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Fish plays a very significant role in human nutrition, being an
important source of quality proteins and fats as well as vitamins and minerals
(Hebbeln et al., 2007; Roos et al., 2007; Khan, 2009). There is strong evidence
advocating its promotion as a healthy food for conditions such as
cardiovascular diseases (Daviglus et al.,1997; Calder, 2004).), ischemic stroke
(He et al., 2002; Mozaffarian et al., 2005) and foetal development (Olsen and
Secher, 2002). There is sufficient evidence to consider its use as a preventive
and treatment method for certain types of cancers (Terry et al., 2001,
Augustsson et al., 2003; Norat et al., 2005), Alzheimer's disease and
neurological diseases in aged people (Kalmijn et al., 1997; Morris et al.,
2003), psychological and behavioural disorders and stress (Gesch et al., 2002;
Bradbury et al., 2004; Ross et al., 2007).

1.1 Global marine capture fishery production

Global capture fishery production has been plateauing and has more or
less stabilized at around 80 million t. (FAO, 2014) (Fig. 1.1). Trend in the state
of marine fish stocks shows that proportion of overexploited and fully
exploited marine fish stocks are increasing with simultaneous decrease in fish
stocks that are not fully exploited (FAO, 2011) (Fig. 1.2). In 2009, about




Chapter 1

57.4% of the world fish stocks monitored by FAO were fully exploited, 29.9%
over-exploited, and only 12.7% were left at levels not reaching full
exploitation. Analysis of data from five ocean basins revealed 90% decline in
numbers of large predatory fishes such as tuna, blue marlins and swordfish,
since the advent of industrialized fishing (Myers and Worm, 2003) (Fig. 1.3).
Fishing down effect is pervasive in world fisheries, including Indian fisheries
(Pauly et al., 2003; Pauly and Maclean, 2003; Vivekanandan et al., 2005;
Bhathal, 2005; Bhathal and Pauly, 2008; Worm et al., 2006). World per capita
food fish supply increased from an average of 9.9 kg (live weight equivalent)
in the 1960s to 18.4 kg in 2009, and preliminary estimates for 2012 point to a
further increase in fish consumption to 19.2 kg (FAO, 2014). With the
increasing global population, in order to maintain at least the current level of
per-capita consumption of aquatic foods, an additional 23 million tonnes of
fish will be required by 2020 (FAOQ, 2012).

It is estimated that in 2006 the aquaculture sector consumed 3.72
million t of fish meal (68.2% total global fish meal production in 2006) and
0.84 t of fish oil (88.5% total reported fish oil production in 2006) derived
from nearly 17 million t of small pelagic forage fish (Tacon and Metian,
2008). Total estimated compound aquafeed production in India in 2006 was
200,000-250,000 t, which used 5-30% fish meal and 0.5-3% fish oil (Suresh,
2007). The demand for fish meal and fish oil are likely to increase
significantly with expansion in fed aquaculture, until the time of developing
cost effective aquaculture feeds that minimise or eliminate the use of wild

harvest fishmeal and fish oil produced from fish harvested from the wild.
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Fig. 1.1 Trend in global marine capture fishery production (Source: FAO, 2014)
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Fig. 1.3 Trends in mean trophic level of landings in India from 1950 to 2000 (Source: Bhathal and Pauly, 2008)
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1.2 Trends in marine fish production in India

Marine fish production of India which was only 0.5 million t in 1950,
increased to 3.94 million t in 2012 (CMFRI, 2013), contributing 38% of the
total fish production and 79% of the capture fish production. Shelf resources
are subject to high intensity of fishing pressure and are exploited at levels
close to or exceeding optimum sustainable limit. Problems of juvenile finfish
mortality and bycatch discards increased with the intensification of shrimp
trawling. Plateuing of catches from mid 1990s, economic and growth
overfishing at several centres, and inter-sectoral conflicts in the coastal belt
have highlighted the need for regulation of fishing capacity, adoption of
responsible fishing practices and caution in marine capture fisheries
development. Overfishing and fishing down effect is evident in Indian
fisheries (Vivekanandan et al., 2005; Bhathal and Pauly, 2008) (Fig. 1.4).

Collapses by year
r=096
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P= < 0.0001
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40
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Fig. 1.4 Global loss of species from large marine ecosystems (LMEs) - Trajectories of collapsed fish and
invertebrate taxa over the past 50 years (Source: Worm ef o/, 2006)

1.3 Potential of myctophid resources

Recent studies indicate that investing to achieve sustainable levels of

fishing by strengthening fisheries management, financing a reduction of
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excess capacity on the conventional resources and adoption of a responsible
fishing regime are required to rebuild overfished and depleted conventional
fish stocks and the need to diversify fishing effort to non-conventional under-
exploited resources such as myctophids (Worm et al., 2009; UNEP, 2011).
About 35% of Indian population eats fish and the annual per capita
consumption of fish eating population is projected to rise to 18.5 kg by 2020
and is expected to rise further with improvement in socio-economic
conditions. Harvesting of underutilised fish resources are among the possible
solutions to increase capture fish production and also to facilitate recovery of
overexploited conventional fish resources. Under-exploited resources such as
mesopelagic fishes, mostly constituted by myctophids, squids and krill, are the

most promising potential resources in this respect (FAO, 2001).

Against this backdrop, there is need to locate new and unconventional
fishery resources in order to fill in the supply-demand gap for fish protein.
Mesopelagic fish is considered to be one such promising resource, which has
potential for future development. It has been claimed that mesopelagic fishes
are the most abundant fishes and, indeed, the most abundant vertebrates in the
biosphere (Nelson, 2006; Irigoien et al., 2014). Dominant families of
mesopelagic fishes are Myctophidae and Gonostomidae. Oceanic and neritic
species are present in this group. During day-time, their vertical distribution
ranges from 200 to 1000 m. The global biomass of mesopelagic fish was
estimated at 948 million t wet weight by Gjosaeter and Kawaguchi (1980)
which was revised to 999 million t by Lam and Pauly (2005) by correcting
minor inconsistencies in the original estimation (Table 1.1). The likelihood of

underestimation of the biomass due to gear avoidance during sampling has
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been pointed out in Gjosaeter and Kawaguchi (1980) and Kaartvedt et al.
(2012). Recent acoustic observations show that mesopelagic fish biomass
could be significantly larger than the previous estimate by Lam and Pauly
(2005) and this estimate needs to be revised to at least one order of magnitude

higher (Irigoien et al., 2014).

Stock sizes of mesopelagic fishes have been estimated to be 257
million t in the Western Indian Ocean and 94 million t in the Eastern Indian
Ocean (Gjosaetor & Kawaguchi, 1980). Dominant species consists of
Benthosoma pterotum and Diaphus spp. Currently, commercial exploitation of
world mesopelagic resources are minimal. It is mainly used for production of
fish meal and oil and a small percentage is used directly for human
consumption. Many of the mesopelagic fishes are known to have high content
of wax esters. However, myctophids have the potential to become a major
source of fish protein, when efficient harvesting and appropriate processing
and value addition technologies are evolved. Though abundant, as myctophids
are important forage species in the marine ecosystem and have a low fecundity
rate, they are prone to survival threats (Catul et al., 2011) and a precautionary
approach is needed in large-scale expansion of the fishery. Manju et al, (2013)
has estimated the landing and population parameters of myctophid fishery
along the Kerala coast, The exploitation rate (E) of a dominant species
Diaphus watasei is low (0.279). The study found that the stock is at initial
stage of exploitation and there is large scope for enhancing their commercial

exploitation.




Introduction

Table 1.1 Biomass of mesopelagic fishes in different FAO Fishing Areas

Estimate by Gjosaeter and Revised estimate by Lam

FAO Fishing Areas Kawaguchi (1980) and Pauly (2005)
million t million t

Northwest Atlantic (21) 15 22
Northeast Atlantic (27) 15 16
Western Central Atlantic (31) 20 2

Eastern Central Atlantic (34) 71 81

Mediterranean Sea (37) 2 3

Southwest Atlantic (41) 41 33
Southeast Atlantic (47) 18 20
Western Indian Ocean (51) 257 263
Eastern Indian Ocean (57) 94 102
Northwest Pacific (61) 49 53
Northeast Pacific (67) 27 28
Western Central Pacific (71) 52 85
Eastern Central Pacific (77) 129 135
Southwest Pacific (81) 101 100
Southeast Pacific (87) 51 55
Total 948 999

1.4 Rationale and objectives of the study

Available information on abundance of myctophids and their utilisation
indicate that there is excellent scope for development of myctophid fisheries in
Indian Ocean. Most of the conventional fish stocks have reached a state of full
exploitation or over-exploitation. Hence there is need to locate new and
conventional fishery resources in order to fill in the supply-demand gap, in the

face of increasing demand for fish.

Information on length-weight relationship, age and growth, spawning
season, fecundity and age at maturity and information on bycatch discards are
required for sustainable utilization of myctophid resource in the Indian Ocean.
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The present investigations have been carried out as there is a paucity of
information on these aspects pertaining to myctophids in Indian Ocean.

The objectives of the present study were:

1. To estimate myctophid discards from deep sea shrimp trawlers of
southwest coast of India

2. To derive the length-weight relationship of selected myctophid fishes
like Diaphus watasei, Myctophum spinosum, Myctophum obtusirostre
and Benthosema fibulatum

3. To study population dynamics of Spinycheek lanternfish Benthosema
fibulatum caught, off southwest coast of India

4. To study reproductive biology, estimate length at first maturity and
fecundity of Benthosema fibulatum
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2.1 Distribution of myctophids in world oceans
2.2 Taxonomy of myctophids
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2.5 Conclusion

As the world’s ocean fisheries are in a declining stage due to the
indiscriminate harvesting of resources, there has been greater emphasis on
finding new fish stocks. Among possible new stocks, the most abundant and
widespread are the mesopelagic fishes of the world oceans. Mesopelagic fishes
are among the most abundant marine organisms and are usually found at
depths between 100 and 1,000 m. Myctophids or lanternfishes are the key
members of mesopelagic communities and the total resources in the world
oceans has been estimated at 600 million tonnes (Gjosaeter and Kawaguchi,
1980). Lam and Pauly (2005) revised the estimate to 999 million tons, by
correcting minor inconsistencies in the original estimation. More recently,
Irigoien et al. (2014) estimated that the biomass of mesopelagic fishes in the
world ocean is much higher than the previous estimate by Lam and Pauly,
(2005), by at least one order of magnitude. He further concluded that the
biomass of mesopelagic fishes has a close relationship between the biomass of
open ocean fishes and the primary production, considering the energy transfer
efficiency from phytoplankton to mesopelagic fishes. Myctophids are
distributed throughout the world oceans; however, the largest concentration is

reported in the Indian Ocean, particularly in the northern Arabian Sea
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including the Gulf of Aden, the Gulf of Oman and the coast of Pakistan
(Gjosaeter, 1981a; 1981b; 1981c; 1984; Shilat and Valinassab, 1998;
Jayabalan, 2011). Myctophids account for about 75% of total global catch of
small mesopelagic ocean fishes (Shilat and Valinassab, 1998). The word
Myctophid comes from the Greek word “mykter” meaning “nose” and “ophis”
meaning “serpent”. Myctophids are also aptly known as lantern fishes after
their conspicuous use of bioluminescence or light producing cells. Myctophids
use a series of light producing cells, called photophores, to signal one another,

attract mates, or to attract or detect prey.

Myctophids are generally small, ranging in size from 3 to 30 cm, with
blunt heads, large eyes, laterally compressed body with small silvery rounded
scales and rows of light producing photophores on the body and head.
Myctophids are known to make daily migrations ascending into shallow (<100
m) or surface waters (<5 m) at night and returning to deep waters (typically
250 to >1000 m) during the day (Shotton, 1997). There are no conservation
measures specific to the lantern fishes and none of them are included in the
IUCN list. Family Myctophidae comprises of 250 species belonging to 35
genera (Paxton, 1979) and another study by Nelson (1986) says that family
Myctophidae is represented by 32 genera with 235 species in the World
Oceans. Myctophids are an important food source for marine mammals,
seabirds, large pelagic and deep sea fishes and play an important role in
oceanic energy dynamics (Gjosaeter and Kawaguchi, 1980; Kozlov, 1995;
Karuppasamy et al., 2008a). Myctophids are an important food source for
whales, seals, sea lions, seabirds, large pelagic fishes, and other deep sea
fishes and also play an important role in oceanic energy dynamics.
Myctophids are a dominant component of the pelagic ecosystem, (Beamish et

al., 1999) where they generally prey on crustacean zooplankton and are
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themselves subjected to consumption by marine birds (Schneider et al., 1984),
marine mammals (Ohizumi et al., 1998) and fish (Pearcy et al., 1988). Bernal
et al. (2015) suggested that the mesopelagic fishes exert an important feeding
pressure on the zooplankton community, as they consume a significant
quantity of copepods and function as vehicles of energy and mass transfer

through trophic webs.

Echosounder records show that many myctophid species aggregate in
compact layers, especially during the daytime when they are relatively
quiescent. These aggregates are the primary component of the acoustically
dense Deep Scattering Layers (DSL). Their densities, which correspond to
concentrations of five-ten individuals per cubic meter and trawl catches of up

to 10 to 20 t/hr, have led to commercial fishery feasibility trials (FAO, 1997a).

Limited exploitation of myctophid Electrona carlsbergi in Antarctic
waters and Hector's lanternfish (Lampanyctodes hectoris) off South Africa
have been reported by Kock (2000) and Hulley (1996). Myctophids are a
potential resource for production of various commercial fishery products such
as fish meal, fish oil, fish silage and surimi and some other products like
lubricating oil, cosmetics and wax (Nair et al., 1983; Noguchi, 2004; Olsen,
2010; Shaviklo, 2012; Shaviklo and Rafipour, 2013). Reports of commercial
fisheries of myctophids are limited. Fishery for two species of myctophids
which are considered edible viz., Diaphus coeruleus and Gymnoscopelus
nicholski existed in the Southwest Indian Ocean and Southern Atlantic during
1977-1992 and catches up to 51,680 t has been reported in 1992. Shotton
(1997) and Newman (1977) has reported regarding an industrial purse seine
fishery for Lampanyctodes hectoris in South African waters which was closed
in the mid-1980s due to processing difficulties caused by the high oil content
of the fish.
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2.1 Distribution of myctophids in world oceans

Geographical and seasonal distribution and abundance of myctophids
in Indian Ocean, Atlantic Ocean, Pacific Ocean and Southern Ocean and their

diel vertical migration are discussed in the following sections.
2.1.1 Distribution of myctophids in the Indian Ocean

The Indian Ocean has a fauna of lanternfishes which is rich, both in
number and biomass (Gjosaeter and Kawaguchi, 1980). Distribution of
myctophids in the Arabian Sea has been studied by Nafpaktitis and Nafpakitis
(1969). Raman and James (1990) studied the distribution and abundance of
lanternfishes of the family Myctophidae in the Indian EEZ and reported the
occurrence of myctophids in the shallow waters (50-60 m). Benthosema
pterotum was the dominant species in the Western and Northern Arabian Sea,
followed by Benthosema fibulatum and Diaphus spp. (Gjosaeter, 1977). In the
Gulf of Oman, the acoustic measurements indicated a density of 25-63

Benthosema pterotum per m” surface area (Gjosaeter, 1977).
Geographical distribution and abundance

Studies in the Arabian Sea have indicated that, the areas rich in the
midwater fish stocks are dominated by myctophids. The total abundance of
mesopelagic fishes in the Northern and Western Arabian Sea is estimated at
about 100 million tonnes (GLOBEC, 1993; Gjosaeter, 1984). Mesopelagic fish
in the Gulf of Oman was estimated range between 6-20 million tonnes.
Myctophids were found to be abundant throughout the area, wherever the

depth exceeded 150 m.

Gjosaeter (1977) reported a catch rate of 20 t.h” of myctophids from
the seas off Oman (20°-24°N lat and 57°-67°E long) at a depth of 130 m
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during day time using a pelagic trawl. Myctophid catches exceeding 400 kg.h™
was obtained from several stations located in north-western Arabian sea (0°-

26°N; 43°-67° E long).

Raman and James (1990) have conducted studies on distribution and
abundance of myctophids in the EEZ of India, using IKMT as sampling gear.
According to their studies, myctophids formed 31% of the total fish biomass
of the DSL in the Eastern Arabian Sea. Peak abundance of myctophids was in
waters along 69°30’E longitude between 18°30°N and 21°30°N latitudes and
in the waters north of 15° N between 68° and 73° E longitudes. Highest
number of 1092 myctophids per hour haul using IKMT was recorded from a
station off Northern Arabian coast (23°30’N; 65°00’E). The myctophids
formed about 72% shows a wide distribution covering major parts of the
nearshore, offshore and oceanic region. The abundance of myctophids varied
in waters north and south of 15°N lat. Off northwest coast myctophids formed
about 53.4% of the fish biomass in the DSL and dominance was noticed in
certain pockets along the Ratnagiri-Marmugoa areas (15°-17° N), off Bombay
(19°-20°N) and in the northern Arabian waters (23°30°N). Off southwest
coast, myctophids were about 46% of the total fish biomass of the DSL
(Raman and James, 1990) and the density was maximum along the continental
slope waters near Mangalore and off Cochin areas. Highest number of 1548
myctophids per hour, using IKMT, was recorded from a station (9°30’N
74°00 E), off Cochin. Contribution of myctophids was 17% in the Bay of
Bengal and 35% off the northeast coast, and 64% off the southeast coast.
Dominance was noticed in the Bay of Bengal fan area (15°00’-19°00°N;
85°00°-90°30°E). Highest number of 396 myctophids per hour haul using
IKMT was recorded from a station (19°00°N 91°30’E) off West Bengal. Off
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the southeast coast, maximum abundance was found in areas off Madras and

in the oceanic areas south of Nicobar Islands (Raman and James, 1990).

Dalpadado and Gjosaeter (1993) reported the presence of 16 species of
myctophids viz., Benthosema fibulatum, Benthosema pterotum, Bolinichthys
longipes, Ceratoscopelus warmingi, Diaphus garmani, Diaphus lobatus, Diaphus
regani, Diaphus signatus, Diaphus thiollierei, Diogenichthys panurgus,
Hygophum proximum, Lampanyctus macropterus, Myctophum nitidulum,
Myctophum obtusirostrum, Myctophum spinosum and Symbolophorus evermanni
in the area 07°06°-08°27°N lat; 79°29°- 81°59’E long, off Sri Lanka, during
the cruises with R.V. “Dr. Fridtjof Nansen”

Kinzer et al.(1993) reported the presence of 11 species of myctophids
viz., Benthosema fibulatum, Benthosema pterotum, Bolinichthys longipes,
Diaphus arabicus, Diaphus lobatus, Diaphus thiollierei, Diogenichthys panurgus,
Hygophum proximum, Lampayictus macropterus, Myctophum aurolaternatum
and Symbolophorus rufinus, myctophids from 18°- 24°30°N lat; 62°- 67°E in
the Arabian Sea. Diaphus arabicus was the dominant species between18° and
24°N in the Arabian Sea, contributing 66-73% of the myctophid samples, in

terms of numbers (Kinzer et al. 1993).

Observations on the mesopelagic fishes taken by midwater trawl in the
equatorial region (03°S-03°N lat; 76°-86°E long) of Indian Ocean shows that
the average catch of myctophids was higher in the southern side of the equator
when compared with the northern side of the equator (Jayaprakash, 1996).
The myctophids constituted 61.3% of the mesopelagic smaples from this
region. Species such as Diaphus effulgens, Symbolophorus rufinus, Myctophum
spinosum, Lampanyctus pusillus, Lobianchia gemellarii, Triphoturus nigrescenes

and Ceratoscopelus warmingii were present between 03°S to 03°N, while
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Diaphus perspicillatus, Diaphus splendidus and Myctophum phengodes were
limited to northern latitudes (0-3°S) and Symbolophorus evermanni and

Bolinichthys photothorax were limited to southern latitudes (0-3°S).

