Seer fish

 refers to a subfamily of the Scombridae or Mackerel family. Seerfishes include such species as:

· Indo-Pacific king mackerel, Scomberomorus guttatus 

· Streaked Spanish mackerel, Scomberomorus lineolatus 

· Spotted Spanish mackerel, Scomberomorus guttus 

· King mackerel, Scomberomorus commerson 

· Wahoo, Acanthocybium solandri 

They are pelagic fishes ,fast swimming and predatory in nature and fight vigorously when caught.Seerfishes are mainly caught using hooks and lines.They are a delicacy in several regions of South India. In Tamil Nadu and Andhra Pradesh, this fish is called ' Vanjaram' and is usually the costliest variety available.In Southern Kerala it is called 'Neymeen' and 'Aiykoora' in Northern Kerala and Southern coastal Karnataka. Seerfishes are also referred to as "king mackerels" in some areas. They have very sharp teeth, and are handled with care by fishers familiar with them. The wahoo is one of the more popular in this group for eating. Seerfishes are notorious for their histamine poisoning. It can be fried, grilled, and steamed. It is gaining popularity in the South Pacific and United States as a canned product.

Ribbonfish

The ribbonfish are any lampriform in the family Trachipteridae. These pelagic fish are named for their slim, ribbon-like appearance. They are rarely seen alive as they typically live in deep waters (though are not bottom feeders).

They are readily recognized by their anatomy: a long, compressed, tape-like body, short head, narrow mouth and feeble teeth. A high dorsal fin occupies the whole length of the back; an anal fin is absent, and the caudal fin, if present, consists of two fascicles of rays of which the upper is prolonged and directed upwards. The pectoral fins are small, the pelvic fins composed of several rays, or of one long ray only. They have heavy spines along their lateral lines, and numerous lumps in the skin.[1] Ribbon fish possess all the characteristics of fish living at very great depths. Their fins especially, and the membrane connecting them, are of a very delicate and brittle structure. In young ribbonfish some of the fin-rays are prolonged in an extraordinary degree, and sometimes provided with appendages.

Specimens have been taken in the Atlantic, the Mediterranean,they have been found in Bay of Bengal, at Mauritius and in the Pacific. The species from the Atlantic has occurred chiefly on the northern coasts, Iceland, Scandinavia, Orkney and Scotland. The north Atlantic species is known in English as deal fish, in Icelandic "vogmær" and Swedish vågmär. Its length is 5 to 8 feet (1.5–3.5 m). Specimens seem usually to be driven to the shore by gales in winter, and are sometimes left by the tide. S. Nilsson, however, in Scandinavia observed a living specimen in two or three fathoms (4–5 m) of water moving something like a flatfish with one side turned obliquely upwards. A specimen of Trachipterus ishikawae was discovered on a beach in Kenting, Taiwan in November 2007, alive but with a 10-cm cut wound to its side, and was returned to deeper water.

The species, Trachipterus ishikawae, is commonly called "earthquake fish" in Taiwan because the fish are popularly believed to appear following major earthquake events due to alleged sensitivity to disturbances in the ocean floor. There are records of such appearances following a 100-year earthquake in Hengchun in late 2006 and in Taidong in 2007, as well as the numerous recent March 2010 sightings along the coast of Japan, but other recorded sightings do not correspond with seismic disturbances.

[edit] Species
FishBase reports ten species in three genera:

· Genus Desmodema 

· Whiptail ribbonfish, Desmodema lorum Rosenblatt & Butler, 1977. 

· Polka-dot ribbonfish, Desmodema polystictum (Ogilby, 1898). 

· Genus Trachipterus 

· King-of-the-salmon, Trachipterus altivelis Kner, 1859. 

· Deal fish, Trachipterus arcticus (Brünnich, 1771). 

· Tapertail ribbonfish, Trachipterus fukuzakii Fitch, 1964. 

· Earthquake fish, Trachipterus ishikawae Jordan & Snyder, 1901. 

· Dealfish, Trachipterus jacksonensis (Ramsay, 1881). 

· Ribbon fish, Trachipterus trachypterus (Gmelin, 1789). 

Ribbon fish, Trachipterus trachypterus
· Genus Zu 

· Scalloped ribbonfish, Zu cristatus (Bonelli, 1819). 

· Taper-tail ribbonfish, Zu elongatus Heemstra & Kannemeyer, 1984. 

Mackerel

Mackerel is a common name applied to a number of different species of fish, mostly, but not exclusively, from the family Scombridae. They may be found in all tropical and temperate seas. Most live offshore in the oceanic environment but a few, like the Spanish mackerel (Scomberomorus maculatus), enter bays and can be caught near bridges and piers. Common features of mackerel are a slim, cylindrical shape (as opposed to the tunas which are deeper bodied) and numerous finlets on the dorsal and ventral sides behind the dorsal and anal fins. The scales are extremely small, if present. The largest species called "mackerel" is the king mackerel (Scomberomorus cavalla) which can grow to 66 inches (1.68 m). A female mackerel lays about one million eggs at a time.

Sardine

	


	Scientific classification

	Kingdom:
	Animalia

	Phylum:
	Chordata

	Class:
	Actinopterygii

	Order:
	Clupeiformes

	Family:
	Clupeidae

	Subfamily:
	Clupeinae

	Genus:
	Sardina

	Species:
	S. pilchardus

	Binomial name

	Sardina pilchardus
Walbaum, 1792


Sardines, or pilchards, are several types of small, oily fish related to herrings, family Clupeidae.[1] Sardines were named after the Mediterranean island of Sardinia, where they once lived in abundance.[2]
The terms sardine and pilchard are not precise, and the usual meanings vary by region. Britain's Sea Fish Industry Authority for example classifies sardines as young pilchards.[3] One criterion suggests that fish shorter in length than 6 inches (15 cm) are sardines, and larger ones pilchards.[4] The FAO/WHO Codex standard for canned sardines cites 21 species that may be classed as sardines;[5] FishBase, a comprehensive database of information about fish, calls at least six species pilchard, over a dozen just sardine, and many more with the two basic names qualified by various adjectives.

Taxonomy
· Genus Dussumeria 

· Rainbow sardine - Dussumieria acuta 

· Slender rainbow sardine - Dussumieria elopsoides 

· Genus Escualosa 

· Slender white sardine - Escualosa elongata 

· White sardine - Escualosa thoracata 

· Genus Sardina 

· European pilchard (true sardine) Sardina pilchardus 

· Genus Sardinella 

· Round sardinella (gilt sardine, Spanish sardine) Sardinella aurita Sardinella longiceps, Sardinella gibbosa (Indian sardines) 

· Genus Sardinops 

· South American pilchard (Pacific sardine, California sardine, Chilean sardine, South African sardine) Sardinops sagax (Jenyns, 1842) 

Sardines as food
Sardines are rich in nutrients. They are commonly sold canned, but fresh sardines are often grilled, pickled or smoked.

Nutrition
Sardines are rich in omega-3 fatty acids, which reduce the occurrence of cardiovascular disease.[6] Recent studies suggest that regular consumption of omega-3 fatty acids reduces the likelihood of developing Alzheimer’s disease.[7] These fatty acids may also help lower blood sugar levels a small amount.[8] They are also a good source of vitamin D, calcium, B12, and protein.[9]
Sardines are extremely low in contaminants such as mercury.[10]
Commercial use of sardines
Sardines are commercially fished for a variety of uses: for bait; for immediate consumption; for drying, salting, or smoking; and for reduction into fish meal or oil. The chief use of sardines is for human consumption, but fish meal is used as animal feed, while sardine oil has many uses, including the manufacture of paint, varnish and linoleum.

Fishing of sardines
The most important gear is an encircling net, particularly the purse seine. Many modifications of encircling nets are used, including traps or weirs. The latter are stationary enclosures composed of stakes into which schools of sardines are diverted as they swim along the coast. The fish are caught mainly at night, when they approach the surface to feed on plankton. After harvesting, the fish are submerged in brine while they are transported to shore.

Canning of sardines
Sardines are canned in many different ways. At the cannery the fish are washed, their heads are removed, and the fish are cooked, either by deep-frying or by steam-cooking, after which they are dried. They are then packed in either olive, sunflower or soybean oil, water, or in a tomato or mustard sauce.

Canned sardines
An open sardine can

Canned sardines in supermarkets may actually be "sprat" (such as the “brisling sardine”) or round herrings. Fish sizes vary by species. Good quality sardines should have the head and gills removed before packing.[5] They may also be eviscerated before packing (typically the larger varieties). If not they should be purged of undigested or partially digested food or feces by holding the live fish in a tank long enough for them to empty their digestive systems.[5] They may be packed in oil, water, or different kinds of prepared sauce.

In popular culture
Sardines are typically tightly packed in a small can which is scored for easy opening either with a pull tab (similar to how a beverage can is opened), or a key, attached to the side of the can. Thus, it has the virtues of being an easily portable, non-perishable, self-contained food. The close packing of sardines in the can has led to their metaphorical use for any situation where people or objects are crowded together; for instance, in a bus or subway car. It has also been used as the name of a children's game where one child hides and each successive child who finds the hidden one packs into the space until there is only one left out, who becomes the next one to hide [11]
Sardines are a prominent prop in Michael Frayn's farce Noises Off.

The Balkans
Fishing for sardela or sardina (Sardina pilchardus) on the coasts of Dalmatia and Istria began thousands of years ago. The region was part of the Roman Empire, then largely a Venetian dominion, and has always been sustained through fishing mainly sardines. All along the coast there are many towns that promote the age-old practice of fishing by lateen sail boats for tourism and on festival occasions. Today industrial producers continue this tradition. Currently, there are four factories of canned sardines: in Rovinj, Zadar, Postira and in Sali, on the island Dugi otok ("Mardesic" factory, founded in 1905).

Although currently a landlocked country, Serbia has a tradition of consuming sardines, and used to have access to the Adriatic coast as part of Yugoslavia. The first factory producing canned sardines opened in 2007[citation needed] in the village of Belotinac (near the southern city of Niš), mostly using fish from Croatia.

India
The sardine is a favorite food of the Keralites and the people of Tamil Nadu and coastal Karnataka. The fish is typically eaten fresh, and canned sardines are not popular. Fried sardines are a much sought-after delicacy. They are called mathi or chalai in Tamil Nadu and Kerala. People from coastal Karnataka call them pedvo or bhootai. Sardines are cheaper in India than larger fish like the seer or pomfret, making them a low cost delicacy. The sardine is a pelagic fish, caught in fairly large quantities using a purse seine or a ring seine. They are consumed in various forms, including deep-fried and pan-fried preparations, or made into curries of various types.

Bombay duck

	Bombay duck

	Scientific classification

	Kingdom:
	Animalia

	Phylum:
	Chordata

	Class:
	Actinopterygii

	Order:
	Aulopiformes

	Family:
	Synodontidae

	
	

	Genus:
	Harpadon

	Species:
	H. nehereus

	Binomial name

	Harpadon nehereus
(Hamilton, 1822)


The Bombay duck or bummalo (Harpadon nehereus, Bengali: bamaloh or loita, Gujarati: bumla, Marathi: bombil) is, despite its name, not a duck but a lizardfish. It is native to the waters between Mumbai (formerly Bombay) and Kutch in the Arabian Sea, and a small number are also found in the Bay of Bengal. Great numbers are also caught in the China Sea. The fish is often dried and salted before it is consumed. After drying, the odour of the fish is extremely powerful, and it is usually transported in air-tight containers.

