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Introduction



LINTRODUCTION

India is bestowed with 8129 km of coastline and has an exclusive
right over 2.02 million km? of Exclusive Economic Zone. Fisheries sector is
one of the important sectors in the socio-economic development of the
country. More than six million fishermen and fish farmers depend on
fisheries and aquaculture for their livelihood. Fisheries sector contributes
Rs. 19555 crores to national income which is 1.4% of the total GDP. In the
marine sector more than one million fishermen in 3975 fishing villages
depend on fisheries for their livelihood (Planning commission, 2002)

In India fishing is an age-old occupation. From a modest 0.5 million
tonnes per annum in the Nineteen fifties Indian marine fish landings have
gone up to 2.7 million tonnes by the year 2000, registering a growth rate of
3.43% and thereafter stagnating at around 2.7 million tonnes (CMFRI,
2004). Bulk of the landings come from the coastal fishery, and the present
trends in landings indicate that most of our coastal fishery resources are
either fully exploited or over exploited.

The nineties witnessed drastic changes in the fishery sector like
increase in the number of motorized craft, extension of fishing activities to
deeper sector particularly along the south-west coast, and change of single-
day fishing to multi-day fishing. This increased effort on the fish stocks
reflected in the landings. But further increase in effort did not give the
expected landings and revealed the reality that we cannot expect any further
increase in the catches from our coastal waters.

Conservation and management of the conventional resources and
utilization of nonconventional fishery resources are the ways now left to us
to meet the growing demand of fish. Fishes that are unfamiliar to the
consumer and do not immediately have demand in the market are considered
as nonconventional finfishes. Lack of demand may be due to lack of
awareness, poor knowledge about the quality of a particular fish, and its

appearance. Fishes like Nemipterus spp. considered as nonconventional



during the fifties fetch a good price now™a days. Priacanthus spp. treated as
nonconventional till recently has also got a good demand in the local
markets of Kerala. Further, there is a lot of regional differences in the
demand status of fishes. Some fishes considered as nonconventional in some
areas may have greater demand in some other localities. For eg. Balistids,
which are in demand in Tamil Nadu, are still nonconventional in many parts
of Kerala.

Deep-sea sector beyond 100 m depth contour is considered as an
important zone for the nonconventional finfishes. Various surveys carried
out by different agencies point out their presence in the above area.
However, there is an urgent need for scientific knowledge about the
distribution and abundance of the above resources. Conflicting reports about
the diversity of deep-sea fishes further complicate the problem.

At present nonconventional finfishes caught by the trawlers as by-
catch are discarded at sea. These types of by-catch and discards have been a
major concern of fishery scientistsand managers. According to FAO (1997)
estimate the worldwide discard of fish catch amounts to an average 27
million tonnes per year. Of this amount one-third of the discard is by
trawlers of the tropical fishing nations.

The working group for revalidating the potential of fishery resources
in the Indian EEZ categorically stated that “ An estimated 1,01,000 tonnes
of deep-sea finfishes has been included, which may be an under estimate.
This is a new resource and will need a considerable amount of care in
handling, value addition and product development.” (Ministry of
Agriculture, 2000)

For the effective utilization of any resource there should be a sound
knowledge about its diversity, distribution and abundance. Identification of
the important components of the resources and assessing their biomass are
major prerequisites to formulate future plans for tapping these resources.
The knowledge about the resources helps the scientists and planners, to

recommend a sustainable yield and also the effort required to exploit the



above stock. As a first step towards this, an attempt has been made here to
understand the diversity, distribution and abundance of the deep-sea fishes
off the south-west coast of India.

The number of large trawlers (>20 m OAL) based at Visakhapatnam,
which stood at around 180 in 1990 has come down to around 98 functional
vessels by 2000. Total number of truly Indian larger vessels (23 27 m
OAL) at present is around 45. These are mostly engaged in coastal shrimp
fishing, but are referred to as deep-sea fishing vessels. The main reason for
the reduction in number of functional larger vessels and their concentration
to the coastal zone is the less profitable nature of deep-sea fishing in India.
Utilisation of unexploited nonconventional finfish resources will definitely
make the deep-sea fishing lucrative and this will in turn help in the
conservation and management of the conventional fishery resources of the

coastal zone.
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2. REVIEW OF LITERATURE

2.1.BIODIVERSITY OF DEEP-SEA FISHES

Biodiversity of deep-sea fishes of the world has ever remained a
challenge to eminent ichthyologists and taxonomists. Classical works of
well-known ichthyologists and naturalists have thrown light in to the
peculiarities of these fishes and these works also gave information on the
deep-sea ichthyodiversity of the world. Day (1878) described the marine
and fresh_water fishes of India, Burma and Ceylon, which aiso included
fishes from the deep-sea habitat. Gunther (1887) presented the systematics
of deep-sea fishes based on the collection of H.M.S.Challenger during the
period 1873-1876.

Alcock (1891, 1899) presented the systematics of the deep-sea fishes
of India based on the collection of R.I.M.S. Investigator in the area between
5° and 24°N latitudes (lat). Taxonomic characters of 169 deep-sea species
were explained in the above work. The works of Goode and Bean (1895),
Weber (1913) based on the materials of Siboga expedition, Norman (1939)
based on John Murray expedition, Berg (1940) and Myers (1940) are
considered as important scientific contributions in the systematics of deep-
sea fishes. An excellent descriptive overview of the nature of many deep-
sea fish groups is available in Marshall (1954,1979). Greenwood et al.
(1966) described the relationships within and between the lines of evolution
of teleosts. Cohen (1970) and Norman (1975) described the systematics of
teleosts.

The general fish classification of Nelson (1976,1984,1994) remains
far from perfect in providing consistently defended phylogenetic
interpretations of the history of the approximately 57 orders, 484 families,
4260 genera and over 24,000 species currently suggested to be a
representation of the biodiversity of fishes. In addition to the above FAO
(1984) is also considered as an important work in the systematics of teleost

fishes. Smith and Heemstra (1986) described 2200 species of fishes that are



known or likely to occur in the seas off southern Africa. According to the
authors 29% of the above fishes inhabit the deep-sea area and many of them
are found in the oceans of the southern hemisphere. Helfman et al. (2003)
described the diversity of fishes of the world Oceans.

Information on the biodiversity of nonconventional finfishes off the
south-west coast of India is very limited. . Some of the notable works in the
field of systematics of deep-sea fishes of India are by Samuel (1963) based
on the materials collected by R.V.Conch of the Kerala University,
Tholasilingam et al. (1964), Silas and Prasad (1966) and Oommen{1978)
based on the collections of R.V Varuna of the Integrated Fisheries Project.
Oomen (1980) enlisted 63 species of deep-sea fishes collected from the
Quilon Bank during the period from October 1967 to May 1973 by the
Integrated Fisheries Project vessels, namely R.V.Varuna, F.V.Velameen,
F.V.Tuna and F.V.Klaus Sunnana.

Joseph and John (1986) have stated that the deep-sea resources in the
outer shelf and slope are comprised of a few nonconventional species viz.
bigeye, blackruff, greeneye, Cubiceps sp., Epinnula sp. etc in contrast to the
multiplicity of species in the coastal region.

Balachandran and Nizar (1990) presented a checklist of fishes
collected during the exploratory surveys of FORV Sagar Sampada during
the period of 1985-87 along both west and east coasts of India. The list
consists of 87 families, 152 genera, and 242 species, of which 87 species are
nonconventional finfishes collected from the depth stratum of 100-4525m.
Khan et al (1996) recorded 34 deep-sea finfish species from the
southeastern Arabian Sea. Venu and Kurup (2002a) identified and listed a
total of 23 species from the depth stratum of 201-750 m off the west coast of
India.

2.2. DISTRIBUTION AND"'ABUNDANCE OF DEEP-SEA FISHES

Prior to 1970 only very little study has been carried out to understand
the distribution and abundance of the fishery resources beyond 100 m depth
contour of the Indian EEZ. Some of the studies that enlighten us on the



resources of this area are those of John (1948), Gopinath (1954), and
Oommen (1974). Studies by Prasad and Nair (1973) have shown high
abundance of deep-sea species like Chlorophthalmus agassizi, Neoepinnula
orientalis, Psenopsis cyanea, and Cubiceps natalensis in the upper
continental slope (185-450 m depth zone) of the Indian EEZ. Oommen
(1980) presented the results of the exploratory fishing in Quilon bank and
Gulf of Mannar, based on the data collected by Integrated Fisheries Project
vessels during the period from October 1967 to May 1973. Distribution and
abundance of deep-sea fishes between 175 and 370 m are covered in this
literature. Joseph (1984) reported the occurrence of bullseye, Indian
driftfish, and blackruff in the 200-500 m bathymetric zone along the west
coast of India.

Philip et al. (1984) reported a gradual increase of deep-sea fish
catches towards the deeper water along the coast of Kerala and Karnataka
based on a systematic survey of the 200-500 m depth zone between 10° and
15°N lat. Experimental fishing carried out by Integrated fisheries Project
vessels during the period between October 1967 and March 1979 provides
some information about the distribution pattern of the deep-sea fishes
between 180 and 460 m off the south-west coast of India. Deep-sea lobster
constituted 64.5% of the trawl catches between the depth zone 180 and 460
m and the share of deep-sea fishes was only 21.4% (Oommen, 1985).

Joseph (1986) opined that unexploited stocks such as bullseye and
blackruff form the mainstay of the deep-sea resources in the outer
continental shelf. Sivaprakasam (1986b) pointed out that major resources of
deep-sea are nonconventional finfishes namely bullseye, blackruff, driftfish,
and greeneye. According to him, Chlorophthalmus agassizi is available in
plenty in the deeper waters between 200 and 600 m. Studies of Sudarsan et
al. (1988) have shown that the most productive depth belt in the south-west
coast for demersal fish is 150-200 m depth zone. Pandian and Philip (1992)
studied the distribution, abundance and biology of Ariomma indica, a neritic

deep-water fish occurring in the depth zone between 50 and 150 m.



Fishing operations conducted by FORV Sagar Sampada threw light
on the immense potentiality of the deeper and oceanic waters beyond 50 m
depth especially the abundance of fishable concentrations of exploited
resources and also under-exploited deep-water resources such as bullseye,
driftfish, scad, and deep-sea prawns within the Indian EEZ (James and pillai,
1990). Sivakami (1990) reported the occurrence of nonconventional
finfishes like Psenopsis spp., Trichiurus auriga, Chlorophthalmus agassizi,
Neoepinnula orientalis, and Cubiceps spp. in addition to the conventional
forms especially in the deeper waters of the south-west coast. These fishes
forming about 43% of the total fish caught from the area substantiate the
potential stock of the above fishes

Raman and James (1990) reported the occurrence of myctophids in
the DSL samples of eastern Arabian Sea and Bay of Bengal. Menon (1990)
described the distribution and abundance of fish fauna in the DSL along
various latitudes, depths, seasons and their diurnal vertical migration.
Panicker et al. (1993) provided information on the availability of deep-sea
fishes along the south west coast of India. Deep-sea trawling operations
conducted from FORV Sagar Sampada during January and March-April
was the basis of the above study.