Nair et al. (1999) reported the presence of myctophid larvae in the DSL
in Arabian Sea, in the upper layers of the open ocean between 15° and 21°N.
Diaphus arabicus formed 80 % of the myctophid larvae, Benthosema pterotum

15 % and Benthosema fibulatum, 5%.

Menon (2002) reported presence of 27 species in the Indian Ocean
between 6°-21° N lat. And 67°-76°E long. Of these, eight species viz.,
Benthosema fibulatum, Benthosema pterotum, Bolinichthys longiceps, Diaphus
aliciae, Diaphus fragilis, Diogenichthys panurgus, Lampanyctus turneri and
Myctophum aurolaternatum were widely distributed (6°-21°N lat; 67°-76°E
long). Distribution of one species (Hygophum proximum) was restricted to south
of 15° N and 18 species viz, Centrobranchus sp., Ceratoscopelus warmingii,
Diaphus lucidus, Diaphus perspillatus, Diaphus phillipsi, Diaphus
problematicus, Diaphus signatus, Diaphus watasei, Hygophum reinhardii,
Lampadena sp., Myctophum asperum, Myctophum fissunovi, Myctophum
nitidulum, Myctophum obtusirostre, Myctophum selenops, Myctophum
spinosum, Symbolophorus evermanni and Symbolophorus rufinus were

restricted to north of 15°N lat.

Studies on distribution and abundance along the west coast by Menon
(2004), has shown that maximum abundance of 10.4 g 1000m™ was between
19" and 20°N, during day time IKMT hauls. In the east coast, myctophids were
obtained at the rate of 1.02 g.1000m™ (day hauls) at a depth of 100-300 m.
Catch rate of 3.22 g.1000m™ was obtained at 17-18°N, along east coast, during

day time hauls. Catch rates obtained during night hauls in the east coast were
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1.35 g 1000m™ in 13-14°N and 1.15 g 1000m™ in 17-18°N. At most of the
latitudes, night samples have given better biomass of myctophids than day

samples (Menon, 2002).

Studies conducted by Menon (2002) has shown higher diversity of
myctophid species from positions located in 6°-10° N lat and 73°-75° E long,
with ten or more species. Karuppasamy et al. (2006) reported 28 species of
myctophids from the DSL of Indian EEZ of Arabian Sea and the species

diversity of myctophids was higher in tropical and subtropical latitudes.

The biomass estimates of Benthosema pterotum in the Oman Sea
(Iranian waters) ranged from 1 to 4 million tonnes with an average of 2.3
million tonnes where the highest densities were seen in the Western Oman Sea
and this resource has been suggested as a target for commercial exploitation
(Valinassab, 2005; Valinassab et al., 2007; Valinassab et al., 2013).
Boopendranath et al. (2009) and Pillai et al.(2009) have reported that
myctophids are the major component in the bycatch of deep sea shrimp

trawlers operating off Kerala.

The number of myctophid species from the Indian Ocean has been
estimated at 137 species (Pradeep et al., 2011; Vipin et al., 2012), based on the
studies by Bolin (1946); Bradbury et al. (1971); Kawaguchi and Aioi (1972);
Gjosaeter (1977); Nafpaktitis (1984); Hulley (1986); Raman and James (1990);
Dalpadado and Gjosaeter (1993); Kinzer et al. (1993); Jayaprakash (1996);
Menon (2002); Valinassab (2005); Karuppasamy et al. (2006); Valinassab et al.
(2007); Muhlinga et al. (2007) and Karuppasamy et al. (2010) and they belong to
28 genera (Table 2.1). The largest number of species was represented by the
genus Diaphus (42 species), followed by Lampanyctus (20 species), Myctophum

(10 species), Protomyctophum (6 species), Lampadena (6 species),
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Gymnoscopelus (6 species), Electrona (6 species), Bolinichthys (5 species),
Symbolophorus (4 species), Hygophum (4 species), Taaningichthys (3 species),
Benthosema (3 species), Centrobranchus (2 species), Notoscopelus (2 species),
Metelectrona (2 species), Loweina (2 species), Lobianchia (2 species),
Diogenichthys (2 species), Ceratoscopelus (1 species), Triphoturus (1 species),
Hintonia (1 species), Krefftichthys (1 species), Gonichthys (1 species),
Lampichthys (1 species), Lampanyctodes (1 species), Nannobranchium (1
species), Scopelopsis (1 species) and Notolychnus (1 species).

The studies on the myctophid larvae of the Indian Ocean are limited to
the works of Bekker (1964); Pertseva-Ostroumuva (1964); Ahlstrom (1968);
Valsa (1979); Peter (1982) and Raman and James (1990).

Seasonal distribution

In the EEZ of India, myctophid catches were usually largest during April-
May and October-November. The peak catches recorded were 2000-2200
numbers of myctophids per hour haul, using IKMT (Raman and James, 1990). In
the Western Oman Sea, the densities vary seasonally with the highest recorded in
May-June and lowest in October-November (Valinassab, 2005; Valinassab et al.,
2007). According to Menon (2004), along the west coast (Indian EEZ), the
average myctophid concentration in the DSL biomass recorded using IKMT (day
hauls) was 3.07g 1000m™ in pre-monsoon (February-May), 1.94 g 1000m” in the
post-monsoon season (October-January) and lowest in the monsoon period (June-
September). Along the east coast of India, the average myctophid concentration in
the DSL biomass recorded using IKMT (day hauls) was 0.48 g 1000m™ in the
pre-monsoon, 0.68 g 1000m™ in the monsoon and 0.54 g 1000m™ during post-

monsoon period.
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According to Gjosaeter (1977) the total abundance recorded gave
higher abundances in spring than the summer and the autumn cruises. In the
Arabian coast and the oceanic area 20° and 24°N, Benthosema pterotum was
the dominant species in autumn, whereas Benthosema pterotum and
Benthosema fibulatum were about equally abundant in early spring (Gjosaeter,
1977). In the Gulf of Aden, West of 47°E, Symbolophorus evermanni was the
dominant species in autumn, whereas Benthosema pterotum was abundant in

spring and summer (Gjosaeter, 1977).
Diel vertical migration

Myctophid fish species commonly undertake diel migration, residing
during day time at depth of extremely low oxygen layer (<0.1 ml O, I'') and
foraging in the oxygen rich surface layer at night (Kinzer et al., 1993; GLOBEC
1993; Shilat and Valinassab, 1998; Nair et al., 1999; Klevjer et al., 2012; Lopes et
al., 2013) Most species of the genera, Protomyctophum, Electrona, Hygophum,
Myctophum, Symbolophorus, Gonichthys, Loweina and Centrobranchus come up

to the surface layer at night (Kawaguchi et al., 1972).

Vertical migration of large biomass of plays an important role in oceanic
energy dynamics. Active transport of carbon out of the euphotic zone by diel
vertically migrating myctophids through respiration of CO,, excretion of
dissolved organic carbon, and egestion of particulate organic carbon (Hudson,
2012). The diel vertical migration exhibited by myctophids has been postulated to
be for foraging on the zooplankton present in the upper layers which form their
major food item and to avoid predators. Myctophids took 30 minutes for upward
and downward migration (Shilat and Valinassab, 1998). Migrating patterns of
myctophids vary with species, size groups, life history stages, sex, latitude, time

and season. Myctophids form an important component of the acoustically dense
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Deep Scattering Layers (DSL) (Shotton, 1997). Mesopelagic fish species
Maurolicus muelleri and Benthosema glaciale is mostly distributed below 200 m
and both species following season vertical migration (Kaartvedt et al. 2009, Staby
et al. 2011, Dypvik et al., 2012). The studies conducted on the DSL of EEZ of
India during 1985-86 have shown that the DSL shift vertically from depths of
200-540 m during day to the surface during night. The common fishes recorded in
the DSL were myctophids which formed about 17% of the total fish biomass and
consisted of the genera Diaphus, Myctophum and Benthosema (Menon, 1990).
According to a study by Raman and James (1990), myctophids consisted of 31%
of the total fish biomass of the DSL in the Eastern Arabian Sea and the common
genera represented were Diaphus, Lampanyctus, Diogenichthys, Hygophum,
Symbolophorus, Bolinichthys, Benthosema and Myctophum.

2.1.2 Distribution of myctophids in other oceans
Atlantic Ocean

Myctophids are a major component of the mesopelagic icthyofauna in the
northwest Atlantic Ocean (Backus et al., 1970). Myctophidae was the most
diverse family, followed by stomiidae, Sternoptychidae, Notosudidae and
Malamphidea, Gymnoscopilus nicholsi were the most abundant species.
Myctophidae was most diverse with 16 species. Out of total number of 23 species
of myctophid collected in the haul, 8 correspond to sub Antarctic species (34.8%),
6 to tropical-sub-tropical species (26.1%), 4 to sub- Antarctic—sub-tropical
convergence species (17.4%) and 5 to widespread species (21.7%) Figueroa et al.
(1998). Taning (1918) has described that the most Mediterranean lanternfishes are
more abundant in the western than the eastern basin. Konstantinova et al. (1994)
examined the distribution of 40 species of myctophids by types of waters in the

southwest Atlantic within the area of 40°30° -47°00°S and 43°00’-67°00°W.
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Distribution of larval lanternfish study conducted by Castro et al. (2010)
identified a total number of 3,394 lanternfish larvae representing 27 species and
Lepidophanes guentheri was the most abundant. Myctophid larvae were more

numerous during the winter.

Most of the species of myctophids are migrating in the diel pattern,
Ceratoscopilus warmingii and Lampanyctus photonotus going down up to
1250 m depth. During day time most species aggregated at 400-700m depth,
therefore only partly occupying the depth of the Deep Scattering Layer
(Kinzer and Schulz, 1985). The occurrence of larger myctophids with
increasing depth has been documented for myctophid fishes caught in trawls
(Clarke, 1973; Willis and Pearcy, 1980). Myctophid species central equatorial
Atlantic such as Ceratoscopilus warmingii and Lampanyctus photonotus have
been reported to undertake diel migration down to 1250 m depth and during
day time most species aggregated at 400-700m depth, only partly occupying
the depth of the Deep Scattering Layer (Kinzer and Schulz, 1985). The
occurrence of larger myctophids with increasing depth has been documented

for myctophid fishes caught in trawls (Clarke, 1973; Willis and Pearcy, 1980).
Pacific Ocean

According to Pearcy (1964), four species of mesopelagic fishes
dominated in the Pacific Ocean namely, Lampanyctus leucopsarus, Diaphus
theta, Tarletonbeania crenularis, and Tactostoma macropus. During night,
occurrence of myctophids were large numbers in the shallow waters (50-60m).
Mesopelagic fish vertical distribution and migration patterns are species
specific (Sogard et al., 1987). In subarctic and mixed waters of the northern
part of the Pacific Ocean, myctophids comprise 80 to 90% of the total catch of
micronekton (Gjosaeter and Kawaguchi,1980). Mesopelagic fish Stenobrachius
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leucopsarus collected using the RMT net towed obliquely from a depth of 500
m seems to comprise both migratory and non-migratory populations (Pearcy et
al., 1977). Myctophids inhabit the lower mesopelagic zone, with a maximum
abundance at 650 m depth (Willis and Pearcy, 1982), and comprises a major
component of lanternfishes in the Bering Sea and adjacent northern North
Pacific Ocean (Pearcy et al., 1979). Myctophids were collected by midwater
trawl in the upper depth of 500 m of the water column, 46 species of
myctophids were caught from warm core eddies off eastern Australia (Brandt,
1983). Myctophids represents a pathway for substantial export of organic
carbon between surface and deep ocean through diel vertical migration and
production of large fast sinking faeces (Moku and Kawaguchi, 2008). Tsarin
(2002) described that the daily vertical migration of myctophid is connected
with nutrition and energy exchange between lower and higher trophic levels.
Most myctophid fish spend their larval stage in the productive epipelagic zone
(Sassa et al., 2004a). Their average body lengths usually increase with the
increasing sampling depths, suggesting ontogenetic vertical migration (OVM)
(Sassa and Kawaguchi, 2006). Diaphus theta is abundantly distributed in the
subartic and transition water of the North Pacific (Watanabe et al., 1999). 47
species of myctophids were collected from Hawaii and studied there changes
in size composition and sex ratio with depth. Most species of myctophids
collected near Hawaii showed ontogenic differences in vertical distribution
(Clark, 1973). Wang, (2001) reported 40 species of myctophids were collected
from the Taiwan and the Tungsha Islands, out of which 17 species were first

recorded from this area

Seasonal changes in size composition of population and ripeness of
mature females indicated that most abundant species spawn principally in the

spring and summer and live about one year (Clark, 1973). Moku et al. (2003)
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reported the peak abundance of larvae was observed in July in the transition
waters between the Oyashio and Kuroshio fronts. The spawning season ranged
from late March to early September, with a peak from May to July and
migration of the myctophid fish Diaphus theta were studied in the western
North Pacific.

Southern Ocean

In the Southern Ocean, myctophids are represented by around 35 species,
spanning 12 genera (Hulley, 1990). Lanternfishes families Myctophidae are the
most abundant mesopelagic fish of the Antarctic Ocean, both in numbers and
biomass (Kock, 1992). Total myctophid stock in the Southern Ocean is
estimated to be approximately 275 million tonnes (Naumov, 1985). A total of 62
species of Myctophid presence records from historical surveys and from the
Census of Antarctic Marine Life were used to model species assemblages in the
Indian sector of the Southern Ocean by using generalized dissimilarity modeling
(Koubbi et al., 2011). Average biomass values of myctophids within the
Antarctic Polar Front Zone (APFZ) may be as high as 0.5-6.5 g m~, on dry
weight basis (Filin et al., 1991). Preliminary calculations indicate that
myctophids may remove up to 77% of secondary production (Pakhomov et al.,

1999).

Mesopelagic fishes in the Southern Ocean represent between 70 to 130
million tonnes (Lubimova et al., 1987). Myctophidae are the dominant fish
family in mesopelagic zones, Thirty three myctophid species are known from
the Southern Ocean, of which 11 have a circumpolar distribution. (Hulley,
1981; McGinnis, 1982). The large amount of meso and macroplankton
consumed by myctophids indicates high abundance and biomass of these

fishes. Antarctic and sub-Antarctic waters myctophids are found mostly within
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the Antarctic Circumpolar Current (ACC) although their range also includes
the Circumpolar Deep Water (CDW) (Lubimova et al., 1987). Three species
of the genus Electrona are abundant in the Southern Ocean, Electrona
antarctica, E. carlsbergi and E. rissoi. Of these, E. antarctica is the numerical
dominant in midwater trawl samples taken throughout the Southern Ocean
(Linkowski, 1987). The myctophids from Scotia Sea was investigated during
the austral autumn using multi-frequency acoustics, opening and closing nets
and pelagic trawls fished from the surface to 1,000 m. The biomass was
estimated to be 2.93 g wet weight 1000 m™, with Electrona carlsbergi, E.
antarctica, Protomyctophum bolini, P. choriodon, Gymnoscopelus braueri, G.
fraseri, G. nicholsi and Krefftichthys anderssoni, being the most abundant
species (Collins et al., 2008)

In spring and summer seasons, myctophids ascend to the epipelagic
zone (50-200m) and feed in the stratum of high summer plankton productivity.
In the winter they descend to greater depths (350-500m) and inhabit the top
layer of Circumpolar Deep Water (Lubimova et al., 1983, 1987).

2.2 Taxonomy of myctophids

The systematics and taxonomy of myctophid fishes are described by
Smith and Heemstra (1986), Hulley (1981), Fischer and Bianchi (1984) and
Nelson (1986). Taxonomy and distribution of myctophids from the Arabian
Sea has been studied by Nafpaktitis and Nafpakitis (1969). According to
Paxton (1972; 1979) the World Oceans sustain around 230-250 species of
myctophids belonging to 30-35 genera. Osteological features show that the
family Myctophidae consists of two major subfamilies: Myctophinae and
Lampanyctinae (Paxton, 1972). Sub-family Myctophinae and sub-family

Lampanyctinae comprises 13 and 19 genera, respectively. Fifty-five species
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of myctophids have been reported from the Arabian Sea including its southern
part (Nafpaktitis, 1978; Bekker, 1983; Kornilova and Tsarin, 1993; Tsarin,
1993). Forty-nine species were reported in the studies of Tsarin and Boltachev
(2006) from Arabian Sea. In another study 28 species of Myctophids were
reported from the Arabian Sea (Karuppasamy et al., 2006). Species diversity
of myctophids is highest at tropical and subtropical latitudes, while abundance
of individual species appears to be higher at temperate and higher latitudes.

Altogether, 137 lantern fishes have been reported from Indian Ocean (Pradeep

etal., 2011; Vipin et al., 2012) (Table 2.1).

Table 2.1 Distribution of myctophid species in the Indian Ocean

Sl. No Species Area of Distribution Reference

1 Benthosema fibulatvm Indian Ocean; Area of Pakistan, Gulf of Aden  Bolin (1946), Gjosaeter
and Somali coast. Gulf of Oman; Western  (1977), Nafpaktitis (1984),
Indian Ocean; Indian Ocean (18°N-20°S) to  Hulley (1986), Dalpadado and
42°S in Agulhas current; Sri Lankan waters  Gjosaeter (1993), Kinzer ef
(07°06'N-08° 26'N and 79°29°E-81°59°E); o/ (1993), Menon (2002),
North-Eastern  Arabian Seq; Indian EEZ of  Valinassab (2005),
Arabian Sea (6-21°N and 66° -77°F) Karuppasamy e a/. (2006,

2010).

2 Benthosema pterotfum Northern Arabian Sea; Western Indian Ocean; ~ Gjosaeter (1977), Nafpaktitis
Northern Arabian Ses; Indian Ocean from  (1984), Gjosaeter (1984),
Arabian Sea to about 25°S off Mozambique;  Hulley (1986), Kinzer ef al
North — Eastern Arabian Sea; Area of Gulf of  (1993), Valinassah (2005)
Oman; Indian EEZ of Arabian Sea (09°00°N- Karuppasamy e al, (2006
20°00° N and 69°00°-74°00°E); Area of Gulf of 2010), Valinassab 'efa/ '
Oman, Pakistan, Gulf of Aden and Somali 2007’ ! ’
coast. Northern Arabian Sea ’

3 Benthosema suborbitale Western Indian Ocean; Indian ocean (50°N - Nafpaktitis (1984),

4 Bolinichthys indicus

5 Bolinichthys longipes

24

50°S); Indian EEZ of Arabian Seq; Eastern
Indian Ocean

Western Indian Ocean; Indian Ocean (20°-
45°S); Indian EEZ of Arabian Sea

Area of Gulf of Pakistan and Gulf of Aden;
Western Indian Ocean; Indian Ocean (20° N -
18°S); Sri Lankan waters (08°26°N-81°33E);
North—Eastern Arabian Seo; Indian EEZ of
Arabian Sea (06°00°N- 21°00'N and 66°00°E -
77°00°F)

Hulley(1986), Menon (2002),
Muhlinga ef o/ (2007).