The origin of the term "Bombay duck" is uncertain. Some authors advance the theory that, during the British Raj, the fish was often transported by rail after drying. The story goes that the train compartments of the Bombay Dak (in English, the Bombay Mail) would smell of the fish, consequently leading the British to euphemistically refer to the peculiar smell as the "Bombay Dak". A variant of the story is that, though the fish weren't transported on the train, it smelt strongly because of the rotting railway sleepers over which it travelled, and this was thought to resemble the smell of the drying fish. In either case, this was supposedly corrupted into "Bombay duck". Although the likelihood of this origin is questionable, it does have the authority of a BBC Radio 4 interview in August 2006.

According to local Bangladeshi stories, the term Bombay duck was first coined by Robert Clive, after he tasted a piece during his conquest of Bengal. It is said that he associated the pungent smell with that of the newspapers and mail which would come in to the cantonments from Bombay. The term was later popularised amongst the British public by its appearance in Indian restaurants across the country.

In cuisine

Despite the rather unpleasant odour of the fish, it is often considered to be a delicacy by connoisseurs of Indian cuisine. If freshly caught, it is sometimes eaten fried in a batter; and in its dried form, it is commonly eaten in a curry. It is also prepared as a pickle. The bones of the fish are soft and easily chewable.

In Teochew cuisine of China, it is called (Chinese: 佃魚; pinyin: tiányú), fresh fish of this kind is very common and eaten fried with flour. It is salted and peppered when eaten. In Hong Kong, it is called (Chinese: 九肚魚; Mandarin Pinyin: jiŭdùyú; Jyutping: gau2tou5jyu2) and common, too.

European Union restrictions on imports

In 1997, Bombay Duck was banned by the European Commission (EC) of the European Union. The EC admitted that it had no "sanitary" evidence against the product and the UK Public Health Laboratory Service confirmed that there are no recorded cases of food poisoning, or bacterial contamination, associated with Bombay Duck. It was banned because the EC only allows fish imports from India from approved freezing and canning factories. Bombay Duck is not produced in factories.

According to "The Save Bombay Duck campaign" [1], the Indian High Commission approached the European Commission about the ban. The EC adjusted the regulations so that the fish can still be dried in the open air but has to be packed in an "EC approved" packing station. Now a Birmingham wholesale merchant has found a packing source in Mumbai/Bombay and the product is again available.

The BBC notes that consumption in the United Kingdom prior to the ban was over 13 tonnes per year.

Bombay Duck is available fresh in Canada in cities with large Indian populations, such as Toronto and Montreal and is generally known as bumla. Although mainly popular with Indians from southern Gujarat, coastal Maharashtra, Goa and Karnataka, it is increasingly consumed by the other South Asian populations.

AN ACCOUNT OF NATURALLY OCCURRING AND ARTIFICIALLY PRODUCED CYPRINID HYBRIDS IN INDIA     
1 INTRODUCTION

Several interspecific and interganeric hybrids of Indian major carps : Catla catla, Labeo rohita, Cirrhinus mrigala and Labeo calbasu (Chaudhuri 1959, 1971 & 1973; Naseem Hamza 1971; Naseem Hamza & Alikunhi, 1971; Varghese & Sukumaran, 1971; Chondar 1977) and those of Indian major carps with exotic carps viz. common carp (Alikunhi & Chaudhuri 1959; Kowtal & Gupta 1984, Khan et al; 1986 and Gupta et al; 1986) and silver carp (Ibrahim et al; 1980) have been artificially produced through hypophysation.

From natural ecosystems such as reservoir and dry bundhs, several hybrids have been recorded (Desai & Rao, 1970; Tripathi et al; 1974, Tripathi and Sharaf 1974; Natarajan et al; 1976 & Prasad 1976). Many of these hybrids were found to be intermediate in characters of the parent species. Only a few hybrids, both artificially produced and naturally occurring, have been studied in detail for their cultural qualities and adaptability to various environments. In the present communication an account of economically important hybrids of Indian major carps have been given and their role in the development of reservoir fisheries as well as in increasing fish production in aquaculture has been discussed and use of hybrid index, multivariate techniques and genetic markers in identifying hybrids has been emphasised.

2 NATURAL HYBRIDS

Cyprinids are more prone to interbreeding than other groups of fishes (Slastenenko, 1954). A number of interspecific and intergeneric hybrids, which play a special role in enhancing fish production in impoundments have been reported in India. Some of these are described as follows;

2.1 Catla x rohu hybrid:

These putative hybrids have been reported from a perennial irrigation tank in Madhya Pradesh (Desai & Rao, 1970) and from Rihand Dam in Uttar Pradesh (Natarajan et al; 1976). They resemble catla in body appearance and rohy in mouth profile. The morphometric features of the hybrids are shown in Table I. The hybrid from Rihand Dam is reported to be detritophytoplanktonphagic displaying a much wider food spectrum with Ceratium forming an important food item, grows as fast as catla and matures earlier than parents (Natarajan et al; 1976).

2.2 Rohu x catla hybrid :

This hybrid has been reported from Achartal Lake in Madhya Pradesh. Various morphometric ratios of the putative hybrid are given in Table I, Based on its morphometric characteristics and the position of the pectoral and anal fins, this hybrid has been recognised as a cross between male rohu and female catla. The growth rate of the hybrid is an fast as that of catla (Tripathi et al; 1974).

2.3 Rohu x mrigal :

This putative hybrid has a smaller head and bigger inferior mouth than rohu, body width, prepelvic and length of caudal peduncle smaller than both parents. The above hybrid competes with rohu in its food but grows slower than the former, thus being of not much utility in aquaculture. It has been reported from Adhartal Lake (Tripathi and Sharaf. 1974).

2.4 Labeo fimbriatus x L. goniua and Labeo calbasu x Catla catla
These hybrids have been recorded from Rangwan Reservoir (Uttar Pradesh) and have been suggested to be utilised as a substitute for L. gonius and L. calbasu respectively in reservoirs (Prasad, 1976).

3 ARTIFICIAL HYBRIDS

Some of the artificially produced hybrids of Indian major carps showing the heterosis in respect of growth, viability and maturity and suitability for aquaculture are mentioned.

3.1 Catla* x rohu and rohu* x catla hybrids :

Table I summarises the morphometric measurements of both the hybrids. The hybrid index of both hybrids has been calculated by the present authors from the data given by Reddy and Varghese (1980) and incorporated in Table I. Both are intermediate in most of the taxonomic characters. They have smaller head than catla and body broader than rohu. The ratio of total length/predorsal in catla x rohu shows greater value than both the parents, whereas it is similar to catla in case of rohu x catla hybrid. Caudal peduncle broader than both parents. Gill rakers moderately long and closely set. The most distinguishing feature of both hybrids is that, in catla x rohu, pectorals almost reach ventral base, whereas in rohu x catla pectorals do not reach the ventral base, leaving a wide gap (Reddy and Varghese, 1980). Colour of scales and fins in both the hybrids is derived from that of the male parent. Based on these characteristics, the hybrid described by Desai & Rao (1970), (as seen from its photograph) can be tentatively described as rohu* x catla hybrid.

3.2 Mrigal* x catla :

Hump less than catla, eye diameter more than both parents, fin rays nearer to catla and lateral line to mrigal. The hybrid has been reported to grow slower than both of parents and the reciprocal hybrid (Ibrahim 1977) but faster than mrigal x rohu hybrid (Varghese & Shan thayam, 1979).

3.3 Catla* x mrigal :

Hump nearer to patternal parent, head towards maternal and gill rakers more than both parents. It grows faster than parent species and reciprocal hybrid (Ibrahim, 1977).

3.4 Rohu* x mrigal and mrigal* x rohu hybrids Y

Both hybrids matured in 2 years (Chaudhuri, 1971) and showed slower growth than either parents (Basvaraju and Varghese, 1980), thus serving no useful purpose in aquaculture.

3.5 Rohu* x calbasu hybrid :

It has small head and is reported to grow faster than calbasu. Attained full maturity in 2 years (Chaudhuri, 1971).

3.6 Catla* x calbasu and calbasu* x catla:

These hybrids showed more flesh yield than either parents and can be profitably used in aquaculture in place of calbasu (Chaudhuri, 1971).

* The first parent is given as male to avoid any confusion from the previously published literature, though the present-day system of nomenclature of the hybrid is to name the first parent as the female species.

4 CULTURAL TRAITS OF HYBRIDS

4.1 Growth
Catla x rohu grew faster than rohu although not as quick as catla (Chaudhuri, 1971 & Natarajan et al; 1976). Reddy and Varghese (1980) observed that catla x rohu hybrid when reared along with parent species - catla and rohu in prepared cement cisterns showed faster growth (average weight 63.3 g) than rohu (average weight 58.5 g), but poorer than catla (average weight 129.5 g) per 126 days. This was because of the competition for food by the rohu with the hybrid showing similar feeding habits. Further experiments revealed that in polyculture catla x rohu hybrid grew faster than rohu x catla, but, in monoculture, both hybrids showed faster growth rate than rohu bu less than catla (Reddy & Varghese 1980 a, and Keshavanath et al, 1980). Alikunhi et al (1971), however, reported that male rohu x female catla grew better than catla in monoculture and combined culture systems. In monoculture catla and rohu x catla when each stocked @ 2,500/ha, having an initial weight of 31 g, attained 130 g and 159 g respectively in 6 months. In combined culture at the same stocking density and in equal proportion and having an initial weight of 64 g each, they recorded 228 g in catla and 285 g in rohu x catla hybrid in 6 months.

4.2 Food :

Catla x rohu is basically detritophagic in pond environment, subsisting on detritus, decaying vegetation, mud and sand (Chaudhuri, 1973) but showed much wider food spectrum including Ceratium in its diet in the reservoir (Natarajan et al, 1976). These authors suggested the use of catla x rohu hybrid for stocking in higher altitude reservoirs like Bhakra Dam which contains Ceratium in abundance. Bhowmick et al (1981) xhowed that the hybrid, in addition to the above natural food, also subsisted on supplementary feed in the pond environment.

4.3 Yield :

In separate experiments two hybrids viz calbasu x catla and catla rohu were stocked with catla, rohu, mrigal, silver carp and grass carp at a total stocking density of 5175 – 5334 and 5175 – 7840 respectively. The ratio of calbasu x catla was 0.97 – 1.33% in 1971-72 experiments and of catla x rohu 0.36 – 1.33% in 1973–74 experiments. It was observed that calbasu x catla attained 430–620 g/year and contributed to 0.43 – 0.49% of the total fish production in 1971–72 and catla x rohu, 718 – 925 g per year sharing about 0.21 – 0.77% of the total production in 1973–74 experiments (Chaudhuri et al., 1975)

4.4 Reproduction and viability :

Of specially great significance is the unimpaired fertility of Indian major carp hybrids. Catla x rohu attained maturity in 3 years and one four year old female F1 hybrid weighing 4.1 kg released 0.5 million eggs and yielded 0.135 million F2 spawn (Chaudhuri, 1973). Bhowmick et al, (1981) obtained 0.325 million fertilised eggs and 0.075 million F2 hatchlings from one F1 hybrid female weighing 1.35 kg.