Khan et al. (1996) based on the cruises (40&96) of FORV Sagar
Sampada reported the existence of potentially rich unexploited deep-sea
finfish resources in the south-eastern Arabian Sea. Chlorophthalmus sp.,
Cubiceps natalensis, Psenopsis cyanea, Chascanopsetta lugubris,
Priacanthus hamrur, and Chlorophthalmus bicornis are the major resources
reported by the above study. Menon et al. (1996) studied the distribution and
abundance of the genus Vinciguerria in the deep scattering layer of the
Indian EEZ. IFP (1997) reported that except for 1 tonne of Emmelichthys
nitidus caught from the Quilon Bank, none of the under- exploited resources
reported earlier was obtained from this region. Sivakami et al. (1998)
presented the distribution pattern and abundance of the nonconventional

finfish resources along the EEZ of India. Potential yield of major



nonconventional resources along the EEZ of India is also presented in the
above literature. Menon (2000) reported that finfishes form an important
component of the constituents of organisms in the deep scattering layer
(DSL) of Indian EEZ. '

Venu and Kurup (2002a) indicated the existence of potentially rich
unexploited deep-sea finfish resources along the west coast of India. Three
fishing cruises of FORV Sagar Sampada during 1998-2000 was the basis of
above study. They pointed out that the area between 7° and 9°N Iat. is more
productive than othér areas in the west coast. Panicker et al. (2003) studied
the availability of deep-sea fish and shellfish resources off south-west coast
of India. Kurup e al. (2004) studied the status of epifaunal component in
the bottom trawl discards along the Kerala coast. Kunjipalu (2004) pointed
out that the nonconventional resources like deep-sea fishes and
mesopelagics like myctophids are some of the new resources for commercial
exploitation.
2.3.STANDING STOCK OF DEEP-SEA FISHES

George et al. (1977) estimated the potential of deep-sea fishes along
the Indian coast to be 0.4 million tonnes. Joseph (1984) based on the data
collected by FSI vessels has estimated the potential of deep-sea fishes to be
0.27 million tonnes. Oommen (1985) has estimated the standing stock of
deep-sea fishes along the south west coast (lat 7°-13°N) at 8,136 tonnes.
Sulochanan and John (1988) reported that standing stock per unit area in the
outer shelf and slope between lat 8° and 9°N lat was higher than that of the
inner shelf. Sudarsan et al. (1990) estimated the potential demersal fishery
resource in the deeper waters (beyond 50 m) of the Indian EEZ at -3 0.65
million tonnes,

Ninan ef al. (1992) estimated a standing stock of 30260 tonnes, and
57810 tonnes of fishery resources in the depth zone between 100 and 500 m
off the south-west coast of India and Wadge Bank respectively. Sudarsan
(1993) reviewing the marine fishery resources in the Indian EEZ has

estimated a potential yield of 0.65 million tonnes of demersal resources from



the deeper waters (50-500 m) of the entire EEZ. Khan er al. (1996)
estimated the average biomass of deep-sea fishes in 100-450 m of
southeastern Arabian Sea as 13.10tonne/nm’®.  Sivakami et al. (1998)
estimated a potential of 0.408 million tonnes of nonconventional resources
in 1,58,466 km? area surveyed along the Indian EEZ. They have estimated
the potential yield of Chlorophthalmus sp., Priacanthus spp., Cubiceps spp,
Ariomma indica, Psenopsis spp., Trichiurus auriga, Neoepinnula orientalis,
and other deep-sea fishes. Data collected in the depth zone between 20 and
398 m were used for the above estimation. Ministry of Agriculture (2000)
revalidated the potential of fishery resources in the EEZ and estimated the
potential of deep-sea finfishes in the outer continental shelf and continental
slope of Indian EEZ to be 1.05 lakh tonnes.

2.4. BIOLOGY OF DEEP-SEA FISHES

Only very limited attempts have been made to study the biological
aspects of deep-sea fishes, though there is some information available on
their distribution. Silas and Prasad (1966) have given an account of the
distribution and some aspects of the biology of Ariomma indica. Luther et
al. (1988) have given some general information about this species and its
fishery based on the landings during 1981-96 at Visakhapatnam. Pandian
and Philip (1992) made preliminary observations on the biology of this
neritic deep-water fish.

Ajiad (1987) gave an account of some morphometric and meristic
properties of Acropoma japonicum occurring along Agaba, Jordan. Naik
and Uikey (1998) have made some preliminary studies on the biology of
Acropoma japonicum. They observed the length weight relationship, sex
ratio, and fecundity of the above species based on the collection from the
central west coast of India.

Khan ef al (1996) made some observations on the biological
aspects of the deep-sea fishes of the southee;stem Arabian Sea. They have
studied the length weight relationships, sex ratio, and size at first maturity of

Chlorophthalmus agassizi, Neoepinnula orientalis, Cubiceps natalensis,
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Psenopsis cyanea, Lampadena luminosa, and Priacanthus hamrur. Venu
and Kurup (2002b) gave an account of the distribution and biology of the
deep-sea fish Psenopsis cyanea inhabiting 200 m and beyond in the south-

west coast of India.



Mézterials and Methodé
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4 3.MATERIALS AND METHODS
3.1.EXPLORATORY SURVEYS
The Fishery Survey of India (FSI) conducts exploratory fishing
surveys in the continental shelves and off shore regions of Indian EEZ.
Survey and assessment of fish stocks and charting of fishing grounds in the
Indian EEZ and adjoining area is an important mandate of the organization.
Exploratory surveys carried out during the past provided lot of information
about the characteristics of fishery resources of our country. M.F.V. Matsya
Varshini, survey vessel (based at Kochi base of Fishery Survey of India)
conducts demersal trawl survey in south-west coast, Wadge Bank and Gulf
of Mannar. Exploratory fishing data of the above survey during the period of
February 2004 to April 2005 is the base of this study.
3.2. AREA OF STUDY
As far as fishery resources are concerned south-west coast of India is
considered as more productive than other sectors of Indian EEZ. Depth
contours of 200 m and 1000 m are close by and almost parallel all along the
main land. Hence, the wide banks in the deep-sea suitable for demersal
trawling are limited. This is more evident on the east coast. Safe deep-sea
demersal trawling could be conducted in well-known grounds like Quilon
Bank, Wadge Bank and Ponnani Bank on the south-west coast of India.
(Kunjipalu, 2004). Further any fluctuation in the fish landings of the south-
west coast of India will immediately reflect on the all India landings.
Considering the above factors 100-500 m depth zone off the south-west
coast of India lying between 7° and 10°N lat. was selected as the area of
study (Plate 1) for the assessment of nonconventional finfish resources.
Survey area includes Wadge Bank (7°-8°N lat.), Quilon Bank (8°-9°N lat.),
and area off Aleppey & off Kochi (9°-10°N [at.).
'3.2.1.The Wadge Bank. (7°-8"N)
An open sea area lying close to the southern tip of Indian continent,
is situated between the latitudes 07°.00° and 08°.00°N. This area is generally

exposed to strong wind and frequented with inclement weather conditions.
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Seabed slopes vary gradually in deeper waters and results in a vast
submarine plateau. Bottom is generally uneven, rocky and beset with marine
growth like sea fans and sponges (Sivaprakasam, 1986a). Longitude (long.)
wise up to 77°.30°E is considered as west coast, so this point is considered as
eastern border of the study area. A total of 6600 sq.km is available between
100 and 500 m depth contour of this region.

3.2.2. The Quilon Bank (8°-9°N)

An area of 3420 sq.km lying between Quilon and Aleppey, popularly
known as Quilon Bank was considered as a rich ground for deep-sea prawn
and lobsters. The bottom slope in the Quilon Bank is interrupted by a flat
area of muddy and sandy bottom, and is ideal for trawling operation.
Mechanisation efforts of the traditional vessels of India were initiated in this
area during fifties and the location of rich prawn grounds in the Neendakara
- Shakthikulangara belt changed the pattern of Indian fisheries.

3.2.3 Off Aleppey and Off Kochi (9° - 10°N)

A total of 2935 sq.km area is available between 100 and 500 m
depth zone of this area. Lot of flat, muddy/ sandy botiom areas ideal for
trawling operation are available in this area. Fishing vessels operating from
Kochi and Munambam fishing harbours exploit the deep-sea shrimp
resources of this area during the period November to April.

3.3. SURVEY VESSEL

M.F.V. Matsya Varshini, a purse-seiner cum stern trawler (Plate 2)
was constructed under the bilateral assistance programme between the
countries of India and Denmark during 1980.1t is a Fishing vessel of 36.5 m
OAL fitted with 1160 HP 6 cylinder engine. The fishing winch is
combination type, with net drum fitted at the mid-ship of the vessel and
having a capacity of 1000 m of 20 mm dia. wire rope. Load pulling capacity
of this hydraulically operated fishing winch is 10 tonnes. The major
specifications of the vessel are furnished in Table 1.



11°N

10°N

9° N

7°N

Plate 1. Area of study (Courtesy FSI)

Plate 2. M.F.V. Matsya Varshini (Courtesy FSI)



14

Table 1. Major specifications of the vessel

1 | Name of the vessel

M.F.V. Matsya Varshini

2 | Type X Purse-seiner cum stern trawler
3 | Length overa,l[ 36.5m

4 | Beam 8.63m

5 | Draft 4.8m

6 | Gross registe;ed tonnage 268.80

7 | Name of the engine B&W Alpha

7 | Engine rating; 1160 BHP at 1200 rpm

8 | Speed 10 Knots

9 | Endurance 20 days

10 | Year of construction 1980

11 | Navigational equipments Satellite navigator, Radar,

Radio telephone, Gyro compass

12 | Fish finding ?:quipments

Echo sounder, Fish finder

13 | Fish hold capacity

209 cu.m

14 | Fuel capacity 111.76 cu. m
15 | FreshQwater capacity 3834 cu.m .
16 | Crew strength 22

3.3.1 Survey programme

Vessel condt;cted 13 voyages during the period between February
2004 and April 2005. A total of 54 hauls have been made in the study area
spending an effort of'60.33 hours. Out of the 54 hauls 8 hauls were made at
100- 200 m depth strata and 46 hauls were made in the area between 200-
500m-depth zone. Distribution of hauls carried out during the period is
shown in the Fig. 1. Qetailed survey data during the months of March 2004,
November 2004 and April 2005, during which the author has participated
onboard as scientist participant and cruise leader were utilized for estimating
the biomass and a]sgl) to find out the distribution pattern of the finfish

resources. A total of 24 hauls spending an effort of 28.58 hours have been
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carried out during the said period, mainly in the 200-500 m depth zone. The
data from 6 hauls spending an effort of 7.83 hours in the 100-200 m depth
zone during the period February 2004 to April 2005 was also utilized for
analysis.

Data during the period from February 2004 to April 2005 were
utilized for analyzing the group wise (deep sea finfish, prawns and lobsters,
crabs, cephalopods, and elasmobranchs) percentage composition of the trawl

catches of the area.

11°N
\\\( Ponnani
10°N | \ Cachin
9°N Ouilon L
Tuticorin
Trivandrmm

N

7°N

75°R 76°F 77°R 78°F 79°R

Fig.1. Distribution of effort (hauls) during the period February 2004 to April
2005.
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3.3.2. Fishing gears and accessories
Two types of fishing gear were used for sampling the resources.
They are i) 45.6 m Expo model fish trawl, an imported design widely used to
survey the fishery resources of Indian EEZ by FSI vessels and ii) 45.12 m
shrimp trawl, an important gear used to survey the shrimp resources of India.
V- shaped otter boards of 3.2 sq.m, weighing 750 kg each were used for both
the trawls.
3.3.2.1. 45.6 m Expo model fish trawl
JTIS_QR effective gear to sample the fishery resources, with a head rope
length of 45.6m and a foot rope length of 55.8 m. Head rope is provided
with 17 numbers of 270 mm dia floats. Foot rope is closely tied with link
chain having a weiglit of 150 kg in air. The trawl, which is made of high-
density polyethylene twines, with a mesh size ranging from 420 mm (wing)
to 30 mm nylon mesh at codend was used. Net was constructed with 4
panels and has 37 numbers of panel sections (Fig.2).
3.3.2.2. 45.12 m Shrimp trawl
Head rope length of trawl is 45.12 m, which is provided with 270
mm dia floats. Trawl was made of high density polyethylene twines.120 mm
mesh size at wing side is decreased through 100 mm, 50mm, 40mm, and 30
mm nylon mesh at codend. Trawl net was constructed with two panels and
has 17 panel sections. Foot rope length of net is 49.88 m, which is provided
with link chain, for the effective vertical opening of the net (fig.3).
3.4. SAMPLING METHOD '
Area under study i.e. between latitude 7° and 10°N from 100 to 500
m depth zone was divided into 6 strata based on the latitude and depth
contours of 100 m, 200 m, and 500 m. Each 1°lat. x 1° long. was further
divided in to 100 squares of 6’x 6’area. Hauls are allocated to these 6°x 6’
squares following tﬁe stratified random sampling procedure. Previous
exploratory data and area available for trawling were considered for
allocation of hauls. Haul duration of 90 minutes per haul as per the

programme could not be followed in all the hauls due to practical reasons.
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Fig.3. 45.12 m Shrimp traw] (Ninan ef al., 1992)
3.4.1.Deck sampling.

