.1015 0.0015 0.0198 

176-185 108.38 37.42 2.8963 0.0014 0.0181 
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Table no.10.2b: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid from muscles of 

female P.ocellatus  in different length groups 

Length group 

(mm) 

RNA 

µg/100mg  

dry wt 

DNA 

µg/100mg  

dry wt 

RNA: DNA RNA: protein RNA: lipids 

66-75 90 26.5 3.3962 0.0012 0.0083 

76-85 99.25 26.82 3.7006 0.0015 0.0094 

86-95 105.25 30.43 3.4588 0.0015 0.0098 

96-105 132 30.26 4.3622 0.0019 0.0109 

106-115 155.73 30.46 5.1126 0.0020 0.0134 

116-125 148.4 33.86 4.3828 0.0021 0.0140 

126-135 167.33 34.33 4.8742 0.0024 0.0139 

136-145 115.23 34.72 3.3188 0.0017 0.0191 

146-155 105.25 35.25 2.9858 0.0016 0.0108 

Table no.10.1a: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid ratios from muscles of male 

P.ocellatus during different months. 

Months 

 

 

RNA 

µg/100mg  

dry wt 

DNA 

µg/100mg 

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 

Jun-10 122.45 28.5 4.2965 0.0016 0.0277 

Jul-10 118.23 32.4 3.6491 0.0015 0.0182 

Aug-10 98.22 24.5 4.0090 0.0013 0.0137 

Sept-10 96 33.7 2.8487 0.0014 0.0098 

Oct-10 82 39.31 2.0860 0.0011 0.0090 

Nov-10 72 30.5 2.3607 0.0010 0.0078 

Dec-10 89.93 31.56 2.8495 0.0012 0.0144 

Jan-11 142.86 31.56 4.5266 0.0020 0.0169 

Feb-11 185.6 36.19 5.1285 0.0026 0.0305 

Mar-11 176.66 34.43 5.1310 0.0024 0.0236 

Apr-11 146 28.82 5.0659 0.0020 0.0138 

May-11 106.66 27.21 3.9199 0.0013 0.0270 

Jun-11 104.26 26.4 3.9492 0.0013 0.0261 

Jul-11 123.22 35.23 3.4976 0.0017 0.0220 

Aug-11 99.34 32.45 3.0613 0.0013 0.0142 

Sept-11 79 22.56 3.5018 0.0010 0.0081 

Avg 115.15 30.95 3.7425 0.0015 0.0176 

 

Table no.10.1b: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid ratios from muscles of female 

P.ocellatus during different months 

Months 

 

 

RNA 

µg/100mg 

dry wt 

DNA 

µg/100mg 

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 

Jun-10 98.00 25.20 3.8889 0.0014 0.0102 

Jul-10 125.00 32.45 3.8521 0.0017 0.0125 

Aug-10 122.00 32.52 3.7515 0.0017 0.0124 

Sept-10 94.00 28.05 3.3512 0.0014 0.0104 

Oct-10 82.00 28.05 2.9234 0.0012 0.0077 

Nov-10 75.00 25.27 2.9679 0.0011 0.0056 

Dec-10 98.66 26.69 3.6965 0.0015 0.0061 

Jan-11 112.53 25.45 4.4216 0.0015 0.0096 

Feb-11 160.8 31.93 5.0360 0.0022 0.0151 

Mar-11 145.46 28.69 5.0701 0.0019 0.0241 

Apr-11 134.93 28.95 4.6608 0.0019 0.0150 
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May-11 128.40 29.33 4.3778 0.0017 0.0290 

Jun-11 138.20 32.42 4.2628 0.0019 0.0142 

Jul-11 142.40 30.34 4.6935 0.0022 0.0101 

Aug-11 122.50 32.45 3.7750 0.0018 0.0115 

Sept-11 95.50 30.25 3.1570 0.0014 0.0103 

Avg 117.21 29.25 3.9929 0.0017 0.0127 

 

Table no. 10.1c: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipids values from muscles of 

juvenile P.ocellatus during different months  

Months 

 

 

RNA 

µg/100mg  

dry wt 

DNA 

µg/100mg  

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 
Jun-10 112.25 25.42 4.4158 0.0015 0.0118 

Jul-10 125.23 26.32 4.7580 0.0017 0.0117 

Aug-10 135.25 28.43 4.7573 0.0021 0.0108 

Sept-10 120.25 25.12 4.7870 0.0018 0.0085 

Oct-10 128.23 26.32 4.8720 0.0019 0.0126 

Nov-10 105.20 27.25 3.8606 0.0015 0.0099 

Dec-10 112.20 27.34 4.1039 0.0016 0.0118 

Jan-11 122.45 28.15 4.3499 0.0018 0.0136 

Feb-11 121.25 27.34 4.4349 0.0015 0.0185 

Mar-11 - - - - - 

Apr-11 - - - - - 

May -11 120.25 25.43 4.7287 0.0016 0.0137 

Jun-11 122.25 26.34 4.6412 0.0016 0.0222 

Jul-11 125.45 24.33 5.1562 0.0018 0.0092 

Aug-11 120.22 23.22 5.1774 0.0017 0.0081 

Sept-11 113.20 22.12 5.1175 0.0017 0.0085 

Avg 120.26 25.93 4.6543 0.0017 0.0122 

 

 

Table no. 10.2a: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid values from muscles of 

male P.ocellatus  in different length groups 

Length group 

(mm) 

RNA 

µg/100mg 

 dry wt 

DNA 

µg/100mg  

dry wt 

RNA: DNA 

 

 

RNA: protein 

 

 

RNA: lipid 

 

 

66-75 105.6 29.4 3.5918 0.0013 0.0143 

76-85 125.25 30.23 4.1432 0.0018 0.0172 

86-95 134.26 30.4 4.4164 0.0019 0.0153 

96-105 143.55 30.25 4.7455 0.0019 0.0208 

106-115 138.23 32.12 4.3035 0.0018 0.0141 

116-125 125.33 32.98 3.8002 0.0017 0.0183 

126-135 142.34 33.45 4.2553 0.0019 0.0194 

136-145 102.54 34.34 2.9860 0.0014 0.0142 

146-155 118.27 34.23 3.4552 0.0016 0.0171 

156-165 113.22 35.12 3.2238 0.0016 0.0171 

166-175 112.43 36.25 3.1015 0.0015 0.0198 

176-185 108.38 37.42 2.8963 0.0014 0.0181 
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Table no.10.2b: RNA, DNA, RNA: DNA, RNA: protein, RNA: lipid from muscles of 

female P.ocellatus  in different length groups 

Length group 

(mm) 

RNA 

µg/100mg  

dry wt 

DNA 

µg/100mg  

dry wt 

RNA: DNA RNA: protein RNA: lipids 

66-75 90 26.5 3.3962 0.0012 0.0083 

76-85 99.25 26.82 3.7006 0.0015 0.0094 

86-95 105.25 30.43 3.4588 0.0015 0.0098 

96-105 132 30.26 4.3622 0.0019 0.0109 

106-115 155.73 30.46 5.1126 0.0020 0.0134 

116-125 148.4 33.86 4.3828 0.0021 0.0140 

126-135 167.33 34.33 4.8742 0.0024 0.0139 

136-145 115.23 34.72 3.3188 0.0017 0.0191 

146-155 105.25 35.25 2.9858 0.0016 0.0108 

 

 

Fig10.1a: Monthly variations in RNA content from muscles of P.oellatus male, female and 

juvenile. 
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Fig10.1b: Monthly variations in DNA content from muscles of P.oellatus male, female and 

juvenile. 

 

 

Fig10.1c: Monthly variations in RNA: DNA ratio from muscles of P.oellatus male, female and 

juvenile. 
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Fig 10.1d: Monthly variations in RNA: protein ratio from muscles of P.ocellatus male, female 

and juvenile. 

 

 

Figure 10.1e: Monthly variations in RNA: lipid ratio from muscles of P.ocellatus male, female 

and juvenile. 
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Figure 10.2a: Length wise variations in RNA content from muscles of P.ocellatus male and 

female. 

 

 

Figure 10.2b: Length wise variations in DNA content from muscles of P.ocellatus male 

and female. 
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Figure 10.2c: Length wise in RNA: DNA ratios from muscles of P.ocellatus  male and 

female. 

 

  

Figure 10.2d: Length wise variations in RNA: protein ratios from muscles of P.ocellatus 

male and female. 
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Figure 10.2e: Length wise variations in RNA: lipid ratios from muscles of P.ocellatus male and 

female. 