Rohu x calbasu matured in 2 years, though a few males attained sexual maturity in one year. From one female F1 hybrid of 1.2 kg, 0.12 million fertilised eggs with 65% fertilization, yielding 4,500 F2 spawn were obtained (Chaudhuri, 1973).

4.5 Flesh quantity :

Catla x rohu, when compared to equal-sized parents, contains more quantity of flesh (54%) than catla (44%) and rohu (48%) (Chaudhuri, 1973 and Bhowmick et al., 1981). Catla x calbasu and calbasu x catla also showed more flesh yield than both the parents (Chaudhuri et al., 1975).

4.6 Hybrid F2 :

The F2 generation of catla x rohu and rohu x calbasu hybrid were obtained showing very high rate of fertilisation. Both hybrids in F2 generation were observed to be intermediate in morphomeristic character with parent species. In rohu x calbasu F2, variation in the colouration of the body fins, barbels and in caudal spot were observed. It attained a growth of 133 mm in 3.5 months (Chaudhuri, 1973).

F2 spawn of catla x rohu when stocked @ 50,000 spawn in one 0.04 ha and @ 80,000 in another 0.06 ha pond showed a survival of 31.1% and 16.5% respectively after 3 weeks of rearing, and attained a size of 90–185 mm (average length 126.5 mm) in 100 days. Catla x rohu fry grew faster (av. wt. 311 g) than rohu (av. wt. 169 g) but slower than catla (av. weight 365 gm) in 6 months, when reared together in 0.1 ha pond. The diet of F2 juveniles of catla x rohu (65–142 mm in length and weight 2–30 gm) consisted of mud, sand particles, detritus and decaying vegetation, forming about 90% of the diet and the rest 10% consisted of Oscillatoria.naviculids, Comphonema, Scenedesmus and a few green algae thus resembling rohu in feeding habit (Chaudhuri, 1973).

5 DISCUSSION AND CONCLUSION

In natural spawning habitats as in reservoirs and dry bundhs the interspecific and the intergeneric hybridization of Indian major caprs is facilitated when there is dominance of one species and the scarcity of the other and both spawning in close proximity. The morphology of natural hybrids of Indian major carps will probably be more variable because of increased environmental and genetical variations. The identification of these hybrids and their parent species as well as the artificially produced ones is based on morphological analysis, assuming that hybrids are morphologically intermediate between the parent species and the additive inheritance is greatly responsible for phenotypic expression in hybrids. In case of the above natural hybrids of Indian major carps, their identification has been based on the analysis of a few selected morphological traits in small number of specimens, which are not enough to exhibit variation in characters. Even in case of artificial hybrids such as catla x rohu and rohu x catla, which have been studied slightly in more detail (Reddy & Varghese, 1980), all morphological characters have not been taken into consideration. The character expression may vary among individuals of the same cross (Hubbs, 1955) and within and between sexes. Artificial counts (left and right) of each bilateral character have not been used in meristic counts. However, by comparing the identified morphological characters of artificially produced hybrids catla x rohu and rohu x catla of known parentage with those reported from natural ecosystems, it has been possible to pinpoint the hybrid reported by Tripathi et al (1974) as a cross between male rohu and female catla.

No uniform system of the analysis of the morphological characters of various hybrids reported above has been followed. In some cases the least square method has been applied to find the significant differences. The generally followed method is the hybrid index of Hubbs and Kuronuma (1942) to measure the degree of the hybrid intermediacy, and is reasonably an effective method for evaluation of hybrids (Goodman, 1967). As this index is based on the assumption that hybrids are morphologically intermediate between the parent species it influences the index value of those characters that are not intermediate and also this method does not indicate any measure of correlation of characters, because it is assumed that uncorrelated characters are used (Neff & Smith, 1979). These defects, however, can be removed by using selected characters, based upon marked phenotypic differences of parents. The other more recently developed hybrid indic (Misra, 1971, Keenlyside et al., 1973) and multivariate techniques (Rohwer, 1972 and Smith 1973) have been used to measure the intermediate status of hybrids between two putative parents. However, it is generally assumed that the phenotypic expression of fish hybrids may be controlled by the additive inheritance, their genotypes can be identified by knowing the gene frequencies of various groups as most of them will be polymorphic to several electrophoretic loci. Besides morphometrics, studies on important aspects of biology and biochemical genetics of hybrids and parent species are of utmost importance in evaluating the cultural qualities of the hybrid.

In aquaculture, many carp hybrids have been produced, but only a few e.g. catla x rohu have been studied in terms of growth, food and feeding habits, flesh contents and fertility. But even these studies are incomplete. The greatest obstacle in testing many hybrids of economic importance is the non-availability of large number of ponds to conduct genetic experiments, lack of knowledge of the parental (Lineage) identify illdegal migrants, though apparently looking alike but having recessive genes, In the larval and early juvenile/fingerling stages, individuals cannot be marked and identified, hence the need for genetic marking, which provides basic tool for implementing advanced breeding programmes of Indian major carps.

With the aid of genetic markers, it is possible to identify breeds, to draw effective experimental designs on the basis of known genetic markers for drastically reducing the number of experimental ponds required for genetical research; to construct the design of full-sib within half-sib families for genetic analysis of cultural characteristics and to conduct family selection (Moav et al., 1976). While planning a genetic marking programme, two considerations should be borne in mind, (i) such a genetic marker should be selected that is not obviously associated with any negative characteristic (Allendrof and Utter, 1979). Controlled tests should be carried out on selected and parent stocks to be sure that both stocks are comparable for measurable variables other than the selected marker, (ii) the other consideration is the inbreeding encountered in finite fish population. The inbreeding depression reflects factors including the expression of harmful genes and the reduction of beneficial interaction both within and between loci. This problem can be overcome if a large number of brood stock is randomly mated. Thus it is suggested that a combination of morphometric, biological and biochemical characterisation of the hybrid and parent species are to be studied simultaneously in future to identify hybrids and their parents, to know their cultural qualities, dominance of both maternal and patternal characters, and to measure the heterosis and genetic variability of both hybrids and brood stock for drawing effective breeding programmes.

COLDWATER FISH AND FISHERIES IN THE INDIAN HIMALAYAS:CULTURE 

ABSTRACT

Culture of coldwater fish in the Indian Himalayas has largely concentrated on the production of stocking material for rivers and streams, and some lakes. Until recently, brown and rainbow trout and common carp highly dominated the fish cultured for fish seed production, and to a much lesser extent for table fish production. In the 1990s, a major rehabilitation of rainbow trout culture was implemented with Norwegian assistance. Patlikuhl hatchery in Himachal Pradesh is now producing 10 t of table-size trout for the market, and stocking material for streams. At trout farms in Kokernag (Kashmir) and Katrain (Himachal Pradesh), high yielding strains of rainbow trout have been introduced. Common carp seed is produced in state fish farms for pond and rice-cum-fish culture and for stocking lakes and reservoirs in all Indian Himalayan states. Success was achieved with articificial breeding of the indigenous cyprinid mahseers (Tor putitora and Tor tor) and schizothoracines (Schizothorax richardsonii, S. niger, S. plagiostomus, S. planifrons, S. curvifrons, Schizothoraichthys esocinus). Mahseers, produced in hatcheries, are already being stocked in some Himalayan rivers. More work still needs to be done to have a reliable technology for producing fully viable schizothoracine fingerlings for regular stocking.

1. INTRODUCTION

In the Indian Himalayas the cultivation of fish contributes little to the overall freshwater fish production. Virtually every facility created for fish cultivation in the Indian Himalayas produces fish for stocking streams and lakes primarily to meet the requirements of sport fishing. Commercial fishery is also dependent to some extent on the stocking of lakes and reservoirs with fry and fingerlings. While for a number of years fish hatcheries in the Himalayas have been raising eyed-eggs, fry and fingerlings of brown and rainbow trout, and fry and fingerlings of common carp for stocking, only recently have some hatcheries started producing seed for stocking the indigenous mahseers and schizothoracines. To meet the ever-increasing demands of angling, subsistence and commercial fisheries, there has been a need for modernisation of some hatcheries, as past neglect has resulted in a decline in seed production. Some hatcheries have had to be abandoned. The degradation of hatcheries took place especially where water quality deteriorated and the silt load in streams increased. This chapter discusses the farming of coldwater exotic and indigenous fish and the current developmental activities which can be considered as a turning point in coldwater fisheries of the Indian Himalayas.

2. EXOTIC COLDWATER FISH 

Coldwater aquaculture in the Indian Himalayas has been closely associated with the introduction of exotic trouts and common carp. The lack of fast-growing indigenous fish in the Himalayas motivated the British administrators in India to transplant exotic species, such as trout and other salmonids, from Europe to meet their need for recreational fishing. The fate of transplanted coldwater species is well documented, and more recently it has been summarised by Sehgal (1989).

The first attempts to bring brown trout eyed-eggs from England into India were made by Mr. F.J. Mitchell in 1899 and 1900 (Mitchell, 1918). They came from Howeiton in Scotland, and the eggs successfully hatched in a small trout hatchery at Harwan in Kashmir. This hatchery had the capacity to rear 100,000 eggs. In 1905, in Kashmir, the first batch of eggs were obtained from the stock which had been produced from the Scottish eggs. This was the beginning of the spread of brown trout in the Himalayas and elsewhere. From Kashmir the species was taken to Jammu, Gilgit, Himachal Pradesh, Uttar Pradesh, North Bengal, Arunachal Pradesh, Meghalaya and Nagaland in India, and to Abbottabad and Chitral in Pakistan. Mitchell (1918) also succeeded in bringing and successfully rearing the steelhead strain of rainbow trout from England. Of of the two species of trout, brown has become domesticated in culture systems, streams and lakes, and has emerged as a self-sustaining population in the Himalayas. The rainbow trout, however, has remained confined to pond culture and is not established in streams and rivers of the Indian Himalayas.

Attempts to introduce other species of salmonids to Kashmir are of a more recent date. In the 1960s eastern brook trout (Salvelinus fontinalis), splake trout (cross between the lake trout Salmo trutta lacustris and eastern brook trout), both from Canada, and land-locked salmon (Salmo salar) from the USA were stocked in Kashmir fish farms. These species were received as gifts by the Kashmir Government through diplomatic missions of these countries. The eastern brook and splake trouts suffered diseases and were lost. Poor results were obtained from attempts to breed land-locked salmon and this species did not survive. In the 1980s another strain of rainbow trout was introduced at the Kokernag fish farm in Kashmir under an EEC-assisted programme. 