The catches were sorted out group-wise / species-wise immediately
after each haul. The weight of each group/species were recorded to find out
the group/species composition of trawl catches in each haul. For the
convenience of further analysis the entire catch of nonconventional finfishes

were divided in to 8 species/species-groups and the restwereput together as
other deep-sea fishes. Deck sampling procedures outlined by Pauly (1980)

was followed to record the catches. Necessary entries were made in the catch
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data sheets for further analysis. Specimens collected from the haul were
immediately photographed by using a digital camera. Specimens were
identified up to species level by using standard references (Day, 1878;
Goode & Bean, 1895; Alcock, 1899; Munro, 1955; FAO, 1984; Smith and
Heemstra, 1986). Specimens identified on board and the unidentified
specimens were preserved onboard and brought to the shore laboratory for
further identification. Specimens thus identified were preserved in formalin
and kept in the museum of the College of Fisheries, Panangad for further
studies. Identified specimens were taxonomically arranged by following
Nelson (1984) to prepare the check list of the species collected during the
study.
3.4.2. Length frequency studies

Specimens of major varieties collected from the haul were subjected
to length frequency studies. Total lengths of identified specimens from snout
to upper lobe of caudal fin were measured with an accuracy of Imm.
Lengths measured as above were recorded and pooled in to length classes of
10 mm class interval. Most of the length frequency measurements were
carried out in fresh condition using the onboard facilities of the vessel.
However specimens preserved onboard and brought to shore were also
subjected to length frequency studies at shore laboratory. Such
measurements were also added to the respective classes pooled onboard the
vessel.
3.4.3.Biomass estimation

Catch recorded onboard the vessel were converted to catch per unit
effort by dividing the quantity in kg with effort in hours (actual haul
duration). Catch/effort data thus obtained was recorded and average catch
per unit effort of major varieties thus obtained from each stratum is
presented in table form. Species composition of trawl catches in different
strata; latitude-wise and depth-wise are presented as pie diagrams. Biomass
of the nonconventional finfish resources of the study area was estimated by

using the ‘swept area method” (Gulland, 1975). ‘Swept area’ or the
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‘effective path swept’ by the trawl net during the haul was calculated by
using the formula
a=D¥*h*x, D=V*t
Where a is the swept area, V is the velocity of the trawl over the ground
when trawling, h is the length of the head rope, t is the time speng. for
trawling, x; is that fraction of the head rope which is equal to the width of
the path swept by the trawl, (the ‘wing spread’, h * x;).
In south -east Asian waters, values for x, ranging from 0.4 (Shindo, 1973)
to 0.66 (SCSP, 1978) have been used. Pauly (1980) suggests x, = 0.5 as the
best compromise. Somvanshi ef al. (2004) based on some experiments have
arrived at the value of x, = 0.4 to be the best compromise for FSI vessels,
and has been used for the present study. Velocity of the trawl over the
ground when trawling was 3 knots. Catch per unit area is obtained by
dividing the catch per hour by the area swept per hour by trawl. Based on
this, the average catch per unit area (ACPUA) in sq.km is worked out for
each stratum and biomass of demersal stocks in each stratum is estimated
from the re}ationship.

B = (cpua)* A/x;
Where B is the Biomass, A is the area of the stratum and x, is the fraction of
the biomass in the effective path swept, which is actually caught. The value
of x is actually chosen between 0.5 and 1. For trawlers used in south-east
Asia a value of x; = 0.5 is commonly used in survey work (Isarankura, 1971;
Saeger et al. 1976). Dickson (1974), on the other hand, suggests x; = 1.
There is some evidence that x; = 0.5 might in fact be realistic (Pauly, 1979).
In the present study also the value of x; is considered as 0.5. Biomass for
each stratum was separately estimated for both shrimp and fish trawls and
average was found out for each stratum. Biomass estimated for each stratum

was then summed up to find out the total biomass of the area (Sparre et
al.1989)



Results
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4.RESULTS

4.1 BIODIVERSITY

Global fish fauna comprise something over 25000 species, of
which 10-15% are found in the deep-sea environment. 1010 species of deep
demersal fish and 1280 species of deep pelagic fishes are represented in the
world oceans (Cohen, 1970). Deep-sea fishes are highly and quite
specifically evolved and adapted to the particular environment and
ecological conditions of the deep-sea, in fact they have finely tuned
adaptations. Important among them are specialized eyes, highly complex
bioluminescent organs, elaborate gas glands, swim bladder constructions,
remarkable jaws, teeth, and colour.

During the period under study a total of 97 species belonging to 16
orders, 51 families and 78 genera are recorded from the area. Out of the 97
species recorded from the area 63 belongs to pre-perciform orders. Except
for the four species recorded from 100- 200 m depth zone; all others are true
deep-sea fishes. Fishes belonging to the family Cepolidae (1 Species),
Uranoscopidae (2 Species), and Ariommatidae (1 Species) are recorded from
the 100-200 m depth zone.

Global deep-sea demersal fish fauna is represented by species from
22 orders. The present study recorded fishes from 16 orders; this indicates
the species diversity of the off shore region as already evident in the case of
inshore fishes. Fishes coming under the order Perciformes dominated in
diversity with 28 numbers of species, followed by order Lophiformes with
10 species and order Scorpaeniformes with 9 species. Qut of the 51
families, 21 are represented by single species. Family Myctophidae and
Macrouridae with 5 species each dominated over others in species diversity.
Check list of finfishes collected during the study is classified following
Nelson (1984). Area of specimen collection, depth of collection and total
length of specimen used for the identification are given in the check list
(Table 2).
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Table 2. CHECK LIST OF NONCONVENTIONAL FINFISHES COLLECTED (PLATES 3 TO 14)

S.No Species name Common name Area* Depth TL**  Plate No.
Lat (N)/ (m) (cm)
long (E)

@) @) &) O] ) ) M

INFRADIVISION ELOPOMORPHA

ORDER ANGUILLIFORMES

SUBORDER ANGUILLOIDEI

I FAMILY: CONGRIDAE Conger eels

1 Ariosoma sp. Conger 08°52.5* 340 29.3 3.A
75%5.0°

2 Bathycongrus guttatus (Gunther, 1887) 09°20.2° 357 30.0 3B
75%44.4’

3 Coloconger raniceps Alcock, 1889 Frog head 09°20.2° 357 24.5 3.C

conger 75%44.4°

II FAMILY: MURAENESOCIDAE Pike congers

4 Gavialiceps taeniola (Woodmason, in Alcock, 1889) 08°15.7° 455 39.9 3.D
76°30.7°

X FAMILY: NEMICHTHYIDAE Snipe eels

5 Nemichthys acanthonotus Alcock, 1894 " Slender snipe 08°34.5° 282 57.0 3.E

eel 76°13.1°



Table 2. Continued
ey V)

INFRADIVISION EUTELEOSTEI
SUPERORDER PROTOCANTHOPTERYGII
ORDER SALMONIFORMES

SUBORDER ARGENTINOIDEI

v FAMILY: ALEPOCEPHALIDAE
6  Rouleina squamilatera (Alcock, 1898)

SUPERORDER STERNOPTERYGII
ORDER STOMIIFORMES
SUBORDER GONOSTOMATOIDEI

v FAMILY: STERNOPTYCHIDAE
7 Polyipnus spinosus Gunther, 1891
VI FAMILY: PHOTICHTHYIDAE
8 Vinciguerria sp.

FAMILY: CHAULIODONTIDAE
Chauliodus sloani Schneider, 1801

=

23

€)

Slickheads
Blunt snout slickhead

Hatchetfishes
Lightfishes
Lightfish

Viperfishes
Sloan’s viperfish

4

08°06.8’
76°39.9°

09%20.2’
75%44.4°

08°59.6
75%46.3’

08°59.6°
75%46.3°

)

461

357

334

334

(6)

22.0

6.4

113

16.3

M

3.F

3.G
3.H

4.A
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Table 2. Continued

(1) 07 3

VIII FAMILY: ASTRONESTHIDAE Snaggletooths

10 Astronesthes martensii Kluzinger, 1871 Astronesthid fish
11 Astronesthes trifibulatus Gibbs, Amaoka &Haruta, 1984

IX FAMILY: MALACOSTEIDAE Loosejaws

12 Photostomias sp.

SUPERORDER SCOPELOMORPHA

ORDER ALULOPIFORMES

SUBORDER AULOPOIDEI

X FAMILY: CHLOROPHTHALMIDAE Greeneyes

13 Chlorophthalmus agassizi Bonaparte, 1840  Short nose greeneye
14 Chlorphthalmus bicornis Norman, 1934 Spiny jaw greeneye
15 Chlorophthalmus punctatus Gilchrist, 1904  Spotted greeneye

SUBORDER ALEPISAUROIDEI
X1 FAMILY: PARALEPIDIDAE Barracudinas
16 Stemonosudis rothschildi Richards, 1967

*)

09°20.2’
75°44.4°
08°15.7°
76°30.7°

08°15.7°
76°30.7°

09°20.2°
75%4.4°
09°20.2
75%4 4°
08%52.5°
75%49.1°

09°20.2’
75%4.4°

()

357

455

455

357
357

336

357

(6)

11.9

12.9

17.8

19.2
104

9.1

26.7

(M

4.B

4.C

4.D

4.E
4.F

4.G

4.H
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¢y )

17 Lestrolepis intermedia (Poey, 1868)
ORDER MYCTOPHIFORMES

XII FAMILY: NEOSCOPELIDAE

18 Neoscopelus macrolepidotus Johnson, 1863

XIII FAMILY: MYCTOPHIDAE

19 Diaphus splendidus (Brauer, 1904)

20 Diaphus antonbruuni Nafpaktitis, 1978
21 Diaphus sp.

22 Diaphus sp.

23 Lampadena luminosa (Garman, 1899)

SUPERORDER PARACANTHOPTERYGII
ORDER GADIFORMES
SUBORDER GADOIDEI

X1v FAMILY: MORIDAE

25

&)

Blackchins
Large  scaled
lanternfish
Lanternfishes

Deep-sea cods

@

09°20,2°
75%4.4°

09°11.5°
75%48.4°

09°20.2°
75%4.4°
08°14.2°
76°32.4°
08%45.0°
75°53.0°
08°08.4°
76%36.4°
08°15.7°
76%30.7°

®)
357

372

357
435
410
418

455

(©)
16.5

17.2

16.5
153
7.8
6.6

12.1

M
5.A

5.B

5.C
5D
5E
5.F

5.G
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(1) )

24 Physiculus argyropastus Alcock, 1894

25 Gadella sp.

SUBORDER MACROUROIDEI

XV FAMILY: MACROURIDAE

26 Malacocephalus laevis (Lowe, 1843)

27 Malacocephalus sp. l

28 Mesobius sp.

29 Coelorhinchus quadricristatus (Alcock, 1894)
30 Coryphaenoides macrolophus (Alcock, 1889)
ORDER OPHIDIFORMES

SUBORDER OPHIDIOIDEI

XVI FAMILY: OPHIDIIDAE
31 Neobythites macrops (Gunther, 1889)

26

€)

Grenadiers
Soft-head
grenadier

Cusk-eels

(4)0

09°20.2’
75%4.4°
08°52.5
75%5.0°

09°20.2°
75%4.4°
08°14.2°
76°32.2°
08°15.7°
76°30.7°
08°06.8’

76°39.9°

08°06.8°
76°39.9°

08°15.7°
76%30.7°

(5)
357

340

357
435
455
461

461

455

(6)
26.5

22.7

27.8
37.8
13.2
21.0

153

25.9

(7)
5.H

6.A

6.B
6.C
6.D
6.E

6.F

6.G
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32 Neobylhités sp-

33 Hypopleuron caninum Smith &Radcliffe, 1913

ORDER LOPHIIFORMES
SUBORDER LOPHIOIDEL

XVII FAMILY: LOPHIIDAE

34 Lophiodes mutilus (Alcock, 1893)

35 Lophiodes sp.

SUBORDER ANTENNAROIDEI

XVl FAMILY: CHAUNACIDAE

36 Chaunax pictus Lowe, 1846

37 Chaunax endeavouri Whitley, 1929

38 Bathychaunax melanostomus Caruso, 1989

27

)

Monks/Angler
Smooth angler

Angler

Sea toads

Pink frog-
mouth
Coffinfish

)

08%34.5°
76°13.0°
08°34.5°
76°13.0°

09°11.5°
75%8.4°
08°52.5°
75%45.0°

09°15.0°
75%2 6’
08°14.2°
76%32.2°
08°14.2°
76°32.2°

®)
340

340

372

340

369
435

435

(6)
14.3

40.5

23.1

7.0

18.7
21.1

5.1

M
6.H

7.A

7B

7.C

7.D
7.E

7.F
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Table 2. Continued

M 2 3

XIX FAMILY: OGCOCEPHALIDAE Sea bats

39 Halieutaea coccinea Alcock, 1889 Spiny sea bat

40 Halieutaea nigra Alcock, 1891

41 Halieutaea stellata (Vahl, 1797) Starry hand fish

SUBORDER CERATIOIDEI

XX FAMILY: DICERATIIDAE Horned anglers

42 Ceratius (Diceratias) bispinosus (Gunther, 1887) Two rod
anglerfish

43 Phrynichthys wedli Pietschman, 1926

SUPERORDER ACANTHOPTERYGII

SERIES PERCOMORPHA

ORDER LAMPRIFORMES

SUBORDER ATELEOPODOIDEI

XX1 FAMILY: ATELEOPODIDAE Tadpole fishes

44 Ateleopus indicus Alcock, 1891

“)