10.5     Discussion 

In the present study, RNA and DNA content, RNA : DNA, RNA : protein and RNA : 

lipid ratio was estimated to determine condition indices in P.ocellatus male female and 

juvenile monthly. The total amount of DNA in a defined amount of dry tissue will 

depend on cell size which changes with age, stage of the reproductive cycle and 

nutritional status (Regnault and Luquet, 1974). RNA concentrations depend on factors 

that affect cell size and are usually more variable than DNA concentration because 

RNA is required for protein synthesis, which responds quickly to changes in 

environmental condition (Bulow, 1970). The RNA content was maximum in February 

2011 and minimum in November 2010, in male and female while in juvenile maximum 

value was observed in August 2010 and minimum in November 2010. The range of 

RNA content in male was 72-185.6 µg/100mg, in female was 82-145.46 µg/100mg 
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2011 and decreased progressively till May 2011. This increase in RNA content may 

probably be due to increase in protein synthesis in male and female for the spawning 

period. The DNA content was maximum in male in October 2010 and minimum in 

September 2011, in female maximum value was observed in August 2010 and 

minimum in June 2010 while in juvenile maximum value was in August 2010 and 

minimum value in September 2011. The range of DNA content in male was 22.56- 

39.31 µg/100mg, in female was 25.20-32.52 µg/100mg and juvenile was 22.12- 28.43 

µg/100mg. In male DNA content was found to increase from November 2010 to 

February 2011 and then decreased gradually till June 2011. In females the values 

increased in February 2011 and decreased till May 2011 and further increased in June 

2011. DNA content in females showed slight variations every month. 

 

The RNA : DNA ratios ranged between 2.08-5.13 in males 2.92-5.07 in females and 

3.86-5.17 in juveniles. In fish RNA : DNA ratio having values lower than 2 have usually 

been associated with prolonged fasting and an enhanced risk of mortality (Chicharo 

and Chicharo, 2008). The juvenile P.ocellatus showed average value at 4.65 for RNA 

: DNA ratio as compared to value in male and female which were 3.74 and 3.99 

respectively. The lowest value of RNA : DNA ratio in juvenile was 3.86. Thus 

biochemical indices reflect on a very good condition indices of the juveniles throughout 

the period of present study from June 2010 to September 2011 Therefore the creeks 

of Mumbai appears to be  suitable nursery ground for this species.  

 

The average RNA : DNA in P.ocellatus female was slightly higher compared to that in 

males. Similar findings were recorded in goby Pomatochistus microps (Chicharo et al., 

2007). The range for the RNA : DNA in the females was also narrow with the range in 

the males at 2.08-5.13 while in female it was 2.92-5.07. The lowest value in females 

is nearing the index 3 while that in the male is nearing 2. Value of RNA : DNA lower 

than 2 indicate prolonged fasting. Thus though the ratio is nearing 2 it was not below 

2 and hence though in some months the ratio indicates poor condition, the average 

index in male is 3.74, the males enjoy good condition indices.  Maturation and 

reproduction differ between males and females and often require different amounts of 

energy and the reproductive costs are much greater for females than for males, which 

imply protein synthesis and therefore RNA : DNA ratio is greater in females than in 

males (Paon and Kenchington, 1995; Perez Camcho et al., 2003).  
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An analysis of monthly variation showed that condition values in terms of  RNA : DNA 

ratio increased from October 2010 to March 2011 in both male and female. The value 

further decreased till June 2011 in male and May 2011 in female. The increase in 

protein synthesis associated with the development in gonads from November to 

February might have resulted in the increasing RNA : DNA ratio. The lower values in 

November and December are in accordance with that observed in Mysis diliviana by 

Johannsson et al.(2009) during the pre reproductive season. The RNA : DNA values 

were found to be higher in reproductive season extending from January 2011 to April 

2011 in P.ocellatus. RNA : DNA ratio increased during gonad development gradually 

from the developing to the spent stage (Zaboukas et al., 2006). Buckley et al (1999) 

stated that as the fish mature, seasonal cycles of temperature and gonad development 

have large effects on nucleic acid levels in different tissues. Increase in RNA : DNA 

ratio in recovering fishes can be considered as indicator of protein synthesis and 

growth (Mustafa and Zofair, 1985).  

 

The juveniles of P. ocellatus did not show much variation in the RNA : DNA ratio as 

compared to adults. Nucleic acids have provided useful tools for assessing the 

instantaneous growth rate and condition of both larval and juvenile fish (Fakuda et al., 

2001; Kuropat et al., 2002). It has been found that the growth in gobies changes from 

hyperplasia to hypertrophy as they mature (Frommel, 2008). Several authors have 

suggested that RNA : DNA ratio is more related to the nutritional condition than to the 

growth (Miglavs and Jobling, 1989; Bergeron, 1997). There was a slight decline in the 

RNA : DNA in juveniles only in November. The range of 3.86-5.17 and an average of 

4.65 in juveniles indicate good condition indices for juvenile P.ocellatus. 

 

The RNA : protein ratio showed an average of 0.0015 in males, 0.0017 in females and 

0.0017 in juveniles. Monthly variation in terms of RNA : protein showed minimum value 

in November 2010 in male and female and again in September 2011 in male. The 

maximum value for the ration was observed in February 2011 in both male and female 

P.ocellatus. In male and female P.ocellatus RNA : protein ratio increased from 

November 2010 to February 2011 which is the progression from resting stage to 

spawning stage.  
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The RNA : protein ratio further decreases in the post spawning stage of male. In female 

it was observed to show an increase in July 2011 probably due to recovery of spent 

stage. In juvenile minimum value was observed in June, November 2010 and again in 

February 2011 while maximum value was observed in August 2010. In juveniles it did 

not show much variation throughout the year. The RNA : protein ratios along with RNA 

: DNA ratios reflect protein synthetic rates in organisms (Foster et al., 1993; Houlihan 

et al., 1993). Condition indices shows significant relationship with protein synthesis 

and growth rates (Houlihan et al., 1993; Smith et al., 2000). 

 

The RNA : lipid ratio showed minimum values in November 2010 in male and female 

P.ocellatus. Maximum values were recorded in June 2010 in males, May 2011 in 

females. In juveniles minimum value was observed in August 2011 and maximum 

value in June 2011. No report was available on the ratio of RNA : Lipid in the literature 

survey carried out by the candidate. The seasonal variations in the lipid content were 

related to reproduction and food availability in cod fish Gadus morhua (Takama et al., 

1985).  

 

RNA and DNA content, RNA : DNA, RNA : protein and RNA : lipid ratios were analysed 

in different length groups in male and female P.ocellatus. The maximum value of RNA 

content in males was observed in the length group of 96-105mm and minimum value 

in length group of 136-145mm while in female the maximum value was observed in 

length group of 126-135mm and minimum in length group of 66-75mm. The DNA 

content in male was maximum in length group of 176-185mm and minimum in length 

group of 66-75mm while in female the value was maximum in length group of 146-

155mm and minimum in length group of 66-75mm. 

The analysis of condition indices in terms of RNA : DNA showed higher value in length 

group 96-105mm in males and 106-115mm in females. Lower values were observed 

in highest length group 176-185mm in male and 146-155mm in female. The RNA : 

DNA ratio had higher values in male than in female in the length group from 66-75mm 

onwards up to 96-105mm and 146-155mm on the other hand. The ratio had a higher 

value in females than in males in the length group from 106-115mm onwards up to 

136-145mm. In the male from the length group of 146-155mm onwards progressively 

lower values of RNA : DNA ratio were observed till the higher length group 176-

185mm. This may be due to the decline in cellular activity, related to growth and protein 
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synthesis after reaching a certain length group in fishes. The changes in RNA : DNA 

ratio with increasing length were a result of a combination of changes in biochemical 

composition, tissue reorganisation and behaviour which leads to changes in the 

metabolism of the gobies (Frommel and Clemmensen, 2009 

  

The decrease can also be due to low feeding levels of adult fishes. Smith and Buckely 

(2003) demonstrated that RNA : DNA ratio reflects the feeding condition and growth 

of the fish. Huang and Chiu (1998) observed the increase in RNA : DNA ratios with 

increase in size in anchovy larvae of Japan. Sivaraman et al. (2009) reported positive 

correlation between body mass/size of the fish with RNA concentration and RNA : 

DNA ratios of Tor Putitora. Strong correlation between RNA : DNA ratio and growth 

has been observed in a variety of species such as Clupea harenges, Ammodyles spp, 

Theragra chalcogramma, Paralichthys dentatus, Pseudopleuronectes americanus, 

Gadus morhua, Scomber scombrus and Morone saxatilis (Buckely, 1984). 

  

Maximum RNA : protein ratio was observed in the length group of 86-95mm and 126-

135mm in male.  In female also the value was maximum in the length group of 126-

135mm. The minimum value was observed in 66-75mm in both male and female. RNA 

: protein ratio showed variations in different length groups. This may be due to different 

stages of development of males in various length groups. In female RNA : protein ratio 

increased in the higher length group and decreased further in the largest length group 

which may be associated with the reproductive cycles in female. RNA : lipid ratio was 

maximum in length group of 96-105mm in male and 136-145mm in female. The 

minimum value was observed in length group of 106-115mm in male and 66-75mm in 

female. RNA : lipid ratio also showed variations in different length groups of male 

probably associated with the reproductive stages of male. In female RNA : lipid 

increased in the larger length groups of female and decreased in the largest length 

group. This may probably associated with reproductive cycle of females. 