In Himachal Pradesh the eyed-eggs of brown trout were brought to Kulu and Kangra Valleys and Chamba of Himachal Pradesh from Kashmir (Howell, 1916). Regular releases of eyed-eggs in the upper stretches of Ravi and Baner Awa and Binun (=Binwa) tributaries of the Beas River between 1912 and 1947 met with little success. The failure of brown trout to establish itself in Kangra Valley is primarily due to a limited availability of suitable stretches of streams and the lack of suitable pools where fish could seek shelter during high floods when these streams become raging torrents. In Kulu Valley, introduction of brown trout commenced in 1909-10 when eyed-eggs successfully hatched at the Mahili hatchery, Katrain. From Katrain brown and rainbow trout were transferred to Chamba, Barot, Chirgaon and Sangla trout hatcheries. In 1993, of the five existing trout farms located at Barot, Patlikuhl, Sangla, Nagni and Mahili, the last two were being reconstructed (Anon., 1993).

In the state of Uttar Pradesh trout transplants of eyed-eggs were successfully hatched in the Garhwal region at Talwari and Kaldhyani hatcheries and produced stocking material for the Pindar, Birehi and Asiganga streams of the Ganga system.

Attempts at establishing brown/rainbow trouts in the eastern and northeastern Himalayas in the early part of the 20th century met with little success. The main reason was that a majority of the streams carry a heavy silt load. This part of the Himalayas is a heavy rainfall zone. In 1989 (Anon., 1989) Arunachal Pradesh was the only state in the northeastern Himalayas in India in which brown trout was cultured and stocked in streams for sport fishing. The total capacity of hatcheries in 1989 was between 20,000 and 50,000 eyed-eggs. The seed was also supplied to the Nagaland where it was released in one stream in the 1970s, and in the Meghalaya. Fish seed banks for Tor tor, Tor putitora and Acrossocheilus hexagonolepis were opened at Roing, Namsai and Seppa to provide stocks for releases into the three major Indian tributaries of the Brahmaputra, i.e. Kameng, Lohit and Dibang. Fish seed is reared to fingerlings, but the growth rate of these species is slow. On the Apatani Plateau of Arunachal Pradesh, which is situated at an altitude of 2000 m, there are 490 ha of rice fields available for paddy-cum-fish culture. In 1989 a hatchery at Ziro aimed at producing 3 million common carp fish seed for this purpose (Anon. 1989). Brown trout is also established in Sikkim, which has one trout farm. 

The mixed stock of three phenotypes (scale, mirror and leather) of common carp (Cyprinus carpio) was introduced in India for the first time in the Nilgiris (Western Ghats) from Sri Lanka in 1939. From the Nilgiris it was transferred to Bhowali hatchery in Uttar Pradesh, and to the Kumaon lakes in 1947 and subsequent years. From Bhowali it was then introduced to Himachal Pradesh at Nahan, Sirmur district.

During floods of 1971 silver carp (Hypophthalmichthys molitrix) was washed out into the Sutlej River from a fish farm at Deoli, and eventually it reached Gobindsagar Reservoir. Grass carp (Ctenopharyngodon idella) was stocked in a few lakes of the Kumaon Himalaya. 

3. INDIGENOUS COLDWATER FISH

Today, the available technologies allow the culture of a number of exotic and indigenous coldwater fish species in the Indian Himalayas. The most common exotic species are rainbow trout, brown trout, common carp, while the indigenous fish are: mahseers (Tor putitora and Tor tor), and schizothoracines (Schizothoraichthys esocinus, S. progastus, Schizothorax richardsonii, S. niger and S. curvifrons). Among these Tor putitora, S. progastus and S. richardsonii are preferred because of their wide range of distribution in the Himalayas. 

The distribution of rainbow trout worldwide attests to its ability to adapt itself to a variety of aquatic environments, including aquaculture conditions. Rainbow trout can be propagated artificially, which is important for its production as food fish. The fish can be fed artificial feed and withstand temperatures of up to 26.6oC for short periods. It also tolerates low dissolved oxygen content of water, is resistant to some fish diseases, and grows fast. In open waters, water temperature and precipitation are the primary factors affecting the survival and production of naturalized populations. The optimum thermal regime for the species lies in the range of 12-20oC (Graham, 1949), and the annual precipitation and freshets are important. 

Golden mahseer (Tor putitora) is a widely distributed fish, present from Hindukush-Kabul-Kohistan in the northwest to Sadiya in the eastern Himalayas, as well as in Myanmar and Thailand. The species, a multiple spawner, migrates annually upstream to a higher altitude to feed and spawn. In the streams of Himachal Pradesh it is a herbivore. The following major food items are encountered in its guts: diatoms (47.3%), green algae (13.3%), insect larvae (10.2%), copepods (3.2%) and detritus (22.3%). The remaining percentage (3.7%) includes protozoans, rotifers, etc. The fry and fingerlings can be raised on wet and dry artificial feeds.

The snow trout or mountain barbel (Schizothorax richardsonii) is widely distributed in the Indian Himalayas, from Ladakh in the northwest to Sadiya in the east. The species is an inhabitant of snow-melt and glacier-fed streams in the Greater and Lesser Himalayas. They undertake migration during winter months when the temperature in the Greater Himalayan waters reaches the near-freezing point. This induces them to migrate downstream and frequent the warmer spring-fed streams in search of suitable spawning grounds. The optimum temperature for spawning is 18-21.5oC. Hypophysation has failed to induce spawning. The mouth of S. richardsonii is ventrally placed, traverse, lower lip is well developed, with a free posterior edge forming an adhesive sucker. The posterior edge may be concave. The inner side of the lower lip is covered with cartilage. The fish is a typical benthic feeder with a mouth well suited for rasping the microbiota growing over the bottom rocks, boulders, stones, etc. It subsists mainly on benthic microbiota. The early fry and fingerlings (15-65 mm in total length) consume mainly the larvae of Diptera, nymphs of mayflies and larvae of caddisflies (66.4%, 23.2% and 9.5% respectively). Fish of 85 to 105 mm total length consume primarily diatoms (66.6%), blue-green algae (11.9%), insect larvae (6.7%) and detritus (11.8%). Fish of 133 to 300 mm subsist mainly on diatoms (60%), blue-green algae (9.6%), green algae (8%), insect larvae (10.2%) and detritus (8.7%). Presence of gravel and sand in the gut is due to rasping the algal encrustations from stones and rocks. No published account is at present available on the biology of S. progastus.

Fish Culture In 'Pokkali' Fields

In Kerala, fish and prawn are cultured on rotational basis in Pokkali rice fields. These fields under the influence of Vembanad backwaters, which are in, turn controlled by tides. As these fields are flooded during southwest monsoon (June-Septemeber) rice is cultivated. Fish and prawns are cultured during other periods. Immediately after the harvest of rice, the fields are leased out for the culture of fish and prawns. The young of fish and prawns enter the fields from nearshore waters along with high tides. Suitable management cultures these young until harvest in May. These fields are rich in plankton owing to the decaying of paddy stumps. A prawn yield of 500-1,200 kg/ha has been obtained from Pokkali fields. After the prawn harvest, the water is drained off. Subsequently, the saline nature of rice fields is nullified because of the monsoon rains and the fields are again made fit for rice culture.
PADDY-CUM-FISH CULTURE IN BRACKISH WATER
In certain areas of the world (states of W. Bengal and Kerala, in India - most populous areas in the country) tidal swamps in the coastal areas have been converted as rice fields. Rice culture operations here usually coincide with the rainy season (monsoons), when the coastal inundated areas become less saline. The paddy cultivated, as we have referred to, are long-stemmed (deepwater or floating) and salinity resistant varieties.

Culture of brackish-water prawn and fishes in Bengal is described by Pillay and Bose (1957) and Jhingran (1975). Paddy fields lying near irrigation canals are made use of for the culture of prawns and fishes. The canal water is maintained about 30 cm below that of the paddy field and at this time, before the onset of the South West Monsoon, the fields are manured and prepared and paddy seedlings planted. With the onset of the monsoon, the water level in the canal would increase with rainwater and salinity will be lowered. At this time the bunds surrounding the paddy fields are cut at selected places and fish and prawns fry, are allowed to enter the paddy fields and grown during the paddy cultivation period. The fish are cropped just before harvesting paddy. The fish in the canals are also harvested. In the brackish water paddy fields the fish productions works out to 100 – 200 kg/ha/year. Species cultured here are: Finfish - Mugil parsia, M. tade, Rhinomugil corsula, Lates calecrifer and Mystus gulio; Prawns - Palaemon carcinus, Macrobrachium rude, Metapenaeus monoceros, M. brevicornis and Penaeus semisulcatus.

Fish culture in brackish water rice fields in Kerala (S. W. Coast of India) is different. The low lying paddy fields are called ‘Pokkali’ and the culture of fish here has been described by several authors cited by Jhingran (1975). Raman (1968) describes an experiment on prawn-cum-tilapia culture in the brackish water paddy field, which is of special interest to us. The ‘Pokkali’ fields of Kerala are usually single crop paddy fields, extending to 10,000 acres and yielding and annual production of 5,000 tons. The paddy fields after paddy crop are usually used to trap through sluices high tide water along with prawns mainly, and then the water is let out through the filters during low tide (water filtered through net screen) and therefore is known as the paddy-field prawn filtration. A typical filtration field, in which the effect of size and number of sluice gates and area of the field on prawn catch has been studied, is shown in Raman and Menon (1963,

Paddy is usually cultivated in these fields during July - September (S.W. Monsoon active) when the brackishwater surrounding the paddy fields are low in salinity. In several cases prawns are trapped and caught (capture fishery) without allowing a growing phase for prawns, but in many cases the trapped prawns and fishes are allowed to grow as a culture fishery. The latter has been shown to yield better. After harvest of paddy when prawns are to be stocked the bunds provided with slices are strengthened, and during high tide the incoming water brings in plenty of prawn fry. For every subsequent high tide during the autumn the prawn fry are trapped - it is taken that more fry are trapped in the high tide, and often a kerosine oil lamp is hung on the sluice gate to ‘attract’ prawn fry. At neap tides the prawns are retained inside the pond, by letting the water go out through the sluice, across a conical bag net having a rectangular frame, in the sluice, thus literally serving as a filter. The stocked prawns grow in the ponds until December; they are harvested from December till April (multiple harvest - 7 or 8 nights distributed over the full and new moon days).

Prawns constitute about 80% of the catches. The species caught are Penaeus indicus, P. semisuldatus, Metapanaeus monoceros, M. dobsoni, Macrobrachium spp., Palaemon styliferus, Caridina gracilirostris and Acetes sp. Mullets (Mugil parsia, M. tade, M. cephalus) and pearl spot and chromide (Etroplus suratensis; E. maculatus - cihlids) are caught among fishes. Pillay (1967) reports that in the 4,400 ha of paddy fields 785 – 2,135 kg/ha/year are caught.