Nafpaktitis (1984), Hulley
(1986), Menon (2002),

Gjosaeter (1977), Nafpakitis
(1984), Hulley (1986),
Dalpadado and Gjosaeter
(1993), Kinzer ef af. (1993)
Karuppasamy ef .. (2006,
2010).
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Bolinichthys photothorax

Bolinichthys pyrosobolvs
Bolinichthys supralateralis

(entrobranchus andreae

Centrobranchus
nigroocellatus

Ceratoscopelys warmingii

Diaphus alicige

Diaphus anderseni

Diaphus antonbrouni

Diaphus arabicus

Diaphus brachycephalus

Diaphus coervlevs

Diaphus diadematus

Diaphus diademophilus

Diaphus drachmanni

Indian Ocean; Western Indian Ocean; Indian
Ocean (10°N-30°S); Indian Ocean,(00°-03°S
and 76 °E- 86 °E); Indian EEZ of Arabian Sea

Near Sri Lanka
Indian Ocean (21°-30°)

Western Indian Ocean; Eastern Indian Ocean

Western Indian Ocean; Indian Ocean (08°-
34°5); Eastern Indian Ocean

Western Indian Ocean; Indian Ocean (20°N-
45°S); Indian EEZ of Arabian Sea (06°00’-
12°00°N and 69°00’- 77°00° E); Sri Lankan
waters (07°08'N and 79°29°E); Indian Ocean,
(03°N-03°S and 76°E-86°E); Eastern Indian
Ocean.

Western Indian Ocean; In the Agulhas
Current southwards to about 33°S, Indo-
pacific; Indian EEZ of Arabian Sea (06°00°N-
21°00° N and 66°00- 77°00°E)

Indian EEZ of Arabian Sea

Western Indian Ocean; Indian Ocean
(Western sector: 04°-12°S and 40°-65°E,
Eastern sector: 17°02’ S and 94°50°F);

Western Indian Ocean; North-Eastern
Arabian Sea.

Western Indian Ocean; In Agulhas Current.
Tropical distribution in Indian ocean

Western Indian Ocean

Western Indian Ocean; Indian Ocean, (02°N-
38°S, and in Mozambique channel); Indian
EEZ of Arabian Sea

Western Indian Ocean

Western Indian Ocean

Bolin (1946) Nafpaktitis
(1984) Hulley (1986),
Jayaprakash (1996), Menon
(2002).

Bradbury ef af. (1971),
Hulley (1986).

Nafpakditis (1984), Muhlinga
et al.(2007)

Nafpaktitis (1984), Hulley
(1986), Muhlinga e o/,
(2007).

Nafpaktitis (1984), Hulley
(1986), Dalpadado and
Gjosaeter (1993)
Jayaprakash (1996)
Karuppasamy ef /. (2006,
2010), Muhlinga ef o/ (2007)

Nafpaktitis (1984) Hulley
(1986), Menon (2002),
Karuppasamy, ef a/.. (2006,
2010)

Menon (2002)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Kinzer ef
al. (1993)

Nafpaktitis (1984), Hulley
(1986)

Nafpakitis (1984)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)

Nafpakitis (1984)

Nafpakitis (1984)

25
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Al

77

23

24

25

26

27

28

29

30

31

32

3

34

26

Diaphus dvmerilii

Diaphus effulgens

Diaphus fragilis

Diaphus fulgens

Diaphus garmani

Diaphus holti

Diaphus hvdsoni

Diaphus jenseni

Diaphus knappi

Diaphus lobatus

Diaphus lvcidvs

Diaphus lvetkeni

Diaphus malayanus

Diaphus meadi

Indian EEZ of Arabian Sea

Western Indian Ocean; Indian Ocean. Indian
Ocean,(03°N-03°S and 76 °E- 86 °E); Indian
EEZ of Arabian Sea08°34'N and 72° 29°E;

Western Indian Ocean; Tropical Indian Ocean;
Indian EEZ of Arabian Sea (06°00"-21°00'N and
67°00’ — 77°00°E);

Western Indian Ocean; Indian Ocean, (08°N-
10°S); Mozambique Channel (southwards to
18°S); Indian EEZ of Arabian Sea.

Northern Arabian Sea; Western Indian Ocean;
Indian Ocean; Sri Lankan waters (07°06'N-
08°26 Nand 79°29°E- 81°59°F); Coast of
Africa (0°-15°N);

Western Indian Ocean

27°S off east coust of Africa; Indian EEZ of
Arabian Sea

Western Indian Ocean; Indian Ocean

Western Indian Ocean; Off southwest
Madagascar, af Saya de Malha Bank 07°13',
60°05'E, Southeast of Zanzibar;

Western Indian Ocean; Sri Lankan waters
08°26.8'N and 81°33°E; North-Eastern
Arabian Sea

Western Indian Ocean; In Agulhas Current
and off west coast in Agulhas Water pockets.
Arabian Sea (06°00°N- 12°00°N and 66°00°E -
77°00°E); Indian EEZ of Arabian Sea

Northern Arabian Sea; Western Indian Ocean;
In Agulhas Current to 37°S; Asrea of Aracian
Coast(15° and 20°N); Indian EEZ of Arabian Sea

Western Indian Ocean; Indian Ocean, (10°N-10°S;
Mozambique Channel to about 20°; 1°5-8°N and
72°-90°%).

Western Indian Ocean; A circumglobal
convergence species. Indian ocean 32°- 41°S

Menon (2002)

Nafpaktitis (1984) Hulley
(1986), Jayaprakash (1996),
Karuppasamy e a/. 2006.

Nafpaktitis (1984) Hulley
(1986), Karuppasamy ef al.
(2006, 2010)

Nafpaktitis (1984), Hulley
(1986), Karuppasamy ef al.
2010.

Gjosaeter (1977) Nafpakitis
(1984), Hulley (1986),
Dalpadado and Gjosaeter
(1993)

Nafpakitis (1984)

Hulley (1986), Menon (2002)

Nafpakitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984) Dalpadado
and Gjosaeter, (1993), Kinzer ef
al(1993)

Nafpaktitis (1984), Hulley
(1986), Karuppasamy ef al.
(2006, 2010), Menon, (2002)

Gjosaeter (1977) Nafpakitis
(1984), Hulley (1986), Menon
(2002)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)
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35

36

37

38

39

40

41

42

43

44

45

46

47

Diaphus megalops

Diaphus metopoclampus

Diaphus mollis

Diaphus nielseni

Diaphus ostenfeldi

Diaphus parri

Diaphus perspicillatys

Diaphus philljpsi

Diaphus problematicus

Diaphus rafinesquii

Diaphus regani

Diaphus richardsoni

Diaphus signatus

Western Indian Ocean

Western Indian Ocean; 27°S off east coast of
Africa; Indian EEZ of Arabian Sea

Western Indian Ocean; East coast of Africa.
Broadly tropical distribution; Indian EEZ of
Arabian Sea

Western Indian Ocean; Agulhas Current
(30°17'S, 31°25'E), Off east coast of
Madagascar Mozambique Channel (15°-
21°5);

Western Indian Ocean; A circumglobal con-
vergence species. Indian Ocean, 35°-48°S

Western Indian Ocean; In Agulhas Current
and off west coast in Agulhas Water pockets.
Indian Ocean (10°N-12°S, with extension to
25°S in Mozambique Channel); Indian EEZ of
Arabian Sea

Western Indian Ocean; In Agulhas Current
and off west coast in Agulhas Water pockets;
Indian EEZ of Arabian Sea (09°04’ N and
75°45°E); Indian Ocean,(03 °N-03 °S and 76°E-
86°E); Indian EEZ of Arabian Sea

Western Indian Ocean; Indian Ocean (08°N-
12°S, with extension to 16°S in Mozambique
Channel); Indian EEZ of Arabian Sea (07°59'N
and 75°03'E)

Western Indian Ocean; In Agulhas Current
and off west coast in Agulhas Water pockets;
Indian EEZ of Arabian Sea (09°00°N-10°00°'N
and 72°00’-73°00E)

Indian Ocean

North-Eastern Arabian sea; Western Indian
Ocean; Sri Lankan waters, (07°08'N and
79°29°F);

Western Indian Ocean; In Agulhas Current
and off west coast in Agulhas Water pockets;

Western Indian Ocean; Indo-Pacific to 18°S in
Mozambique Channel. Sri Lankan waters
(07°06'N-08° 26'N and 79°29'E-81°59°E);
Indian EEZ of Arabian Sea (06°00™-21°00°'N
and 66°00’- 77°00°E);

Nafpakitis (1984)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)

Nafpaktitis (1984), Hulley
(1986), Karuppasamy ef al.
(2006), Jayaprakash (1996),
Menon (2002)

Nafpaktitis (1984), Hulley
(1986), Karuppasamy, ef al.
(2006)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)
Karuppasamy ef /.. (2006)

Bolin (1946)

Gjosaeter (1977), Nafpakitis
(1984), Dalpadado and
Gjosaeter (1993)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986) Dalpadado and
Gjosaeter (1993)
Karuppasamy ef a/. (2006,
2010)

27
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48

49

50

51

52

53

54

55

56

51

58

59

60

61

62

63

28

Diaphus splendidvs

Diaphus svborbitalis
Diaphus subtilis
Diaphus taaningi

Diaphus thiollieri

Diaphus watasei

Diogenichthys atlanticus

Diogenichthys panurgus

Flectrona antarctica

Flectrona carlsbergi

Flectrona pavcirastra

Flectrona risso

Flectrona subaspera

Flectrona ventralis

Gonichthys barnesi

Gymnoscopelvs
(Gymnoscapelvs) bolini

Western Indian Ocean; Indian Ocean; Indian
Ocean,(03°N-03°S and 76°E- 86°F)

Western Indian Ocean
Indian EEZ of Arabian Sea
East coast of Africa

Northern Arabian Sea; Western Indian Ocean;
Indian Ocean (Arabian Sea to 12°S and off
Sumatra) Southeast Asian Seas; Sri Lankan
waters (07°08'N and 79°29°E); Northern
Arabian Sea. North-Eastern Arabian Sea

Western Indian Ocean; East African continental
shelf south of about 02°S, West coast of
Madagascar, Indian EEZ of Arabian Sea
(06°00-21°00'N and 66°00’- 77°00°F)

Indian Ocean (22°-45°S); Eastern Indian
Ocean

Western Indian Ocean; North-Earstern Arabian
Sea. In Agulhas Current to about 38°S. Indian
Ocean (19°N-05°S); Sri Lankan waters (07°08'N
and 79°29°E); Indian EEZ of Arabian Sea (06°00™-
21°00° N and 66°00° — 77°00° E)

0ff the Cape (43°17'S and 48°55'F)

Circumglobal in subantarctic waters (40°-
60°9)

Western Indian Ocean

Western Indian Ocean; Indian Ocean (0°-
40°5); Eastern Indian Ocean

Circumglobal between Subtropical
Convergence and Antarctic Polar Front.

Indian Ocean; Western Indian Ocean
Off east coast of Africa, south of 30°S.
Convergence species in Indian Ocean (30°-

40°%).

Circumglobal distribution

Nafpaktitis (1984), Hulley
(1986), Jayaprakash (1996)

Nafpakitis (1984)

Menon (2002)

Hulley (1986)

Gjosaeter (1977), Nafpakitis
(1984), Hulley (1986),

Dalpadado and Gjosaeter
(1993)

Kinzer efal. (1993)
Nafpaktitis (1984), Hulley

(1986), Karuppasamy ef af.
(2006)

Hulley (1986), Muhlinga ef o/
(2007)

Nafpaktitis (1984), Kinzer ef
al (1993), Hulley (1986),
Dalpadado and Gjosaeter
(1993) Karuppasamy ef af.
(2006, 2010)

Hulley (1986)

Hulley (1986)

Nafpakitis (1984)

Nafpaktitis (1984), Hully
(1986), Muhlinga e o/ (2007)

Hulley (1986)
Nafpakitis (1984)

Hulley (1986)

Hulley (1986)
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64

65

66

67

68

69

70

n

77

73

74

75

76

17

8

Gymnoscopelvs
(Gymnoscopelvs) braveri

Gymnoscopelvs
(Gymnoscopelvs) nicholsi

Gymnoscopelvs (Nasolychnus)
fraseri

Gymnoscopelvs (Nasolychnus)
microlampas

Gymnoscopelvs (Nasolychnus)
piabilis

Hintonia candens

Hygophum hanseni

Hygophum kygomii

Hygophvm proximum

Hygophum reinhardtii

Krefftichthys anderssoni

Lampadena anomala

Lampadena chavesi

Lampadena dea

Lampadena lvminosa

Circumglobal distribution

Circumglobal distribution

Western Indian Ocean; Circumglobal
Distribution (43°17'S, 48°55'F)

Western Indian Ocean; Circumglobal
Distribution; 40°53’S, 60°01°E

Circumglobal distribution

Circumglobal convergence species, between;
39°-48°S

Western Indian Ocean; 30°S on west coast to
33°S on east coust of Africa, Convergence
species 30°-43°S in Indian Ocean

Western Indian Ocean; East coast of Africa
25°-37°S; Indian Ocean, 24°- 40°S; Eastern
Indian Ocean

Northern Arabian Sea; Western Indian Ocean;
South of 37 °Sin Agulhas current, Indian
Ocean (25°N-10°S); Indian EEZ of Arabian Sea
(06°00°-21°00°N; 67°00" — 77°00°E; 07°08'N,
79°29°E); Sri Lankan waters (07°06°N-08°
26'N and 79°29°E-81°59’E); North- Eastern
Arabian Seq; Area of Pakistan, Gulf of Aden
and Somali coast; Eastern Indian Ocean.

Southern Indian Ocean, Indian EEZ of Arabian
Sea (10°31° N; 68°72°E)

Circumglobal Distribution

Western Indian Ocean; Indian ocean,
(06°01°N- 64°59°F)

Western Indian Ocean; Indian ocean (25°-
40°)

Western Indian Ocean; Circumglobal
convergence species, Indian ocean 25°- 49°S

Western Indian Ocean; In Agulhas Current. In
Indian ocean 20°N-20°S; Eastern Indian
Ocean

Hulley (1986)
Hulley (1986)
Nafpaktitis (1984) Hulley

(1986)

Nafpaktitis (1984), Hulley
(1986)

Hulley (1986)

Hulley (1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986), Muhlinga ef a/(2007)

Gjosaeter (1977), Nafpakitis
(1984), Hulley (1986),
Dalpadado and Gjosaeter
(1993), Kinzer er af. (1993)

Karuppasamy ef a/. (2006,
2010), Muhlinga ef a/(2007)

Hulley (1986), Karuppasamy
et al.(2006)

Hulley (1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984) Hulley
(1986), Muhlinga e o/ (2007)

29
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79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

9%

95

30

Lampadena notialis

Lampadena speculigera

Lampanyctodes hectoris

Lampanyctus achirus

Lampanyctus alatus

Lampanyctys ater

Lampanyctys australis

Lampanyctus cuprarivs
Lampanyctus festivus

Lampanyctys intricarivs

Lampanyctus lepidolychnus

Lampanyctus lineatys

Lampanyctys macdonaldi

Lampanyctys macropterus

Lampanyctus niger

Lampanyctus nobilis

Lampanyctus photonotys

Western Indian Ocean; Indian ocean, 30°-
47°S

Western Indian Ocean; Indian Ocean (30°-
45°9)

Western Indian Ocean

Western Indian Ocean; East coasts of Africa,
north to about 31°S. Circum global
Distribution; Eastern Indian Ocean

Western Indian Ocean; Indian ocean (0°-
39°5); Eastern Indian Ocean

Western Indian Ocean; Indian ocean (12°-
44°5)

Western Indian Ocean; East coast of Africa
Circumglobal convergence species 33°- 43°S

Indian EEZ of Arabian Sea
East coast of Africa; Indian ocean
Western Indian Ocean; Indian ocean, the

region of Sub-tropical convergence; Eastern
Indian Ocean

Western Indian Ocean; East coast of Africa.
Circumglobal convergence species (23°- 48°S)

Western Indian Ocean; Indian Ocean (0°-
08°N); Indian EEZ of Arabian Sea

Circumglobal Distribution between
Subtropical Convergence and Antarctic Polar
Front

Western Indian Ocean; Sri Lankan waters,
(07°08'N, 79°29°; 07°17'N, 81°59°E,
08°26.8'N, 81°33'E); Northern Arabian Sea

Near Sri Lanka

Western Indian Ocean; In Agulhas Current and
off west coast in Agulhas Water pockets; Indian
EEZ of Arabian Sea

Indian EEZ of Arabian Sea

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)

Nafpakitis (1984)

Nafpaktitis (1984), Hulley
(1986), Muhlinga e a/. (2007)

Nafpaktitis (1984), Hulley
(1986), Muhlinga e a/. (2007)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986)

Menon (2002)
Hulley (1986)
Nafpaktitis (1984), Hulley

(1986), Muhlinga e o/ (2007)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)

Hulley (1986)

Nafpaktitis (1984) Dalpadado
and Gjosaeter, (1993) Kinzer
et al.(1993),

Bradbury ef af. (1971)

Nafpaktitis (1984), Hulley
(1986), Menon (2002)

Menon (2002)
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96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

Lampanyctus pusillvs

Lampanyctys steinbecki

Lampanyctus tenviformis

Lampanyctus turneri

Lampanyctys sp. A
Lampanyctys sp. B
Lampichthys procerus

Lobianchia dofleini

Lobianchia gemellarii

Loweina interrupta

Loweina rara
Metelectrona herwigi

Metelectrona ventralis

Myctophum aspervm

Myctophum aurolaternatum

Western Indian Ocean; Indian Ocean,(03 °N-
03 °S and 76 °E- 86 °E); Eastern Indian Ocean

Indian Ocean (0°-14°S); Western Indian
Ocean; Indian ocean (05°56’N and 76°22°F)

Western Indian Ocean; Indian ocean (07°N-
04°9)

In Agulhas Current and off west coast in
Agulhas Water pockets. Western Indian
Ocean; Indian EEZ of Arabian Sea (06°00-
12°00°N, 67°00 — 77°00E)

Agulhas Current (30°32'S; 30°58'E)
Circumglobal convergence species
Circumglobal convergence species (32°-48°9)

Western Indian Ocean; Indian Ocean (23°-
38°S); East coast of Africo; Eastern Indian
Ocean

Western Indian Ocean; East coast of Africa.
In tropical/subtropical waters. Indian
Ocean,(03 °N-03 °S and 76 °E- 86 °E); Eastern
Indian Ocean

Western Indian Ocean; Southern Indian
Ocean

Indian Ocean (10°-22°9)
Circumglobal convergence species (35°-41°9)

Circumglobal Distribution 36°-51°S; Off east
coast of Africa and in Indian ocean.