Thus RNA : DNA, RNA : protein and RNA : lipid ratios can be used to evaluate 

conditional status of fishes in general. It is an indicator of the potential for protein and 

lipid synthesis. It also reflects the feeding, nutritional and growth rate of the fish. The 

goby fish P.ocellatus from the creeks of Malad, Vasai, Thane and Mahul showed good 

conditional indices in the creeks. This habitat thus seems to be suitable as nursery, 

feeding and reproductive ground for P.ocellatus.  
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Chapter 11 

Comprehensive profile of growth and reproduction 
 

In this thesis titled “Studies on some aspects of biology of goby fish, P.ocellatus (Day 

1873) from Mumbai coast” few dimensions of biology of the fish have been the object 

of study. An integrated approach will reflect on a comprehensive profile in terms of 

growth and reproduction, processes vital for any study of biology. 

In the present study in male, female and juvenile P.ocellatus a strong correlation was 

obtained between length and weight.  The male and female had negative allometric 

growth with comparatively greater weight gain in male fish than that in the females for 

the corresponding increase in their length. On the other hand, the juveniles exhibited 

an isometric growth i.e. increase in weight with the corresponding increase in length. 

LWR and linear regression was highly significant in males, females and juveniles. In 

the males and females a divergence in growth pattern was observed. The males being 

longer than the females appear to be a distinct sexually dimorphic character in 

P.ocellatus observed during the period of study. 

 

Measuring changes in length and weight is one way of assessing growth. Another way 

of assessing growth is study of relative condition factor ‘Kn’ which quantifies the well 

being of the fish. Growth involves increase in biomass as a result of consumption of 

food. A variety of food is consumed by an organism. The structure of the body and 

behaviour pattern developed during the evolutionary history of the organism to adapt 

to variety of foods and feeding. The well being or condition factor thus needs to be 

related to food and feeding.  

 

According to Le Cren (1951) Kn value of greater than 1 indicated good general 

condition of fish. In the present study the mean ‘Kn’ value observed in male female 

and juvenile was greater than 1 indicating an overall good condition of fish in the 

creeks of Mumbai throughout the year.  

 

The maximum value of RCF in male P. ocellatus was observed in November 2010, 

though the feeding intensity was poor in male P.ocellatus. Surprisingly, the male fish 
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were moderate feeders in December and January 2011 though a gradual decrease in 

RCF was observed in February 2011. In fact in February the fish were active feeders. 

A sharp decline from March to May 2011 in RCF values was observed though the fish 

were moderate feeders. With active feeding activity in May and June 2011 the RCF 

then increased again from June to August 2011.  

 

In female P.ocellatus RCF was maximum in June 2010, when the fish was moderate 

feeder. A gradual decline in RCF was observed from August to October 2010 though 

the feeding activity was moderate and active till September followed by poor feeding 

in October 2010. A gradual increase in RCF was observed though the feeding activity 

remained poor or moderate till February 2011. The RCF again declined to reach 

minimum value in May, a period when the feeding was observed to be poor or 

moderate. However in the month of May 2011, the fish became an active feeder and 

continued to be active feeder in June and again in September.  

 

The juveniles in P.ocellatus are moderate feeders throughout; occasionally the feeding 

activity is poor. RCF is maximum in August 2010 and minimum in May 2011.  

 

However, the relatively low values of Kn observed during some periods in adult may 

suggest diversion of molecular resources towards reproductive activities.  According 

to Da Costa and Araujo (2003), relatively lower ‘Kn’ values are usually due to the fact 

that a larger part of the energy is allocated for certain activities such as growth and 

emptying of ovaries. Seasonal variation of ‘Kn’ is influenced by gonadal development, 

feeding activity and several other factors (Gowda 1984, Doddamani et al., 2001). The 

period in which lower condition value is obtained is also a period in which accumulated 

fat is in use for spawning (Braga et al., 1990). 

 

In the male P.ocellatus the lipid content was maximum September 2010 and minimum 

during May 2011. In September when the lipid content was maximum when the RCF 

was low, while during May both RCF and lipid content were minimum. 

In female P.ocellatus too the Lipid content was maximum in December 2010 when 

RCF was gradually increasing. The lipid content was minimum in May 2011 when RCF 

was also minimum.  
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P.ocellatus was observed to undergo spawning throughout the period of study from 

June 2010 to September 2011, except during November and December 2010. The Kn 

was high during pre spawning phase and declined during peak spawning phase. 

Utilization of accumulated lipid resources during the spawning period cannot be ruled 

out considering the fact that the Kn and feeding activity do not quite show a mutually 

agreeable relationship. 

The ‘Kn’ values in male P.ocellatus gradually increases from the length group of 66-

75mm through 96-105mm reaching the maximum value in the length group 106-

115mm. This probably correlates with the advancing stages of maturity. The lower ‘Kn’ 

values in P.ocellatus were observed in the large sized individuals with a length of 166-

175mm and 175-185mm probably because the male fishes have reached the post 

spawning stage. 

 

The variation of ‘Kn’ values observed in different length groups seems to be due to 

differences in feeding intensity and reproductive cycle. 

 

In female P.ocellatus maximum ‘Kn’ value was observed in smallest length group of 

66-75mm. The value slightly decreased in the higher length groups. The lowest value 

was observed in the length group of 146-155mm. Hence it can be concluded that in 

male P.ocellatus the relative condition factor increased till the males attained maturity 

and then the factor decreased slightly while the female are in good condition at 

minimum size of development and later have slight decrease in condition values in the 

higher length groups with the lowest values in the large sized females. 

 

The food and feeding habits of an organism play a crucial role in the growth and well 

being.The P.ocellatus was found to show seasonal variation in food. The intake of 

variety of food depends on the availability and the preference of the fish to feed on a 

particular type of food.  

 

There seems to be definite niche segregation between adults and juveniles in terms 

of preferred food especially related to the seasons during the period of study. 



 
 

274 
 

The length wise analysis of adult P.ocellatus revealed greater proportion of larger 

sized food in the diet of larger fish. This pattern of change in the diet of P.ocellatus 

adults may probably help to reduce intra specific competition among the fish and offer 

wide spectrum of the food. 

Data on feeding intensity revealed male P.ocellatus to be actively fed than females. 

The data on length wise feeding intensity revealed active feeding in P.ocellatus in 

the length group 96-105mm, 106-115mm, 116-125mm and 126-135mm in males 

and 96-105mm, 106-115mm and116-125mm in females. The developing 

individuals of lower length groups were found to feed on smaller crustaceans and 

planktons while the maturing adults fed on larger crustaceans and fishes.  

The gastro somatic index in male and female was found to be highest during June 

2010 and 2011 which agrees well with the feeding intensity. Length wise gastro 

somatic index revealed higher value in length group 116-125mm in both male and 

female. Gastro somatic index was found to decrease in the larger individuals. 

 

An analysis of month wise and length wise variation in food preference and feeding 

intensity revealed that the male and female P.ocellatus had the same preference 

throughout the seasons which was different from the preference of food, of the 

juvenile. In the adult fish case preference seems to be function of the size/maturity 

of the fish rather than the sex, niche segregation in terms of preferred food could 

probably be a strategy for ensuring survival and growth of the juvenile P.ocellatus. 

The P. Ocellatus can thus be described as benthic, carnivorous, predatory, 

occasionally cannibalistic euryphagic and hyperphagic secondary and tertiary 

consumer in the food chain. 

An absolutely vital characteristic of all living organisms is their capacity to reproduce. 

Thus along with food and feeding, leading to growth studies on various aspects of 

reproduction is imperative for biology. The aspects of reproduction selected for the 

present study are sexual dimorphism, sex ratio, stages of maturity, spawning 

periodicity, growth and maturity of gonads and gametes to name a few.  

 

P.ocellatus was not sexually dimorphic throughout the life span. dimorphic characters 

were observed during breeding season in the fish included in the larger length group. 

In the present study sexual dimorphism was observed prominently during months of 
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August and September 2010, February, March, April, August and September 2011. In 

general P.ocellatus male tended to be longer and slender while females were shorter 

and had deeper abdomen. Though the near equilibrium of sex ratio was observed, the 

females were slightly dominant in the population of P.ocellatus in the terms of sex ratio 

during the months of September 2010, April, May and June 2011 whereas the males 

dominated in the population in all the other months. In the length group 156-185 only 

male P.ocellatus were prevalent. 

 

In P.ocellatus Spawning extends from June to October 2010 and again from January 

to September 2011 with the peak spawning occurring from February to April 2011. 

In the present study following stages of gonad maturity were observed in both male 

and female P.ocellatus: pre spawning stage consisting of immature and developing 

gonads, spawning stage consisting of mature and ripe gonads and post spawning 

stage consisting of spent gonads. 

 

Pre spawning was predominantly observed from November 2010 to December 2010 

in both male and female P.ocellatus. Spawning stages were predominant from 

February to April in both male and female while post spawning was predominantly 

observed from April to June 2011 while many of them were found in various stages of 

maturity in different months indicating that this species had a prolonged breeding 

season from June 2010 to September 2010 and again from January 2011 to 

September 2011. 

 

Thus it can be concluded that P.ocellatus breeds throughout the year except during 

November and December 2010 which appears to be a resting phase during the 

reproductive activity.  

 

The maturing ova were found throughout the period of study except November and 

December 2010 whereas ripe ova ready to spawn occurred in maximum number 

during February and March 2011 and few occurred in August and September 2010.  