09°20.2°
75%4 4°
08°50.2°
75°56.8°

08°50.2’

75%56.8°

08°14.2°
76°32.2
08°11.6
76°32.2°

08°14.2°
76°32.2°

)

357
330

330

435

490

435

©®

20.6
7.0

11.5

11.4

10.7

34.2

M

7.G
7.H

8.A

8.B

8.C

8.D
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Table 2. Continued

(M 2 ©))
ORDER BERYCIFORMES
SUBORDER BERYCOIDEI
XXII FAMILY: TRACHICHTHYIDAE Slimeheads
45 Gephyroberyx darwini (Johnson, 1866) Darwin’s
slimehead
46 Hoplostethus mediterraneus Cuvier, 1829 Mediterranian
slimehead
XXIII  FAMILY: BERYCIDAE Berycids
47 Beryx splendens Lowe, 1834 Slender beryx
XXIV  FAMILY: HOLOCENTRIDAE Squirrelfishes
48 Ostichthys acanthorhinus Randal, Shimizu& Yamakava, 1982
Soldier fish

SUBORDER POLYMIXIOIDEI

XXV  FAMILY: POLYMIXIIDAE Beardfishes
49 Polymixia japonicus Gunther, 1877 Silver eye
50 Polymixia fusca Kotthaus, 1970

@

08°14.2°
76°32.2°
08°14.2°
76°32.2

09°20.2°
75%4.4°

08°50.2’
75°56.8°

07°08.2’
77°04.8°
07°08.2’
77°04.8’

©)

435

435

357

330

226

226

(6)

9.3

6.5

15.2

13.5

11.2

10.3

M

8.E

8.F

8.G

8.H

9.A

9.B



Table 2. Continued

) @

ORDER ZEIFORMES

XXVl  FAMILY: ZEIDAE

51 Zenopsis conchifer (Lowe, 1850)
52 Cyttopsis roseus (Lowe, 1843)
ORDER SYNGNATHIFORMES

SUBORDER AULOSTOMOIDEI

XXVII FAMILY: MACRORAMPHOSIDAE
53 Macroramphosus sp.

SUBORDER SYNGNATHOIDEI

XXVIIl FAMILY: SYNGNATHIDAE
54 Syngnathus acus Linnaeus, 1758

30

G)

Dories
Silver
dory
Rosy dory

Snipefishes

Pipefishes
Long
pipefish

John

snout

4)

09°20.2’
75%4 4
09°20.2’
75%44.4°

07°08.2
77°04.8’

08°50.2
75°56.8°

&)

357

357

226

330

(6)

36.1

164

8.7

20.2

9

9.C

9.D

- 9E

9.F



Table 2. Continued

(1)

@

ORDER SCORPAENIFORMES
SUBORDER SCORPAENOIDEI
XXIX FAMILY: SCORPAENIDAE

55
56

57

XXX
58

59

60
61
62

63

Setarches quentheri Johnson, 1862
Setarches longimanus (Alcock, 1894)
Ectroposebastes imus Garman, 1899
FAMILY: TRIGLIDAE
SUBFAMILY: TRIGLINAE
Lepidotrigla sp.

Pterygorrigla hemisticta (Temminck &Schlegel, 1842)

SUBFAMILY: PERISTEDIINAE
Satyrichthys adeni (Lloyd, 1907)

Satyrichthys sp.
Peristedion investigatoris (Alcock, 1898)

Peristedion halei (Day, 1878)

31

3) 4)
Scorpionfishes
Deep-  water 08°34.5°
scorpion 76°13.1°
09°15.2
75%42.6°
Mid- water 08°15.7’
scorpion 76°30.7’
Gurnards
08°59.6°
75%6.3°
Black spotted 08°59.6
gurnard 75%6.3°
Armoured gurnards
08°34.5°
76°13.1°
09°15.2°
75%2.6’
09°15.2°
75%2.6°
08°34.5°

76°13.1°

)

282
369

455

330

330

282
369
369

282

(6)

10.2
10.6

11.2

13.5

15.1

299
22.0
124

7.9

M

9.G
9.H

[0.A.

10.B

10.C

10.D
10.E
10.F

10.G



Table 2. Continued

o @

ORDER PERCIFORMES

SUBORDER PERCOIDEI

XXXI  FAMILY: PERCICHTHYIDAE

64 Acropoma japonicum Gunther, 1859

65 Synagrops japonicus (D'Oderelein, 1884)
66 Synagrops pellucidus (Alcock, 1889)

67 Neoscombrops annectens Gilchrist, 1922
XXXII FAMILY: SERRANIDAE

68 Chelidoperca investigatoris (Alcock, 1895)
XXXIII FAMILY: EMMELICHTHYIDAE

69 Enumelichthys nitidus Richardson, 1845
XXXIV FAMILY: BATHYCLUPEIDAE

70 Bathyclupea hoskynii (Alcock, 1899)
XXXV FAMILY: OWSTONIIDAE

71 Owstonia totomiensis Taneka, 1908

32

€)

Acropomatids
Glowbelly

Japanese

splitfin

Scomber
splitfin
Rock cods

Rovers
Bonnet- mouth

Bathyclupeids

()

08%59.6’
75%6.3’
08°06.8’
76°39.9°
07°8.2’
77°04.8’
08°59.6°
75%6.3°

07°08.2’
77°04.8°

08°50.2°
75%56.8°

09%20.2°
75%4.4°

07°08.2°
77°04.8°

()

334
461
226

334

226

330

357

226

©

14.7
15.2
10.2

123

11.2

20.5

12.9

36.8

M

10.H
11.A
11.B

11.C

11.D

11.LE

11.F

11.G
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Table 2. Continued

(1) 2 3)
XXXVl FAMILY: CEPOLIDAE Bandfishes
72 Acanthocepola limbata (Valenciennes, 1835) Bandfish
SUBORDER TRACHINOIDEI

XXXVII FAMILY:CHAMPSODONTIDAE Gapers

73 Champsodon vorax Gunther, 1867

XXXVIII FAMILY: URANOSCOPIDAE » Stargazers
74 Ichthyoscopus inermis (Cuvier, 1829)

75 Uranoscopus sp. Stargazer
76 Xenocephalus elongatus elongates (Temminck &Schlegel, 1843)
XXXIX  FAMILY: PERCOPHIDAE Duckbills
77 Bemprops caudimacula Steindachner, 1877

XL FAMILY: MUGILOIDIDAE Sandsmelts
78 Parapercis sp.

@

07°33.8°
76°50.3°

08°59.6’
75°46.3°

07°33.8°
76°50.3
07°33.8’
76°50.3
07°08.8
77°04.3’

09°20.2
75%4.4°

07°08.2’
77°04.8’

®)
121

330

121
121

226

357

226

(6)

57.2

59

243
19.7

27.2

152

. 20.1

™
11L.H

12.A

12.B
12.C

12.D

12.E

12.F



Table 2. Continued

(1 2 €)
SUBORDER CALLIONYMOIDEI
XLI FAMILY: CALLYONYMIDAE Dragonets
79 Callionymus carebares Alcock, 1890 Deep- water
dragonet
SUBORDER GOBIOIDEI
XLII FAMILY: GOBIIDAE Gobies
80 Gobius cometes Alcock, 1899
SUBORDER SCOMBROIDEI
XLII ~ FAMILY: GEMPYLIDAE Snake mackerels
81 Neoepinnula orientalis (Gilchrist & Von Bonde, 1924)
Sackfish
82 Ruvttes pretiosus (Cocco, 1829) Oilfish
83 Promethichthys prométheus (Cuvier, 1832) Promethean
escolar
84 Rexea prometheoides (Bleeker, 1856) Royal escolar
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Q)

09°19.2?
75%49.7°

08°34.5°
76°13.1°

09°20.2°
75%4 4°
09°11.5°
75%8.4°
09°20.2’
75044 .4’
08°14.2’
76°32.2°

®)

249

282

357
372
357

435

(6)

12.8

10.1

17.4
33.9
16.8

17.3

)

12.G

12.H

13.A
13.B
13.C

13.D



Table 2. Continued

(D @

XLIV FAMILY: TRICHIURIDAE

85 Benthodesmus elongatus (Clarke, 1879)
86 Benthodesmus tenuis (Gunther, 1877)
87 Benthodesmus tuckeri Parin & Becker, 1970
88 Trichiurus auriga Klunzinger, 1884
SUBORDER STROMATEOIDEI

XLV FAMILY: CENTROLOPHIDAE

89 Psenopsis cyanea (Alcock, 1890)

XLVI  FAMILY: NOMEIDAE

90 Psenes squamiceps (Lloyd, 1909)
XLVII FAMILY: ARIOMMATIDAE

91 Ariomma indica (Day, 1870)

ORDER PLEURONECTIFORMES

SUBORDER PLEURONECTOIDEI
XLVIII FAMILY: BOTHIDAE

35

3) 4)
Ribbon fishes
Elongate frost 09°15.2’
fish 75%42.6°
Slender frost 08%°43.2°
fish 75%58 .4’
Tucker’s frost 08°43.2
fish 75%58.4°
Pearly hair tail ~ 08°06.8’
76°39.9
Ruffs /Medusafishes
Indian ruff 09°20.2’
75%44.4°
Drift fishes
Indian driftfish  08°59.6°
75%46.3°

Ariommatids
Indian ariomma  07°33.8’
76°50.3°

Lefteye flounders

()

369
401
401

461

357

334

121

(6)

33.1
54.8
53.8

30.1

19.2

18.1

14.6

)

13.E
13.F
13.G

I13.H

14.A

14.B

14.C



Table 2. Continued

(1) @

92 Citharichthys sp.

93 Chascanopsetta lugubris Alcock, 1899
94 Laeops macrophthalmus (Alcock, 1889)
SUBORDER SOLEOIDEI

XLIX  FAMILY: CYNOGLOSSIDAE

95 Symphurus sp.

ORDER TETRAODONTIFORMES

SUBORDER BALISTOIDEI

L FAMILY: BALISTIDAE
SUBFAMILY-MONOCANTHINAE

96 Alutera scripta Berry &Vogele, 1961

SUBORDER TETRAODONTOIDEI
LI FAMILY: TETRAODONTIDAE

97 Amblyrhynchotes spinosissimus(Regan, 1908)

* Area of collection.

36

3)

Pelican flounder

Tasnguesoles

Triggerfishes
Filefishes
Scrawled
filefish

Puffers
Spiny blassops

** Total length of specimen used for identification

(4)0

09°20.2°
75%44 4
09°15.2°
7542 .6
09°11.5°
75%8 .4

08°34.5°

76°13.1°

08°14.2°
76°32.2°

07°33.8°
76%50.3°

()
357

369

372

282

435

121

(6)
14.9

25.7

14.0

9.7

454

12.0

(M
14D

14E

14.F

14.G

14.H

14.1
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Plate 3. Photographs of the nonconventional finfishes:
FAMILY: CONGRIDAE to FAMILY: PHOTICHTHYIDAE

A. Ariosoma sp. B. Bathycongrus guttatus
(\ (oloconger raniceps D. Gavialiceps laeniola
E. Nemichthys acanthonotus F. Rouleina squamilatera

G. Polyipnus spinosus H. Vinciguerria sp.
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Plate 4. Photographs ofthe nonconventional finfishes

FAMILY: CHAULIODONTIDAE to FAMILY: PARALEPIDIDAE
A. Chauliodus sloani. H Astronesthes martensii

C. Astronesthes trifibulatus. 1). Photostomias sp.

E. Chlorophthalmus agassizi  F. Chlorphthalmus bicornis

G. Chlorophthalmus punctatus H. Stemonosudis rothschildi
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Plate 5. Photographs of the nonconventional finfishes
FAMILY: PARALEPIDIDAE to FAMILY: MORIDAE

A. Lestrolepis intermedia B. Neoscopeius macrolepidotus
C. Diaphns splendidns D. Diaphus antonbruuni
E. Diaphus sp. F Diaphus sp.