Western Indian Ocean; Off east coast of Africa
and in Indian ocean; 06°36'N and 76°29°E; Indian
EEZ of Arabian Sea (06°00- 12°00'N, 67°00 —
77°00E); Eastern Indian Ocean

Indian Ocean. South of Equator; Eastern
Indian Ocean (05°-18°S); Western Indian
Ocean; North-Eastern Arabian sea; Indian EEZ
of Arabian Sea (06°00°N-21°00°N and 66°00°E-
77°00°E); Eastern Indian Ocean

Nafpaktitis (1984)
Jayaprakash (1996),
Muhlinga e o/, (2007)

Bolin (1946), Nafpaktitis
(1984), Hulley (1986)

Nafpaktitis (1984), Hulley
(1986)

Hulley (1986) Karuppasamy
et al. (2006, 2010)

Hulley (1986)
Hulley (1986)
Hulley (1986)
Nafpaktitis (1984), Hulley

(1986) Muhlinga ef /. (2007)

Nafpaktitis (1984), Hulley
(1986), Jayaprakash, (1996)
Muhlinga e o/, (2007)

Nafpaktitis (1984), Hulley
(1986)

Hulley (1986)
Hulley (1986)

Hulley (1986)

Nafpaktitis (1984), Hulley
(1986), Karuppasamy e af.
(2006), Muhlinga, ef a/(2007)

Kawaguchi and Aioi, (1972),
Nafpaktitis (1984), Hulley
(1986) Kinzer er a/ (1993)
Karuppasamy ef a/ (2006,
2010), Muhlinga, ef o/ (2007)

31
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111 Myctophum brachygnathum

112 Myctophum fissunovi

113 Myctophum lychnobivm

114 Myctophum nitidvlvm

115 Myctophum obtusirostre

116 Myctophum phengodes

117 Myctophum selenops

118 Myctophum spinosum

119 Nannobranchivm achirus

120 Notolychnus valdiviae

121 Notoscapelus (Notoscopelus)
caudispinosus

122 Notoscapelus (Notoscopelus)
resplendens

32

East Coast of Africa between 0°-10 °N

South of Zanzibar and southeast of Mauritius
(07°-23°S); Indian EEZ of Arabian Sea
(06°00°N-21°00°N and 66°00’E-77°00'E)

Equatorial Indian ocean

Somali Coast (10 °-15 °N); Western Indian
Ocean; Indian Ocean (07°N-24°S); Sri Lankan
waters (07°06'N-08° 26'N and 79°29°E-
81°59°E); Indian EEZ of Arabian Sea (06°00°N-
21°00°N and 66°00°E-77°00°E)

Western Indian Ocean; Tropical waters of
Indian ocean. 10°30°N to 75° 21°E; Sri Lankan
waters (07°06'N-08° 26'N and 79°29'E-
81°59°E); Indian EEZ of Arabian Sea (06°00°N-
21°00°N and 66°00’E-77°00°)

Western Indian Ocean; East coast of Africa
and Southern subtropical waters of Indian

ocean; Indian Ocean,(03 °N-03 °S and 76 °E-
86 °E); Eastern Indian Ocean

Equatorial waters of Indian ocean; Indian EEZ
of Arabian Sea (06°00°N-21°00°N and 66°00°E-
77°00°E); Indian EEZ of Arabian Sea

Indian Ocean,(03 °N-03 °S and 76 °E- 86 °E);
Western Indian Ocean; Tropical /subtropical
waters of Indian ocean; Sri Lankan waters
(07°06°N-08° 26'N and 79°29'E 81°59°E);
Indian Ocean; Indian EEZ of Arabian Sea;
Eastern Indian Ocean; Indian EEZ
of Arabian Sea (06°00°N-21°00°N and 66°00°E-
77°00°E)

Eastern Indian Ocean

East coast of Africa

and Indian Ocean (09°-32°S); Eastern Indian
Ocean

Western Indian Ocean; Indian ocean
(07°56'S, 65°14'E);

Western Indian Ocean; Indian Ocean (24°-
30°S); Eastern Indian Ocean

Gjosaeter (1977)

Hulley (1986) Karuppasamy
et al.(2006)

Bradbury ef o/ (1977)

Gjosaeter (1977) Nafpakitis
(1984), Hulley (1986),
Dalpadado and Gjosaeter
(1993), Menon (2002)
Karuppasamy ef a/. (2006)

Nafpaktitis (1984), Hulley
(1986), Dalpadado and
Gjosaeter (1993)

Karuppasamy ef a/. (2006)
Muhlinga et af. (2007)

Nafpaktitis (1984), Hulley
(1986), Jayaprakash (1996)

Muhlinga e o/, (2007)

Hulley (1986), Menon (2002),
Karuppasamy ef a/. (2006)

Kawaguchi and Aioi (1972),
Nafpaktitis (1984), Hulley
(1986) Dalpadado and
Gjosaeter (1993),
Jayaprakash (1996), Menon
(2002) Karuppasamy ef af.
(2006), Muhlinga ef o/ (2007)

Muhlinga e o/, (2007)

Hulley (1986), Muhlinga ef o/
(2007)

Nafpaktitis (1984), Hulley
(1986)

Nafpaktitis (1984), Hulley
(1986), Muhlinga e a/. (2007)
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123

124

125

126

127

128

129

130

131

132

133

134

135

Protomyctophum (Hierops)
parallelvm

Protomyctophum (Hierops)
subparallelvm
Protomyctophum
(Protomyctophum)

andriashevi

Protomyctophum
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Circumglobal Distribution
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Pacific; Area of Pakistan, Gulf of Aden and
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66°00’E-77°00°F)
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136 Taaningichthys pavrolychnus — Western Indian Ocean Nafpakitis (1984)

137 Triphoturus nigrescens Indian Ocean, 08°N-15°S; In Agulhas Current  Hulley (1986), Jayaprakash
south to about 40°S; Indian Ocean (03°N-03°S  (1996)
and 76°E-86°F)

2.3 Harvesting systems for myctophids

There is paucity of literature regarding fishing gear and technology, and
regarding potential fishing grounds of myctophids for commercial
exploitation. One of the most notable behavioural features of myctophid fishes
is their diel vertical migration. Midwater trawls have been reported to be
appropriate for catching myctophids based on the habit and ecology of the
resources (Shilat and Valinassab, 1998). In aimed mid-water trawling, the
vessel is steamed towards the shoal of the target species after it is located by
sonar. The net monitor (net sonde) attached to the head rope of the trawl
provides the data on the fishing depth, vertical opening of the net mouth and
the catch entering the net, which are required for successful gear manoeuvre,
based on data from sonar and echo sounder (Hameed & Boopendranath,
2000). The net is operated from a single vessel and the horizontal spread of the
mouth of the net is obtained by a pair of high aspect ratio vertically cambered
Suberkrub otter boards (Hameed & Boopendranath, 2000; Gabriel et al.,
2005). Exact and advantageous positioning of the gear relative to the schools
is enhanced by the use of sonar (Misund, 1994). True-motion, multi-beam
sonars are excellent tools for quantifying the size and swimming behaviour of
schools (Bodholt & Olsen, 1977). The number, species, and sizes of fish
caught during a trawl haul depend not only on local fish abundance and the
area sampled by the trawl, but also on the shape and movement of the net and
its rigging and the behaviour of the fishes (Engas, 1994). The temperature
range of the myctophids’s habitat is wide in the 300-400m depth band during
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the day-time. The temperature at greater depths is about 14-16° C, and it is
about 22-28° C in the 20-50m depth band during night time. Thus the
difference between day and night time temperatures in myctophid’s habitat is
8-12° C but this appears to be no problem as they adjust themselves to this
temperature range which shows the high tolerency of this small fish (Shilat
and Valinassab, 1998). The catch success for the species, such as myctophids
mainly depends upon the largeness of the net opening and the smallness of the
mesh, because the swimming ability of this species is negligible and their
escape reactions towards the rim of the net are not strong (Shilat and
Valinassab, 1998). Kaartvedt et al. (2012) reported that the avoidance
behavior of mesopelagic fish from a pelagic trawl net during day time.
Acoustic study recorded that the efficient avoidance of such sampling by the

common myctophid fish Benthosema glaciale.

Shilat and Valinassab (1998) has suggested midwater trawling for
myctophids, using vessels of 1000 GRT equipped with 1500 hp engine. The
codend mesh size recommended is 9 mm and the recommended hauling speed
is 2.2-2.8 kn. The success in harvesting of myctophids, mainly depends upon
the wide opening of the net and smaller mesh size, because the swimming
ability of this species is negligible and their response to herding due to netting
panels is weak. In the Gulf of Oman, mesopelagic trawl net with stretched
length of 98 m, circumference 170 m, mouth area 381 m’, opening height 23
m and net weight of 800 kg was used for catching lantern fishes (Shilat and
Valinassab, 1998). Results of myctophid trawling operations in Iranian and
Oman waters have given catch rates of 20-28 t.day™' (Valinassab et al., 2007).
Duhamel et al. (2000) used the sampling gear International Young Gadoid
Pelagic Trawl (IYGPT) having a mouth dimension of 12x7 m, with a 10 mm

mesh size in the codend, in the Southern Ocean. This gear was successfully
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used in the Southern Ocean and surrounding waters (Williams and Koslov,
1997), which seems well adapted to catch mesopelagic fish. Fishes were
collected from the western North Pacific Ocean by R/V Hakuho-maru using
IKMT with 1.0 mm codend mesh size at a depth of about 30 m in horizontal
tows and IKMT with 0.5 mm codend mesh size at depths of 208— 286m in
oblique tows (Takagi et al., 2006). A Motoda-type multi-layer net (MTD-net)
(Motoda, 1971) was towed at 1.5 knots in the targeted depth layers for
catching the larvae of myctophids. The mouth diameter and mesh size of the
net were 56 cm and 0.33x0.33 mm, respectively. (Sassa and Kawaguchi,
2006). In the Kuroshio—Oyashio Transition Zone myctophid samples were
collected with a trawl net towed at a speed of 3.8—4.7 knots for 30—50 min by
the training ship Tanshu Maru (GRT: 499; 1900 hp) chartered by the National
Research Institute of Fisheries Science. The trawl net had a total length of 73
m with an opening area of approximately 480 m”, 57-1000 mm mesh sizes,
and 8 mm mesh codend (Yatsu et al., 2005). In the slope waters of King
George Island, the mesopelagic fishes were sampled with a pelagic trawl PT-
1088, with an estimated mouth opening of 200m* (width 20 m; height: 1012

m), having a codend mesh size of 12 mm (Pusch et al., 2004).

According to Dalpadado (1988) and Gjosaeter and Tilseth (1988), in
Indian Ocean Benthosema pterotum was collected by means of pelagic trawls
which had an estimated mouth area of 250 m’. The meshes were large in the
front part (> 200 mm stretched) which is gradually decreasing to 9 mm
towards the cod-end. The trawling speed was usually between 2 and 3 knots.
In the Reykjanes Ridge and Irminger Sea a Gloria type pelagic trawl 1024 m
circumference with a 9 mm mesh size codend was used for catching

mesopelagic fish (Sigurdsson, 2004).
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Valdemarsen (2004) suggested a trawl for efficient myctophid capture
should have an opening that is relatively large with a minimum of 20 m
vertical opening, moderate mesh sizes (1000 mm) in the front part, and less
than 30 mm behind the belly section where the diameter is around 8§ m and
with codend mesh size less than 10 mm mesh size. The catch of myctophids
through trawl mainly depends on the mesh size which prevents the fish from
escaping. Catch volume of the fish depends mainly on the towing speed of the
net. Shilat and Valinassab (1998) has suggested a towing speed of about 2.5

kn, as the myctophids are small in size with lower rate of swimming speed.

The trawl mouth of the gear for myctophid sampling typically has an
area between 50 and 100 m” and the trawl body is designed with small meshes
in belly and codend (Jakupsstovu, 2004). The mesh herding is the critical
unknown feature for mesopelagic species. Improved knowledge of such
behaviour is a basic requirement to know how long a front belly of larger
meshes can be. The mesh size in the aft belly in front of the codend is another
critical design feature of an efficient trawl for mesopelagic fish. The gear
development will have to include behaviour observations in the catching
process, in order to optimize mesh sizes in various trawl belly sections

(Jakupsstovu, 2004).

Starting in 1975, the R/V Dr. Fridtjof Nansen conducted a systematic
survey of the resources in the Arabian Sea and Gulf of Oman. The whole Gulf
of Oman (both Iranian and Oman sides) and the Gulf of Aden were covered
again in 1979, 1981 and 1983. The total abundance of mesopelagic fish in the
Gulf of Oman estimated on 5 cruises conducted during 1975-1976 ranged
from 8 to 20 million tonnes (FAQO, 2001).
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A multiple net trawl, which carries five separate nets was used to
determine the vertical distribution of myctophid fish and zooplankton
occurring in the upper 440 m at Canadian weather station P in the subarctic
North Pacific Ocean (Frost & McCrone, 1974). Fish were collected during the
autumn SO-GLOBEC cruise of RV ‘‘Polarstern’” (ANT XXI/4) in the Lazarev
Sea using Rectangular midwater trawl nets (RMT 8+1), consisting of an RMT
1 mounted above an RMT 8 with a mouth area of 1 and 8 m” and a cod end
mesh size of 0.33 and 0.85 mm, respectively (Putte, et al, 2006). Here each
haul consisted of a standard double oblique tow from the surface down to 200
m and back to the surface where the towing speed was approximately 2.5
knots. In the southern Bering Sea, fishes were collected in cruise of the T/S
Oshoro-maru, by using horizontal tows with a 2.0m x 2.5 m non-closing
rectangular midwater trawl net (Nakatani, 1987). The sampling depths of tows
were set about 600m, 300m and shallower than 150m (Furuhashi, et al., 1989).
In the Eastern Gulf of Mexico, myctophids were collected from the upper
1,000 m to 1,500 m of the water column (Gartner et al.,1987). The nets used
were 3.2 m® or 6.5 m> mouth area opening-closing modified Tucker trawls
(Hopkins et al., 1973) which incorporated 1.1 cm stretch mesh in the body and
505 p mesh in the cod end (Gartner et al.,1987).

Lantern fishes were collected in the Pacific Ocean near Hawaii with 6-
ft Issac-Kidd (IK) mid-water trawl, 10-ft Issac-Kidd mid-water trawl (IKMT)
and with a modified Cobb pelagic trawl (CPT)(Clarke, 1973). The IKMT were
of standard dimensions and were lined with 6.35 mm knotless nylon mesh
anteriorly and 4.75 mm knotless nylon mesh posteriorly. The 10-ft IKMT
terminated with 1.0 m dia plankton net and the 6-ft IKMT terminated with a
0.5 m dia plankton net. The CPT, described in detail by Higgins (1970), had

19 mm stretched mesh in the main body and a codend with 6.35 mm mesh.
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Diver observations of the CPT have indicated that the mouth opening under
tow is about 12 m wide by 8 m high (Higgins, 1970). Lantern fishes were
collected at night from a warm-core eddy (Brandt, 1983) using an open
RMT-8, a rectangular midwater trawl with an effective mouth area of 8 square
meters (Baker et al., 1973). The RMT had a 4.5 mm mesh, with a cod-end
bucket lined with 300 um mesh netting. Trawls were towed horizontally at
depth for 60 min at a speed of 1.5 m.s™ (Brandt, 1983). Lanternfish larvae
were collected in the Eastern South Pacific by using the net BR 80/113 where
the size of the mesh was about 0.7 mm (Evseenko, 2006). Myctophids were
caught over the continental slope off Tohoku area using a bottom trawl net
with a mouth opening of approximately 3 x 20 m towed for 15-30 min during
the daytime at an average ship speed of 3 kn (Uchikawa et al., 2008). The
myctophid samples were taken in Davis Strait and northern Baffin Bay, using
BIONESS Zooplankton Multiple Net Sampling System towed at a speed of 3
knots through the desired sampling depths (Sameoto et al., 1989). The nets
used for sampling myctophids in the Eastern Gulf of Mexico were 3.2 m” or
6.5 m> mouth area opening-closing modified Tucker trawls (Hopkins et al.,
1973) which incorporated 1.1 cm stretch mesh in the body and 505 p mesh in
the codend (Gartner, 1987).

Catching efficiency is maximized when the vertical opening of the
trawl mouth coincides with the vertical range of the layer of maximum fish
abundance (Boopendranath, 2002; Shilat and Valinassab, 1998). An increase
of towing speed and trawl mouth opening size will increase the fishing
efficiency (McNeely, 1971). The high or medium-speed tows more effectively
caught larger Diaphus spp. than the low-speed tow (Itaya, et al., 2007). One of
the crucial issues pertinent to midwater trawling is adjustment of the trawl net

to the depth of the fish distribution due to its vertical migration and its
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avoidance. This is crucial because of the vertical migration of myctophids.
Making such an adjustment to the vertical migration of the school of the target
lanternfishes, is difficult, especially in the morning and in the evening when
the fishes change depth at high speeds (Shilat and Valinassab, 1998). The
pressure variations might not affect the myctophids too much as they show
vertical migrations daily. Noise from the vessel and trawl may be heard by fish
well before visual contact is possible and may cause fish to move away from
the source or make fish aware of a possible danger, leading to a more effective
reaction when the trawl arrives (Engas, 1994). Catching efficiency may vary
considerably throughout the day, since reaction distance, fish orientation and
escape behaviour change with light level (Engas, 1994). Low frequency
vibrations & pressure waves (by webbing) can be sensed by fish through
lateral line sensor. Presence of bioluminescent light may enable fish to detect

and react to approaching gear (Glass and Wardle, 1989; Wardle, 1993).

During commercial fishing trials in 1995-1998, using a pelagic trawl
with cod-end mesh size of 10 mm, the average catch of myctophids was
between 24 and 28 tonnes day™ in Iranian waters (Valinassab et al., 2007)
(Table 2.2). Average catch of myctophids during trial commercial fishing in
Oman waters in 1996 were 20 tonnes day™ (Valinassab et al., 2007). When
pelagic trawl net fitted with 10 mm cod-end mesh was used, average catches
by FV Jihad-Fanoos were 24-25 t day". It should be noted that at 112 m
length this vessel is too large and running costs too high for viable returns
from this fishery. RV Ferdows-1, used in 1996 and 1998, achieved very
similar catch rates (24—28 tonnes day ), but even though smaller (45.4 m, 679
tonnes), it is also unsuitable for commercial use. The FV Oman-Pride obtained

a slightly lower average catch (20 tonnes day') (Valinassab et al., 2007).
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According to Valinassab et al. (2007), there has been little success in

obtaining sustainable and commercially viable harvests of myctophids.

Table 2.2 Catch rates for myctophids during commercial fishing trials in the Oman Sea (Source: Valinassah

et al, 2007)
Location Vessel Date No. of hauls Catch per day (1)
Iranian waters Jihad-Fanoos (1¢ cruise) Winter 1995 143 24
Jihad-Fanoos (2 cruise) Spring 1995 41 25
Ferdows-| Spring 1996 58 28
Ferdows-| Winter 1998 43 24
Omani waters Oman-Pride Spring 1996 279 20

The Soviet Union began a trawl fishery for Electrona carlsbergi at the
Antarctic Polar Front in 1980, with annual catches initially varying between 500
and 2500 tonnes. In 19871988, catches increased by 14000-23000 tonnes and
harvesting continued up to 1993, but at that point was no longer considered
economically viable (ASOC, 1996; Kock, 2000). Limited exploitation also occurs
off South Africa, where annual purse-seine landings (mainly Lampanyctodes
hectoris) have fluctuated between 100 and 42400 tonnes. Around South Georgia
and Shag Rocks, experimental fishing of Electrona carlsbergi averaged about 20
000 t year" between 1988 and 1990, but increased to 78 488 t in 1991 (Hulley,
1996). The average catch of about 25 t day” was too low to cover fishing costs
(Valinassab et al., 2007). More trials are needed to identify the best fishing

method as well as the most suitable vessel size.

The fishing gears used for harvesting of myctophids are not specifically
designed for the targeted species. Aimed midwater trawling seems to be
appropriate for harvesting of myctophids. An aimed midwater trawl system
designed to attain large mouth area, smoothly tapering trawl body with small
meshes in belly and codend mesh size less than 10 mm, which can be towed at

2.5 kn seems to be appropriate, taking into consideration the available
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information on myctophid trawling, the small size and low swimming speed of
myctophids. The herding effect is a critical unknown feature for myctophid
species. In order to optimize the trawl system, it is necessary to take into
consideration information on the behaviour of myctophids within and in the
proximity of the trawl system, during the harvesting process. To get a better
understanding of the complex catching process of the midwater trawl for
catching myctophids, future research are needed to provide understanding of
light level, influence of sound generated from vessel and gear and relative

importance of different senses of myctophids.
2.4 Other aspects

Review of literature pertaining to other aspects of myctophid fishes
such as length-weight relationship, population dynamics and reproductive

biology are dealt with, in the respective chapters.
2.5 Conclusion

Lantern fishes constitute fishery resources which have short life spans
and high fecundity and can be expected to be resilient to fishing pressure.
There is very little information on the commercial harvesting systems for
myctophids, even though there is a large potential for developing the fishery.
Studies are required to develop new technologies for making value added
products or diet supplements from such resources coupled with market
acceptance surveys and economic feasibility studies. Myctophids, if
sustainably harvested and judiciously utilized, can form a source of low cost

supplement to meet the protein demand of the world.