The brackishwater culture of rice and fish are of special interest, because large areas of coastal regions of developing world are now unutilised. If improved strains of rice and proper fish/prawn combinations can be used, the coastal swamps can be made very productive. Raman (1968) cultured Tilapia mossambica (36 – 80 mm fingerlings stocked at 4,800/ha) along with brackishwater prawns without adding fertilizer or feed in fallow paddy field (salinity range during experiment 6 – 21 ppt) and harvested 100 kg/ha of T. mossambica and 200 kg/ha of prawns in 4 months (January - April). Certainly better production can be achieved with feed and fertilizer added. Further coastal swamps are relatively free of biocides, commonly used for paddy, and fish production here can be augmented.
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The guppy (Poecilia reticulata), also known as the millionfish,[1] is one of the most popular freshwater aquarium fish species in the world. It is a small member of the Poeciliidae family (females 4–6 centimetres (1.6–2.4 in) long, males 2.5–3.5 centimetres (1.0–1.4 in) long) and like all other members of the family, is live-bearing.

Taxonomy
Robert John Lechmere Guppy discovered this tiny fish in Trinidad in 1866, and the fish was named Girardinus guppii in his honour by Albert C. L. G. Günther later that year. However, the fish had previously been described in America. Although Girardinus guppii is now considered a junior synonym of Poecilia reticulata, the common name "guppy" still remains.

Over time guppies have been given a variety of taxonomic names, although Poecilia reticulata is the name currently considered to be valid.[2]
Distribution
Guppies are native to Antigua and Barbuda, Barbados, Brazil, East Timor, Guyana, Mayotte, Netherlands Antilles, Trinidad and Tobago, the U.S. Virgin Islands, Venezuela, and Vietnam.[3]
However, guppies have been introduced to many different countries on all continents, except Antarctica. Sometimes this has occurred accidentally, but most often as a means of mosquito control, the hope being that the guppies would eat the mosquito larvae slowing down the spread of malaria. In many cases, these guppies have had a negative impact on native fish faunas.[4]
Ecology and behavior
Guppies exhibit sexual dimorphism. While wild-type females are grey in body colour, males have splashes, spots, or stripes that can be any color imaginable.

Reproduction




A pregnant guppy at about 26 days





A guppy fry in an aquarium at 1 week old





Guppy standards

Guppies are highly prolific livebearers.[5] The gestation period of a guppy is 21–30 days, with an average of 28 days, varying according to water temperature. Males possess a modified tubular anal fin called a gonopodium located directly behind the ventral fin which is flexed forward and used as a delivery mechanism for one or more balls of spermatozoa. The male will approach a female and will flex his gonopodium forward before thrusting it into her and ejecting these balls (females may store these for months afterward, being able to give birth long after isolation from any male guppy). After the female guppy is inseminated, a dark area near the anus, known as the gravid spot, will enlarge and darken. Just before birth, the eyes of fry may be seen through the translucent skin in this area of the female's body. When birth occurs, individual offspring are dropped in sequence over the course of an hour or so.

Guppies prefer water temperatures of about 27 °C (81 °F) for reproduction. The female guppy has drops of between 2–100 fry, typically ranging between 5 and 30. From the moment of birth, each fry is fully capable of swimming, eating, and avoiding danger. After giving birth, the female is ready for conception again within only a few hours. Guppies have the ability to store sperm, so the females can give birth many times, after only once breeding with a male. If not kept separate, the older, mature guppies will eat the fry so the use of a breeder box, net breeder, or a separate 20–40 litres (4–9 imp gal; 5–11 USgal) tank is recommended. Live plants may be used as hiding places for the fry.

Young fry take roughly three or four months to reach maturity. In the aquarium, they are usually fed finely ground flake foods, baby brine shrimp or, unless they are put in a separate tank, uneaten food from the adults. In addition, they nibble on algae.

Guppies have been selectively bred to produce a variety of colors and patterns. In the wild, male guppies are dull black or brown in colour with some coloured spots while females are fully dull grey. The wild guppies that showed the most colours in each generation were bred to produce the "fancy guppies" we see in pet stores today.

The guppy has been successfully hybridised with various species of molly (Poecilia latipinna/velifera), eg. male guppy and female molly. However, the hybrids are always males and appear to be infertile.[6] The guppy has also been hybridised with the Endler's livebearer (Poecilia wingei) to produce fertile offspring.

Genetics
Guppies have 23 paired chromosomes including 1 pair of sex chromosomes.[7]
Selective breeding has produced many different strains, such as the snakeskin and grass varieties. A strain is defined as guppies that show the same characteristics.

In the aquarium
The guppy prefers a hard water aquarium and can withstand levels of salinity up to 150% that of normal sea water,[8] which has led to them being occasionally included in marine tropical community tanks, as well as in freshwater tropical tanks. Guppies are generally peaceful, though nipping behaviour is sometimes exhibited between male guppies or towards other top swimmers like platys and swordtails and occasionally other fish with prominent fins such as angelfish. Its most famous characteristic is its propensity for breeding, and it can breed in both fresh water and marine aquariums.[9]
Guppies bred by aquarists produced variations in appearance ranging from colour consistency to various tail forms.

Well-fed adults do not often eat their own young, although sometimes safe zones are required for the fry. Specially designed livebearer birthing tanks, which can be suspended inside the aquarium, are available from aquatic retailers. These also serve to shield the pregnant female from further attention from the males, which is important, because the males will sometimes attack the females while they are giving birth. It also provides a separate area for the newborn young as protection from being eaten by their mother. However, if a female is put in the breeder box too early, it may cause her to have a miscarriage. Well-planted tanks that offer a lot of barriers to adult guppies will shelter the young quite well. Java moss, duckweed (Lemna minor), and Water Wisteria are all excellent choices. A continuous supply of live food, such as Daphnia, will keep adult fish full and may spare the fry when they are born.

Tiger Barb
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Tiger Barb

Description:

Four tiger-like black vertical stripes on an orange-yellow body make it obvious where this member of the barb family got its common name. Red edged fins and nose add even more color to the popular Tiger Barb. In recent years, selective breeding has created several color variations that include green, black, red, and albino. Reaching an adult size of 21/2 to 3 inches, they are large enough to avoid being eaten by large fish, yet small enough to keep a school of them in a modest sized tank.

This colorful barb is frequently chosen for a community tank, unfortunately they are not an ideal choice for all aquariums. When kept singly or in groups of two three, they will terrorize almost any fish that is unfortunate enough to reside in the same tank. Yet if they are kept in groups of a half dozen or more, they will usually keep their quarrelling to themselves. 

Regardless of the numbers kept, it is never advisable to keep Tigers in the same tank with docile, slow moving, or long finned fish such as Angelfish or Bettas. For a striking display, set up a species-specific tank with a half dozen of each color variation, complimented by live plants. When well cared for, Tiger Barbs have a life span of five to seven years.

Habitat/Care:

Tigers tolerate a wide range of water conditions, but do best in soft, slightly acidic water. The ideal tank should have a large open area for swimming, with an abundance of live or artificial plants around the periphery of the tank. Temperature is not critical, and this fish can even be kept in an unheated tank. Provide good lighting, and a fine substrate to complete the setup.

Diet:

Accepting of virtually any food, they should be given a variety of foods to maintain a healthy immune system. Include quality flake food as well as live and frozen foods such as brine shrimp, bloodworms and beef heart. They will quickly gobble up small aquatic invertebrates and even cooked vegetables.

Breeding:

Egg-scatterers that provide no parental care, Tiger Barbs will eat their own eggs if they have the opportunity. Therefore, set up a separate breeding tank, which can double as a grow-out tank for the fry. Females have a broader more rounded belly, and are larger than the more highly colored males. To acquire a breeding pair, keep at least a half dozen and allow them to pair off. Condition the breeders with live foods, and once a pair has been established, move them to a separate breeding tank.

The breeding tank should have soft acidic water, fine-leaved plants, and a bare bottom. Some breeders use marbles for the bottom, which allow the eggs to drop safely out of the parents grasp. Keep in mind that if the bottom is bare, it is particularly critical to observe them and move the parents immediately after spawning, as they will consume the eggs. 

Spawning will take usually place in the morning. If the breeding pair does not spawn within a day or two, a partial water change with water that is a degree or two warmer than the tank will usually trigger spawning. 

The female will lay about 200 eggs transparent yellowish colored eggs, which the male will immediately fertilize. As soon as the eggs have been fertilized, the breeding pair should be removed from the tank. The eggs will hatch in approximately 36 hours, and the fry will be free swimming after five days. Feed the fry newly hatched brine shrimp until large enough to accept finely crushed flake food.

Breeding Guppies and Swordtails

Equipment Needed: 

· Breeder Box or Breeder Net 

· Breeding Grass 

· 5 or 10 gallon tank for the baby fish or a tank divider that you can use for your main tank. 

· A pair - 1 female and 1 male 
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Two of the more popular tropical fish for beginners has to be Guppies and Swordtails. Guppies and Swordtails are livebearers which means that their babies come out swimming. Like most livebearers, there is not much to getting your guppies or swordtail to breed. If you have a male and a female then you will eventually have a pregnant female. The gestation period for livebearers is usually 28 days but can range from 20 to 40 days. 

Place the male and female in the same tank together and they will soon mate. You are probably asking, how can I tell when the female is pregnant? When a female guppy is pregnant she will develop a dark triangular shaped gravid spot near her anal vent. This will get larger and darker as the pregnancy progresses. 

While you are waiting on the female to develop the fry it's time to make sure you are prepared for the delivery. We use plastic breeder boxes and always have without any problems. A breeder box is a small box plastic box about 4 inches long by 3 inches wide and 4 inches deep. There is a removable "V" shaped trap in it which serves to separate the mother from the babies. When the mother fish has babies they fall through the slot in the "V" into the bottom of the box. After the mother is finished having babies, you can remove the "V" trap so that the babies have more room to grow. 

Breeding Systems
Baby Nursery for Live Bearers[image: image14.png]


 

Some people have had bad experiences with breeder boxes and now only use a breeder net. It is also a good idea to purchase some real or plastic Baby Hide Out or Breeding Grass for the top of the aquarium. The breeding grass is just in case the mother gives birth before you have a chance to put her in the breeder box. The fry will instinctively swim to the top of the aquarium and the breeder grass provides a great hiding place so they won't get eaten by the bigger fish in your tank. 

To feed your new arrivals you can use finely crushed flake food. Using your fingers, you can rub the flakes into a fine powder. Some only feed live foods such as baby brine shrimp. Live foods would definitely be the best way to go, but for most this is simply not feasible. Crushed or powdered flake food will suffice. Try to feed the babies 3 very small meals per day. You will invariably feed too much and the excess food will drop to the bottom of the tank or breeder box. To clean a breeder box we like to take a 3 ft. length of aquarium tubing and a small bucket. Use the tubing as a siphon to clean the bottom of the breeder box. Be careful not to siphon any baby fish! 

Try to perform 25% water changes weekly for your baby guppies. This will aid in the optimal growth of your baby tropical fish. After a few weeks in the breeder box your new babies will soon outgrow their home and you will need to move them either to a new tank or your main tank with a divider installed. By 8 weeks old your baby fish will most likely be able to return to the main tank without a divider. However, it really depends on the size of the other inhabitants in your aquarium. Use your best judgement before releasing them into the main tank. 