G. Lampadena luminosa H. Physiculus argyropastus
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Plate 6 Photographs of the nonconventional finfishes

FAMILY: MORIDAE to FAMILY: OPHIDIIDAE

A. Gadella sp. B. Malacocephalus laevis

C. Malacocephalus sp. 1). Mesohius sp.

E. Coelorhinchus quadricristatus. F Coryphaenoides macrolophus
G. Neohythites macrops H. Neobythites sp.
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Plate 7. Photographs of the nonconventional finfishes
FAMILY: OPHIDIIDAE to FAMILY: OGCOCEPHALIDAE
B. Lophiodes mulilus

I). Chaunaxpictus.
E Bathychaunax melanostomus

H. Halieutaea nigra

A. Hypopleuron caninum
C. Lophiodes sp.

E. Chaunax endeavouri
G. Halieutaea coccinea
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Plate 8. Photographs of the nonconventional finfishes
FAMILY: OGCOCEPHALIDAE to FAMILY: HOLOCENTRIDAE

A. Halieutaea stellata B Ceratins (Diceratios) bispinosus
C. Phrynichthys wedli 1). Ateleopus indicus
/> Gephyroberyx darwini E Hoplostethus mediterraneus

G. Beryx splendens H. Ostichthys acanthorhinus
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Plate 9. Photographs of the nonconventional finfishes
FAMILY: POLYMI1XIIDAE to FAMILY: SCORPAENIDAE

A. Polymixiajaponicus B. Polymixiafusca
C. Zenopsis conchifer 1. Cyttopsis roseus
E. Macroramphosns sp. E Syngnathus acus

G. Setarches quentheri H. Setarches longimanus
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Plate 10. Photographs of the nonconventional finfishes
FAMILY: SCORPAENIDAE to FAMILY: PERCICHTHYIDAE

A. Ectroposebastes imus B. Lepidotrigla sp.
C. Pterygotrigla hemisticta I). Satyrichthys adeni
E. Satyrichthys sp. E Peristedion investigatoris

G. Peristedion halei H. Acropomajaponicum



45

Plate 11. Photographs of the nonconventional finfishes
FAMILY: PERCICHTHYIDAE to FAMILY: CEPOLIDAE

A. Synagropsjaponicus B. Synagrops pellucidus
CNeoscom hrops annectens D. C'helidoperca investigatoris
E. Emmelichthys nitidus E Bathyclupea hoskynii

G Owstonia totomiensis H. Acanthocepola limbata
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Plate 12. Photographs of the nonconventional finfishes

FAMILY: CHAMPSODONTIDAE to FAMILY: GOBIIDAE

A. Champsodon vorax B. Ichthyoscopus inermis.

C. Uranoscopus sp. J). Xenocephalus elongatus elongates
E. Bemprops caudimacula F Parapercis sp.

G. Callionymus carebares H. Gobins cometes
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Plate 13. Photographs of the nonconventional finfishes
FAMILY: GEMPYLIDAE to FAMILY: TRICHIURIDAE

A. Neoepinnula orientalis B. Ruvttes pretiosus
C. Promethichthys prometheus I). Rexea prometheoides
E. Benthadesmus elongatus E Benthodesmus tenuis

G. Benthodesmus tuckeri H. Trichiurns auriga
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Plate 14. Photographs ofthe nonconventionalfinfishes
FAMILY: CENTROLOPHIDAE to FAMILY: TETRAODONTIDAE

A. Psenopsis cyanea B. Psenes squamiceps
C Ariomma indiea I). Cithariehthys sp.

E ("hascanopsetta lugubris E Laeops macrophthahnus
G. Symphurus sp. H. Alutera scripta

L Amblyrhynchotes spinosissimns
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4.2 DISTRIBUTION OF NONCONVENTIONAL FINFISHES

Latitude-wise abundance of trawl catches recorded during the period
February 2004 to April 2005 is furnished in Table 3. In the total catch of
23.5 tonnes obtained from all stations put together, nonconventional
finfishes were most dominant forming 72% of the total catches recorded
during the period followed by crabs 18% and prawns and lobsters 4%
(Fig.4). Dominance of deep-sea fishes was more predominant in the 200-
500 m depth zone. Fishes dominated with 86%, followed by crabs 6% and
prawns and lobsters 5% (Fig.5). Area-wise, 7°-8°N lat., in the depth zone
200-500 m with an average catch per hour of 453.02 kg.h! for deep-sea
fishes was found to be the most productive. The second best average catch
per hour of 351.59 kg.h" was recorded from the area 8°-9°N in the depth
zone 200-500 m.
4.2.1 Area-wise abundance

Area-wise and depth-wise abundance of finfishes obtained during
March 2004, November 2004 and April 2005 voyages are furnished in
Table 4. Out of the 97 species recorded during the study 23 species were
found to be important. The highest catch rate of 933.33 kg.h'was of
Trichiurus auriga recorded from 7°-8°N (between 200 and 500 m depth
zone), followed by 356.30 kg.h™'of Psenopsis cyanea recorded from 8°-9°N
{between 200 and 500 m depth zone).
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Table 3. Latitude-wise and depth-wise relative abundance (Catch/ effort in
kg.h'l) of major grf)%ups recorded during the period February 2004 to April

2005 :

Area (latitude) - T-8N 8"-9'N 9°-10°N 7°-10°N
)

Depth {m) 100- | 200- | 100- 200- | 100- [200- [ 100-500
200 500 200 500 |200 500

Effort (hrs) 733 10.75 [ 1.0 295 |25 925 |[60.33

Nonconventional iS.Ol 453.0 | 200.0 351.6 | 98.00 | 142.5 | 283.71
finfishes .

Conventional 49.93 | 5.77 10.00 00 8 00 7.59
finfishes T

i
Deep-sea prawn | 1.50 1488 | 00 18.24 | 00 36.65 | 17.37
and lobsters

!
Deep-sea crabs 178.7 | 1348 |00 4.03 | 800 86.05 | 72.44
Deep-sea 0.68 6.05 00 505 |00 17.51 | 6.32
elasmobranchs
Decp-sea 1.36 5.11 00 193 (00 335 | 254
cephalopods

Total 247.2 | 4983 |210.0 |380.9 | 906.0 | 286.1 | 389.95
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Group wise composition 7°-10°N (100-500 m)

Nonconventional
finfishes
72%

Conventional
fifishes
2%

Deep sea Deep sea prawn
cephalopods and lobsters
1% Deep sea crabs 4%

19%

Fig.4. Group-wise composition during the period February 2004 to April
2005 (between 100 and 500 m depth zone)

Groupwise composition 7°-10°N (200-500 m)

Nonconventional
finfishes
86%
Deep sea prawns
and lobsters
5%
Deep sea Deep sea crabs
60
elasmobranchs Deep sea %
2% cephalgpods

1%

Fig.5. Group-wise composition during the period February 2004 to April
2005 (between 200 and 500 m depth zone)
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Table 4. Area-wise and depth-wise abundance of nonconventional finfish

resources (CPUE- kg.h™)

Area 7-8'N 8-9°N 9°-10°N
Depth (m) 100-200 | 200-500 | 100- | 200-500 | 100-200 | 200-500
200
Effort (hrs) 7.33 3.0 1.0 13.33 25 9.25
Chlorophthalmus spp. 00 00 00 8.10 4.00 30.90
Psenes squamiceps 00 00 00 2.80 00 15.00
Psenopsis cyanea 00 40.00 150 356.30 | 68.00 7.40
Neoepinnula orientalis | 00 00 00 12.00 00 8.00
Diaphus spp. 00 00 00 20.20 00 3.50
Neoscopelus 00 00 00 11.90 00 0.80
macrolepidotus
Trichiurus auriga 00 933.33 | 00 190.80 | 00 0.10
Triglids 14.32 60.00 20.00 | 16.30 4.00 00
Other deep-sea fishes, 0.68 36.70 30.00 | 46.80 22.00 73.00
Nonconventional 15.01 1070.00 | 200.0 | 665.12 | 98.00 142.70
finfishes (Total)
Conventional finfishes 49.93 00 10.00 | 00 8.00 00
Others 18226 | 13.30 00 17.48 800.00 | 143.50
Total 24720 | 1083.33 | 210 682.60 | 906.00 | 286.20
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4.2.2 Depth-wise abundance

Depth-wise abundance of nonconventional finfishes obtained during
the study is furnished in Table 5. Among the deep sea fishes Trichiurus
auriga with a relative abundance of 146.78 kg.h"' dominated over other
fishes, followed by Psenopsis cyanea with an average relative abundance of
144.38 kg.h™. The 200-300 m depth zone was found to be more productive
with a relative abundance of 1829.7 kg.h"' of deep-sea fishes. Crabs with a
relative abundance of 305.63 kg.h™ were the dominant variety in the 100-
200 m depth zone. Among fishes conventional finfishes like Nemipterus
spp., Saurida spp. and Priacanthus spp. were dominant in this depth zone.
Psenopsis cyanea (58%), Triglids (24%), other deep-sea fishes (16%) and
Chlorophthalmus spp. (2%) were the major varieties of nonconventional
finfishes obtained from the 100-200 m depth zone (Fig. 6). Trichiurus
auriga (44%), Psenopsis cyanea (41%), Other deep-sea fishes (7%) and
Chlorophthalmus spp. (3%) were the major varieties recorded from the 200-
300 m depth zone. Psenes squamiceps and Neoepinnula orientalis also were
recorded from this productive depth zone (Fig.7).

All the 9-species/ species-groups including other deep-sea fishes
were reported from the 300- 400 m depth zone. Other deep-sea fishes
constituted 37%, Psenes squamiceps formed 18%, and Psenopsis cyanea
formed 17%. These were the major varieties recorded from this depth zone
(Fig.8). The 400 —500 m depth zone was characterised by the absence of
Chlorophthalmus spp., Psenes squamiceps, Psenopsis cyanea, and Triglids.
Other deep-sea fishes (42%), Diaphus spp. (28%), Neoscopelus
macrolepidotus (18%) and Neoepinnula orientalis (8%) were the major
varieties recorded from this deeper zone (Fig.9). Obviously the poorly lit
condition of this depth zone has resulted in the dominance of the

photophore- bearing fishes.
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Table No.5. Depth~wise abundance of nonconventional finfish resources

(CPUE- kg.h™")

Depth (m) 100-200 | 200-300 300-400 | 400-500 100-500
Effort (hrs) 10.83 6.5 12.83 6.25 36.41
Chlorophthalmus spp. 0.92 50.92 4.9 00 11.10
Psenes squamiceps 00 14.77 9.16 00 5.86
Psenopsis cyanea 29.55 742.92 8.42 00 144.38
Neoepinnula orientalis | 00 16.92 4,15 11.31 6.43
Diaphus spp. 00 00 43 39.30 8.26
Neoscopelus 00 00 0.58 25.33 4.55
*macrolepidotus

Trichiurus auriga 00 817.38 0.08 4.84 146.78
Triglids 12.47 60.92 0.08 00 14.61
Other deep sea fishes 8.31 125.54 18.39 57.15 41.18
Nonconventional 51.25 1829.37 50.07 137.93 383.15
finfishes (Total)

Conventional fishes 36.57 00 00 00 10.88
Others 308.03 174.01 34.61 4.01 135.57
Total 395.85 | 2003.38 84.68 141.94 529.60
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Species composition 7°-10°N (100-200 m)
Psenopsis
cyanea
58%
t T 'l—:j‘l
Chlorophthalmus
SPp- Triglids
2% 24%
Other deep-sea
fishes
16%

Fig.6. Species composition of nonconventional finfishes between 100 and

200 m depth zone
Species composition 7° - 10°N (200- 300 m)
Neoepinnula
orientalis
1%
: RO
Psenopsis TR, ?ﬂ
cyanea ) N 3
41% R e A VS SIANY
s ‘ STl AIIISINES
Psenes Trichiurus
squamiceps / Triglids auriga
1% Chlorophthalmus LOther deep sea 39, 44%
spp- fishes

Fig. 7. Species composition of nonconventional finfishes between 200 and

300 m depth zone
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Species composition 7° - 10°N (300-400)
Other deep sea
fishes
37%
Chlorophthalmus
Neoscopelus ) spp.
macrolepidotus v o s 10%
' ®
Diaphus spp.
9% Neoepinnula Psenopsis Psenes
orientalis cyanea squamiceps
8% 17% 18%

Fig. 8. Species composition of nonconventional finfishes between 300 and
400 m depth zone

Species composition 7° - 10°N (400-500 m)

Trichiurus Othefri d';aep sea
auriga e —— S ;s
4% T SR 42%
SR
o e :
R RN RS Neoepinnula
A e e orientalis
Neoscopelus ol 5o
macrolepidotus °

18%

Diaphus spp.
28%

Fig. 9. Species composition of nonconventional finfishes between 400 and
500 m depth zone
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4.2.3 Seasonal variation

Species composition of deep-sea finfishes obtained from the 7°N
during April 2005 is presented in the Fig.10. Trichiurus auriga with 87%
dominated the catch followed by Triglids (6%) and Psenopsis cyanea (4%).
Other deep-sea fishes formed 3%. Species composition of unconventional
finfishes obtained during March (Fig.11), November (Fig.12) and April
(Fig.13) from the latitude 8°N indicates that seasonal variation in abundance
exists in the case of these fishes. Psenopsis cyanea dominant during March
and November was completely absent during the month of April. Similar
trends could be seen in the case of Chlorophthalmus spp. and Neoepinnula
orientalis both of which dominated during March and were completely
absent during the months of November and April.