LKOXR
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MYCTOPHID BYCATCH AND DISCARDS FROM

DEEP SEA SHRIMP TRAWLERS OPERATING
OFF SOUTH-WEST COAST OF INDIA

3.1 Introduction

3.2 Materials and Methods
3.3 Results

3.4 Discussion

3.5 Conclusion

Deep sea shrimps are commercially important crustacean species which
accounts for a major portion of the deep sea landings along the southwest
coast of India. Average deep sea penaeid shrimp catch from Quilon bank,
landed at Sakthikulangara harbour has been estimated at 4693 t and non-
penaeid shrimps at 2,769 t during the period 2009-10 (CMFRI, 2010).
Myctophids are one of the major components in the bycatch of deep sea
shrimp trawlers being operated off Kerala (Boopendranath et al., 2009; Pillai
et al., 2009; Manju et al., 2013, CMFRI, 2013). Longer deep sea fishing trips
tend to discard non-commercial species of fishes and shrimps due to low value
and shortage of storage space. A study has reported the average discards of
mechanised trawlers in Kerala as 429,074 t during 2008 (Pramod, 2010).

Distribution and abundance of myctophids in the Indian Ocean region
have been studied by several authors and they were reported that the myctophids
form a major component in the mesopelagic fishes (Gjosaeter, 1984; GLOBEC,
1993; Valinassab et al., 2007; Catul et al., 2010; Vipin et al. 2012). Myctophids
form an important component of the acoustically dense Deep Scattering Layers
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(DSL) (Shotton, 1997; Menon 2004; Balu and Menon, 2006). The studies
conducted on the DSL of EEZ of India during 1985-1986 have shown that
myctophid migrates vertically from depths of 200-540 m during day to the
surface during night. The common fishes recorded in the DSL were myctophids
which formed about 17% of the total fish biomass and consisted of the genera
Diaphus, Myctophum and Benthosema (Menon, 1990). According to a study by
Raman and James (1990), myctophids consisted of 31% of the total fish biomass
of the DSL in the Eastern Arabian Sea and the common genera represented were
Diaphus, Lampanyctus, Diogenichthys, Hygophum, Symbolophorus, Bolinichthys,
Benthosema and Myctophum. Karuppasamy et al. (2006) has reported 28 species
of myctophids from the DSL of Indian EEZ of Arabian Sea. Vipin et al. (2012)
has reviewed the existing information and reported 137 species of myctophids
belonging to 28 genera from the Indian Ocean. Biochemical composition of
various species of myctophid fishes indicates that it is a good source of protein
and minerals and is similar to other common marine food fishes (Jose Fernandez
et al., 2014 and Navaneeth et al., 2014). Fat present in the myctophid could be
promising source of fish oil for the coming decades (Libin Baby et al., 2014). The
proximate analysis of myctophids shows a considerably high level of fat content
ranging from 4.9 to 28.5% and the protein from 11.3to 15.7% (Gopakumar et al.,
1983; Noguchi, 2004).

In this chapter, a study on myctophid bycatch and discards from the
deep sea shrimp trawlers operated off southwest coast of Kerala, was
undertaken in order to find out species characteristics of myctophids useful for
the development of harvesting strategies for the exploitation of myctophids
from Indian EEZ.

3.2 Materials and Methods

Details of landed catch from deep sea shrimp trawlers were collected
from auctioneers dealing with catches of deep sea. Monthly landings were
computed from the average daily landings per fishing unit, the number of
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Fig. 3.1 Area of study

fishing units in operation and the actual fishing days for each month. Details
of catch-discard ratio, area and depth of operation, duration of fishing trip and
actual fishing hours were collected from the crew of the deep sea shrimp
trawlers, using pre-tested questionnaires. A year round survey was undertaken
to collect data regarding the landings and bycatch of deep sea shrimp trawlers
operating from Sakthikulangara and Neendakara fishing harbours in Kollam,
south west coast of India, during 2009-2010. The deep sea shrimp trawlers
generally operated between 8°35' N - 9°55' N lat and 75°30' E - 76°15' E long
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(300 to 400 m depth), off the southwest coast of India (Fig. 3.1). The fishing
ground lying between Kollam and Alappuzha, popularly known as Quilon
Bank, is a rich ground for deep sea shrimps and lobsters (Rajan et al., 2001).

Bycatch discards were estimated based on the quantity of shrimp landed
and the mean catch-discard ratio, realised by the deep sea trawlers. Random
samples of 30-60 kg from the catch meant to be discarded were brought to the
shore in styroform boxes in iced condition, by special arrangement with the
crew, periodically. These samples were used for identification and analysis of
the discarded species. The fishes were identified up to species level based on
Nafpaktitis (1984), Hulley (1986) and online species identification database
(Froese and Pauly, 2012). Morphometric characters are used for the species
identification are position of photophores such as Anterior anal (AOa),
Posterior anal (AOp), Supra-anal (SAO), Pre-caudal (Prc), Posterio-lateral (Pol),
Dorso-nasal (Dn), Ventro-nasal (\Vn), Anterio-orbital (Ant), Sub-orbital (So),
Ventral (VO), Supra-pectoral (PLO), Anal organs (AO) and Lateral line (LL);
fin rays in Dorsal (D), Anal (A) and Pectoral (P) fins; Gill rackers (GR); Body
depth (BD); and Standard length (SL).

3.3 Results

According to the Department of Fisheries, Govt. of Kerala, about 1158
trawlers are operating from Sakthikulangara and Neendakara fishing harbours
and more than 1200 trawlers are operating off Kollam coast during peak
season. From the study conducted during the period (2009-2010) found that
there are about 761 wooden and 397 steel trawlers operating from Neendakara
and Sakthikulangara harbours. The size of these trawlers ranged between 9.1

m and 20.0 m Loa. Most trawlers were equipped with marine diesel engines of
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175 to 400 hp. Among these vessels, around 300 to 400 vessels were mainly
targeting deep sea shrimps. Deep sea shrimp trawl nets with a head rope length
of 32.4 m and codend mesh size of 26 mm were commonly used in fishing
operations (Fig. 3.2). Mesh size of deep sea shrimp trawl nets ranged from 50
to 30 mm in the net body and from 26 to 18 mm in the codend. The crew size

varied from six to ten and the duration of fishing trip varied from 5 to 10 days.
3.3.1 Deep sea shrimp landings

The exploited deep sea shrimp catch in the study area during the period
of 2009-10 was estimated at 7,880 t (Fig. 3.3). The fishing season for deep sea
shrimps was observed to extend from September to May and the peak season
was from October to December. Highest landings of deep sea shrimps (1,420
t) was observed during the month of October, with a catch rate of 41.67 kg h™
and the lowest landings was recorded during the month of March, during the
period of deep sea shrimp trawling operations (Fig. 3.3). There was no fishing
for 47 days during trawl ban period from 15 June to 31 July and during the
month of August when trawlers prefer to operate in coastal waters in the depth
range of 10-30m. Deep sea shrimp fishery off southwest coast is mainly
constituted by Aristeus alcocki, Heterocarpus woodmasoni, Heterocarpus

gibbosus, Solenocera spp. and Plesionika ensis.
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DEEP SEA SHRIMP TRAWL

Bottom otter trawl
Area: Southwest coast of India
Target species: Deep sea shrimps and lobsters
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Fig. 3.2 Design drawing of a typical deep sea shrimp frawl
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Fig. 3.3 Monthly landings of deep sea shrimps at Sakthikulangara and Neendakara fishing harbours
during 2009-10

3.3.2 Bycatch landings

Total bycatch from deep sea shrimp trawling during the period was
estimated at 11,488 t with a catch rate of 62.1 kg h™, during the peak season.
Deep sea shrimp trawler catch was constituted by 39% of deep sea shrimps
and myctophids and other bycatch forms 61% of the total catch, which is fully
discards into the sea. Percentage contribution of deep sea shrimps and bycatch
species to the total catch is given in the Fig. 3.4. A total of 41 different finfish
and shellfish species belonging to 15 Orders and 27 Families were identified
from the bycatch during the study period (Table 3.1 and 3.2).
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B Diaphus watasei

@ Diaphus luetkeni

B Diaphus dumerilli

B Diaphus hudsoni

@ Diaphus effulgens

O Myctophum obtusirostre
O Myctophum spinosum

O Benthosema fibulatum
@ Deep sea shrimps

@ Other bycatch species

Fig. 3.4 Percentage contribution of deep sea shrimps, myctophids and other bycatch species to the total catch

Table 3.1 Myctophids and associated species found in the deep sea shrimp trawl bycatch
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Family Species
Crabs
Portunidae Charyhdis smithii
Oregoniidae Chionoecetes opilio
Elusmobranchs
Proscylliidae Fridacnis raddiffei
Etmopteridae Ftmopterus sp.
Fishes
Acropomatidae Synagrops bellus

Acropomatidae
Alepocephalidae
Berycidae
Bothidae
Champsodontidae
Chaunacidae
Chlorophthalmidae
Cynoglossidae

Gempylidae

Synagrops philippinensis
Alepocephalus australis
Beryx splendens
Chascanopsetta lugubris
Champsodon capensis
Chavnax pictus
Chlorophthalmus acutifrons
Symphurus strictus

Neoepinnula orientalis
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Gempylidae
Gempylidae
Gempylidae
Gonostomatidae
Percophidae
Platycephalidae
Lophiidae
Lophiidae
Lophiidae
Macrouridae
Macrouridae
Macrouridae
Myctophidae
Myctophidae
Myctophidae
Myctophidae
Myctophidae
Myctophidae
Myctophidae
Myctophidae
Neoscopiledae
Nomidae
Nomeidae
Ogcocephalidae
Ophidiidae
Parazenidae
Phosichthyidae
Sternoptychidae
Stomiidae
Triacanthodidae
Trachichthyidae

Leidae

Nealotus tripes
Promethichthys prometheus
Ruvettus pretiosus
Triplophus hemingi
Bembrops cavdimacula
Thysanophrys sp.
Laophiodes endoi
Lophiodes mutilus
Lophivs vomerinus
Coelorinchus matamua
Hymenocephalus italicus
Coryphaenoides acrolepis
Diaphus watasei
Diaphus lvetkeni
Diaphus duvmerilii
Diaphus hudsoni

Diaphus effulgens
Myctophum obtusirostre
Myctophum spinosum
Benthosema fibulatum
Neoscopelus microchir
Psenes arafurensis
Cubiceps paradoxus
Halievtaea coccinea
Neobythites monocellatys
(yttopsis rosea
Polymetme thaeocoryla
Argyropelecus aculeatus
Astronesthes martensii
Macrorhamphosodes platycheilus
Hoplostethus sp.

Zenopsis conchifer
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3.3.3 Myctophids in the bycatch

Total myctophid catch was estimated to be 3,676 t during the study
period with a catch rate of 19.87 kg h™. Myctophids constituted about 32% of
the total bycatch discards and 68% was contributed by other bycatch species.
Eight species of myctophids belonging to the genus Diaphus (Diaphus
watasei, D. luetkeni, D. dumerilli, D. hudsoni and D. effulgens), Myctophum
(Myctophum spinosum and M. obtusirostre) and Benthosema (Benthosema
fibulatum) were identified from the samples (Fig. 3.5). Among myctophids,
Diaphus watasei was the most dominant species in the bycatch which
contributed 13% to the total bycatch, followed by Benthosema fibulatum (4%),
Myctophum obtusirostre (4%), M. spinosum (3%) Diaphus luetkeni (3%), D.
hudsoni (2%), D. effulgens (2%) and D. dumerilli (1%).

Fig. 3.5 Myctophid species identified from the bycatch of deep sea shrimp trawlers
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Percentage contribution of different myctophid species to the total bycatch
is given in the Fig. 3.6 and their taxonomical characters are discussed below.

Diaphus watasei (Jordan and Starks, 1904)

The size range of males and females were 12-16.5 cm TL and 10-15.6
cm TL, respectively. PLO nearer upper base of P than LL; SAO; and Pol three
photophore-diameters or more below LL. Dn smaller than nasal rosette. Ant
present. VVn extending dorsally to make contact with Dn. AOa; elevated. So
absent. Luminous scale at PLO smaller. SAO series almost in a straight line.

D 14-15; A 14-15; P 11; GR (4-6)+(13-15); AO (6-7)+(5- 6)

3% 4%
4%

B Diaphus watasei

@ Diaphus luetkeni

B Diaphus dumerilli

@ Diaphus hudsoni

@ Diaphus effulgens

O Myctophum obtusirostre
O Myctophum spinosum

O Benthosema fibulatum

68% B Other bycatch species

Fig. 3.6 Percentage contribution of myctophid species fo the total bycatch of deep sea shrimp trawlers

Diaphus luetkeni (Brauer, 1904)

The total length of Diaphus luetkeni ranged between 7.5-8.8 cm in male
and 7-8.2 cm in female. Vn very long, extending along most of ventral border
of eye, its dorsal margin with small, round, bud-like projections. SAO; on
same level with, or only slightly higher than VOs; maxilla extends more than
diameter of eye past orbit. VVn widely separated from Dn, confined to ventral
or anteroventral aspect of orbit but connected to Dn by a strand of dark tissue
along front margin of orbit it.
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D 15-17; A 14-16; P 11-12; GR (6-7)+(14-26); AO (5-7)+(4-6).
Diaphus dumerilli (Bleeker, 1856)

The standard length of Diaphus dumerilli is 8.7 cm in male. Vn round
and small, half the size of general body photophore, completely separated
from Dn and located at ventral margin of orbit on, slightly in advance of,
vertical through front margin of pupil; about 1-2 photophore-diameters below

LL; SAO series markedly angulate.
D 14-15; A 14-15; P 11-12; GR (7-9) +(16-18) : AO (6-7)+(4-6).
Diaphus hudsoni Zubrigg and Scott, 1976

The standard length of Diaphus hudsoni is 8.4 cm. Prc separated from
AOp, so that distance Prcl- Prc3 equal to or shorter than AOp- Prcl
interspace; C peduncle normal; anterior margin of lower GR of 1* arch fleshy.
Total GR 22-28; luminous scale at PLO mottled.

D 13-15; A 12-14; P 10-12; GR (7-9)+(15-19); AO (4-6)+(4-6).
Diaphus effulgens (Goode and Bean, 1896)

The standard length of Diaphus effulgens is 15 c¢cm (male/unsexed).
Head much longer than it is deep. SAO3 and Pol 1.5-3.0 photophore —
diameters below LL. At least 1 pair of sexually dimorphic, luminous glands on
head; 5 PO; 5 VO; SAO series curved to strongly angulate; AO series divided
into AOa and AOp; AOa’ usually elevated, sometimes level: 1 Pol, sometimes
continuous with AOa; 4 Prc. Supracaudal and infracaudal luminous glands
absent; usually a luminous scale at PLO. Total GR 17-22.

D 15-17; A 15-16; P 11-13; GR: South Atlantic (5-7)+(13-14); GR: Indian
Ocean (5-6)+(12-14); AO (5-7)+(4-6). Total GR 17-22.
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Myctophum spinosum (Steindachner, 1867)

The total length of Myctophum spinosum ranged between 7.5-8.8 cm in
males and 7-7.4 cm in females. Ctenoid scales along A base with 1-3 strong,
posteriorly directed spines; Pol well in advance of vertical at origin of adipose
fin; posterodorsal margin of operculum serrate GR (5-6)+(13-15), total 18-21.
Total GR 18-25; SAO series straight or only slightly curved. Body scales
ctenoid. Prc; more than 1 photophore-diameter below LL. Prcy-Prc; interspace
about 1/2 AOp-Prc; interspace. Body elongate, BD about 4 times in SL.

D 13-14; A 18-19; P 14-15; GR (5-6)+(13-15); AO (6-8)+(5-7).
Myctophum obtusirostre (Taning, 1928)

The total length of Myctophum obtusirostre ranged between 7.8-8.8 cm
in males and 7-7.6 cm in females. Body elongate, BD about 4 times in SL.
Prc, more than 1 photophore-diameter below LL; Prc;-Prc, interspace about
1/2 AOp-Prc; interspace. Body scales cycloid. Posterodorsal margin of
operculum evenly rounded, with serrations. Pol on or slightly behind vertical
at origin of adipose fin; AO (7-8)+(2-5), total 10-12.

D 12-14; A 18-19; P 17-20; GR (6-7)+(16-19); AO (7-8)+(2-5).
Benthosema fibulatum (Gilbert and Cramer, 1897)

The total length of Benthosema fibulatum ranged between 5-8 cm in
male and 5.5-8.8 cm in female. Dorsal spines (total): 0 - 0; Dorsal soft rays
(total): 12 - 14; Anal spines: 0; Anal soft rays: 18 — 20; Vertebrae: 31 — 32.
Anal organs 10-11; mature males have large 3 to 5 translucent supracaudal

gland and smaller infracaudal gland; mature females have small supracaudal

gland and much smaller infracaudal patches.

D 12-14; A 18-20; P 14-17; GR (6-7)+(13-15); AO (5-6)+(4-5)
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3.3.4 Bycatch species other than myctophids

Other bycatch species associated with myctophids catch of deep sea
shrimp trawlers were collected and identified. Discarded items include
finfishes, crabs, gastropods, shrimps, cephalopods, squid eggs, juvenile
shrimps and snakes. Myctophids and other species found in the deep sea
shrimp trawl bycatch are given in the Table 3.1. In this study total 39 species
of deep sea fishes and 2 species of crabs were identified from the bycatch
generated from deep sea shrimp trawl operations in the depth 300-400 m from
the south west coast of India. All these fishes are generally discarded in the sea
due to low value and scarcity of storage space. Systematic taxonomy of the
bycatch species are given in Table 3.2 and the photographs of different species
are given in Fig. 3.7a to 3.7f.