 

The frequency polygon of ova diameter in different stages of maturity showed only one 

peak. In the present study the frequency polygons of ova diameter showed a single 



 
 

276 
 

peak in each stage suggesting that in P.ocellatus individual fish spawns only once in 

the year. 

 

Analysis of month wise occurrence of P.ocellatus in the stages of maturity numbering 

five revealed a very interesting profile: Immature male P.ocellatus occurred throughout 

the period of study i.e. from June 2010 to September 2011except during February, 

March and April 201. On the contrary immature females were found in the population 

during July and August, and November and December 2010. During 2011 immature 

females were found in January, June July and August. Immature female fish were not 

obtained in the sample during September and October 2010 and February, March and 

April 2011. 

 

Developing males were found in the all the months of present study except May 2011 

while developing female P.ocellatus could not be obtained in the sample from 

February to May 2011. 

Mature male fish were obtained in the sample from August to October 2010; January 

to April 2011 and July to September 2011. Mature female fish were found in the sample 

in all the months from June 2010 to September 2011 except during May 2011. 

 

Ripe Male P.ocellatus were obtained in the sample from July to September 2010, from 

February to May 2011 and again from July to September 2011.  

Ripe male fish were not obtained in the sample in June 2010, from October to 

December 2010, January 2011 and June 2011. Ripe female P.ocellatus were found in 

the sample of all the months except July 2010 from November to December 2010, 

January 2011 and July 2011. 

 

Spent P.ocellatus both male and female were obtained in the sample almost in the 

same months. i.e. June and October 2010; April, May and June 2011. In addition spent 

male fish were also obtained in the sample during September 2010 and July 2011. 

 

It is interesting to note that maximum maturing male and female P.ocellatus occurred 

together during February, March and April 2011 which is the peak spawning period for 

the fish whereas during November and December 2010 only immature male and 
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female fish occurred in the sample and during May 2011 neither immature male nor 

immature female P.ocellatus were obtained in the sample. 

 

Immature oocytes occurred only during November and December 2010 and July 2011 

whereas developing oocytes were found all the months from June 2010 to September 

2011. Maturing ova occurred in all the months from June 2010 to September 2011 

except during November and December 2010. Ripe ova occurred during August and 

September 2010 and from February to June 2011. Spent ova could be obtained in 

June 2010, October 2010 and from March to June 2011. 

 

Reproduction is a very planned energy intensive phenomenon in which a number of 

activities at various biological levels need to take place in a coordinated manner. Thus 

apart from parameter of assessment of growth like increase in size, increase in length 

and weight of an organism, studies on indicators of molecular events involved in 

reproductive processes become imperative. Studies of condition indices in terms of 

ratios of biological macromolecules are useful tools. Macromolecular indices like RNA 

concentration, RNA : DNA ratio, RNA : protein ratio and protein : DNA ratios are 

frequently measured as indicators of protein synthesis potential and growth in marine 

fishes and invertebrates (Bulow, 1970; Carter et al., 1988; Buckley et al., 1999). 

An analysis of monthly variation showed that conditions indices in terms of RNA : DNA 

ratio increased from October 2010 to March 2011 in both male and female P.ocellatus. 

However, RNA : DNA ration had lower values during November and December 2010. 

 

RNA: Protein ratio showed minimum value in November 2010 in male and female 

P.ocellatus the ratio increased up to February 2011 in the male fish. The RNA : lipid 

ratio showed minimum value in November 2010 in male and female P.ocellatus. Thus 

RNA : DNA, RNA : protein, and RNA : lipid can be used to evaluate conditional status 

of fishes in general. It is an indicator of the potential for protein and lipid synthesis. 

 

A comprehensive view of the reproductive cycle in terms of various aspects discussed 

above highlights two periods during the cycle, firstly, the period from November to 

December 2010 and secondly, the period from February to April 2011. The former 

represents a resting phase in the reproductive cycle while the later represents the peak 

spawning period. A comparative account of various parameters during these two 
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contradictory but essential phases during the reproductive cycle of P.ocellatus brings 

out the usefulness of various indices of growth and reproduction. 

Male P. ocellatus-Some of the conditions indices 

November, December 2010 and January 2011: Resting Phase 

 Feeding intensity was poor / moderate in male and female 

 GaSI was minimum in November and started increasing in December and 

January. 

 RNA content was minimum in November. 

 RNA : DNA ration was minimum in October, one month prior to entry into resting 

phase. 

 RNA : Protein, and RNA : Lipid ratios too were minimum during November. 

 

Female P.ocellatus-Some of the conditions indices 

November, December 2010 and January 2011: Resting Phase 

 Feeding intensity was poor / moderate in  female 

 GaSI was low in November and started increasing in December and January. 

 RNA content was minimum in November. 

 RNA : DNA ration was minimum in October, one month prior to entry into resting 

phase. 

 RNA : Protein, and RNA : Lipid ratios too were minimum during November. 

 

Male and female P.ocellatus-Some of the conditions indices 

February-March-April 2011 Peak breeding season 

 No immature males/females, nor immature ova. 

 February and March only developing males but not females 

 February, March and April : maturing and ripe individuals 

 February no spent individuals. 

 March only spent females 

 April spent males and females. 
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 February to April developing, mature and ripe ova. 

 March-April spent ova 

 GSI maximum in males in February, high but not maximum in females 

 GSI in March high in males, minimum in females 

 GSI in April low in both male and female. 

 RNA content in male and female, maximum in February. 

 RNA : DNA maximum in males in March, in females 

 RNA : Proteins - Maximum in males in March, in July in females 

 RNA : Lipids -  Maximum in males in March, in May in females. 

 

Thus various aspects of biology of P.ocellatus presented in this thesis highlight two 

phases in the reproductive cycle of the fish i.e. resting (November to December 2010) 

and Peak spawning period (February to April 2011). All the parameters studied have 

characteristic dimensions during the two diagonally opposite periods, both aimed at 

maximizing the energy intake, enhance the growth and direct all the strategies towards 

reproduction and survival of the species. 
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Chapter 12  

Summary and Conclusion 
The study of biology of any fish is of utmost importance in fishery biology. It gives an 

understanding of the morphometric and meristic characters, length weight 

relationship, relative condition factor, food and feeding habits and reproductive biology 

of the fish. The present fish under study Parachaeturichthys ocellatus from the creeks 

of Mumbai forms a part of fishery of some importance in Mumbai and Ratnagiri coast. 

The fact that no data is available about the biology of P.ocellatus has provided an 

impetus to take upon the present study on some aspects of its biology like 

morphometric and meristic characters, length weight relationship and relative 

condition factor, food and feeding habits and reproductive biology. The nutritional 

status of the fish is reflected in its biochemical composition and condition indices. The 

present study was undertaken for a period of sixteen months from June 2010 to 

September 2011. 

Taxonomy and Systematics 

The history of gobioid classification with detailed description up to family genera and 

species is described according to Day (1878) and Larson and Murdy (2001) and the 

key to subfamilies and genera of gobiidae is described to establish the exact 

identification of P.ocellatus. The systematic position of P.ocellatus was correctly 

established. The local name of P.ocellatus along with its unambiguous synonym and 

valid name is furnished. A detailed description of morphology of P.ocellatus along with 

its habitat and occurrence is also furnished. 

Morphometry and meristic characters 

Morphometry of the fish is beneficial to understand the growth rate of different 

morphometric characters in relation to one other. It also gives us knowledge whether 

the habitat is suitable for the growth of fish. In all nineteen morphometric characters 

were observed and recorded in P.ocellatus. A high degree of positive correlation 

significant at p<0.01 was observed between various morphometric characters in male, 

female and juvenile P.ocellatus  The study reflects that the fish grows well in the creeks 

of Mumbai. The growth of fish exhibited allometric and isometric growth between 

different parameters.  
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In the male P.ocellatus isometry of growth was observed in standard length while all 

other measurements showed negative allometry. In the female fish isometric growth 

was observed in three characters, viz second dorsal length, pre pectoral length and 

pre anal length. The standard length in female fish exhibits positive allometry and all 

other characters showed negative allometry.  Sexual dimorphism is exhibited in some 

of the morphometric characters in P.ocellatus. In the juvenile fish standard length 

showed positive allometry while all other characters showed negative allometry. The 

correlation between the four sites from where the fishes were collected did not show 

any significant differences indicating homogeneity in the population of P.ocellatus in 

the creeks of Mumbai.  

Meristic characters are useful to understand variation in the meristic counts between 

sexes. They are also useful to establish sexual dimorphism. Eleven meristic 

characters were recorded in P.ocellatus. The highest variation was observed in anal 

fin rays in male and pelvic fin rays in female. In the present study there was no 

significant difference in the meristic characters between the male and the female fish. 

Hence the population seems to be homogenous in the creeks of Mumbai. The 

comparison of meristic characters in present study with those studied by Day (1858) 

revealed marked difference in caudal fin rays. The caudal fin rays reported by Day 

(1858) were 12 while in the present study it was in the range of 17-29. The variations 

observed in meristic characters of P.ocellatus from four different creeks did not merit 

their being placed into separate population. 