Whether you are going for that one of kind strain or if you simply find small fry swimming in the top of your tank one day after work, please be responsible with your fish. If you have more than you can accomodate you can try trading them or maybe even selling them to a local fish store in your area. Talk to your local pet stores beforehand to see if you can work out some sort of arrangement. You can also use this opportunity to get your friends interested in fish. 

Ornamental Fishes 

Aquarium fishes are mainly grouped into two categories, viz., Oviparous (egg - layers) and Viviparous (live-bearers). Further, the fresh water ornamental fish varieties can be broadly grouped into Tropical and Cold water species also. Management of these two categories are different in nature. According to water tolerance fishes are hard water tolerant, soft water tolerant species and those with wide tolerance. The fishes and the details of grouping is given below.

	Species
	Water Quality
	Season
	Breeding Type
	EggType/ Care

	Molly
	Hard water Sp.
	Summer/Monsoon
	Live Bearer
	Young Ones

	Guppy
	Hard water Sp.
	Summer/Monsoon
	Live Bearer
	Young Ones

	Platy
	Hard water Sp.
	Summer/Monsoon
	Live Bearer
	Young Ones

	Swordtail
	Hard water Sp.
	Summer/Monsoon
	Live Bearer
	Young Ones

	Blue Gourami
	Wide Tolerance
	Summer/Monsoon
	Nest Builder
	Male Guard eggs

	Pearl Gourami
	Wide Tolerance
	Summer/Monsoon
	Nest Builder
	Male Guard eggs

	Rosy Barb
	Wide Tolerance
	Summer/Monsoon
	Egg Scatterer
	Adhesive

	Gold Fish
	Wide Tolerance
	Monsoon/Winter
	Egg Scatterer
	Adhesive

	Z/P/Vl Danio
	Wide Tolerance
	Summer/Monsoon
	Egg Scatterer
	Non Adhesive

	S Fighter
	Wide Tolerance
	Summer/Monsoon
	Nest Builder
	Male Guard eggs

	Catfish
	Wide Tolerance
	Monsoon/Winter
	Egg depositer
	Enclosures Reqd.

	Angel*
	Soft Water
	Summer/Monsoon
	Egg depositor
	Parents Fan Eggs

	FM Cichlid
	Soft Water
	Summer/Monsoon
	Egg Depositors
	Enclosures Reqd.

	R D Cichlid
	Soft Water
	Summer/Monsoon
	Egg Depositors
	Enclosures Reqd.

	Bl W Tetra
	Soft Water
	Summer/Monsoon
	Egg Scatterer
	Adhesive

	B A Tetra
	Soft Water
	Summer/Monsoon
	Egg Scatterer
	Adhesive

	Serpa Tetra
	Soft Water
	Summer/Monsoon
	Egg Scatterer
	Adhesive

	Manila Carp
	Soft Water
	Monsoon/Winter
	Egg Scatterer
	Adhesive


TRANSPORT OF BROODFISH AND FISH SEED

3.1 Oxygen Requirement

Oxygen requirement of fish ranges from 100–1100 mg/kg/hours. Oxygen consumption is not a standard value. It depends largely on fish species, size of fish, physiological condition of individual and on several environmental factors.

In general, oxygen consumption

· grows with the increase of water temperature, 

· decreases with weight of fish, 

· at majority of warm-water species decreases with decreasing oxygen saturation of ambient water, 

· increases sharply after food consumption, 

· significantly higher at stressed fish, and 

· depends on physiological status of fish. 

With the increase or decrease of 10°C water temperature oxygen consumption duplicates or decreases to 50 percent. It is relatively higher (calculated on 1 kg body weight) in smaller individuals than the bigger ones. Oxygen consumption of starving fish is lower. After taking food it increases sharply. Later it decreases, but 2–3 days are necessary to get to the previous level.

Though there are differences between fish species (for example oxygen requirement of rohu and silver carp is higher than that of mirror carp), average oxygen requirement, which must be satisfied during transportation of nursed fry and fingerlings at 22–25°C and at 30°C is shown in Table 18. Table 19 presents oxygen consumption of broodfish.

TABLE 18
OXYGEN CONSUMPTION OF CARP FRY AND FINGERLING AT DIFFERENT WATER TEMPERATURE

	Weight of fish (g)
	Oxygen consumption (mg/kg/hour)

	
	22–25°C
	30°C

	  0.3
	1230
	2100

	  0.4
	1180
	2000

	  0.5
	1150
	1900

	  1.0
	1000
	1700

	  2.0
	  900
	1500

	  3.0
	  830
	1400

	  5.0
	  740
	1250

	10.0
	  660
	1100

	20.0
	  550
	  950

	30.0
	  530
	  900

	40.0
	  520
	  880

	50.0
	  500
	  850


TABLE 19
OXYGEN CONSUMPTION OF BROODFISH

	Body weight (kg)
	Oxygen consumption (g/hour)

	
	22–25°C
	30°C

	  1
	0.3
	0.6

	  2
	0.5
	1.2

	  3
	0.7
	1.4

	  4
	0.9
	1.8

	  6
	1.3
	2.5

	  8
	1.6
	3.2

	10
	1.9
	3.8


3.2 Preparation of Fish for Transportation

(“Conditioning”)

As mentioned earlier, fish with empty intestine consume less oxygen than full fish. Moreover, faces, urea and ammonia produced during digestion deteriorate water used for transport. So, intestine of fish should be discouraged and fish should be accustomed to strong stress before transport. For that fish are kept in special ponds (“pakai pond”), in enclosures prepared in bigger pond, or in hapas before transportation where they are prepared to transportation.

Conditioning of fry requires 3–4 days in so called “pakai pond”. Day before transfer of fry to this pond fish are fed with well soaked mustard oil cake. Fish are caught by net on the following morning and they are kept in the net for half an hour in overcrowded condition. In the meantime water is violently jerked in the net. Later fish are transferred to pakai pond and stocked at the rate of 2 lac/bigha. After this, during the next two days nursed fish are fed daily with soaked mustard oil cake (daily ration is 40–50 kg/bigha) and before feeding they are caught and kept in net for half on hour. Water in net is strongly splashed between the fish. Fish on third day, are kept in the net about one hour with strong splashing of water. After that those fish which run against the artificially created water current are selected for transportation.

If this process is carried out in hapas (made from mosquito net), stocking density in hapa is 2–3000 nursed fry or small fingerling/ m3 water. Duration of conditioning is 10–16 hours. Splashing of water is done frequently during this period. Sorting, counting and packing are carried out from conditioning hapa.

No special conditioning of feeding fry is required before transportation.

3.3 Fish Transportation

For fish transport different sizes of plastic bags, or containers of different size and shape, manufactured from PVC, fiberglass, iron, or aluminium are used.

Fish are frequently injured during conditioning and transportation. Antibiotics may be used at the rate of 20–40 mg/litre for avoiding infection if transportation time is long. Use of 0.05–0.3% kitchen salt during transportation decreases activity and stress-sensibility of fish.

Overloading of transport facilities must be avoid. After transportation, gradual equalization of temperature and water quality is essential during release of the fish.

3.3.1 Transportation in polyethylene bags

This is one of the most widespread method for egg, fry and fingerling transportation. Sometimes plastic bags are used also for broodfish transportation. For eggs and newly hatched fry bags of 0.04 mm thickness, and for fingerling bags of 0.06–0.08 mm thickness are recommended. For transportation of fish bigger than fingerling, plastic bags of 0.1–0.15 mm thickness are preferred. Double (or for broodfish, triple) wall bags are recommended for increasing security of transport.

The simplest way is to prepare plastic bags using a plastic hose. It should be purchased in different width and cut on required length. Volume of plastic bags prepared from plastic hose of different width and cut on different size, moreover weight of oxygen can be filled and weight of oxygen utilizable are shown in Table 20. (At the calculation of oxygen quantity, it should be considered that 1/3 of total volume of plastic bag is filled up with water and 2/3 with oxygen. 60 percent of oxygen is considered as utilizable. 1 liter oxygen is 1.43 g.)

To avoid sharp increasing of water temperature in plastic bags some ice (packed in small plastic bag, and placed in the transportation bag) can be used. For an average size plastic bag 200–500 ml of water should be freezed. It is strictly forbidden to use more ice, because sharp and significant changing of water temperature may be harmful. Plastic bags should be transported in shade.

When eyes start to develop it is the best time for egg transportation. If embryo is less developed, splashing of water can cause some injuries with tearing down of cells from embryo. Later, resistance of egg shell is lower against mechanical impacts. At 27–28°C water temperature about 10 g oxygen is necessary for 2–4 hours transportation of 100–200 thousand eggs.

For a very long transportation (2–3 day) larvae should be packed soon after hatching. Newly hatched fry can survive such a period without difficulties, consuming their own yolk. Quantity of oxygen necessary for 3 days transport of 5–10 000 fry is 10 g.

Numbers of feeding larvae transported in plastic bags by Bangladeshi fish culturist are: For long distance transportation (for 7–8 hours) 125 g feeding fry (about 50 000) are packed in standard bag of 80–90 × 40–50 cm. For short transportation, loading is about 200 g (80–90 000). Loading of plastic bags for silver carp and catla is less, about 80% of the above mentioned values.

TABLE 20
UTILIZABLE OXYGEN IN PLASTIC BAGS OF DIFFERENT SIZES

	Width of plastic hose cm
	40 cm
	50 cm
	60 cm
	70 cm
	80 cm

	
	Total volume
	Oxygen
	Utilisable oxygen
	Total volume
	Oxygen
	Utilisable oxygen
	Total volume
	Oxygen
	Utilisable oxygen
	Total volume
	Oxygen
	Utilisable oxygen
	Total volume
	Oxygen
	Utilisable oxygen

	
	liter
	g
	g
	liter
	g
	g
	liter
	g
	g
	liter
	g
	g
	liter
	g
	g

	30
	12
	10
	6
	16
	14
	8
	19
	17
	10
	22
	20
	12
	25
	20
	12

	40
	21
	20
	12
	27
	25
	16
	32
	30
	18
	37
	30
	18
	42
	40
	24

	50
	32
	30
	12
	40
	35
	21
	48
	45
	27
	56
	50
	30
	64
	 
	36

	60
	45
	40
	34
	57
	50
	30
	68
	60
	35
	79
	70
	42
	90
	80
	48

	70
	60
	50
	30
	76
	70
	42
	90
	80
	48
	106
	100
	60
	122
	110
	60


Duration of transportation, optimal loading of different size plastic bags by nursed fry and fingerling and broodfish should be calculated by the data of Table 18, 19 and 20.

It is better to avoid long transportation of broodfish in ripe condition (before reproduction). If long distance transportation of broodfish is necessary in ripe condition, plastic bags should be used. To avoid perforation of bags, first ray of fins must be wrapped or a plastic tube with appropriate diameter should be drawn on them.

3.3.2 Fish transportation in open systems

Hundi with 20–40 liter of volume is used traditionally for fish seed transportation. Earlier, hundi was made by clay, at present aluminium hundies are used. Clay hundies had a special advantage: evaporation trough the wall of hundi kept cool the water in pot. Aluminium hundi has no such advantage. Optimal loading of hundi is shown in Table 21.