Table 3.2 Systematic taxonomy of myctophids and associated species in deep sea shrimp trawl bycatch

Kingdom: Animalia
Phylum: Arthropoda
Sub Phylum: Crustacea
(lass: Malacostraca
Order: Decapoda
Family: Portunidae
Genus: Charybdis De Haan, 1833
1. Charyhdis smithii MacLeay, 1838
Family: Oregoniidae
Genus: Chionoecetes
2. Chionoecetes opilio(0. Fabricius, 1788)
Phylum: Chordata
Sub Phylum: Vertebrata
Superdlass: Pisces
Class: Chondrichthyes
Subclass: Elasmobranchii
Superorder: Eucarida

Order: Carcharhiniformes
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Family: Proscylliidae
Genus: Fridacnis
3. Eridacnis radcliffei(H. M. Smith, 1913)
Order: Squaliformes Compagno, 1973
Family: Etmopteridae
Genus: £tmopterus
4. Etmopterus sp.
(lass: Osteichthyes
Subclass: Actinopterygii
Order: Stomiiformes
Family: Phosichthyidae
Genus: Polymetme
5. Polymetme thaeocoryla Purin & Borodulina, 1990
Family: Sternoptychidae
Genus: Argyropelecus
6. Argyropelecus aculeatus\Vulenciennes, 1850
Family: Stomiidae
Genus: Astronesthes
1. Astronesthes martensii Klunzinger, 1871
Order: Aulopiformes
Family: Chlorophthalmidae
Genus: Chlorophthalmus
8. Chlorophthalmus acutifrons Hiyama, 1940
Order: Myctophiformes
Family: Myctophidae
Genus: Digphus
9. Diaphus watasei Jordan & Starks, 1904
10. Diaphus lvetkeni (Brauer, 1904)
11. Diaphus dvmerilii (Bleeker, 1856)
12. Diaphus hudsoni Turbrigg & Scott, 1976
13. Diaphus effulgens (Goode & Bean, 1896)
Genus: Myctophum
14. Myctophum obtusirostre Tining, 1928
15. Myctophum spinosum (Steindachner, 1867)
Genus: Benthosema
16. Benthosema fibulatum (Gilbert & Cramer, 1897)
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Order: Gadiformes
Family: Macrouridae
Genus: Coelorinchus
17. Coelorinchus matamua (McCann & McKnight, 1980)
Genus: Hymenocephalus
18. Hymenocephalus italicus Giglioli, 1884
Genus: Coryphaenoides
19. Coryphaenoides acrolepis (Bean, 1884)
Family: Neoscopelidae
Genus: Neoscopelus
20. Neoscopelus microchir Matsubara, 1943
Order: Ophidiiformes
Family: Ophidiidae
Genus: Neobyrhites
21. Neobythites monocellatus Nielsen, 1999
Order: Lophiiformes
Family: Chaunacidae
Genus: Chaunax
22. Chavnax pictus Lowe, 1846
Family: Lophiidae
Genus: Laphiodes
23. Lophiodes endoi Ho & Shao, 2008
24. Lophiodes mutilus (Alcock, 1894)
Genus: Laphivs
25. Lophivs vomerinus Valenciennes, 1837
Family: Ogcocephalidae
Genus: Halievtaea
26. Halieutaea coccinea Alcock, 1889
Order: Beryciformes
Family: Berycidae
Genus: Beryx
21. Beryx splendensR.T. Lowe, 1834
Order: Zeiformes
Family: Parazenidae
Genus: Cyttopsis
28. Cyttopsis rosea (Lowe, 1843)
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Order: Perciformes
Family: Acropomatidae
Genus: Synagrops
29. Synagrops hellus(Goode & T. H. Bean, 1896)
30. Synagrops philippinensis(Gunther, 1880)
Family: Champsodontidae
Genus: Champsodon
31. Champsodon capensis Regan, 1908
Family: Gempylidae
Genus: Neoepinnula
32. Neoepinnula orientalis (Gilchrist & von Bonde, 1924)
Genus: Nealotus
33. Nealotus fripes Johnson, 1865
Genus: PromethichthysT. N. Gill, 1893
34. Promethichthys prometheus (6. Cuvier, 1832)
Genus: Ruvettfus Cocco, 1833
35. Ruvettus pretiosus Cocco, 1833
Family: Nomeidae
Genus: Psenes
36. Psenes arafurensis Ginther, 1889
Family: Nomeidae
Genus: (wbiceps
31. Cubiceps paradoxus Butler, 1979
Order: Pleuronectiformes
Family: Bothidae
Genus: Chascanopsetta
38. Chascanopsetta lugubris Acock, 1894
Order: Argentiniformes
Family: Alepocephalidae
Genus: Alepocephalus
39. Alepocephalus australisBarnard, 1923
Family: Cynoglossidae
Genus: Symphurus
40. Symphurus strictus(Gilbert, 1905)
Order: Scorpaeniformes
Family: Platycephalidae
Genus: 7hysanophrys
41. Thysanophrys chilfonae Schultz, 1966
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Eridacnis radcliffei

Argyropelecus aculeatus

Astronesthes martensii Chlorophthalmus acutifrons

Fig. 3.7a Bycatch species associated with myctophids in deep sea shrimp trawlers, operating off
southwest coast of India
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Myctophum spinosum

Fig. 3.7b Bycatch species associated with myctophids in deep sea shrimp trawlers, operating off
southwest coast of India
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Coelorinchus matamua
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Neobythites monocellatus

Chaunax pictus

Fig. 3.7c¢ Bycatch species associated with myctophids in deep sea shrimp trawlers, operating off
southwest coast of India
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[

Beryx splendens

Synagrops bellus

Fig. 3.7d Bycatch species associated with myctophids in deep sea shrimp trawlers, operating off
southwest coast of India
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Promethichthys prometheus

Psenes arafurensis

Fig. 3.7e Bycatch species associated with myctophids in deep sea shrimp trawlers, operating off
southwest coast of India
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Symphurus strictus

Thysanophrys chiltonae

Fig. 3.7f Bycatch species associated with myctophids in deep sea shrimp trawlers, operating off
southwest coast of India
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3.4 Discussion

Deep sea shrimp trawling in Kerala was started in 1999 and the catch
was mainly comprised of Heterocarpus spp. The average annual yield of deep
sea shrimps during 1999-2000 was estimated at 23,426 t (Rajan et al., 2001),
which increased to 48,675 t constituted by 15 species during 2000-01
(Rajasree and Kurup, 2005). Average catch rate of 9.3 kg h™ for deep sea
penaeid shrimps and 13.7 kg h™ for non-penaeid shrimps, have been reported
from Quilon bank, during 2009-10 (CMFRI, 2010). In this study, deep sea
shrimp landings in the southwest coast of Kerala during the period 2009-2010
has been estimated as 7,880 t. CMFRI (2013) reported that the annual catch of
myctophids during 2010-11 was 2,972 t and the catch was supported mainly
by five species viz., Diaphus watasei, Diaphus garmani, Benthosema
fibulatum, Myctophum obtusirostre and Neoscopilus microchir. In the present
study, myctophid bycatch during the study period has been estimated as 3,676
t, with a catch rate of 19.87 kg h™. Myctophids constituted about 32% and
other bycatch species contributed to 68% in the total bycatch of deep sea

shrimp trawl.
3.5 Conclusion

As myctophids contribute a major quantity in the discards of deep sea
shrimp trawlers, more attention is required to utilize this resource effectively.
It is possible to maintain sustainable development of fisheries by efficient
utilization of these resources through development of products such as
fishmeal, oil, mince, hydrolysate, and silage. The presence of myctophids in
bycatch discards of deep sea shrimp trawlers operating off southwest coast of

India to the extent of 32%, indicate the potential of these species for future
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expansion in capture fisheries, with a precautionary approach. Information
generated under this study on associated species in shrimp trawl bycatch will

be useful for developing bycatch reduction strategies.

LR
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LENGTH-WEIGHT RELATIONSHIP OF
SELECTED MYCTOPHID FISHES
CAUGHT OFF SOUTH-WEST COAST OF INDIA

4.1 Introduction

4.2 Materials and Methods
4.3 Results

4.4 Discussion
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4.5 Conclusion

The length-weight relationship of fish provides a means for calculating
weight from length of fish and can indicate taxonomic differences and events
in the life history of fish (Venkataramanujam and Ramanathan, 1994). These
relationships are often used to estimate biomass from length frequency
distributions (Anderson and Gutreuter, 1983; Petrakis and Stergiou, 1995;
Dulcic and Kraljevic, 1996; Martin-Smith 1996) and to calculate fish
condition (Petrakis and Stergiou, 1995). Length-weight relationships are also
used to calculate the standing stock biomass (Martin-Smith, 1996) condition
indices, analysis of ontogenetic changes (Safran, 1992) and several other
aspects of fish population dynamics.

Length-weight relationship of fish allow to convert growth-in-length
equations to growth-in-weight in stock assessment models (Dulcic and
Kraljevic, 1996; Goncalves et al., 1997; Morato et al., 2001; Stergiou and
Moutopoulos, 2001; Ozaydin et al., 2007 and Cherif et al., 2008). Like any
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other morphometric characters, length-weight relationship can be used as a
character for the differentiation of taxonomic units and this relationship is seen
to change with various developmental events in life such as metamorphosis,

growth and onset of maturity (Le Cren, 1951).

In this study, length-weight relationship of selected myctophid fishes
caught off southwest coast of India were estimated. Many studies have
estimated the abundance and biomass of myctophid fishes in the Arabian Sea;
however, studies on length-weight relationships of myctophids are limited. The
total abundance of mesopelagic fishes in the Northern and Western Arabian Sea
is estimated at about 100 million tons (Gjosaeter, 1984 and GLOBEC, 1993).
Studies on the abundance and biomass of myctophids in the Deep Scattering
Layer (DSL) of Indian Exclusive Economic Zone (EEZ) were carried out by
Menon (1990), Raman and James (1990), Jayaprakash (1996), Menon (2002),
Menon (2004), Balu and Menon (2006) and Karuppasamy et al. (2006). They
have reported that myctophids are the most dominant groups among
mesopelagic fishes. There were no targeted fishery for myctophids along the
Indian coast but myctophids are landed as bycatch in deep sea trawlers
operating off the southwest coast of India. Boopendranath et al. (2009); Pillai et
al. (2009) and Manju et al., (2013) have reported that myctophids are the major
components in the bycatch of deep sea shrimp trawlers operating off Kerala.
The existence of rich fishing grounds for unexploited myctophid fishery
resources in the EEZ of India has already been recognized.

The available studies on the length-weight relationship of fishes beyond
200 m depth from Indian waters are limited (Philip and Mathew, 1996; Khan
et al.,, 1996; Venu and Kurup, 2002a&b; 2006a&b; Thomas et al., 2003;
Kurup et al., 2005; Jayaprakash et al., 2006; Kurup and Venu, 2006; Kurup et
al., 2006) and studies on the length-weight relationship of myctophid fishes
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are restricted to Karuppasamy et al. (2008b) Vipin et al. (2011) and Manju et
al. (2013). The length-weight relationship of Benthosema pterotum was W =
0.00000748 L 31320 and there were no significant differences between male
and female (Karuppasamy et al., 2008b). Vipin et al. (2011) reported that the
length-weight relationship of Diaphus watasei as W=0.0026 L**° for males
and W = 0.0063 L*% for females. The length-weight relation between the
males and the females were found to be significantly different. Manju et al.
(2013) has reported that co-efficient of Diaphus watasei follow an isometric
growth pattern. Battaglia et al. (2010) estimated the length-weight relationship
of eight myctophid species from the Mediterranean Sea, viz., Ceratoscopelus
maderensis (W = 7.4E-06 SL3!*%), Diaphus holti (W = 1.3E-05 SL>!%%),
Electrona risso (W = 1.7E-05 SL*%°), Gonychthys cocco (W = 7.5E-06
SL31%%), Hygophum benoiti (W = 5.8E-06 SL**%), Hygophum hygomii (W =
1.7E-06 SL*°"®), Lampanyctus pusillus (W = 0.00012 SL*?*®) and Myctophum
punctatum (W = 1.4E-05 SL*°"Y). In this Chapter, an attempt has been made to
study the length-weight relationships of Diaphus watasei, Myctophum
spinosum, M. obtusirostre and Benthosema fibulatum, the most common

species in the bycatch landed by commercial trawlers, off southwest of India.
4.2 Materials and Methods

The samples for analysis were collected from the bycatch by
arrangement with commercial deep sea shrimp trawler operators of southwest
coast of India, during the period September 2009 - May 2012, except the
trawl ban period from 15 June to 31 July. Deep sea shrimp trawls with a head
rope length of 32.4 m were used for fishing operations. Their mesh size ranged
from 30 to 50 mm in the belly and 26 mm in the codend. The myctophid
species were caught from the depth range of 300-400 m. Samples of last trip of
multi-day fishing were stored in chilled condition until analysis (about two

71




Chapter 4

days). Myctophid fishes collected from 200-400 m depth, using a 45m four
equal panel myctophid trawl with 25 mm codend meshes, off southwest coast
of India, during cruise No. 313 (12 February 2013 — 2 March 2013) and 320 (4
October 2013 — 16 October 2013) of FORV Sagar Sampada (71.5 m Loa;
2285 hp; Ice class IB) were also used for analysis.

Total length (TL) to the nearest millimeter and total weight (TW) to the
nearest milligram were recorded for each fish. Sex was determined by
examining the gonads and by inspecting the presence of supracaudal light
organ found only in mature males (Hulley, 1986). The relationship between
weight (W; g) and length (L; cm) is denoted as W = aL’. This represents a
general linear equation and the value of ‘a’ and ‘b’ are estimated by the
method of least square regression (Zar, 1984). The exponent b provides
information on growth; being isometric when b = 3 and allometric when this is
not the case (positive if b > 3, negative if b < 3). Analysis of covariance
(ANCOVA) was carried to find any significant change in the length-weight
relationship between the sexes (Karuppasamy et al., 2008b) and t-test was
used to find if the slope of the regression lines are significantly different from
isometry. R version 2.12.0 was used for the data analysis.

4.3 Results

Length-weight relationships of four myctophid fishes viz., Diaphus
watasei, Myctophum spinosum, M. obtusirostre and Benthosema fibulatum along

the southwest coast of India were estimated, to assess the growth pattern.
4.3.1 Length-weight relationship of Benthosema fibulatum

During the study period, a total of 453 numbers of B. fibulatum were
examined. The total length of B. fibulatum ranged from 48 to 88 mm, with a

mean length of 65 mm and the weight of the fish ranged from 1.00 to 3.45 g.
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The graphical representation of length-weight relationships of the species are
given in Fig. 4.1 to0 4.3.

The length-weight relationships of the myctophid fish species B.

fibulatum, were estimated as:
W = 0.0389 L>**, for both males and females (pooled data);
W = 0.0358 L***" | for males; and
W =0.041 L***  for females

There is a significant difference from isometry (b=3) for both the males
and females (t-test, p<0.01). The species exhibits allometric growth (p<0.01),
with an exponent parameter (b) between 2.187 and 2.115, with 95% confidence.
No significant difference was found in the length-weight relationship between
male and female fishes (ANCOVA, p>0.05). It can therefore be concluded that
the length-weight relationship worked out for the combined population will be a
sufficient representation for both the male and female of B. fibulatum, and the
exponential value ‘b’ showed a trend of negative allometric growth. Length,
weight and length-weight regression summaries for males, females and both
sexes combined are given in the Table 4.1

Table 4.1: Length, weight and length-weight regression summaries for Benthosema fibulatum males,
females and both sexes combined.

Sex Length (mm) Weight (g) Parameters of the relationship
Min Max Min  Max Log (a) b SE (a) SE(b) R?
Male 209 48 88 1.00 3.25 -1.445 2.187 0.030 0.037 0942
Female 244 48 85 1.02 3.30 -1.387 2.115 0.028 0.034 0938
Combined 453 48 88 1.00 3.30 -1.412 2.143 0.021 0.025  0.940
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Fig. 4.1 Length-weight relationship of 8. fibu/atum (Pooled)
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Fig. 4.2 Length-weight relationship of 8. fibulatum(Male)
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4.3.2 Length-weight relationship of Diaphus watasei

The total length of Diaphus watasei ranged from 100 to 180 mm, with
a mean length of 142 mm and the weight ranged from 5 to 43 g, with a mean
of 21.9 g. Length, weight and length-weight regression summaries for D.
watasei males, females and both sexes combined are given in the Table 4.2.
The graphical representation of length-weight relationships of the species are
given in Fig. 4.4 to 4.6.

The length-weight relationships of the myctophid fish species Diaphus

watasei were estimated as:
W= 0.0033 L>%°, for both males and females (pooled data);
W=0.0026 L>*°, for males; and
W=0.0063 L*% | for females

The exponential value ‘b’ for males was 3.39, which shows positive
allometry and was found to be statistically significant from isometric value 3
(t-test, P<0.001). In the case of females, ‘b’ value was 3.06 which is found to
be isometric in growth and not significantly different from isometric value (t-
test, P=0.47). The length-weight relationship showed significant difference
between males and females of the species (ANCOVA, P=0.005).

Table 4.2: Length, weight and length-weight regression summaries for 2. wafasei males, females and
both sexes combined.

Length (mm) Weight (g) Parameters of the relationship
22 " Min  Max Min Max Log (a) b SE (a)  SE(h) R?
Male 226 100 180 5 43 -2.591 3391 0.085 0.075  0.900
Female 163 100 170 7 40 2199 3.062  0.098 0.084  0.891
Combined 389 100 180 5 43 -2.481 3299  0.063 0.055  0.901
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4.3.3 Length-weight relationship of Myctophum obtusirostre

A total of 617 number of M. obtusirostre specimens were examined
during the period of study. The total length of this species ranged from 70 to
95 mm, with a mean length of 81 mm and the weight ranged from 3.0 to 7.44
g, with a mean of 5.28 g. Length, weight and length-weight regression
summaries for males, females and both sexes combined are given in the Table.
4.3. The graphical representation of length-weight relationships of the species

are given in Fig. 4.7 to 4.9.

The length-weight relationships of the myctophid fish species M.

obtusirostre were estimated as:
W= 0.0232 L*°%, for both males and females (pooled data):
W=0.0203 L>%°, for males; and

W= 0.0257 L>** for females

Table 4.3: Length, weight and length-weight regression summaries for Myctophum obtusirostre males,
females and both sexes combined

s Length (mm)  Weight (g) Parameters of the relationship
ex n Min  Max Min Max Log (a) b SE (a) SE (b) R2
Male 269 70 95 3 744 0.020 2.655 0.031 0.034 0957

Female 348 70 95 325 744 0.025 2.542 0.026 0.029 0.956

Combined 417 70 95 3 7.44  0.023 2.593 0.020 0.022 0.956
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4.3.4 Length-weight relationship of Myctophum spinosum

A total 113 numbers of Myctophum spinosum were examined for the
estimation of length-weight relationship. The total length of Myctophum
spinosum ranged from 64 to 90 mm, with a mean length of 72 mm and the
weight of the fishes ranged from 2.1 to 6.2 g. Length, weight and length-
weight regression summaries for Myctophum spinosum males, females and
both sexes combined are given in the Table 4.4. The graphical representation
of length-weight relationships of the species are given in Fig. 4.10 to 4.12.

The length-weight relationships of the myctophid fish species
Myctophum spinosum were estimated as:

W=0.0129 L*"*"?, for both males and females (pooled data);
W=0.0212 L**? for males; and
W= 0.0077 L% for females

There is no significant difference in the slopes (p>0.05) between male
and female fish (ANCOVA). Female fishes exhibit isometric growth (p value
= 0.625, df = 50) and male fishes exhibited negative allometry (p value =
0.0071, df=61).

Table 4.4: Length, weight and length-weight regression summaries for Myctophum spinosum males,
females and both sexes combined.

s Length (mm)  Weight (g) Parameters of the relationship

ex Min Max Min  Max Log (a) b SE (a) SE(h) R?

Male 62 64 90 2.1 6 -1.672 2480  0.155 0.182  0.76
Female 51 65 90 2.2 6.2 2115 2998 0.180 0.209  0.81

Combined 113 64 90 2.1 6.2 -1.890  2.737 0.115 0134  0.79

79




Chapter 4

y=0.0129x% 7372

Length (cm)

g R®=0.7892
C
E 4
g=
7]
E
1
6 63 7 75 8 85 9
Length (cmy)
Fig. 4.10 Length-weight relationship of #. spinosum (Pooled)
y = 0,021 25707
° R*=0.755
g
Length- (cm) -
Fig. 4.11 Length-weight relationship of 4. spinosum (Male)
" v = 0007752050
R*=0.808
5
=
£
=]
3
= 3
2
1
6 65 7 7.5 g 85 9

Fig. 4.12 Length-weight relationship of 4. spinosum (Female)




Leng‘th—Weight Re]ationship of Selected Myctophid Fishes

4.4 Discussion

The length-weight relationship of four different myctophid species
caught off southwest coast of India are described in this Chapter. The
exponent value ‘b’ in the length-weight relationship equation indicate the
growth pattern of the fish. Generally the ‘b’ value ranges between 2.5 and 4.0
for fishes. A ‘b’ value of 3 indicate that the growth of the fish is symmetric or
isomeric (Hile, 1936). The exponent value other than 3 indicate allometric
growth. A ‘b’ value greater than 3.0 indicates that the fish become heavier
when it increases in length and a value less than 3.0 indicates that, fish

becomes more lean (Grower and Juliano, 1976).