Length weight relationship and relative condition values 

Length weight relationship was established to derive mathematical relationship 

between length and weight. A high correlation was observed between length and 

weight of the male, the female and the juvenile P.ocellatus. Length weight relationship 

indicated a negative allometric growth in male and female fish while juveniles exhibited 

an isometric growth rate. The allometric values indicate a good growth rate of 

P.ocellatus. 

The relative condition factor (Kn) was found to be more than 1 in the male, the female 

and the juvenile fish indicating condition conducive for growth of the fish. Both males 

and females exhibited difference in relative condition values. In the male it was 

maximum in pre spawning month while in the female maximum values were observed 
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in post spawning month. The difference of condition value may be attributed to their 

difference in reproductive potential and feeding between the sexes. 

Food and feeding  

The study of of food and feeding habits is useful to understand the type of food the 

fish would feed on. The morphological features of the P.ocellatus, relative gut length 

and the analysis of the type of food indicated that P.ocellatus is a carnivorous fish. 

Analysis of food components revealed dominance of crustaceans followed by mollusc 

and Pisces. Phytoplanktons also constitute a part of the food. The rate of feeding in 

the male fish was found to be higher than the female. Active feeding intensity was 

observed in both the males and the females in different months while juveniles were 

moderate feeders throughout. Gastrosomatic index showed higher values in June 

2011. Empty guts also occurred throughout the period of study barring few months. 

P.ocellatus was found to be euryphagus and predatory fish. It was also hyperphagic 

consuming larger preys and at times showed cannibalism although; cannibalism is not 

a common occurrence. The fish belongs to secondary and tertiary level of consumers 

in the estuarine food chain. 

Reproduction  

Sexual dimorphism was prominent during the breeding season for some characters 

thought in general P.ocellatus was large and slender while the female was short and 

deeper at the abdomen. The male and female P.ocellatus could be identified by 

morphological characters like colouration around the pelvic and anal fin, length and 

depth of the body, length of the second fin ray of first dorsal fin, sturdiness of pectoral 

fin, shape of pelvic fin and length and shape of urinogenital papillae. The overall sex 

ratio indicated dominance of the male P.ocellatus throughout the year. Equilibrium of 

sex ratio was observed during spawning months.  

In all five maturity stages consisting of Immature, developing, maturing, ripe and spent 

gonads were observed in the male and the female P.ocellatus. The fishes were 

observed to spawn from January to October with peak spawning activity from February 

to April.  

The frequency polygon of ova diameter in different stages of development and 

different spawning months exhibited a single peak indicating single spawning season. 
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Gonadosomatic index revealed that the phases related to spawning are as follows: 

pre spawning from November to January, spawning from February to April and post 

spawning in May. Low GSI values occurred in the months of November and May and 

high GSI values were found from February to April. P.ocellatus was found to be highly 

fecund fish with fecundity ranging between 21,635-1, 79,334 eggs. Fecundity was 

highly correlated with total weight, ovary length, ovary weight and total length of fish. 

The study of ova diameter frequency polygon and histology of mature ovary revealed 

that P.ocellatus is a single spawner. The gonado somatic index and stages of maturity 

revealed that the spawning season in the fish extends from January to October with 

peak spawning activity from February to April. Morphological and histological study of 

gonads revealed five maturity stages of development.  The histological study revealed 

that the mature ovary did not have vitelline oocytes of different stages between the full 

grown oocytes. This indicates that P.ocellatus does not belong to group of multiple 

spawners. The study of reproduction thus indicates that P.ocellatus as individual fish 

has a single spawning instance but the population as whole may spawn from January 

to October.  

Biochemical composition 

The biochemical analysis of P.ocellatus revealed that it was a high protein low fat fish 

with negligible carbohydrates. The caloric content of the female is higher than that of 

the male fish due to the female fish’s high fat content. Seasonal variation was observed 

in the biochemical composition of adult P.ocellatus. High protein content and high lipid 

content were observed in male in June and September respectively. In female both 

protein and lipid content were high in December. There is no significant difference in 

the biochemical composition of muscle of adult P.ocellatus in different months though 

the monthly variations were observed in the biochemical composition of the muscle in 

P.ocellatus, the difference were not statistically significant. These may be ascribed to 

the feeding intensity and for reproductive condition of the fishes. Length wise analysis 

of contents of protein and lipid revealed that the proximal composition increased with 

increase in length in the length group of 66-75mm to 96-105mm in male and 66-75mm 

to 106-115mm in female and gradually decreased in higher length groups in the range 

126-135mm in both male and female . The juveniles also exhibited high protein and 

low fat values similar to adults. The comparison of P.ocellatus with few commercial 
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fishes of the creek revealed that the biochemical composition was at par with other 

commercial fishes. The nutritional status of P.ocellatus is thus related to the feeding 

and the reproductive condition of the fish.  

 

Condition indices 

The various ratios mentioned in terms of RNA: DNA, RNA: protein and RNA: lipid 

reflects on the macromolecular indices of the fish. The analysis of such condition 

indices in the male, the female and the juvenile P.ocellatus revealed high values which 

indicate that growth of P.ocellatus in the creeks of Mumbai is indeed satisfactory. 

 

 High RNA: DNA ratio and RNA: protein ratio was obtained in February 2011 in the 

males while in the females high RNA: DNA ratio was obtained in February and March 

2011. RNA: protein ratio was high in February 2011 and again in July 2011. Lower 

RNA: DNA and RNA: protein ratio was observed in November 2010 in both the male 

and female fish. The values of these condition indices seem to be attributable to the 

feeding and reproductive status of fish.  

 

Conclusion 

The present study of biology of fish will help in providing the information about the 

taxonomy, morphometric and meristic characters, length weight relationship, relative 

condition factor, food and feeding habits and reproductive biology of fish. In the 

present study of biology of P.ocellatus, the morphological characters of P.ocellatus 

observed by Day (1858) and those observed in the present study are recorded. The 

present study did not reveal any change in the morphological characters of P.ocellatus 

for the fish to merit to be grouped as a separate population. The morphometric studies 

revealed that there is high correlation between the morphometric characters of 

P.ocellatus. The growth pattern of standard length vs total length in the male showed 

isometry while in female it was positive allometry. The other characters like second 

dorsal length, pre pectoral length and pre anal length in male showed negative 

allometry while in female it showed isometry.  Hence the male and the female fish 

exhibited a slight sexually dimorphic growth pattern. 
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Meristic characters studied showed high variations in the anal fin rays of male and 

pelvic fin rays of female. The variations were not significant to be considered as 

sexually dimorphic characters. Comparison of meristic characters with those studied 

by Day (1858) revealed highest variation in caudal fin rays in present study indicating 

a change in the meristic characters of P.ocellatus. This change in the meristic 

characters of P.ocellatus may be due to climatic and/or habit change. The other 

meristic counts exhibited slight changes which were not significant.  It is therefore 

essential to know the morphometric and meristic characters of a fish so that these 

characters can be compared with those of fish of other locations to understand the 

suitability of a particular environment for the growth of the fish. It is also essential to 

understand any difference in morphometric or meristic characters by which the fish 

can be separated from other fish of different population. The present study of 

P.ocellatus from the four different creeks of Mumbai did not reveal any significant 

difference in the morphometric or meristic characters. Hence the population of 

P.ocellatus from the four creeks of Mumbai belong to the same stock of population. 

The length weight relationship exhibited significant difference in the growth rate of 

male and female P.ocellatus though both exhibited negative allometry. The juveniles 

exhibited isometric growth in LWR. Thus there seems to be divergence in growth 

pattern between male and female and adults and juveniles of P.ocellatus. 

The study of relative condition factor revealed that P.ocellatus is in good condition in 

the creeks of Mumbai. The female were found to be in better condition than the males. 

There is difference in condition values exhibited by the male and the female fish. In 

the male relative condition value was high in November 2010. The male fish obtained 

during this period were immature and developing individuals of smaller size. They 

exhibited poor feeding intensity, low gastrosomatic index, gonadosomatic index while 

their biochemical composition revealed high protein content in October 2010 and high 

lipid content in September and October 2010. The high relative condition value in male 

fish may be due to the fact that it acquires good condition during November and 

allocates the energy for the development of gonads as the condition value was found 

to decrease in the pre spawning and the spawning period in the male. The relative 

condition value further decreased immensely after spawning but was found to increase 

sharply in the post spawning months. This increase of relative condition factor may be 

due to active feeding by the male fish. Unlike the males, in female P.ocellatus the 
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relative condition factor was found to increase from pre spawning (November to 

January) to spawning months (February to April) and declined sharply after spawning. 

In female high protein content and lipid content were observed in December 2010. The 

increase of relative condition factor in females may be due to increase in weight of the 

female due to the development of vitelline oocytes. The relative condition factor 

decreases sharply after spawning which may be attributed to the release of gonads 

by the fish. The value of ‘Kn’ was found to increase with the increase in feeding 

intensity in the post spawning month of June.  A slight decrease of relative condition 

values in male and female was observed in September 2010 as well as September 

2011 probably due to spawning occurring in the relatively young fishes. Thus relative 

condition factor of P.ocellatus seemed to be related to reproduction, feeding activity 

and biochemical composition of the fish. 