TABLE 21
COMMON MEANS OF LIVE FISH/FISH SEED TRANSPORT IN RURAL AREAS (KUMAR 1990)

	Live materila
	Container
	Approx. Water
volume (L)
	Quantity
(Nos)
	Safe
limit
(Hours)
	Remarks

	Spawn
	Aluminium containers (Hundies)
	30
	50000–75000
	8–12
	About 100g of red soil is added to each hundy. Method prevalent in bundh breeding areas. Sarker - personal communication.

	Early fry (12-15mm)
	-do-
	30
	4000–5000
	8–12
	Frequent water change every 2–3 hours and container gentle splashing

	Fry (50 mm)
	-do-
	20
	250–350
	6–7
	With change of water every 2–3 hours. Mortality rate about 1–57

	Fry (20–30 mm)
	-do-
	20
	500–600
	6–7
	With change of eater every 2–3 hours. Mortality rate about 1–57.

	Fingerlings (100–150 mm)
	-do-
	20
	75–100
	4–6
	With change of water in every 2 hours. Mortality at the rate of 1–5%. Maximum incidence of mortality occurs in the case of rohu.

	Brood fish
	-do-
	20
	5–6 kg
	1
	Farmers generally mix the country liquor at the rate of 1 drop/1.

	Brood fish
	-do-
	30
	10–12 kg
	.5
	For short distance transport Sarkar-personnel communication


Iron barrels with about 200 liter capacity are also used for fish transportation. Usually 10–12 000 nursed fry of 1 inch size, or 8–10 000 2.0–2.5 inch size fingerlings (12–14 kg and 15–20 kg respectively) are stocked in one barrel for 1–2 days transportation. One track (7 ton capacity) can carry about 20 barrels (2 laks of fry). Barrels are covered by jute bag. Well water or pond water of good quality is used for filling up the barrels. During transportation frequent changing of water is necessary in each consecutive 2–3 hours. At least ⅔ of water must be removed and replenished. In addition to this, continuous hand-agitation of water is necessary. By using aerators or oxygen instead of hand-agitation double loading of barrels is possible. Moreover, no water exchange is required if duration of fish transportation is less than 6 hours.

Different sizes of fiberglass or canvas tanks, or tanks made from galvanized iron sheet are also used for fish transport. Double wall insulated tanks are the best for long transportation. Loading capacity of this tanks is about 100–130 kg/m3 for few hours transport. Using oxygenation or aeration loading should be increased to 60–80%.

3.3.3 Preparation of aerators

Petrol-resistant PVC pipes with dia of 0.7–1.5 cm are suitable for preparation of aerators. Tube should be fixed on an iron frame. Shape of the frame should be made according to shape of the transport tank. Piercing must be done using sewing needle, 4–7 mm from each other on upper side of the PVC pipe. For perforation of the aerator pipe needle used must be with diameter as small as possible. Efficiency of aerator producing big size oxygen or air bubble is low. Perforation should be of same diameter, so needle should be stick in equally to avoid differences. Aerator tube should be connected to oxygen cylinder or compressor with the same PVC pipe (Figure 12).

If aeration carried out on oxygen cylinder, using of pressure-regulator is essential. For proper aeration a fish transport tank of water volume of 1 m3 about 2 m of perforated PVC pipe is necessary. A small size oxygen cylinder, contains 1.36 m3 oxygen, can supply it for about 4 hours. Using big size cylinders (which contains about 10 m3 oxygen) three tanks of this size can be supplied for 8–10 hours.

[image: image15.png]



Figure 12
Different aerators suitable for oxygen supply of fish transport tanks (Modified after Woynarovich and Horvath, 1980)



Fish Scale 

In most biological nomenclature, a scale (Greek λέπιδ lepid, Latin squama) is a small rigid plate that grows out of an animal's skin to provide protection. In lepidopteran (butterfly and moth) species, scales are plates on the surface of the insect wing, and provide coloration. Scales are quite common and have evolved multiple times with varying structure and function.

Scales are generally classified as part of an organism's integumentary system. There are various types of scales according to shape and to class of animal.

Fish scales are dermally derived, specifically in the mesoderm. This fact distinguishes them from reptile scales paleontologically. Genetically, the same genes involved in tooth and hair development in mammals are also involved in scale development.[1]
Cosmoid scales
True cosmoid scales can only be found on the extinct Crossopterygians. The inner layer of the scale is made of lamellar bone. On top of this lies a layer of spongy or vascular bone and then a layer of dentine-like material called cosmine. The upper surface is keratin. The coelacanth has modified cosmoid scales that lack cosmine and are thinner than true cosmoid scales.

[edit] Ganoid scales
Ganoid scales can be found on gars (family Lepisosteidae) and bichirs and reedfishes (family Polypteridae). Ganoid scales are similar to cosmoid scales, but a layer of ganoin lies over the cosmine layer and under the enamel[clarification needed]. They are diamond-shaped, shiny, and hard.

Placoid scales
Placoid scales are found on cartilaginous fish including sharks. These scales, also called denticles, are similar in structure to teeth.

Leptoid scales
Leptoid scales are found on higher-order bony fish. As they grow they add concentric layers. They are arranged so as to overlap in a head-to-tail direction, like roof tiles, allowing a smoother flow of water over the body and therefore reducing drag.They come in two forms:

· Cycloid scales have a smooth outer edge, and are most common on fish with soft fin rays, such as salmon and carp. 

· Ctenoid scales have a toothed outer edge, and are usually found on fish with spiny fin rays, such as bass and crappie. 

Butterflies and moths - the order Lepidoptera (Greek "scale-winged") - have membranous wings covered in delicate, powdery scales, which are modified setae. Each scale consists of a series of tiny stacked platelets of organic material, and butterflies tend to have the scales broad and flattened, while moths tend to have the scales narrower and more hair-like. Scales are usually pigmented, but some types of scales are metallic, or iridescent, without pigments; because the thickness of the platelets is on the same order as the wavelength of visible light the plates lead to structural coloration and iridescence through the physical phenomenon described as thin-film optics. The most common color produced in this fashion is blue, such as in the Morpho butterflies. Other colors can be seen on the Sunset moth.

Mussel

The common name mussel is used for members of several families of clams or bivalvia mollusca, from saltwater and freshwater habitats. These groups have in common a shell whose outline is elongated and asymmetrical compared with other edible clams, which are often more or less rounded or oval.

The word "mussel" is most frequently used to mean the edible bivalves of the marine family Mytilidae, most of which live on exposed shores in the intertidal zone, attached by means of their strong byssal threads ("beard") to a firm substrate. A few species (in the genus Bathymodiolus) have colonised hydrothermal vents associated with deep ocean ridges.

In most marine mussels the shell is longer than it is wide, being wedge-shaped or asymmetrical. The external colour of the shell is often dark blue, blackish, or brown, while the interior is silvery and somewhat nacreous.

The word "mussel" is also used for many freshwater bivalves, including the freshwater pearl mussels. Freshwater mussel species inhabit lakes, ponds, rivers, creeks, canals, grouped in a different subclass, despite some very superficial similarities in appearance.

Freshwater Zebra mussels and their relatives in the family Dreissenidae are not related to previously mentioned groups, even though they resemble many Mytilus species in shape, and live attached to rocks and other hard surfaces in a similar manner, using a byssus. They are classified with the Heterodonta, the taxonomic group which includes most of the bivalves commonly referred to as "clams".

General anatomy
Marine blue mussel, Mytilus edulis, showing some of the inner anatomy. The white posterior adductor muscle is visible in the upper image, and has been cut in the lower image to allow the valves to open fully.

The mussel's external shell is composed of two hinged halves or "valves". The valves are joined together on the outside by a ligament, and are closed when necessary by strong internal muscles. Mussel shells carry out a variety of functions, including support for soft tissues, protection from predators and protection against desiccation.

The shell has three layers. In the pearly mussels there is an inner iridescent layer of nacre (mother-of-pearl) composed of calcium carbonate, which is continuously secreted by the mantle; the prismatic layer, a middle layer of chalky white crystals of calcium carbonate in a protein matrix; and the periostracum, an outer pigmented layer resembling a skin. The periostracum is composed of a protein called conchin, and its function is to protect the prismatic layer from abrasion and dissolution by acids (especially important in freshwater forms where the decay of leaf materials produces acids).

Like most bivalves, mussels have a large organ called a foot. In freshwater mussels, the foot is large, muscular, and generally hatchet-shaped. It is used to pull the animal through the substrate (typically sand, gravel, or silt) in which it lies partially buried. It does this by repeatedly advancing the foot through the substrate, expanding the end so it serves as an anchor, and then pulling the rest of the animal with its shell forward. It also serves as a fleshy anchor when the animal is stationary.

A Mytilus with its byssus clearly showing, at Ocean Beach, San Francisco, California
In marine mussels, the foot is smaller, tongue-like in shape, with a groove on the ventral surface which is continuous with the byssus pit. In this pit, a viscous secretion is exuded, entering the groove and hardening gradually upon contact with sea water. This forms extremely tough, strong, elastic, byssus threads that secure the mussel to its substrate. The byssus thread is also sometimes used by mussels as a defensive measure, to tether predatory molluscs, such as dog whelks, that invade mussel beds, immobilising them and thus starving them to death.

In cooking, the byssus of the mussel is known as the "beard" and is removed before the mussels are prepared.

Life habits
Feeding
Both marine and freshwater mussels are filter feeders; they feed on plankton and other microscopic sea creatures which are free-floating in seawater. A mussel draws water in through its incurrent siphon. The water is then brought into the branchial chamber by the actions of the cilia located on the gills for ciliary-mucus feeding. The wastewater exits through the excurrent siphon. The labial palps finally funnel the food into the mouth, where digestion begins.

Marine mussels are usually found clumping together on wave-washed rocks, each attached to the rock by its byssus. The clumping habit helps hold the mussels firm against the force of the waves. At low tide mussels in the middle of a clump will undergo less water loss because of water capture by the other mussels.

Reproduction
Both marine and freshwater mussels are gonochoristic, with separate male and female individuals. In marine mussels, fertilization occurs outside the body, with a larval stage that drifts for three weeks to six months, before settling on a hard surface as a young mussel. There, it is capable of moving slowly by means of attaching and detaching byssal threads to attain a better life position.

Freshwater mussels also reproduce sexually. Sperm released by the male directly into the water enters the female via the incurrent siphon. After fertilization, the eggs develop into a larval stage called a glochidium (plural glochidia), which temporarily parasitize fish, attaching themselves to the fish's fins or gills. Prior to their release, the glochidia grow in the gills of the female mussel where they are constantly flushed with oxygen-rich water. In some species, release occurs when a fish attempts to attack the mussel's minnow or other prey species-shaped mantle flaps, an example of aggressive mimicry.

Glochidia are generally species-specific, and will only live if they find the correct fish host. Once the larval mussels attach to the fish, the fish body reacts to cover them with cells forming a cyst, where the glochidia remain for two to five weeks (depending on temperature). They grow, break free from the host, and drop to the bottom of the water to begin an independent life.