Species composition of deep-sea fishes obtained from the area
between 9° and 10°N during the month of March (Fig.14) and November
(Fig.15) indicates that seasonal variation exists in the case of Diaphus spp.
and Neoscopelus spp. Changes in the operational depth during the surveys
and also the different gears engaged in different months may have also
contributed to the seasonal variation noticed in these species. Therefore an
in-depth study is required to establish the seasonal variations of the above

resources.
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Species composition 7°N April 2005
Trichiurus
auriga
87%
AQ‘@C %{ )
& CARARAA
3 RN
ANAAANALL
S RS
Psenopsis
cyanea Other deep sea Triglids
4% fishes 6%
3%

Fig. 10. Species composition of nonconventional finfishes between 7° and

8°N during April 2005
Species composition 8°N March 2004
Psenes Psenopsis
squamiceps cyanea
4% > 46%
Ch!aroggsalmus 3 E\E:t 5 Neoepinnula
14% onentalis
+)
Other deep sea L 14%
fishes Trichiurus
13% Triglids auriga. Diaphus spp.
3% 3% 3%

Fig. 11. Species composition of nonconventional finfishes between 8° and

9°N during March 2004
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Species composition 8°N November 2004
Psenopsis
cyanea
61%
™ AR AL Q
L\lﬂ" ¥ A, ® ) 1‘\ {{.
Other deep sea R 35 TR ALY,
fishes AR
3%
Trichiurus
Triglids auriga
3% 33%

Fig. 12. Species composition of nonconventional finfishes between 8° and

9°N during November 2004

Species composition 8°N April 2005

Trichiurus
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Species composition 9°N March 2004
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Fig.14. Species composition of nonconventional finfishes between 9° and
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43. MAJOR VARIETIES OF NONCONVENTIONAL FINFISH
RESOURCES

4.3.1. Chlorophtlialmus spp.

Chlorophthalmus spp. popularly called as greeneyes are considered
as an important resource. A catch pereffort of 11,10 kg.h! was recorded
during the period of study. Greeneyes were represented by 3 species
namely  Chlorophthalmus  agassizi, Chlorophthalmus bicornis, and
Chloraphthalmus punctatus. Nearly 75% of the catches of greeneyes were
constituted by Chloropthalmus agassizi. It was observed that greeneyes-
were distributed within 100-400 m depth zone and the maximum abundance
of the group was m the 200-300 m depth zone. Area-wise they were present
in the area betwe;n latitudes 8° and10°N and the maximum abundance was
between latitudes 9%and 10°N.

4.3.2. Psenes squamiceps

Psenes squamiceps commonly known as Indian driftfish was
observed to be distributed between 8° and 10°N lat. The distribution of this
species is similar:to that of the greeneyes. Depth-wise they were restricted
to 200-400 m deﬁfrh zone. The 200-300 m depth zone was found to be more
productive zone with an average catch rate of 14.77 kg.h™'. Area-wise from
9°-10°N lat. with an average catch rate of 19 kg.h" was found to be more

productive.
4.3.3. Psenopsis cyanea . |
Psenopsis cyanea popularly known as Indian ruff is a major

tional finfish resource. A catch rate of 144.38
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4.3.4. Negepinnula orientalis

Neoepinnula orientalis commonly called sackfish is a prominent
deep-sea fish having the potential of commercial exploitation. Sackfish
occupy a wide distribution within the depth zone 200-500 m. Area-wise
they were ébtained from 8°to 10°N lat. An average catch rate of 16.92
kg.h! was recorded from the depth zone 200-300 m, which is the best.
4.3.5. Diaphus spp.

Four species of the genus Diaphus were recorded during the study.
These are Diaphus splendidus, Diaphus antonbruuni, and Diaphus spp.
(two species). Distribution of these was found to be restricted to 300-500
m depth zone. Area-wise they were recorded from 8° to 10°N lat. An
average catch per unit effort of 39.30 kg.h” obtained from the 400-500 m
depth zone indicates that above species prefer deeper waters.
4.3.6 Neoscopelus macrolepidotus

Neoscopelus macrolepidotus popularly called as large scaled
lanternfish follows a similar distribution pattern as that of Diaphus spp.
They are restricted to the 300-500 m depth zone. Area-wise they were
found between 8° and 10°N lat. The 400- 500 m depth zone, with an average
catch rate of 25.33 kg.h™! was found to be the most abundant zone. This
indicates that the above species prefer deeper waters. The area between 8°
and 9°N was found to be more productive.
4.3.7. Trichiurus auriga

Among the nonconventional finfish resources Irichiurus auriga
popularly called as pearly hairtail is the most dominant species. An average
catch per unit effort of 146.78 kg.h™! was obtained from the area during the
study and is the highest catch per unit effort recorded for a single species.
Pearly hairtail occupies a wide distribution with in the 200-500 m depth
zone. Area-wise they were obtained from all the three latitudinal zones
under study. An average catch per unit effort of 817.38 kg.h™ obtained
from the 200-300 m depth zone indicated that their abundance was in this

zone. Area-wise 7°-8°N lat. was found to be the most abundant with an
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average catch per unit effort of 933.33 kg.h” obtained, which is highly
encouraging.
4.3.8. Triglids

Triglids commonly called as gurnards were represented by one
species of Lepidotrigla, one species of Pterygotrigla, two species of
Satyrichthys and two species of Peristedion. Gurnards are obtained from all
the three latitudinal areas under study. Bathymetrically their distribution
was found to be restricted up to 400 m depth zone. An average catch per
unit effort of 60.92 kg.h™! obtained from 200-300 m depth zone indicated
their abundance in the above zone. Latitude-wise 7°N was found to be more
productive. Total absence of the above fishes in the area 09°-10°N lat.
between 200 and 500 m depth zone was noticed during the study.
4.3.9.0ther deep-sea fishes

All other nonconventional deep-sea fishes not included in the above-
mentioned 8 categories are included in this category. Eels, hatchetfishes,
lightfishes, snaggletooths, barracudinas, deep-sea cods, grenadiers, cusk-
eels, slimeheads, berycids, dories, acropomatids, rovers, bathyclupeids,
duckbills, dragonets, snake mackerels (except sackfish) lefteye flounders,
tonguesoles, frostfish etc are the major varieties included in this group. An
average catch per unit effort of 41.18 kg.h™' was recorded during the study.
Eels were recorded from all the depth zones. Hatchetfishes, snaggletooths,
lightfishes, granadiers, deep-sea codes, cusk-cels, dories, snake mackerels,
frostfishes, etc prefer- deeper waters. Flatfishes, berycids, barracudinas and
duckbills were mainly obtained from 100-300 m depth zone. Acropomatids
and bathyclupeids were mainly caught from the 200-400 m depth zone.
4.4 GEAR-WISE CATCHES

Species composition of nonconventional finfishes obtained from fish
trawl and shrimp trawl are shown in Fig.16 and 17 respectively. As evident
from the figures fish traw! catches are dominated by Trichiurus auriga
(50%) followed b.y Psenopsis cyanea (43%), Triglids (4%), and other deep-

sea fishes (3%). Other deep-sea fishes dominated among the shrimp trawl
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catches with 40%, followed by Chlorophthalmus spp. (14%) Psenopsis
cyanea (11%) and Diaphus spp. (11%) and the rest by others. Dominance
of Trichiurus auriga and Psenopsis cyanea in the fish trawl catches and
minor occurrence of them in the shrimp trawl catches indicate that the above
fishes inhabit the water column, being more pelagic in distribution.
Chlorophthalmus spp., Diaphus spp., Psenes squamiceps, and Neoepinnula
orientalis were available in the shrimp catches in significant quantity, but
their presence in the fish trawl catches was very meagre, indicating that the

above fishes may be more benthopelagic in distribution.

Species composition 7° -10°N Fish trawl
Trichiurus
auriga
50%
111)}‘1\} "
1\\‘
1 %
3 |\
- AR [ > Triglids
S 4%
Psenopsis Other deep sea
cyansa fishes
43% 39

Fig.16. Species composition of nonconventional finfishes caught by

45.6 m Expo model fish trawl
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Fig.17. Species composition of nonconventional finfishes caught by
45.12 m Shrimp trawl
4.5 LENGTH FREQUENCY DISTRIBUTION
4.5.1. Chlorophthalmus agassizi

Length frequency distribution of chlorophthalmus agassizi during
the months of February 2004, march2004, and November2004 are shown in
Fig.18, 19 and 20 respectively. A total of 383 numbers of specimens
collected during the above months were subjected to length frequency
studies. As evident from the Fig.18, during February 2004 specimens with a
length range of 8- 17 cm were obtained from the catches. Specimens with a
length range of 9-23 cm were obtained during the month of March 2004,
Length range of the specimens obtained during the month of November was
14-22 cm. The catch during March 2004 indicates the presence of two
year classes in the trawl landings. Mean length of specimens obtained
during February was 11.5 cm and during the month of March, two year
classes with mean lengths of 12.5 ¢m and 20.5 cm were recorded. Mean
length of the specimens obtained during the month of November was 17.5

cm. Year class with a mean length of 11.5 cm obtained during the month of
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February 2004 might have grown to 17.5 cm and were caught during the
month of November 2004,
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Fig. 18. Length frequency distribution of Chlorophthalmus agassizi during
the month of February 2004
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Fig. 19. Length frequency distribution of Chlorophthalmus agassizi during
the month of March 2004
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Fig. 20. Length frequency distribution of Chlorophthalmus agassizi during
the month of November 2004

4.5.2 Psenes squamiceps

A total of 287 numbers of specimens collected during the months of
. March 2004 and November 2004 were subjected to length frequency
studies. Length frequency distributions of the above fish are presented in the
Fig. 21 and 22. Specimens with a length range of 12 — 20 ¢cm and a mean
length of about 18.5 cm were recorded during the month of March 2004.
Length range of specimens collected during the month of November was
11-21 cm and a mean length of about18.5 cm. Only a single year class was

dominant in the trawl! catches of the same months.
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Fig. 21. Length frequency distribution of Psenes squamiceps during the
month of March 2004
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Fig. 22. Length frequency distribution of Psenes squamiceps during the
month of November 2004
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4.5.3. Psenopsis" cyanea

Length frequency distributions of DPsenopsis cyanea are shown in the
Fig. 23 and 24. A ftotal of 485 numbers of specimens were subjected to the
length frequency st}lldies. Length range of specimens collected during the
month of March 20(34 was 14-21 cm. During the month of November 2004,
specimens with a lcﬁgth range of 13-20 cm were recorded. Mean lengths of
specimens collected during the month of March and November are about
18.5 cm and 16.5 Fm respectively. Only a single year class was caught

during the above months.
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Fig. 23. Length frequency distribution of Psenopsis cyanea during the
month of March 2004
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Fig. 24. Length f;fequency distribution of Psenopsis cyanea during the
month of Novembe'jr 2004
4.5.4. Neoepinnula orientalis

A total of 288 numbers of specimens collected during the months of
March 2004 and 'iNovember 2004 were subjected to length frequency
studies. As evidenig from the Fig. 25 and 26 Neoepinnula orientalis have a
wide length range between 10 cm to 25 cm. Mean lengths obtained during

the months of Maré::h and November are 17.5 cm and 16.5 cm respectively.
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Fig. 25. Length frequency distribution of Neoepinnula orientalis during the
month of March 2004
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Fig. 26. Length frequency distribution of Neoepinnula orientalis during the
month of November 2004