The study of food and feeding habits revealed that P.ocellatus is carnivorus, 

euryphagus and predatory. The fish occupies position of secondary and tertiary 

consumers in the food chain. Food and Feeding habits indicate active feeding in the 

post spawning months of June 2010 and 2011 in both male and female. Feeding 

intensity changed in both male and female. The most preferred food of both the male 

and the female fish after spawning was crustaceans and fishes. The males were active 

feeders in January and February 2011 when the gonads were mature while females 

were moderately fed during the month as gonads may have occupied larger space in 

the abdominal cavity.  The male fish showed moderate feeding during spawning 

months of March and April while the females were less fed in these months.  

Reproductive biology of P.ocellatus revealed that the fish exhibited sexually dimorphic 

characters mostly in breeding season. The sex ratio hinted at dominance of the males 

although the females also showed dominance during spawning period. The spawning 

in P.ocellatus was found to be from June to October 2010 and January to September 

2011 with peak spawning from February to April 2011.  

The population as a whole may spawn only once in the year, though spawning extends 

from June to October 2010 and January to September 2011. This can be confirmed 

from the frequency polygon of ova diameter in different stages of maturity and during 

different months. The study of maturity stages of gonads also confirmed the fact. Study 

of morphology and histology of gonads established the fact that the fish is a single 
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spawner. P.ocellatus is a highly fecund fish. Gonado somatic index  indicated high 

values in male in February 2011 and lowest value in November 2010. In female GSI 

was found to increase from December 2010 to February 2011. Maximum Gonado 

somatic index was observed in the August 2010. Many of the young and developing 

females spawn during this period. All the males and the females below 75mm were 

found to be immature. The length at which 50% of males attained maturity was 91mm 

while that of female was 94mm. 

The biochemical composition of muscles of P.ocellatus revealed that protein content 

was maximum in males in June 2011 which is the post reproductive and active feeding 

phase.  High percentage of protein in the muscle was observed in October 2010 while 

high value of muscle lipid was observed in September and October 2010. This might 

be the reason for high relative condition value of male in November with subsequent 

decease till spawning and post spawning period.  In female high protein content and 

lipid content was observed in December 2010 which is the pre spawning phase and 

decreases in the spawning phase. The lipid was maximum in male in September 2010 

and decreased till the spawning months.  

The study of molecular conditional indices revealed that the ratio of RNA/DNA is high 

in male and female during the spawning month of February 2011 and March 2011. 

The ratio of RNA/protein was high in both male and female in February 2011 which is 

the peak spawning period of P.ocellatus. RNA/Lipid ratio was also high in the 

spawning period of February 2011 in male and March 2011 in female. The highest 

RNA/lipid ratio in female was also high in May 2011, probably due to very low lipid 

content. The condition indices are a sensitive indicator for recent growth in marine 

organisms (Bulow 1970; Buckely et al 1999). The present study of condition indices in 

P.ocellatus indicated that the fish in the creeks of Mumbai had good health status 

reflected through the study of its macromolecular indices. The condition indices 

studies indicate that the cellular activity of P.ocellatus is maximum in the spawning 

months. 

Thus the present study on some aspects of biology of P.ocellatus has presented data 

on taxonomy, morphomterics, meristics, LWR, relative condition factor, food and 

feeding, reproductive biology, biochemical composition and condition indices. 
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Additional information on aspects like: behaviour, shoaling, enzyme, molecular 

biology, environmental preference, embryology, population dynamics, age, skeletal 

studies, neurobiology, osmoregulation is still required for comprehensive 

understanding of biology of P.ocellatus  as an individual as well as P.ocellatus as a 

part of estuarine community. The condition indices in terms of macromolecular ratio of 

RNA, DNA, protein and lipids may provide useful information on the estuarine 

ecosystem as well as data on fishery management. Biology is a vast ocean, the more 

one studies the more one realizes that there is much more to be known and research 

is the only avenue.  
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Synopsis 

 
Introduction 

The Gobiidae is the largest family of marine fishes, comprising more than 220 genera 

and 1500 species in the Western Central Pacific (Murdy and Hoese 2004) and 1875 

species around the world (Jonna 2004). Gobies inhabit shallow tropical and 

subtropical waters and have invaded all benthic habitats from freshwater to the 

shoreline up to depths exceeding 500m (Murdy and Hoese  loc cit). Gobiids are one 

of the most abundant groups of species in marsh edge habitats and presumably play 

important role in the ecology of coastal environment (Baltz et al. 1998, Hendon et al. 

2000). Some of them spend their lives in freshwater, others migrate back and forth 

between freshwater and brackish water environments or between marine and brackish 

waters. Some species of gobies live in close association with other animals like sea 

urchins and shrimps (Allaby 1999) and some with soft corals and other fishes. ‘Gobi’ 

or ‘Goby’ is a Latin word which means a fish of small value, gudgeon and from greek 

word ‘Kobios’ (http://www.fishbase.org). 

Gobies, although small, are of considerable importance ecologically and 

commercially. They can be very abundant at certain localities, where they form an 

important component of the food web (de Sylva 1975). Petersen (1917) has stated 

that gobies are among the most common fishes of Denmark and play an extremely 

important role in the nourishment of larger fishes. Several species of gobies are fished 

commercially for food, especially in the Far East. Adult gobies are considered 

delicacies in Japan (Miyazaki 1940; Okada 1955). The majority of goby fishes being 

http://www.fishbase.org/
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small, constitute a small fishery in Bangladesh but Glossogobius giuris which attains 

a length of about a foot forms a fishery of some magnitude in southern part of 

Bangladesh (Islam 2004). Oxyeleotris marmoratus commonly called ‘Marble gobies’ 

are highly prized nutritionally by Asian consumers as they are lean, boneless and their 

firm white flesh has no off-flavour taste (Sompong 1980). These gobies are considered 

a species of high economic value and fetch the highest price of any edible fresh water 

fish in Thailand (Bundit 2007). Gobies are popular aquarium fishes often due to their 

bright colours, interesting behaviour and general hardiness, with many species 

appearing in the commercial aquarium trade. Most commonly sold species are the 

neon gobies, Gobiosoma oceanops occurring in Florida coral reefs.  

Many species of gobiids occurring in the coastal waters of India and Burma have been 

identified by Day (1889). Twenty one species of gobiidae are reported from different 

creeks of Mumbai by Mutsaddi and Bal (1973). The biology of few species of 

mudskippers along the Mumbai coast was studied by few authors like Boleophthalmus 

dussumeiri (Mutsaddi 1964), Boleophthalmus dentatus (Shettu 1993), Boleophtalmus 

boddaerti (Gore 2007). The gobiid fish under present study, Parachaeturichthys 

ocellatus is native to Mumbai coast (Day1858). It occurs in the muddy creeks of 

Colaba, Worli, Mahim, Danda, Madh, Mahul, and Thane (Mutsaddi and Bal 1973). It 

forms a part of fishery along Mumbai and Ratnagiri coasts (The Gazetteers Dept of 

Ratnagiri 1962 and Kolaba 1964). It was identified by Day (1873). It inhabits demersal 

marine environment in deep waters (www.fishbase.org). A brief description of the 

species is available in The Fishes of India (Day 1878), Gobiidae (Larson and Murdy 

2001) and Catalogue of Fishes (Eschmeyer 2003). So far no study on the biology of 

this species has been reported in the literature survey carried out by the candidate. 

The fact that not much data about the biology of the fish or its fishery was available 

has provided an impetus to select Parachaeturichthys ocellatus for the present study 

which reflects on various aspects of fish biology like its systematic position, 

morphometric and meristic characters, length weight relationship, ponderal index, food 

and feeding habits and reproductive biology. 

Fish is a rich source of protein with composition of amino acid which is well suited to 

human dietary requirements, comparing favourably with egg, milk and meat in the 

nutritional value of its protein (Waterman 1976). Literature survey revealed several 

studies on proximal composition of many commercial fishes, little attention is paid 

though to the study of gobies in general and Parachaeturichthys ocellatus in particular. 

http://www.fish/
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Therefore the present study has been undertaken to determine proximal composition, 

nutritional value and energy value of P.ocellatus and compare the same with some of 

the commonly available fishes from selected creeks of Mumbai. 

Macromolecular indices like RNA concentration, RNA: DNA ratios, RNA: Protein ratios 

and Protein: DNA ratios are frequently measured as indicators of protein synthesis 

potential and growth in marine fishes and invertebrates (Bulow 1970; Carter et al 1998; 

Buckely et al 1999). These indices are particularly useful for evaluating environmental 

conditions as they reflect on differences in growth rates over a period of several days 

(Rooker and Holt 1996; Buckley et al 1999; Vrede et al 2002). The present study aims 

at analyzing the nutritional condition and growth of the fish in terms of its 

macromolecular contents and their ratios. 

 

Rationale 

The present study of biology of Parachaeturichthys ocellatus  from  different creeks of 

Mumbai will help in planning conservation strategy for maintenance of fish population 

thereby  to facilitate judicious exploitation and management of the fishery. 