Predators
A starfish consuming a mussel in Northern California
Marine mussels are eaten by humans, sea stars, seabirds, and by numerous species of predatory marine gastropods in the family Muricidae, such as the dog whelk, Nucella lapillus.

Freshwater mussels are eaten by otters, raccoons, ducks, and geese.

Distribution and habitat
Marine mussels are abundant in the low and mid intertidal zone in temperate seas globally.

Other species of marine mussel live in tropical intertidal areas, but not in the same huge numbers as in temperate zones.

Certain species of marine mussels prefer salt marshes or quiet bays, while others thrive in pounding surf, completely covering wave-washed rocks. Some species have colonized abyssal depths near hydrothermal vents. The South African white mussel exceptionally doesn't bind itself to rocks but burrows into sandy beaches extending two tubes above the sand surface for ingestion of food and water and exhausting wastes.

Freshwater mussels inhabit permanent lakes, rivers, canals and streams throughout the world except in the polar regions. They require a constant source of cool, clean water. They prefer water with a substantial mineral content, using calcium carbonate to build their shells.

Aquaculture

In 2005, China accounted for 40 per cent of the global mussel catch according to a FAO study.[1] Within Europe, Spain remained the industry leader. In North America, 80% of cultured mussels are produced in Prince Edward Island in Canada.[2]
Freshwater mussels are used as host animals for the cultivation of freshwater pearls. Some species of marine mussel, including the Blue Mussel (Mytilus edulis) and the New Zealand green-lipped mussel (Perna canaliculus), are also cultivated as a source of food.

There are a variety of techniques for growing mussels.

· Intertidal growth technique, or bouchot technique: pilings, known in French as bouchots, are planted at sea; ropes, on which the mussels grow, are tied in a spiral on the pilings; some mesh netting prevents the mussels from falling away. This method needs an extended tidal zone. 

· Mussels are cultivated extensively in New Zealand, where the most common method is to attach mussels to ropes which are hung from a rope back-bone supported by large plastic floats. The most common species cultivated in New Zealand is the New Zealand green-lipped mussel. 

Mussels as food
Humans have used mussels as food for thousands of years and continue to do so. In Belgium, the Netherlands, and France, mussels are consumed with french fries ("mosselen met friet" or "moules frites") or bread. In France, the Éclade des Moules is a mussel bake popular along the beaches of the Bay of Biscay. In Italy, mussels are often mixed with other sea food, or eaten with pasta. In Turkey, mussels are either covered with flour and fried on shishs ('midye tava'), or filled with rice and served cold ('midye dolma') and are usually consumed with alcohol (mostly with raki or beer). In Cantonese cuisine, mussels are cooked in a broth of garlic and fermented black bean. In New Zealand, they are served in a chili or garlic-based vinaigrette.

During the second World War in the United States, mussels were commonly served in diners. This was due to the unavailability of red meat related to wartime rationing.[3] They are used in Ireland boiled and seasoned with vinegar, with the "bray" or boiling water as a supplementary hot drink.

In India mussels are popular in Kerala, Maharashtra, Bhatkal, and Goa. They are either prepared with drumsticks, breadfruit or other vegetables, or filled with rice and coconut paste with spices and served hot. Fried mussels('Kadukka' in Malayalam) of north Kerala are a spicy, favored delicacy.

Mussels can be smoked, boiled, steamed or fried in batter.

As with all shellfish, mussels should be checked to ensure they are still alive just before they are cooked; enzymes quickly breakdown the meat and make them unpalatable after dying.A simple criterion is that live mussels, when in the air, will shut tightly when disturbed. Open, unresponsive mussels are dead, and must be discarded. Unusually heavy, wild caught, closed mussels may be discarded as they may contain only mud or sand. (They can be tested by slightly opening the shell halves.)

A thorough rinse in water and removal of "the beard" is suggested. Mussel shells usually open when cooked, revealing the cooked soft parts.

In Belgium, mussels are often served with fresh herbs and flavorful vegetables in a stock of butter and white wine. Frites/Frieten and Belgian beer are popular accompaniments. Months ending in "-ber" (September to December) are said to be the "in" season for mussels.

In the Netherlands, mussels are sometimes served fried in batter or breadcrumbs, particularly at take-out food outlets or informal settings.

Although mussels are valued as food, mussel poisoning due to toxic planktonic organisms can be a danger along some coastlines. For instance, mussels should be avoided along the west coast of the United States during the warmer months. This poisoning is usually due to a bloom of dinoflagellates (red tides), which contain toxins. The dinoflagellates and their toxin are harmless to mussels, even when concentrated by the mussel's filter feeding, but if the mussels are consumed by humans, the concentrated toxins cause serious illness, such as paralytic shellfish poisoning. Usually the U.S. government monitors the levels of toxins throughout the year at fishing sites. See Red Tide.

Freshwater mussels nowadays are generally considered to be unpalatable, though the native peoples in North America utilized them extensively.

Clam

The word "clam" can be applied to freshwater mussels, and other freshwater bivalves, as well as marine bivalves.[1]
In the United States, "clam" can be used in several different ways: one, as a general term covering all bivalve molluscs. The word can also be used in a more limited sense, to mean bivalves which burrow in sediment, as opposed to ones which attach themselves to the substrate (for example oysters and mussels), or ones which can swim and are migratory, like scallops. In addition "clam" can be used in an even more limited sense, to mean one or more species of commonly consumed marine bivalves, as in the phrase clam chowder, meaning a thick shellfish soup usually made using the hard clam. Many edible bivalves have a roughly oval shape; however, the edible razor clam has an elongated, parallel-sided shell, whose shape suggests that of an old-fashioned straight razor.

In the United Kingdom, "clam" is one of the common names of various species of marine bivalve mollusc,[2] but it is not used as a general term to cover edible clams that burrow, and it is not used as a general term for all bivalves.

Numerous edible marine bivalve species live buried in sand or mud, and respire by means of siphons which reach to the surface. In the USA, these clams are collected by "digging for clams" or clam digging.

In October 2007 an Arctica islandica clam, caught off the coast of Iceland, was discovered to be at least 405 years old, and was declared the world's oldest living animal by researchers from Bangor University, see Ming (clam).

In regard to the concept of edible clams, most species of bivalves are at least potentially edible. However some are too small to be useful, and not all species are considered palatable.

The word "clam" has given rise to the metaphor "clamming up", meaning refusing to speak, at least on a certain topic. A "clam shell" is the name given to a plastic container which is hinged, and which consists of two equal halves that lock together.

Anatomy
A clam's shell consists of two (usually equal) halves, which are connected by a hinge joint and a ligament which can be external or internal, much like a Venus Flytrap.

In clams, two adductor muscles contract to close the shells. The clam has no head, and usually has no eyes, (scallops are a notable exception), but a clam does have kidneys, a heart, a mouth, and an anus. For more information see bivalve and pseudofeces.

Clams, like most molluscs, also have open circulatory systems, which means that their organs are surrounded by watery blood that contains nutrients and oxygen.

Clams feed on plankton by filter feeding.

Human uses
As food items
In North America
In culinary use, within the eastern coast of the USA, the term "clam" most often refers to the hard clam Mercenaria mercenaria. It may also refer to several other common edible species, such as the soft-shell clam, Mya arenaria, and the ocean quahog, Arctica islandica. Another species which is commercially exploited on the Atlantic Coast of the US is the surf clam Spisula solidissima.

Clams can be eaten raw, steamed, boiled, baked or fried; the method of preparation depends partly on the size and species of the clam. They can also be made into clam chowder (a popular soup in the U.S. and Canada) or they can be cooked using hot rocks and seaweed in a New England clam bake.

In Italy
In Italy, clams are often an ingredient of mixed seafood dishes, or are eaten together with pasta. The more commonly used varieties of clams in Italian cooking are the Vongola (Venerupis decussata), the Cozza (Mytilus galloprovincialis) and the Tellina (Donax trunculus). A variety of mussel called Dattero di mare (Lithophaga lithophaga) was also once widely popular as seafood. However, since overfishing drove it to the verge of extinction (it takes 15 to 35 years to reach adult size and could only be harvested by smashing the calcarean rocks that form its habitat), it has been declared an endangered species by the Italian government since 1998, and its harvest and sale are forbidden.

In India
In the south western coast of India, also known as the Konkan region, Clams are used to cook curries and side dishes, like Tisaryachi Ekshipi which is clams with one shell on.

In a religious context
The Moche people of ancient Peru worshiped the sea and its animals. They often depicted clams in their art.[3]
In Jewish tradition all Mollusca are considered non kosher and as such are strictly avoided by observant Jews.

As currency
Some species of clams, particularly Mercenaria mercenaria, were in the past used by the Algonquin of Eastern North America to manufacture wampum, a type of shell money.[citation needed]
Edible:

· Grooved carpet shell: Ruditapes decussatus 

· Hard clam or Northern Quahog: Mercenaria mercenaria 

· Manila clam: Venerupis philippinarum
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· Soft clam: Mya arenaria 

· Atlantic surf clam: Spisula solidissima 

· Ocean quahog: Arctica islandica 

· Pacific razor clam: Siliqua patula 

· Pismo clam: Tivela stultorum (8 inch shell on display at the Pismo Beach Chamber of Commerce) 

· Geoduck clam: Panopea abrupta or Panope generosa (largest burrowing clam in the world) 

· Atlantic jackknife clam: Ensis directus 

Not usually considered edible:

· Ark clams, family Arcidae 

· Nut clams or pointed nut clams, family Nuculidae 

· Duck clams or trough shells, family Mactridae 

· Marsh clams, family Corbiculidae 

· File clams, family Limidae 

· Giant clam: Tridacna gigas 

· Asian or Asiatic clam: genus Corbicula 

· Peppery furrow shell: Scrobicularia plana 

Estuarine fisheries:

Estuary can be defined as a coastal water body that is formed by mixing of open sea water with freshwater that is carried out from the land. This zone between fresh water  and marine habitat form buffer zone or ectone.

Estuarine fishes:

The important clupeids, prawns, mollusks, mullets and other groups are discussed here as under.

(a) Clupeoids: Important clupeoids of the estuaries are Hilsa Ilisha, Pellona sps, Setipinna sps, Megalops cyprinoids etc. Among them Hilsha ilisha is of great importance.

(b) Mullets: They belong to the family Mugilidae and are represented by Mugil cephalus, M. tade, M. parsia, Rhinomugil corsula.

(c) Cat fishes: These belong to the order siluriformes and are represented by Arius, Pangasius pangasius and Mystus species.They are considered as poor mans food because of relatively cheap prices.
(d) Milk fish: It is represented by Chanos chanos.
(e) Threadfins: It is represented by Eleuthronema tetradactylum, Polynemus indicus, P. paradiseus.

(f)  Clams:  represented by Meretrix meretrix and M.casta.
(g) Mussels : represented by Mytilus viridis (Green mussel) and Perna indica (Brown mussel).
(h) Oysters: represented by Crassostrea gigas and C. angulata