This study is the first attempt to estimate the length-weight relationship
of Diaphus watasei, Myctophum spinosum and M. obtusirostre. The maximum
value of total length of Myctophum spinosum, M. obtusirostre and B.
fibulatum recorded were 90 mm, 95 mm and 88 mm, respectively. In the
length-weight relationship, the ‘b’ value of Myctophum spinosum (2.737) M.
obtusirostre (2.593) and B. fibulatum (2.143) indicated a negative allometric
growth. These species of myctophids are comparatively lean and smaller in
size. The myctophid fishes are generally small in size and majority of the
fishes are under 150 mm standard length (Nafpaktitis,1984; Hulley, 1985;
FAO, 1997b; Karuppasamy et al., 2008b). The length-weight relationship of
Diaphus watasei was estimated as W= 0.0033 L*?®°, which showed an
isometric growth. The length-weight relationship of male and female fishes of
D. watasei showed significant difference. The ‘b’ value of D. watasei female
fish showed isometric growth and male fish showed positive allometric
growth. D. watasei are comparatively larger and heavier than other three
myctophid species considered in this study. The maximum total length of this

species was 180 mm and maximum weight recorded was 43 g. These findings
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agree with Manju et al. (2013) who reported similar results of length-weight
relationship for D. watasei landed along the Kerala coast. Karuppasamy et al.
(2008b) reported that the length—-weight relationship of Benthosema pterotum
(Family: Myctophidae) showed a positive allometric growth. The exponent
value was estimated as 3.13. A study by Albikovskaya, (1988) estimated the
‘b’ value of Benthosema glaciale as 2.26.

Thomas et al. (2003) recorded that out of 22 species of the deep sea
fishes from the continental slope beyond 250 m depth along the west coast of
India, Cubiceps pauciradiatus, polymaxia nobilis, Cyttopsis rosea,
Hoplosthethus mediteraneus, Saurida undosquamis, showed isometric growth
and all other species deviated from isometric growth to negative and positive
allometric growth. In this study, it was found that the exponent value in the
length-weight relationship of Benthosema fibulatum was 2.13, indicating a
negative allometric growth, which is deviates from the findings of Hussain
(1992). Hussain (1992) reported that the length-weight relationship of B.
fibulatum from the northern Arabian Sea showed an isomeric growth pattern in
different subgroups such as females at stage I; stage Il and IlI; stage IV of

maturity; and all males, immature and mature.

The findings of this study, will serve as a baseline for comparison with
other stocks of this species in different parts of the Indian Ocean. Seasonal
variations in the length-weight relationships were not considered in the study,
since the samples were aggregated for the analysis. Seasonal variations in the
relationships with respect to sexes could provide a more accurate

representation of the length-weight relationships.
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4.5 Conclusion

This study has been the first attempt to estimate the length-weight
relationship of Diaphus watasei, Myctophum spinosum and M. obtusirostre.
The length-weight relationship of Diaphus watasei was estimated as
W=0.0033 L>%°, Myctophum spinosum as W=0.0129L>"*", M. obtusirostre as
W=0.0232 L?>** and Benthosema fibulatum as W=0.0389 L?**. Growth in
respect of Myctophum spinosum, M. obtusirostre and B. fibulatum have
shown a negative allometric pattern as the exponential value ‘b’ value ranged
between 2.143 and 2.737. The ‘b’ value for Diaphus watasei was 3.299,
indicating positive allometry in growth pattern. The findings of this study,
would serve as a baseline for comparison such parameters with other stocks of

these species in different parts of the Indian Ocean.
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POPULATION DYNAMICS OF SPINYCHEEK
LANTERNFISH Benthosema fibulatum
CAUGHT, OFF SOUTH-WEST COAST OF INDIA

5.1 Introduction
5.2 Materials and Methods
5.3 Results

5.4 Discussion

e (ontents @

5.5 Conclusion

Myctophids are dominant representatives among mesopelagic fishes
and are widely distributed in world oceans. The utilization of mesopelagic
fishes can help to fullfill the demand gap in the face of increasing demand for
food. Available information on stock abundance of mesopelagics indicate that
there is enormous scope for development of this fishery in the Indian
Ocean particularly in the Arabian Sea (Gjosaeter and Kawaguchi, 1980;
Gjosaeter, 1984; Raman and James, 1990; GLOBEC, 1993). Myctophids are
potential resources for production of various commercial fishery products such
as fish meal, fish oil, fish silage and surimi and other products like lubricating
oil, cosmetics and wax (Nair et al., 1983; Noguchi, 2004; Olsen, 2010).

Commercial exploitation of mesopelagic resources will increase the
production of fish meal, fish oil and fish silage which have many applications
in various industries including aquaculture feed industry (Shaviklo, 2012;

Shaviklo and Rafipour, 2013). Though, mesopelagic fish stocks are known to
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be abundant in the world oceans, few countries have commercial fisheries
targeting myctophids. One of such countries, the Sultanate of Oman has
initiated commercial fishery of mesopelagic fishes from Persian side of Oman
Sea, exclusively for fish meal production in Iran (Shaviklo, 2012). There is no
targeted fishery for myctophid fishes in India, but some studies reported the
landing of myctophids as bycatch of deep sea shrimp trawlers (Boopendranath
et al., 2009; Pillai et al., 2009; Manju et al., 2013). Large scale production of
bycatch and discards are wastage of natural resources, which generate
ecological and environmental impacts (Blanco et al., 2007). At present, large
quantities of mesopelagic fishes are being wasted as discards from deep sea
shrimp trawlers. In a country like India where there is a wide gap between
demand for fish and its production, there is an imperative need to fully utilize

natural fish resources.

The exploitation of underutilized fish stock should be in a sustainable
level with proper scientific advice on maximum possible effort, gear design
and mesh size regulations. Hence, the exploited stock and population
dynamics of myctophid fishes need to be ascertained. The population
parameters like growth rate, natural and fishing mortality, age at maturity and
spawning and age composition of the exploited population have to be
ascertained in order to facilitate sustainable utilization of resources. Age
determination provide basic life-history information which are necessary for
describing population dynamics of a species. Information on stock composition,
age at maturity and spawning, growth rate, natural and fishing mortality and
age composition of the exploited population, can be derived from age data of
fish populations. Such information provide essential tools for scientific

interpretation of fluctuation in fish populations over space and time and also in
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formulating scientific and economic management policies for fisheries

(Seshappa, 1999).

Age is the lifespan of a fish and growth is defined as the addition of
material to that which is already organized in to a living pattern
(Venkataramanujam and Ramanathan, 1994). The age determination of fish is
an important tool in fisheries research and age data are vital for both growth
modelling and population dynamics. There are several approaches to ageing
fish, including direct observation of individuals, length frequency analysis and
the analysis of various hard structures like scales, otoliths, vertebra from fishes
and count the number of annual rings laid down on them (Busacker et al.,
1990; Devries and Frie, 1996; Campana, 2001). The reading of annual rings of
hard parts of body can be effectively used only in temperate climates where
fluctuations are definite and annual. However, the fluctuations are seasonal
and not extreme in tropical regions and thereby rings formed on hard parts
may not represent annuli. Therefore, length frequency method has been widely

accepted for studying age and growth in tropical fishes.

Fishing is one of the largest factors modifying marine ecosystems and
fisheries management is shifting from single-species approach to ecosystem-
based management. Commercial fisheries have led to changes in marine food
webs by direct removal of key food web components (Crowder et al., 2008).
Ecosystem based fishery management is a new direction for fishery management,
based on the need to assess fishery effects on the ecosystem, i.e. on the predators,
competitors, and prey of the exploited species, as well as on bycatch species and
the essential habitat (Pikitch et al., 2004). Mesopelagic fishes, though
underexploited by commercial fisheries, constitute an important prey item to a
number of commercial species, as well as to marine mammals and seabirds (Lam

and Pauly, 2005). Pikitch et al. (2004) suggested that the ecosystem-based
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fishery management (EBFM) is one of the effective methods for fishery
management, essentially reversing the order of management priorities to start with
the ecosystem rather than the target species. Another goal of ecosystem based
fisheries management is to reduce excessive levels of bycatch and juveniles,
because juvenile life stages and unmarketable species often play important roles

in the ecosystem (Balance et al., 1997; Pope et al., 2000).

Myctophids are generally fast growing fishes (Childress et al., 1980)
which have relatively short life span and a high rate of mortality (Gjosaeter
and Kawaguchi, 1980). Available information concerning the mortality of
mesopelagic fishes has been restricted to only a few studies, due to insufficient
number of aged specimens. The rate of mortality of myctophid, Benthosema
glaciale has been estimated in Norwegian waters (Gjosaeter, 1973). Age and
growth studies of myctophid fishes are limited (Smoker and Pearcy, 1970;
Childress et al., 1980; Gjosaeter and Kawaguchi, 1980; Kawaguchi and
Mauchline, 1982; Karnella, 1987; Albikovskaya, 1988; Gartner, 1991;
Kristoffersen and Salvanes, 2009). Most of the growth studies conducted were
based on the length frequency data of fishes and some of the studies were
estimated by daily growth increments of sagittal otoliths of myctophid fishes
(Gartner, 1991; Suthers, 1996; Greely et al., 1999; Hayashi et al., 2001; Moku
et al., 2001; Shelekhov, 2004; Moku et al., 2005; Takagi et al., 2006;
Bystydzienska et al., 2010). It has been reported that temperate myctophid
species grow rapidly in summer (Gjosaeter, 1973; Kawaguchi and Mauchline,
1982). The growth of deep water species did not show seasonal changes in
growth, possibly because they would less be affected by seasonal
hydrographic changes (e.g. temperature, food availability) compared to

shallow water living species (Kawaguchi and Mauchline, 1982).
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The age and growth of Benthosema glaciale has been reported
(Halliday 1970; Gjoseater, 1981b; Albikovskaya, 1988; Garcia-Seoane, 2013).
Gartner (1991) estimated the growth rate of a subtropical species Benthosema
suborbital from eastern Gulf of Mexico. Giragosov and Ovcharov (1992)
studied the growth of Myctophum nitidulum of tropical Atlantic waters and
Hayashi et al. (2001) determined the age of adult myctophid species

Myctophum asperum in Kuroshio and transitional waters.

The stock size of a fish depends on recruitment, growth and mortality.
The stock of fish used for exploitation is increased by reproduction and
growth. The decrease in number of individuals in a population through death is
due to various reasons. Death of individual in a population due to natural
reasons is known as natural mortality (M). The removal of individual fishes
from the stock due to fishing is called fishing mortality (F). The instantaneous
rate of total mortality rate (Z) is the sum of instantaneous rate of fishing
mortality and the instantaneous rate of natural mortality. Studies on mortality
rate is essential for formulation of exploitation strategy and manage the fishery
resource at optimal level. In India, there is no fishery for myctophids but they
are caught as bycatch in the deep sea trawlers operating off the southwest

coast of India.

The present study was undertaken to understand aspects of population
dynamics of Spinycheek lanternfish Benthosema fibulatum (Gilbert & Cramer,
1897), which will be helpful for generating management models for

sustainable exploitation of this species.

5.2 Materials and Methods

A total of 453 specimens of Benthosema fibulatum having total length

ranging from 48 to 85mm were collected from deep sea shrimp trawlers
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operating off southwest coast of India, during the period September 2009 -
May 2012, except during the trawl ban period from 15 June to 31 July. The
specimens were caught from the depth range of 300-400 m. Samples of multi-
day fishing were stored in chilled condition until analysis. Length
measurements were grouped into 5 mm class intervals. The growth parameters
were estimated using the Electronic Length Frequency Analysis (ELEFAN I)
programme as incorporated in the FAO-ICLARM Stock Assessment Tools
(FiSAT) (Gayanilo et al. 1996).

5.2.1 Estimation of Growth parameter L, and K

The growth was described using von Bertalanffy growth formula

(Bertalanfty, 1957) using the length frequency data from samples.
Lo=Lo[1-e*")]

where, L is the fish length at t age (mm); L, is the maximum asymptotic
length a fish can theoretically reach; K curvature growth constant per year;

and t is age at zero length

ELEFAN 1 identified the growth curve that fits best on the length-
frequency data, using Rn value as the criterion. Best growth curve was
identified by scan of K-values. Length frequency data were reconstructed to
generate “peaks” and “troughs” and the goodness of the fit index is identified

by the equation:
Rn =10FSPASP /10

where, ASP = Available Sum of Peaks; ESP = Explained sum of Peaks;

growth curve of the form,

L= Lo [1-¢*"] + St, + Sto
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where,

L;= the length at time t; St; = (CK/2 n) . sin (2 & (t-t5)); and Sty (CK/2
7). sin (2 7 (to-ts))

L, and Z/K were estimated using Powel-Wetherall plot. Here the
smallest length L’, or cut-off length is the smallest length fully recruited by the
gear. Then

(L-L’) = at+b*L’
where, L = (L,+L’) / (1+Z/K); L, =-a/b; and Z/K = -(1+b)/b

The growth parameters were simultaneously assessed following Ford-

Walford plot, which is modified version of VBGF:
Ly =atb Ly
This can be rewritten as
L 41 =Ly (1I-EXP-K) + EXP K * L,
or
Ly =atb Ly
L, and K were estimated by following the formula:
L, =a/(1-b)
K =-log.b
5.2.2 Estimation of age at zero length (t,)

The estimate of t) was worked out using von Bertalanffy (1934) plot in
which the results of the regression of —In (1-Lt/L) against t was used to

calculate to following equation t, = -a/b.
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5.2.3 Growth Performance Index

The length based growth performance index (@) was calculated
following Pauly and Munro (1984)

O =LogK+2* Log L,

The oldest individual in an unexploited stock is often about 95% of the
species’ asymptotic length (L,). It means the life span (tmax) is defined as the
time required for the fish to reach 95% of the species asymptotic length (King,
1995).

Life span is estimated following the equation.
tmax = (-1/K) In (1-(0.95 L,)/ Ly

The life expectancy was estimated using the equation described by

(Pauly, 1983a).
tmax = 3/K
5.2.4 Natural mortality estimation

The instantaneous rate of natural mortality (M), was estimated

following Pauly’s empirical formula (Pauly, 1980; 1984).

Pauly (1980) established relationship of growth parameters L, (in cm)
or W, (in g) and K (Year"), mean annual habitat temperature (T in °C) and

natural mortality. The equation used was:
In(M) =-0.0152 — 0.279 In L, +0.6543 In(K) + 0.463 In(T)

where, L, and K are von Bertalanfty growth parameters; and T= the

mean value habitat temperature in °C.
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The von Bertalanffy growth parameters were estimated by ELEFAN
method / Ford Walford plot. The mean annual habitat temperature recorded

during the study was 15°C.
5.2.5 Total mortality estimation

The instantaneous rate of total mortality (Z) was estimated following
the Beverton and Holt model (Beverton and Holt, 1956) and length converted
catch curve method (Pauly, 1984).

Beverton and Holt (1956) assumed that growth follows the VBGF and
mortality can be represented by negative exponential decay. Here

instantaneous rate of total mortality (Z) was obtained from the formula:
7Z=K.(Lo-L)/(Lwo-L")

where, Z = instantaneous rate of total mortality; L = Mean total length

in cm; and L = cut off length

Length converted catch curve method essentially consist of a plot of
the natural logarithm of the number of fish in various age group (N;) against

their corresponding age (t), which is given in the linear relation.
In(N/Dt))=a+b Xt

where, Ni= the number of fish in length class i; Dt; = the time needed
for the fish to grow through length class i; t; = the age (or the relative
age, computed with ty = 0) corresponding to the mid length of class i;

and b= with sign changed is an estimate of Z.

Following estimation of Z, the routine used to estimate M using Pauly’s
M equation and F, from the equation as per Pauly (1983b) using FiSAT

software.
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F=7-M

where, F= instantaneous rate of fishing mortality; and the exploitation

ratio (E) from formula:
E=F/Z
5.2.6 Probability of capture

Probability of capture of fishes L,s (length at which 25% of fish
caught), Lso (length at which 50% of fish caught) and L;s (length at which
75% of fish caught) were estimated from length converted catch curves by
backward extrapolation of the catch curve and comparison of the numbers
actually caught with those that “ought” to have been caught. Catch curve
analysis extended to an estimation probabilities of capture by backward
projection of the number that would be expected if no selectivity had taken

place (N”), using the formula.
Ni.i-=N’1 X EXP (ZDt))

where,
Dt; = the time needed for the fish to grow through length class i;
Z=(Zi+Zi1)2

where, Zi=M + F; ; Fi;=Fi- X and X=F/ (no. of classes below P, +1)

where, P; = first length group with a probability of capture equal to 1.0, and
whose lower limit is an estimate of L’. From this, probabilities of capture by

length were computed from the ratios of Ni/N’;.

The values obtained were again tested following trawl type selection

(Pauly, 1984). Then L;,s, Lso and L5 were estimated following the equation:
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In (1/P1)-1)=S1-S2 X L

where, Pr. = the probability of capture for length L; S1 and S2 = variables used

for estimating the probability of capture under the logistic model

Lys =(In (3) —S1)/S2

L50 = Sl/ S2

L;s =(In (3) + S1)/S2
5.2.7 Relative Yield/Recruitment (Y/R) and Biomass/Recruitment

(B/R) analysis

Using knife-edge selection, relative yield—per-recruit (Y’/R) was
computed from:

Y/R = EU ¥ (1- 3U/1+m) + (3 U¥/1+2M) — (3U° /1+3M)
where, U =1 - (Lc¢/L,); m = (1-E)/(M/K) = (K/Z); and E = F/Z

Relative biomass-per-recruit (B’/R) is estimated from the relationship,
B’/R = (Y’/R)/F

Emax, Eo.1 and Eg s were estimated using the first derivative of this function.

Plots of Y’/R vs E (=F/Z) and of B’/R vs E, from which Epa
(Exploitation rate which produce maximum yield), Eo; (Exploitation rate at
which the marginal increase of relative yield-per-recruit is 1/10 of its value at

E=0) and Eys (Value of E under which the stock has been reduced to 50% of

its unexploited biomass) were also estimated.