Some of the aspects of biology which the present study elucidates are: 

1. Taxonomy and Systematics, 2. Morphometry,  3. Meristic characters,  

4. Length weight relationship, 5. Relative condition factor, 6. Food and feeding habits, 

7. Reproductive biology, 8. Proximal composition and  9. Condition indices. 

1] Taxonomy and Systematics will give the history of gobioid classification as per the 

key up to order, family, genera, species and systematic position of P.ocellatus will help 

provide a condensed expression of the phylogeny of the species.  

2] The morphometry of P.ocellatus will be useful to  

a) identify the fish accurately and completely 

b) determine morphological differences between sexes 

c) determine differences if any between same species at different localities 

d) establish relationship between various morphometric characters  

3] The meristic characters will help to find 

a) variations among  the fish due to geographical locations 

b) whether the variations observed are temporary and liable to disappear with change 

in habitat 

c) compare the meristic count  with those observed by various authors. 
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4] The length weight relationship of the fish P.ocellatus will be useful to 

a) derive a mathematical relationship between length and weight so as to infer one 

from the other, 

b) explore any deviation from the established length weight relationship as a measure 

of effect of ecological factors like disease, food scarcity as an indicator of stress due 

to exposure to pollutants. 

5] The coefficient of condition or Ponderal index obtained by the ratio of average 

weight and average length is useful in explaining 

a) differences among individuals of the same length, 

b) differences arising from seasonal changes in relation to age and sex, 

c) differences between condition of individuals of same species in different locations. 

6] The studies on food and feeding habits will be useful in  

a) prediction of availability of fishes based on the availability of the food, 

b) prediction of migration of fishes based on the knowledge of decrease in preferred 

food, 

c) designing of suitable feeding strategy for maximum production. 

7] The reproductive biology of the fish P.ocellatus is useful to determine/understand 

a)  sexual dimorphism so as to distinguish between male and female fishes in the 

population, 

b)  sex ratio to evaluate the reproductive potentialities, 

c) spawning periodicity and size at maturity which can provide the base line data for 

increasing the yield of fishery, 

d) gonado somatic index which gives a detailed idea regarding fish reproduction, 

reproductive status and ascertaining spawning period in fishes, 

e) fecundity and fecundity size relationship in recruitment related studies and 

population growth rate for fisheries management, 

f) morphology and histology of gonads, pattern of oogenesis, pattern of spawning, 

stages of development , length of gonad maturation and the reproductive potential of 

fishes. 

8] The study of proximal composition of the P.ocellatus shall provide information about 

a) variations in different months,  length groups and sexes if any in moisture, protein, 

fat, carbohydrate and ash content of the fish in terms of energy values which will 

determine the nutritional status of the fish, 



 
 

339 
 

b) comparison of proximal composition with some other  fishes from the creeks in 

terms of their nutritive and edible value. 

9] The study on monthly condition indices in terms of contents and ratio of RNA, DNA, 

RNA/DNA, RNA/protein and RNA/lipid monthly will serve as an indicator of protein 

synthesis potential for growth and nutritional condition of the fish.  

Aims and Objectives 

The aims and objectives of the present study are as follows 

1) To study the taxonomy and systematic position of P.ocellatus with its historical 

account and salient features of the order, family, genus and species. 

2) To study 19 different morphometric characters of the fish of different sizes and their 

relationship with one another. 

3) To study meristic characters like the number of fin rays and spines in dorsal, anal, 

pectoral, pelvic, caudal fin, longitudinal scales, transverse scales, gill rakers and 

vertebrae.  

4) To determine length weight relationship separately for males, females and juveniles. 

5) To assess the relative condition factor ‘k’ value or ponderal index which is the ratio 

of average weight and average length, separately, for each sex and to calculate the 

fluctuations in the condition factor in different months. 

6) To study food and feeding habits in P.ocellatus  by analyzing the gut content of fish 

to ascertain the food composition, to determine degree of preference and feeding 

status of fish in different months.  

7) To study the reproductive biology of P.ocellatus with respect to different parameters 

like sexual dimorphism, sex ratio, spawning periodicity, gonado somatic index, 

fecundity; morphology and histology of gonads.  

8) To elucidate nutritional status and edible value of P.ocellatus by estimating its 

proximal composition and its analysis with reference to length, sex and energy value, 

and to compare these parameters with those of few other fishes from the selected 

creeks.  

9) To determine nucleic acid derived condition indices like RNA, DNA, RNA/DNA, 

RNA/protein and RNA/lipid in male, female and juvenile seasonally to establish their 

relation to growth and nutritional conditions. 

  

Materials and Methods 



 
 

340 
 

1) Location and periodicity of collection of sample: The fishes were collected every 

fortnight at regular intervals from four different coastal locations in Mumbai: viz Thane 

creek, Vasai creek, Malad creek and Mahul creek over a period of 16 months from 

June 2010 to September 2011. 

2) Taxonomy and Systematics: The fishes were identified based on the key given 

by Day (1878) and Larson and Murdy (2001) and were classified up to order, family, 

genera and species  

3) Study of morphometric characters: Morphometric measurements were recorded 

carefully in millimetres using a pair of fine dividers on a measuring board. In all 

nineteen morphometric characters were noted viz total length, standard length, head 

length, snout length, inter orbit length, eye diameter, first pre dorsal length, first dorsal 

length, second pre dorsal length, second dorsal length, pre pectoral length, pectoral 

length, pre pelvic length, pelvic length, pre anal length, anal length, body depth, caudal 

depth and caudal length. The standard methods described and adopted by Snedecor 

(1946), Dwivedi and Menezes (1974), Acharya (1980) and Rao (1985) were used. 

Statistical parameters like mean, standard deviation, standard error, correlation 

coefficient and regression coefficient were calculated. 

4) Study of Meristic characters: In all ten meristic characters were studied namely: 

number of first dorsal fin rays, second dorsal fin rays, pectoral rays, pelvic rays, anal 

rays, caudal rays, number of longitudinal scales, number of transverse scales, number 

of vertebrae and number of gill rakers. The study was based on the standard 

procedure described by Apparao (1966) and Dwivedi and Menzes (1974). Meristic 

characters were subjected to standard statistical analysis in terms of range, mean, 

mode, standard deviation, standard error, variance and coefficient of variation.  

5) Length weight relationship: The length weight relationship was determined 

separately for the males, females and juveniles by measuring the total length from the 

tip of the snout to the tip of the caudal fin and recording the wet weight of the fish in 

grams. The formula advocated by Le Cren (1951) was used for deriving the 

relationship. 

6) Relative condition factor: The relative condition factor Kn was calculated using 

the formula of Le Cren (loc cit).  

7) Food and feeding habits: The fish was cut open through the vent and sex, stage 

of maturity and degree of fullness of stomach were noted. After removal of the 

alimentary canal its length and weight were recorded. The alimentary canal was then 
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preserved in 5% formaldehyde. The gut contents were analysed according to the 

methods of Hynes (1950), Pillay (1952) and Natrajan and Jhingran (1961). Relative 

gut length, feeding index and Gastro somatic index were calculated. 

8) Reproductive biology: A number of different aspects to understand reproductive 

biology were studied as follows: 

a. Sexual dimorphism and sex ratio: The fishes were carefully examined to record 

external characters to understand sexual dimorphism. Sexes were determined by 

dissecting the fish and observing the gonads. The nature, position, size and weight of 

gonads were recorded. 

b. Spawning periodicity: Maturation and spawning habits were studied according to 

the methods of Clark (1934), Hickling and Rutenberger (1936) and Karekar and Bal 

(1960). Ova from preserved ovaries were used for measurement of diameter of ova 

using ocular micrometer. 

c. Gonado somatic index (GSI): The method proposed by June (1953) and Yuen 

(1955) for studying GSI was followed. The formula used was as follows: 

 GSI= (Gonad weight ×100)   

          Total body weight 

d. Fecundity: The two lobes of ovary were carefully removed and preserved in 5% 

formaldehyde. Numbers of eggs were counted separately from anterior, middle and 

posterior portion of the ovaries for each fish. The fecundity was derived as per the 

following formula:  

Fecundity= Total weight of the ovary   × number of mature eggs in the sample 

                  Weight of the sample 

Statistical analysis was carried out in terms of regression co-efficient, point of intercept 

and co-efficient of correlations. 

e. Morphology and Histology of gonads: Developmental stages of gonads were 

determined from gross visual examination of preserved gonads. The macroscopic and 

microscopic observations were used to determine phases of gonad maturation 

according to the standard laid down by ICES (Lovern and Wood 1937) and 

Jayashankar (1991b). Histological slides were prepared by the procedure suggested 

by Humason (1967) and Morrison (1990). 

9. Proximal composition: Fresh fish were used for estimating proximal composition 

of muscle. Protein was estimated as per the method of Lowry et al. (1951), 

carbohydrate as per the method of Hedge and Hofreiter (1962) and Lipids as per the 
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method of Folch et al (1957). The caloric content and energy values were derived. The 

proximal composition of P.ocellatus was compared with that of some fishes of the 

creek like Mugil cephalus, Mystus spp, Tilapia mossambica, Boleophthalmus 

dussumieri and Arius arius. 

10. Biochemical indices: Variation in DNA and RNA content was estimated 

seperately in males, females and juveniles. RNA was estimated by Orcinol method 

(Schneider 1957). DNA was extracted according to the procedure of Webb and Levy 

(1955) and estimation was carried out according to the method of Ashwell (1957). 