4.5.5 Trichiurus auriga

Length frequency distribution of Trichiurus auriga caught during
the months of Novclmber 2004 and April 2005 are shown in the Fig. 27 and
28. A total of 360 numbers of specimens were subjected to length frequency
studies. Length raqgc of specimens caught during the month of November
2004 was 22- 38 c’zm Specimens with a length range of 22 — 40 cm were
obtained during the month of April 2005. Though a single year class is
prominent in the tjgures, occurrence of other length groups indicates the
presence of another--' year class in the trawl catches.
4.5.6 Diaphus splefltdidus

A total of "165 numbers of specimens were subjected to length
frequency distribution studies. Length frequency distribution of Diaphus
splendidus caught c'iuring November 2004 and April 2005 are shown in the
Fig. 29 and 30. Specimens with a length range of 10-17 cm were caught
during the month of November 2004. Length range of specimens obtained
during the month of April 2005 was 9- 17 cm. Mean length of 14.5 cm was
recorded during both months. '
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Fig. 27. Length fréquency distribution of Trichiurus auriga during the
month of November2004
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Fig. 29. Length frequency distribution of Diaphus splendidus during the
month of November 2004
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Fig. 30. Length frequency distribution of Diaphus splendidus during the
month of April 2005
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4.5.7. Neoscopelus maérolepidotus

A total of 318 specimens caught during the ‘months of February
2004, November 2004 and April 2005 were subjected to length frequency
studies. Length frequency distributions during the above months are shown
in Fig. 31, 32 and 33. Specimens with a length range of 12 22 cm and a
mean length of 18.5 cm were caught during the month of February 2004,
Length range of spemmens caught during the month of November was 8-21
cm. Two year c]asses with mean lengths of 12.5 cm and 18.5 cm were
recorded during the above month. Specimens with a length range of 11-20
cm and a mean lez':'gth of 13.5 cm were caught during the month of April
2005. Length frequency distribution of Neoscopelus macrolepidotus
recorded during the study indicates the occurrence of two year classes in the

trawl catches and also a slow growth rate for the above species.
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Fig. 32. Length frequency distribution of Neoscopelus macrolepidotus

during the month of November 2004
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Fig. 33. Length frequency distribution of Neoscopelus macrolepidotus
during the month of April 2005
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4.6. BIOMASS OF NONCONVENTIONAL FINFISH RESOURCES
Biomass of fishery resources of the area 7°-10°N lat. between 100
and 500 m depth zone is furnished in the Table 6. A standing stock of
08442.17 tonnes estimated for the nonconventional finfish resources
indicates the abundance of the above resources. They form 68.88% of he
total fishery resources of the area. Among the deep-sea fishes Trichiurus
auriga with a standing stock of 54724.913 tonnes dominated over the
others, followed by Psenopsis cyanea with 24578.860 tonnes and the other
deep-sea fishes with 8253.639 tonnes.  The standing stocks of
nonconventional finfish resources are nearly 11.3 times of the conventional
finfish resources in the 100-500 m depth zone. Standing stock of deep- sea
prawns and lobsters, deep- sea crabs, deep -sea cephalopods and deep -sea
elasmobranchs together was estimated to be 35794.574 tonnes, which

constitute 25.05% of the total fishery resources of the area.
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Table 6. Biomass of fishery resources off the south-west coast of India
(7°- 10°N lat.) between 100 and 500 m depth.

Resource Biomass (Tonnes)
Chiorophthalmus spp. 1807.433
Psenes squamiceps 957.353
Psenopsis cyanea 24578.860
Neoepinnula orientalis 968.404
Diaphus spp. 1202.311
Neoscopelus macrolepidotus 654.865
Trichiurus auriga 54724913
Triglids 5294.392
Other deep-sea fishes 8253.639
Nonconventional finfishes 98442.170
(Deep-sea fishes) -Total

Conventional fishes* 8679.694
Others** 35794.574
Total 142916.438

» * Conventional fishes include Nemipterus spp. Saurida spp., and

Priacanthus spp.

** Others include Deep-sea prawns and lobsters, Deep-sea crab,

Deep-sea cephalopods and deep-sea elasmobranchs
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S5.DISCUSSION

5.1 BIODIVERSITY

Myers (1940) observed that Indo-Pacific fish fauna is the richest
among the four tropical fish fauna. Practically Indo-Pacific fish fauna
contain almost all families and a considerable number of the genera that
make up the fauna of the other three; in addition to many families and
genera not found elsewhere. This is evident from the richness of the inshore
fish fauna of the area. Only very little knowledge is available regarding the
diversity of offshore fishes. Joseph and John (1986) reported that in contrast
to the inshore region, the offshore region is poor in diversity represented by
only a few species. Results of the present study, which recorded 97 species
of nonconventional finfishes belonging to 16 orders, point out the richness
of the offshore finfish diversity. This richness of the fauna becomes more
clear when we consider the fact that there are only 22orders of deep
demersal fish fauna distributed all over the world (Helfman ez /.2003).

A comparative statement of the number of species recorded by the
different authors during the past is furnished in the Table 7. Oommen
(1980) reported 63 species of fishes from the deep waters of the Quilon
Bank. Bottom trawls were used for the above survey. Balachandran and
Nizar (1990) reported 87 species of nonconventional finfishes from the
Indian EEZ. Both bottom and pelagic trawls were used for this study. Khan
et al. (1996) reported 34 species from the south-eastern Arabian Sea.
Demersal trawl nets were used for the above survey.  Venu and Kurup
{2002a) reported 23 species from the west coast of India. Bottom trawl nets
were used for the survey. Major objective of the above surveys was the
study of distribution and abundance of the deep-sea finfishes. Perhaps not

much attention was paid to study the species diversity.
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Table 7. Comparative statement of number of species of nonconventional

deep-sea finfishes recorded by different authors.

Authors . Area Depth Number
(m) of
species
. reported
Oommen (1980) Quilon Bank 175-370 | 63*
(8°-9°N lat.)
Balachandran and i}lizar (1990) | Indian EEZ 100-4524 | 87**
Khan et al. (1996) South-castern | 170777 | 34
Arabian Sea
(8%-13°N lat.)
Venu and Kurup (2d02a) West coast of | 201-750 |23
India
(7°-21°N Iat.)
Present study ’ South-west 100-500 |97
coast of India
(7-10° N lat.)

* Include 5 species of Elasmobranchs ** Include both pelagic and demersal
deep-sea finfishes

The total number of species recorded by the above studies from
waters deeper than 100 m is 151. Out of the 97 species of nonconventional
finfishes recorded during the present study, 56 species were not reported by
the above authors. Hence,the total number of nonconventional finfishes from
the deeper waters ofjour country reported by the above surveys and the
present study together come to 207. Certainly there could be many more
species, which have not been represented in the samples. Alcock (1899)
reported 169 deep-sea finfish species from the continental slopes of the

India. Further studies of deep-sea finfishes by using different types of gears,
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covering the entire Indian EEZ are needed for a better understanding of the
diversity of the deep-sea finfish resources.
5.2. DISTRIBUTION OF NONCONVENTIONAL FINFISHES

Nonconventional finfishes which formed 72% of the trawl catches
(100-500 m) obtained during the study period indicates the abundance of the
same in the area under study. This result matches with the findings of Khan
et al. (1996) who reported that the deep-sea fishes formed 79.86 % of the
trawl catches in the deeper waters of the southeastern Arabian Sea.
Dominance of the deep-sea fishes was more predominant in the 200-500 m
depth zone (continental slope), where they formed 84 % of the total catch.
This finding supports the observations of Philip es al. (1984) that the
abundance of the deep-sea fishes increases towards the deeper waters.
5.2.1 Area-wise abundance

Results obtained during the study indicate that the nonconventional
finfishes are abundant (1070 kg.h™) in the area between 7° and 8°N lat. (200-
500 m depth zone) and this abundance reduces towards the northern
latitudes. Khan et al. (1996) stated that area between 8° and 9°N is the
abundant zone in the southeastern Arabian Sea. This too supports the above
observation of decrease in abundance of the deep-sea finfishes towards the
northern latitudes. Oommen (1985) and Venu and Kurup (2002a) recorded
catch rates of 59.60 kg.h™ and 606.48 kg.h™ respectively for the deep-sea
finfishes from the 7°-8°N lat indicating the abundance of the finfishes in the
above area.
5.2.2 Depth-wise abundance

Depth-wise analysis of the catches indicates that 200-300 m zone is
the abundant depth zone for these fishes. Trichiurus auriga and Psenopsis
cyanea domoinated among the finfishes caught from the area. According to
Khan ef al. (1996) and Venu and Kurup (2002a) 301-400 m depth zone off
the south-west coast of India has more abundance of finfishes than any other
depth zone. Variations in the effort spent in different latitudes and depth

zones may be the reason for the above disparity.
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Depth-wise and area-wise analysis of the catches point out that
bathymetric difference is the key factor for the distribution and abundance of
deep-sea finfishes. This is more evident from the depth-wise analysis, which
shows that conventional finfishes, which are dominant in the 100- 200 m
depth zone, are practically absent in the 200- 300m depth zone. This deeper
area has nonconventional finfishes like Trichiurus auriga and Psenopsis
cyanea in abundance. The 300-400 m depth zone is found to be rich in
diversity where all the 8 species/species-groups and other deep-sea finfishes
are recorded. Psenes squamiceps and Psenopsis cyanea are the dominant
species recorded from this zone. The 400-500 m depth zone was dominated
by the photophore-bearing fishes. The above mentioned distribution pattern
has been observed throughCout the area under study.

53. MAJOR VARIETIES OF NONCONVENTIONAL FINFISH
RESOURCES

In the order of abundance Trichiurus auriga (38%) and Psenopsis
cyanea (37%) are found to be the major finfish species in the area. Other
species/specie-groups together formed 25% of the total catch. An average
catch rate of 817.38 kg.h™ recorded for Trichiurus auriga from the 200-300
m zone is promising. Similar encouraging catch rate was obtained for
Psenopsis cyanea (749.92 kg.h'") from the same depth zone. Good catch
rates (50.92 kg.h™) are recorded for greeneye in the 200- 300 m depth zone
and other deep-sea fishes in the 200-500 m depth. These catch rates are also
cncburaging and make them potential species/species-groups for commercial
exploitation.

Catch per unit effort of dominant species reported by different
authors from the respective area of study is furnished in Table 8. According
to the results of present study 7richiurus auriga is the dominant
nonconventional finfish species in the south-west zone. Though Venu and
Kurup (2002a) reported that Trichiurus sp. as the dominant (600.60 kg.h™)
nonconventional finfish species in the area between 7°and 8°N lat., a catch

rate of 1114.7 kg.h" recorded for Chlorophthalmus punctatus from the 8%
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9°N Iat. during their survey makes the above species as the most dominant
one. Except for Panicker ef a/. (1993) and Venu and Kurup (2002a), all other
authors reported that Psenopsis cyanea is the most dominant species. The
present study recorded the above species as the second most abundant,
however difference in the catch rate between the two dominant species is
found to be very little. '

According to Panicker ef al. (1993) Chlorophthalmus spp. is the
dominant nonconventional species of the south-west coast. The present
study also recorded the above species in significant quantities from the 200-
300 m depth zone.

5.4. GEAR-WISE CATCHES

45.6 m Expo model fish trawl and 47.12 m Shrimp trawl were the
gears used for the survey. Variation in the species composition of
nonconventional finfishes caught by the above gears indicates the difference
in habits of the deep-sea finfishes. Fish trawl was found to be more effective
in catching Trichiurus auriga and Psenopsis cyanea. Chlorophthalmus spp.
Psenes squamiceps and Neoepinnula orientalis dominated in the shrimp
trawl catches. This pattern of catches was evident in all the hauls made
during the survey. An organised survey covering the entire EEZ of India
using various types of gears will be useful to streamline the exploitation of

nonconventional finfishes.