Proteins and lipids were estimated by Lowry et al. (1951) and Folch et al (1957) 

respectively. The ratio of RNA/DNA, RNA/protein and RNA/lipid was calculated. 

 

Results 

1] Chapter 1:  Introduction 

This chapter presents a brief account of distribution of gobiid fishes around the world 

in general and along Mumbai coast in particular, where the present study of the fish 

Parachaeturichthys ocellatus has been undertaken. This is followed by a report on the 

gobiid fishery and its relative position in fisheries of the world and in Mumbai. The 

survey of literature is reviewed followed by description of geographical and habitat 

studies for P.ocellatus from the vast coastline of Mumbai, particularly the areas 

selected for the present study. The chapter concludes with a declaration of objectives 

of the present study on ‘Studies on some aspects of biology of goby fish, 

Parachaeturichthys ocellatus (Day 1873) from Mumbai coast’.  

2] Chapter 2: Taxonomy and Systematics 

This chapter describes history of gobioid classification with details upto family, genera 

and species of gobiidae by Day (1878), key to subfamilies and genera of gobiidae 

proposed by Larson and Murdy (2001), followed by systematic position, local name, 

unambiguous synonym and valid name of P.ocellatus. The chapter concludes with a 

brief description of characters of P.ocellatus. 

3] Chapter 3: Morphometry 

In all nineteen morphometric characters were observed and recorded in P.ocellatus. 

Statistical parameters like their range, mean, standard deviation and standard error 

for each were calculated. Regression analysis was carried out between total length 
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and other variables. The correlation matrix ‘r’ between various measurements in male, 

female and juvenile was plotted.  

 A high degree of positive correlation was observed  between various morphometric 

characters within a range of 0.7-1 in male, female and juveniles, the highest being 

0.9943 in male and 0.9511 in female between total length and standard length. A linear 

relationship between total length and other body parameters in male, female and 

juvenile growth was obtained in the fish. Different growth patterns in male female and 

juvenile fish could be observed. In male isometry was observed only in standard 

length, all other measurements showed negative allometry. In female fish isometry 

was observed in second dorsal length, pre pectoral length and pre anal length, 

standard length showed positive allometry while all other measurements showed 

negative allometry. In juvenile fish positive allometry was observed in standard length 

while all other characters showed negative allometry. 

4] Chapter 4: Meristic characters 

This chapter includes data on meristic characters in terms of minimum and maximum 

value, mean, median, mode, standard deviation, standard error, variance, and 

coefficient of variation in male, female and juvenile P.ocellatus. The highest coefficient 

of variation was observed in caudal fin rays of male, pelvic fin rays of female and 

juvenile. The meristic counts were compared with Day (1858) and Mutsaddi and Bal 

(1973). The comparison reveals variations in second dorsal fin rays, pectoral fin rays, 

pelvic fin rays, anal fin rays, vertebrae, longitudinal scales and transverse scales.  The 

fin formula obtained in P.ocellatus was as follows:  

B.v, D1 6, D2 9-11, P 15-20, V 8-12, A 8-11, C 17-29, Ll 24-36, Ltr 7-11. 

5] Chapter 5: Length-weight relationship 

The length weight relationship of males, females and juveniles showed a regression 

value of 2.9159, 2.7226 and 2.7745 respectively indicating a negative allometry in 

growth rate. It also showed high correlation value of 0.9895 , 0.9699 and 0.8986 in 

male, female and juvenile respectively indicating a perfect relationship between length 

and weight in this species. 

6] Chapter 6:  Relative condition factor 

Relative condition values were calculated for a period of 16 months from June 2010 

to September 2011. The mean relative condition factor was 1.0126, 1.0375 and1.0013 

for male, female and juvenile respectively indicating a good general condition of the 

fish. The higher condition value was observed in November 2010 in male while in 
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females it was in June 2010. Size wise analysis showed higher relative condition factor 

of 1.0125 in the group with a range of total length of 106-115mm in males and 1.0204 

in the range of total length of 66-75mm in females. 

Chapter 7 Food and feeding habits 

This chapter deals with the following aspects of study of food and feeding in 

P.ocellatus 

1) Morphological features: Body shape, size, position of mouth, teeth, and fins of fish 

are studied in relation to food and feeding habits. 

2) Relative gut length showed an average of 0.68 in male, 0.70 in female, 0.79 in 

juvenile indicating a carnivorous feeding behaviour. 

3) Monthly variation in food composition: A detailed monthly account of percentage of 

different food items in the gut of male, female and juveniles is recorded. The gut 

contents revealed that the fish fed mainly on Arthropods (mostly crustaceans), 

molluscs and pisces, while the amount of phytoplankton varied from month to month, 

while sand and mud probably ingested with food formed an important constituent of 

the gut content. 

4) Length wise variation in food composition: A detailed account of food consumed by 

fishes of different length groups in male and female is described. The food composition 

showed some significant change in feeding habits of fish with the increase in the 

length. 

5) Feeding intensity:  Is recorded as the percentage variation in terms of feeding 

intensity in different months, in different length groups in male and female fish. 

Increased feeding intensity was observed in males and females respectively in pre 

spawning and post spawning months. 

6) Gastro somatic index: GSI value was higher in males and females in the post 

spawning month.  

Chapter 8 Reproductive biology 

This chapter describes various aspects of reproductive studied like sexual 

dimorphism, sex ratio, spawning periodicity, gonadosomatic index, fecundity, 

morphology and histology of gonads.  

Sexual dimorphism: The secondary sexual characters observed in fish were more 

prominent during the spawning season. The ventral region around the pelvic and anal 

fins was reddish in male as compared to female. The second dorsal fin ray of male 

was longer than that of the female of the same size. The pelvic fin of male were 
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showed bifurcation at the anterior end while in female it was rounded. The urinogenital 

papilla in male was straight, long, thin and pointed while in female was short, round 

fleshy and prominent. 

Sex ratio: The overall sex ratio was 1M: 0.71 F indicating the dominance of males. 

The monthly sex ratio showed the female dominance in September 2010, April 2011, 

May 2011 and June 2011. 

Spawning periodicity: The percentage occurrence of males and females in various 

stages of maturity was recorded. Maximum percentage of mature males was 56%, 

females was 77%. The size at which 50% of the males attained maturity was 91mm 

and the while value for females was 94mm. 

Gonadosomatic index: The monthly GSI value varied in male between 0.18-0.91 and 

in case of the female fish between 1.58-12.67. 

Fecundity: The fecundity values observed in the females with total length between 

94-153mm was found to be in the range of 21,635-179,334 with a mean value of 

48,973. The correlation coefficient between fecundity and total length was 0.9628, 

fecundity and total weight was 0.9756, fecundity and ovary length was 0.9705 and 

fecundity and ovary weight was 0.9633 respectively. 

Morphology and Histology of gonads: Five different maturity stages were observed 

in the morphological and histological studies of the testis and ovary of male and female 

fish and are categorised as follows: Stage I Immature, Stage II Developing, Stage III 

Maturing, Stage IV Ripe, and Stage V Spent. 

Chapter 9 Proximal composition 

 Monthly variation in proximal composition of muscles of P.ocellatus in male, female 

and juvenile fish is recorded in this chapter. The average proximal composition is 

expressed in terms of g% of proteins, lipids and carbohydrates and their energy values  

expressed as cal/g as in the following table: 

Type of 

Fish 

Proteins Lipids 

 

Carbohydrates 

 

Total 

energy 

value 

cal/g 

Content 

g% 

Energy 

value  

cal/g 

Content 

g% 

Energy 

value 

cal/g 

Content 

g% 

Energy 

value 

cal/g 

Male 14.86 839.44 1.45 135.88 0.09 3.73 979.07 

Female 14.09 796.08 2.08 195.28 0.1 4.07 995.44 
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Juvenile 14.45 765.43 2.08 183.59 0.07 2.54 951.57 

 

The values of proximal composition of P.ocellatus  were compared with those of few 

fishes like Mugil cephalus, Mystus spp, Tilapia mossambica, Boleophthalmus 

dussumieri and Arius arius. P.ocellatus seems to be a low fat fish as compared to 

other fishes while protein content in P.ocellatus seems to be higher than that of fishes 

like Tilapia and Boleophthalmus.  

 

Chapter 10 Condition indices 

This chapter records month wise and lengthwise variation in RNA and DNA content 

and the ratios of RNA/DNA, RNA/protein, RNA/lipids in male female and juvenile P 

ocellatus. The value of RNA/DNA ranged between 2.08-5.13 in males, 2.92-5.07 in 

females and 3.86-5.17 in juveniles. The values of RNA/protein ranged between 

0.0010-0.0026 in males, 0.0011-0.0022 in females and 0.0015-0.0021 in juveniles. 

The value of RNA/lipid ranged between 0.0078-0.0277 in males, 0.0056-0.0241 in 

females and 0.0081-0.0185 in juveniles. 

In conclusion it can be stated that the present study will provide the baseline data on 

the biology of P.ocellatus which will help in enhancing the productivity and judicious 

management of fishery of the fish in the creeks of Mumbai. 
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