83

Table 8. Catch per unit effort of dominant species of deep- sea

nonconventional finfishes by different authors

Author Area  of | Dominant species Catch
study per unit
(Latitude) effort
(kg.h™)
Philip et al. (1984) 11°-12°N | 1.Psenopsis cyanea 52.8
' 2.Psenes indicus 30.0
Joseph (1986) 8%-11°N 1. Psenopsis cyanea 53.0
2.Psenes indicus 3.0
Sivakami (1990) 4°-10°N 1.Psenopsis spp. 383.6

2.Chlorophthalmus spp. | 369.8

Ninan et al. (1992) 7°-11°N 1.Psenopsis cyanea 68.1
2.Chlorophthalmus spp 49.1

Panicker et al. (1993) 7°-9°N 1.Chlorophthalmus spp 453.3
2.Psenopsis spp 400.0
Sivakami et al. (1998) 7°-15°N 1.Psenopsis spp. 493.5

2.Chlorophthalmus spp. | 422.6

Venu and Kurup (2002 a) | 7°-8°N 1. Trichiurus sp. 600.6
8%-9°N 1.Chlorophthalmus sp. 1114.7

Present study 7°-10°N 1. Trichiurus auriga 146.78
2. Psenopsis cyanea 144.38
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5.5.LENGTH FREQUENCY STUDIES

Length frequency study of major species caught during the period
gives some idea about the size groups available in the trawl catch. Results
obtained during the study were compared with the findings of Khan ef al.
(1996) (Table 9.)

As evident from the Table, length ranges of finfish species recorded
during both the studies are almost the same. The present study indicates the
occurrence of two year classes of Chlorophthalmus agassizi, Trichiurus
auriga, and Neoscopelus macrolepidotus in the trawl catches. Maximum
length of Trichiurus auriga caught during the study was 39 em. Most of the
specimens caught during April 2005 are found to be mature. This indicates
that in contrast to the ribbonfish species of inshore waters, deep-sea
ribbonfishes are smaller in size. Specimens larger than 40 cm were not
observed during the entire period.

Only very little information is available about the biology of deep-
sea finfishes. Information regarding growth, maturity, and reproduction are
essential to know the effect of fishing on the stock. An in-depth study is
required to collect above information and to formulate the exploitation
strategies of this virgin stock.

Table 9. Length range of important nonconventional finfishes

Name of the species Length range (Total length in cm)
Khan et al. (1996) | Present study

Chlorophthalmus agassizi 11.0-29.9 8.0-23.0
Psenes squamiceps 11.0-20.9 11.0-21.0
Psenopsis cyanea 10.0-18.9 13.0-21.0
Neoepinnula orientalis 13.0-29.9 10.0-25.0
Trichiurus auriga Not reported 22.0-40.0
Diaphus splendidus Not reported 9.0-17.0
Neoscopelus macrolepidotus | Not reported 8.0-22.0
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5.6 BIOMASS ESTIMATION

Estimates of the standing stock of the nonconventional finfishes
carried out by different authors are furnished in Table 10. As evident from
the table the estimation of Oommen (1985) can be considered as a case of
under estimation, as further studies in the area showed a standing stock
which is at least five times that of the above estimate. The biomass estimated
during the present study is more than double that of Ninan et al. (1992). Use
of shrimp trawl alone for the estimation of the finfishes during their survey
may be the reason for the difference.
Table 10.Comparative statement of estimates of biomass of nonconventional

deep-sea finfishes

Author Area of | Biomass (tonnes)/
study Biomass per unit area
(tonnes/nm?)/

Potential (tonnes)

Oommen (1985) 7°-13°N 8,136
Ninan ef al. (1992) — [7-10°N 40,620
Khan et al. (1996) 8°-13'N 13.1*
Sivakami ef al. (1998) 7°-15°N 4,19,682

Ministry of Agriculture (2000) | Indian EEZ | 1,05,345**

Present study 7°-10°N 98,442.1

* Biomass per unit area in tonnes/nm> ** Estimated potential in tonnes
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The present study estimated a standing stock of 54724.9 tonnes of
Trichiurus auriga in the deeper waters of the area 7°-10°N lat. Most of the
earlier studies did not record this resource. However, Venu and Kurup
(2002a) pointed out the abundance of Trichiurus sp. in the 200-300 m depth
zone of 7°-8°N lat. Khan et al. (1996) estimated the biomass per unit area as
13.1 tonnes/nm®, which includes the density of Priacanthus spp. too. The
present study has not considered bullseye as a nonconventional finfish as
this fish arrive regularly and has a good demand in local fish markets.
Biomass per unit area recorded during the present study is 7.51 tonnes/nm>.
Sivakami et al. (1998) gives a much larger biomass in comparison to the
estimate made by this study.

The working group for revalidating the potential of fishery resources
in the Indian EEZ estimated a potential of 1.05 lakh tonnes of
nonconventional finfishes in the Indian EEZ. Other deep-sea fishes
(Cubiceps spp., Myctophids, Neoepinnula sp., and Emmelichthys sp.) —
65,526 tonnes, blackruff — 27,176 tonnes, Indian driftfish — 7947 tonnes, and
greeneye- 4696 tonnes are the major constituents of the nonconventional
finfishes of India (Ministry of Agriculture, 2000). In contrast to the potential
estimation of four species- groups from the deeper waters of Indian EEZ, the
present study estimated the biomass of 9 species/ species-groups of deep-sea
nonconventional finfishes off the south-west coast of India. Biomass
es}imation of the present study from the area from 7°-10°N lat. supports the
views of the revalidation committee that the potential estimate of 1.05 lakh
tonnes of nonconventional finfishes in the deeper waters of Indian EEZ may
be an under estimate.

5.6. UTILIZATION OF NONCONVENTIONAL FINFISH RESOURCES

The exploited marine fisheries of India have been stagnating at
around 2.7 million tonnes (CMFRI, 2004) against the total potential marine
wealth of 3.93 million tonnes (Ministry of Agriculture, 2000).

Further improvement in the landings can only be possible by targeting the
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harvest of under and unexploited resources especially in depths beyond 100
m. The present study confirms the richness of diversity and abundance of
deep-sea nonconventional finfishes off the south-west coast of India (7°-
10°N lat.).

Studies of Philip et al. (1984) confirmed that deep-sea fishes are
comparable in nutritive value to the commonly available conventional
finfishes. The proximate composition indicated that deep-sea fishes are rich
in protein (value ranges from 14.4- 17.5%). The experiments conducted by
CIFT (1990); Nair et al. (1990) and Muraleedharan et al. (1996) have
indicated that deep-sea fish resources could be utilized as a raw material for
a variety of fishery products. Important among them are canned products,
minced meat (yield 21- 30%), fish wafers, fish cutlets, fish patties, breaded
fish sticks, texturised meat, fish soup powder, and fish meal.

Exploitation of the virgin deep-sea finfish resources in an organized
manner from the Indian E.E.Z will give a boost to the deep-sea fishing
industry, which is at present solely dependent on the deep-sea prawns and
lobster resources. Further, this will result in a reduction of fishing pressure
on our conventional coastal fishery resources. Therefore popularisation of
nonconventional finfishes and their commercial exploitation are urgently

called for.
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6. SUMMARY

1.The objectives of the study are to understand the diversity, distribution,
and abundance of nonconventional finfishes in the 100-500 m depth zone off
the south-west coast of India (7°-10°N lat.).

2. Exploratory fishing data of M.F.V Matsya Varshini (A purse-seiner cum
stern trawler attached to the Kochi base of Fishery Survey of India) collected
during the period February 2004 to April 2005 have been utilized for the
study. '

3. Study area has been divided in to six strata based on latitude and 100, 200,
and 500 m depth contours.

4.Each 1°1at. x 1° long. area has been further divided in to 6’ x 6’ squares
and hauls have been allocated to these squares by following the stratified
random sampling method.

5. 45.6 m Expo model fish trawl and 45.12 m Shrimp trawl were the gears
used for the study.

6. 54 hauls spending a total effort of 60.33 hrs were made in the study area
during the period of study.

7. Fish catches were sorted out group-wise, namely conventional finfishes,
nonconventional finfishes, prawns and lobsters, crabs, elasmobranchs, and
cephalopods.

8. Nonconventional finfishes were sorted into 8 species/species-groups and
the remaining were taken together as other deep-sea fishes.

9 Survey data during the period of February 2004 to April 2005 were used
for analyzing the group-wise percentage composition of trawl catches of the
area. Data collected during the months of March 2004, November 2004, and
April 2005 were used to analyse the nonconventional finfish diversity,
distribution and abundance.

10. Swept area method was used to estimate the biomass of the important

constituents of the nonconventional finfishes.
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11. A total of 97 species belonging to 16 orders, 51 families and 78 genera
of nonconventional deep-sea finfishes are recorded from the area. This
shows the richness of finfish diversity of the area.

12.A check list with photographs of the nonconventional finfishes collected
during the study is presented in the text. The area of collection and the size
of the specimen have also been added in the check list.

13.A catch composition of 72% of nonconventional finfishes obtained from
the trawl catches of the area shows their abundance. Dominance of deep-sea
fishes (86%) was more predominant in the 200-500 m depth zone.

14.0ut of the 97 species recorded 23 species are found to be significant in
their abundance.

15.Area-wise latitude between 7° and 8°N (200-500 m depth zone) was
found to be the most productive, followed by 8°-9°N. A decreasing trend of
abundance of nonconventional finfishes towards the northern latitudes has
also been observed during the study period. .

16. Depth-wise and area-wise analyses of the catches point out that
bathymetric difference is the key factor for the distribution and abundance of
deep-sea finfishes.

17. The 200-300 m depth zone has been found to be more productive with a
relative abundance of 1829.7 kg.h™' of deep-sea fishes.

18. Among the deep-sea fishes Trichiurus auriga with a relative abundance
of 146.78 kgh' dominated over other finfishes, followed by Psenopsis
cyanea with an average relative abundance of 144.38 kg.h™*

19. Species composition of nonconventional finfishes obtained during
different months of the study indicates that seasonal variation in abundance
exists in the case of these fishes.
20.Distribution pattern and abundance of the major constituents of the
nonconventional finfishes have been analysed and discussed in the text.
21. Variation in the species composition of gear-wise catches indicates the

difference in habits of the deep-sea finfishes.
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22.Biomass of the nonconventional finfishes of the area has been estimated
by using catch per unit effort data. A standing stock of 98442.17 tonnes
estimated for the nonconventional finfish resources (7°-10°N lat.) indicates
the abundance of these resources.

23. Standing stock of the 8 species/species-groups and other deep-sea fishes
has been estimated and presented in the text. Trichiurus auriga with a
biomass of 54724.9 tonnes and Psenopsis cyanea with 24578.9 tonnes
formed the major constituents of the nonconventional finfish resources.

24. Length frequency distributions of 7 species of nonconventional deep-sea
finfishes have also been carried out.

25. Length frequency studies indicated the presence of two year classes in
the trawl landings of Chlorophthalmus agassizi, Trichiurus auriga, and
Neoscopelus macrolepidotus

26. Findings during the study confirm the diversity and abundance of
nonconventional finfishes along the offshore regions off the south-west
coast of India. .

27. Results of the study point out to the need for an organized study of the
nonconventional finfish resources of the Indian EEZ, and to evolve

exploitation and utilization strategies for these resources.
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ABSTRACT

Most of the conventional fishery resources of the continental shelves
of the Indian EEZ are either optimally exploited or over exploited.
Exploitation of the unexploited nonconventional finfishes will be a solution
to meet the growing demand for fish in the country. The present study based
on the exploratory fishing data of M.F.V. Matsya Varshini during the period
of February 2004 to April 2005 indicates the presence of nonconventional
finfish resources along the deeper waters (100-500 m) off the south west
coast of India (7°—IO°N lat.). 97 species belonging to 16 orders, 51 families,
and 78 genera recorded during the study points to the rich diversity of
nonconventional finfishes in the study area. Nonconventional finfishes
formed 72% of the trawl catches obtained during the period under study.
Distribution pattern and abundance of the nine species/species-groups are
presented and discussed. Area-wise 7°-8°N Iat. (200-500 m depth zone) has
been found to be more productive and the abundance has shown a
decreasing trend towards the northern latitudes. Results of the study confirm
that bathymetric difference is the key factor for the distribution and
abundance of deep-sea finfishes. Depth wise, the 200-300 m zone has been
found to be more productive with a relative abundance of 1829.7 kg.h™' of
deep-sea finfishes. Trichiurus auriga with a relative abundance of 146.78
kg.h' dominated among finfishes, followed by Psenopsis cyanea with an
average relative abundance of 144.38 kg.h™'. Existence of seasonal variation
and difference of habits of the nonconventional finfishes have been observed
during the study. Results of the length frequency studies carried out for
seven important nonconventional finfish species are discussed. A standing
stock of 98442.17 tonnes estimated for the nonconventional finfishes from
the study area makes them a potential resource for commercial exploitation,
Biomasses of the 9 species/species-groups of nonconventional finfishes
estimated separately are also presented. Need of an organized survey of
nonconventional deep sea finfishes covering the entire Indian EEZ by using

different types of gears has been highlighted.