Later using selection, relative yield-per-recruit (Y’/R) was computed

from:

Y’/R = SP; (Y’ /R)iX Gi.)-((Y’/R)i+1XGy))
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where, (Y’/R); = relative yield-per-recruit computed from the lower

limit of class i,

P; = probability of capture between L; and L;;1;

Gi =P rj; ;= (1-¢;)*/ (1-ci.1)™; Si = (M/K) (E/1-E))P;; and

Y/R = EUMX (1- (3 U/1+m) +(3 U%/1+2m) — (3U*/1+3m)
Here, B’/R is estimated from,

(B’/R);=(1-E)  A/B
where, A =(1- (3 U/1+m) +(3 U*/1+2m) — (3U*/1+3m); and

B =(1- 3 U/1+m’) +(3 U¥/1+2m’) — 3UY/1+3m’)

where m’= 1/(M/K) =m/(1-E)

Emax, Eo1 and Egs were estimated by using the first derivation of the

function.
5.3 Results

5.3.1 Growth parameters (L, and K)

The age and growth parameters were estimated for the population of
Benthosema fibulatum in the southwest coast of India based on length
frequency data. The total length of the B. fibulatum ranged from 48 to 85 mm.
Species were caught throughout the study period. The growth parameters
asymptotic length (L,) and growth constant (K) were estimated at 108 mm and
0.460 per year respectively by using the ELEFAN 1 programme in the FiISAT
software. The value of length at zero age (ty) was estimated at -0.02. The
restructured length frequency data of population of B. fibulatum and the

superimposed growth curve fitted with highest levels of Rn is given in the
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Fig. 5.1. The von Bertalanffy Growth formula for B. fibulatum based on the

parameters estimated in the present study can be expressed as,

Lt =108* [1 _ e-04460 (t+0.02)]

Asymptotic length (Le):  108.00  Amplitude of oscillation (C): 0.000  Starting sample {SS): 1
VBGF growth constant (K): 0.460  "Winter point" (WP): 0.000 Starting length (SL): 60.00

100
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Fig. 5.1 The restructured length frequency data with super-imposed growth curve fitted at highest levels
of Rn values, for 8 fibulatum

5.3.2 Growth and lifespan

The life span of B. fibulatum was estimated as six years based on
empirical formula 3/K (Pauly,1983a). The results from the present study
showed that B. fibulatum grows faster in first year and attain 40.4 mm by the
end of first year. In von Bertalanffy growth formula, the lengths attained by
the fish at the end of the II, III, IV V and VI year were estimated at 65.34 mm,
81.07 mm, 90.99 mm, 97.27 mm and 101.22 mm respectively. The growth
curve of B. fibulatum are depicted in Fig. 5.2. The size-at-age plots revealed
growth is fast during the first years of life and decreases thereafter. The

growth performance index (¢) was estimated as 3.73.
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Fig. 5.2 Growth curve of 8. fibulatum

5.3.3 Mortality estimation

Natural mortality obtained as per Pauly’s empirical formula was 0.51.
The catch curve for mortality estimates of population of B. fibulatum in
southwest coast of India is depicted in the Fig. 5.3. Total mortality value
estimated by catch curve method was 2.32 yr”'. The natural mortality (M) was
estimated at 0.51 yr'. The values of fishing mortality coefficient (F) and

exploitation rate (E) were worked out as 1.81 and 0.78 years respectively.
5.3.4 Probability of capture

The probability of capture and size at first capture (L.) were estimated
based on the length converted catch curve method. The relationship between the
length class and probability of their capture is depicted in Fig. 5.4. Size at first
capture of B. fibulatum was estimated as 62.84 mm. The probabilities of capture

values were estimated at L5 = 58.61 mm, L5y = 62.84 mm and L;5 = 67.06 mm.
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5.3.5 Relative Yield/Recruit (Y/R) and Biomass/Recruitment (B/R)

The relative yield per recruit and biomass per recruit using selection
data of fish populations of this species with current L. are shown in Table 5.1
and Fig. 5.5. The Lso/L,and M/K values used for Y/R analysis were 0.582 and
1.110 respectively. The yield per recruitment reaches maximum at an

exploitation rate 0.772 (Emax) While the present level of exploitation is 0.658.

Table 5.1 The details of Y'/R and B/R af various levels of exploitation rate (E) with respect to 8 fibulatum
caught off southwest coast of India (Parameters: Enax: 0.772 E-50: 0.388; E-10: 0.658; M/K:

1.110; Le/Lac: 0.587)

E YR B/R E YR B/R
0.01 0.018 0.862 0.60 0.079 0.276
0.20 0.035 0.730 0.70 0.083 0.186
0.30 0.050 0.605 0.80 0.084 0.110
0.40 0.062 0.486 0.90 0.081 0.047
0.50 0.072 0.376 0.99 0.076 0.004

1.00 0.10
3 S QDN [y ————
o or5f = -\
5 5 o007 |
8 g |
= = |
- 050 | 0.05 p———
g 3 | |
£ = |
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Fig. 5.5 Relative yield and biomass per recruit with current L.
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5.4 Discussion

Myctophid species, Benthosema fibulatum is one of the major
components in the bycatch of deep sea shrimp trawlers operating in southeast
coast of Arabian Sea (Pillai et al., 2009; Boopendranath et al., 2009; Manju et
al., 2013). The growth parameters of B. fibulatum L, and K were estimated as
108 mm and 0.460 per year using ELEFAN I method. Age at zero length (to)
estimated following von Bertalanffy plot was -0.02. The negative ty value of
fish indicated faster growth rate in their juvenile stage (Walford, 1946). The
present results indicate that B. fibulatum followed the typical growth of
myctophids, a rapid growth during first two years, followed by decrease in
growth (Smoker and Pearcy, 1970; Filin, 1997). The total length of B.
fibulatum caught in deep sea shrimp trawlers ranged from 48 to 85 mm.
However, Hussain (1992) reported a maximum length of 102 mm in B.
fibulatum inhabiting Northern Arabian Sea and was accepted as Lyax for this
species. The L, value computed following ELEFAN 1 method was slightly
higher (108 mm) than the L,,x values reported in B. fibulatum.

Maximum age of this species was deducted as six years in the present
study as evidenced from 3/K (Pauly,1983a) having almost similar result. It has
been reported that Benthosema glaceile a related species lives up to four years
to eight years (Halliday, 1970; Gjosaeter, 1981b; Albikovskaya, 1988; Seone,
2013). In the present study VBGF in respect of B. fibulatum was expressed as
L, = 108*[1 - ¢4 "9 The L, value worked out in the present study is
much higher than 75 mm and 83.06 mm worked out in the case of B. glaciale
(Gjosaeter, 1973; 1981b). The growth parameter workout in B. fibulatum is
comparable to 0.45 in B. glaciale (Gjosaeter, 1973), though a low value 0.20
was also reported in the same species is same waters by Gjosaeter (1981b).

The size range of B. fibulatum is comparatively smaller with length ranging
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from 48 mm to 85 mm. Maximum length of B. pterotum an inhabitant of

eastern Arabian Sea has been recorded as 56mm (Karuppasamy et al., 2008b).

The maximum age of B. fibulatum was estimated as six years in the
present study. The length attained by the fish at the end of first year to sixth
year were estimated to be 40.40 mm, 65.34 mm, 81.07 mm, 90.99 mm, 97.27
mm and 101.22 mm respectively. The size-at-age plots revealed growth is fast
during the first year of life and decreases thereafter. It appeared that this
species had taken more than 6 years to reach Lya.x 102 mm. The growth of
deep water species does not show seasonal changes since they are affected by
seasonal hydrographic changes (temperature, food availability) compared to
shallow water living species (Kawaguchi and Mauchline, 1982). Availability
of food and prevailing water temperature are two main factors affecting
growth rates of deep sea fishes. The abundance of B. fibulatum in Arabian Sea
is generally in water column having low temperatures ranging from 10° to
14°C. The slower growth rate may be due to the low water temperatures

prevailing in deep waters.

In the present study, the value of Z was estimated at 2.32. Gjosaeter
(1973) reported a total mortality rate (Z) of 0.74 in Benthosema glaciale from
Norwegian waters. The mortality due to fishing (F) in B. fibulatum was 1.81
yr'' which is higher than the natural mortality (M) 0.51 and the exploitation
rate was worked out as 0.78 yr'. The results of the present study indicate that

the current exploitation rate is close to the maximum exploitation rate.

There is no targeted fishery for myctophids, in the area of study.
However, these are caught as bycatch during deep sea shrimp trawling
operations and are generally discarded back into the sea. Manju et al. (2013)
reported an exploitation rate of 0.279 and fishing mortality of 0.47 in
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myctophid Diaphus watasei inhabiting the same fishing area. Studies indicated
the importance of development of policies for sustainable deep sea fisheries
management practices oriented towards myctophid resources. In the present
situation, there is no targeted fishery for myctophids but exploitation of
myctophids are occurring as bycatch of deep sea shrimp trawl (Boopendranath
et al., 2009; Pillai et al., 2009). Studies on deep sea shrimp trawl bycatch
indicated high percentage of myctophids. Present study estimated the total
bycatch of myctophids from deep sea shrimp trawl catch in southwest coast of
India at 3,676 t which constituted around 32% of the total bycatch during the
period 2009-2010. It has also been reported that myctophids supported an
annual average catch of 2668 t during 2009-2011 in deep sea shrimp trawlers
(Manju et al., 2013).

Though there has been no targeted fishery for myctophids in the area
of study, they constituted a significant proportion of bycatch generated, during
deep sea shrimp trawling operations, which were generally discarded back into
the sea. The present catch levels are sustainable, as the current exploitation
rate is below maximum exploitation rate. However, the stock of this species
can become unsustainable when the fishery expands and intensifies in future,
particularly due to demand from fish meal industry, unless proper management

action is taken.
5.5 Conclusion

The growth parameters, asymptotic length (L) and growth constant (K)
of Benthosema fibulatum were estimated at 108 mm and 0.460 per year
respectively and maximum age of the species was estimated as six years. The
von Bertalanffy Growth formula for B. fibulatum based on the parameters

estimated in the present study can be expressed as Ly = 108*[1 - ¢4%0 (10:02)],
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B. fibulatum grows faster initially and attain 40.4 mm by the end of first year
and 65.34 mm, 81.07 mm, 90.99 mm, 97.27 mm and 101.22 mm TL
respectively, by the end of II"%, IIT", IV" V* and VI™ year. Total mortality
value (Z) was estimated as 2.32 yr'. The natural mortality (M) was estimated
at 0.51 yr'. The values of fishing mortality coefficient (F) and exploitation
rate (E) were worked out as 1.81 and 0.78 yr’, respectively. The yield per
recruitment reached maximum at an exploitation rate 0.772 (Epnax) while the
present level of exploitation is 0.658. The results of the present study indicate
that the current exploitation rate is close to the maximum exploitation rate.
Though there has been no targeted fishery for myctophids in the area of study,
they constituted a significant proportion of bycatch, generated during deep sea
shrimp trawling operations, which were generally discarded back into the sea.
While the present catch levels are sustainable, the stock of this species can
become unsustainable as the fishery expands and intensifies in future,
particularly due to demand from fish meal industry, unless proper management
action is taken. Size at first capture (L.) of B. fibulatum was estimated as 62.84
mm TL, with the probability of capture ranging from 58.61 mm (Lss) to 67.06
mm (L7s). As the size at first capture (L.) estimated at 62.84 mm TL is larger
than size at first maturity (L,,) of the species (46.88 mm TL) (Chapter 6, this
study) the codend mesh size (26 mm stretched diamond mesh) of the
commercial deep sea shrimp trawls, deployed for harvesting operations, are
considered to be large enough to offer protection to juveniles and sub-adults of

B. fibulatum.
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REPRODUCTIVE BIOLOGY OF SPINYCHEEK
LANTERNFISH Benthosema fibulatum
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Information on reproductive biology of fishes is helpful for ascertaining
the length at which fish attain sexual maturity, gonadal development,
spawning frequencies, spawning periods and fecundity. Maturation of a fish
refers to the cyclic morphological changes which the female and male gonads
undergo to attain full growth and ripeness. Spawning refers to the release of
the male and female gametes from the body of the fish into the water where
fertilization take place. Age and size at sexual maturity are needed to assess
the optimum age of first capture of species and the fecundity study gives
information on reproductive potential of fish (Venkataramanujan and

Ramanathan, 1994).

In the present study, the reproductive biology of Benthosema fibulatum
inhabiting a depth of 300-400 m, off southwest coast of India was ascertained.
Studies on the reproductive biology of deep sea fishes from Indian waters are
very limited. Some of the studies conducted during the past decade on the

reproductive biology of fishes inhabiting the deep sea waters of India include
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Venu and Kurup (2002a,b; 2006), Rajasree et al. (2004), Sahayak (2005),
Zacharia and Jayabalan (2007) and Manju et al. (2013).

Studies on reproductive biology of myctophid fishes are very few
(Childress et al., 1980; Gjosaeter and Kawaguchi, 1980; Hussain and Ali-
Khan, 1987; Dalpadado, 1988; Gjosaeter and Tilseth, 1988; Hussain, 1992;
Gartner Jr., 1993; Moku et al., 2001; Manju et al., 2013; Seoane, 2013).
Myctophids have rapid growth and reaches sexual maturity early in their life
span (Childress et al., 1980; Gjosaeter and Kawaguchi, 1980). These fishes are
pelagic spawners, where they release eggs and seminal fluid into the water.
External fertilization takes place in the pelagic waters and the tiny eggs are
made buoyant by lipid droplets. The fertilized eggs and the hatched larvae drift
at the mercy of the currents until they have developed (Sassa et al., 2004a).

The literature available on reproductive biology of myctophids from
Indian Ocean are limited (Hussain and Ali-Khan, 1987; Dalpadado, 1988;
Gjosaeter and Tilseth, 1988; Hussain, 1992; Moku et al., 2001; Manju et al.,
2013). Active spawning during all seasons were found in these fishes with an
increased spawning activity during monsoon transition periods in Arabian Sea
(FAO, 1997a). Doyle et al. (2002) and Moser and Watson (2006) reported that
in some species of myctophids spawning occurs year round. In temperate and
subtropical regions, myctophids spawns mainly from late winter to summer

(Moser and Watson, 2006).

The information on gonad development, size and age at maturity and
fecundity of Benthosema pterotum from the Indian Ocean have been evaluated
by several researchers (Gjosaeter,1981c; 1984; Dalpadado,1988; Hussain,
1983; Hussain and Ali-Khan,1987). Hussain and Ali-Khan (1987) reported

that B. pterotum reached maturity at an age of about 6 months and Hussain
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(1983) has estimated the fecundity of B. pterotum to be varying from 200 to
3000 eggs. Information on the spawning season of mesopelagic fishes has
recently been estimated from the seasonal occurrence of larvae for subarctic,
transitional and subtropical species in the California Current region (Moser et
al., 1993a,b; 2001), and the western North Pacific (Sassa, 2001; Moku et al.,
2003; Sassa et al., 2004a,b), which supplements the previous reviews by
Gjosaeter and Kawaguchi (1980) and Beamish et al. (1999). The period of
principal spawning for most myctophid species appears to be timed to coincide
with the seasonal peak in the production of zooplankton, the main food source
(Clarke, 1973). Spawning season of B. glaciale in Flemish Cap waters occurs
during early summer period and in temperate waters off Balearic Islands
occurs in July and December with average relative batch fecundity 1031
oocytes per gram of gonad-free weight of female. Seoane (2013) and
Mazhirina, (1988) reported that B. glaciale spawns once in a year releasing at
least five batches of eggs during the spawning season. Hussain (1992) found
that B. flbulatum in the Northern Arabian Sea spawn twice in a year, first from
April to June and second during September and October. Female and male fish

mature at 38-41 mm TL 33-35 mm and TL, respectively.

Myctophids have low fecundity, with the females producing about 100
— 2000 buoyant, pelagic eggs with of size 0.7 to 0.9 mm (FAO, 1997b).
Gjosaeter (1981a) and Hussain and Ali-Khan (1987) had studied the
fecundities of subtropical and tropical Benthosema fibulatum, B. pterotum, and
B. suborbitale, and Young et al. (1988) estimated the fecundity of B. glaciale,
Protomyctophum arcticum, and Lampanyctus macdonaldi of sub-Arctic
Atlantic; Lampanyctodes hectoris in the southern South Pacific. Dalpadado
(1988) estimated the fecundity of Benthosema pterotum in Bay of Bengal
where it ranged from 206 to 3029 eggs. Catul et al. (2011) reviewed that
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myctophids have a low fecundity rate, hence a precautionary approach is

needed for large-scale expansion of their fishery.

Abundance and distribution of B. fibulatum and M. obtusirostre in the
Arabian Sea were described by a few authors (Menon, 1990; Raman and
James, 1990; Jayaprakash, 1996; Menon, 2002; Menon, 2004; Karuppasamy et
al., 2006; Boopendranath et al., 2009; Pillai et al., 2009 and Manju et al.,
2013). Myctophids are an important food source for large pelagic and deep sea
fishes and play an important role in ocean energy dynamics (Gjosaeter and
Kawaguchi, 1980; Kozlov, 1995; Karuppasamy et al.. 2008a). Large biomass
of myctophid migration between mesopelagic and epipelagic depth over each
diel cycle represents a huge movement of energy through water column
(Clarke, 1973). Information on reproductive biology and fecundity of
myctophids are needed to reveal the mechanism that contribute to their high
abundance in spite of heavy predation pressure (Lisovenko and Prut'ko, 1987).
The assessment of population parameters related to fish reproduction is an
essential component of fisheries science (Brown-Peterson et al., 2011). This
study was conducted to understand the reproductive cycles and fecundity of B.
fibulatum, caught off South-West coast of India, using macroscopical and

microscopical analysis of gonads.
6.2 Materials and Methods

Method of sample collection has been described in the previous
Chapter. The samples collected in the trawl gear were immediately transferred
to 10% neutral buffered formalin. The gonads were fixed in the 10% buffered

formalin for histological studies.
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6.2.1 Sex ratio

The length related Chi-square analysis of sex ratio was carried out

following Rao (1983).
6.2.2 Maturity stages

Total length (TL) to the nearest millimetre and total weight (TW) to the
nearest milligram were recorded for each fish. Sex was determined by
examining the gonads and by inspecting the presence of supracaudal light
organ found only in mature males (Hulley, 1986). Sexual maturity of the fish

gonadal stages were analysed both macroscopically and microscopically.
a. Macroscopic analysis

Maturity stage for ovaries were classified based on the appearance. The
five-stage classification of gonad was used to quantify the maturity stages,
which included visual quantification on the basis of shape and colour of the
gonads and the extent to which the ovary occupies the gut cavity (Qasim,
1973). Gonad weight (GW, nearest 1 mg) was recorded and somatic weight
(TW—GW, mg) was calculated.

b. Microscopic analysis

Tissues of the fish gonads fixed in 10% neutral buffered formalin were
dehydrated in ascending grades of ethyl alcohol, cleared in xylene and were
embedded in paraffin wax in a semi-enclosed benchtop tissue processor Leica
TP1020 (Leica Biosystems, Nussloch GmbH). The blocks were trimmed and
sections of 5 p thickness were cut on a rotary microtome (Leica RM 2145).
The sections were mounted on glass slides, stained by routine Haematoxylin
and Eosin method (Lillie, 1965), observed under light microscope (Leica

DMLB2) and photomicrographs were taken.
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6.2.3 Spawning season

Percentage of occurrence of various maturity stages of ovaries and
testes during different months of the year were recorded for the determination
of exact spawning season of a species. During the study period, a total of 209

males and 244 females of B. fibulatum were examined.
6.2.4 Length at first maturity

The length at first maturity (L) representing the size at which 50% of
the specimens were mature, was determined by fitting the logistic equation to

the proportion of fish in each size class (Prager et al., 1994):
p — [1 + e—r(X—XSO)]-l
where p is the estimated proportion in size class, r is a fitted parameter, x is

the total length, xso is the length at which 50% of the specimens was

mature.

6.2.5 Gonadosomatic Index

The relative ovary weight or Gonadosomatic Index (GSI) was
calculated using the formula (Barber and Blake, 2006):

Wt. of gonad
Wt. of fish

GSI was calculated on monthly basis and results along with the

Gonadosomatic Index (GSI) = x 100

distribution of different maturity stages of male and female during different
months were used for determining spawning season. Fishes belonging to the
maturity stage III onwards were considered as mature fish and used for
calculating the length at first maturity. Percentage of mature specimens during
different months were plotted to demarcate the spawning season. Spawning
season of the fish was inferred by using value of GSI and month-wise

percentage of mature specimen.

110




Reproductive Biology of Spinycheek lanternfish Benthosema fibulatum

6.2.6 Fecundity

The fecundity of a fish is the number of ova found in the ovary of a female
fish prior to spawning. The ovaries of fish collected for the estimation of
fecundity were preserved in 10% buffered formalin. Fecundity was studied by
gravimetric method based on weighing the ova. After the liberation from the
ovarian tissues, the ova were thoroughly washed and spread on a blotting paper to
dry in air. The total number of ova so collected was then weighed and random
samples were counted and weighed (Venkataramanujan and Ramanathan, 1994).

The total number of ova in the ovaries was then obtained from the equation:

nG
g
where, F= fecundity; n = number of ova in the subsamples; G = total

F:

weight of the ova and g = weight of the subsample in the same unit.
6.3 Results

The reproductive biology of B. fibulatum inhabiting in the deep sea
waters of south-west coast of India were examined. A total of 453 specimens

were analysed during the study period.
Sexual dimorphism in B. fibulatum

The myctophid fish B. fibulatum showed morphological sexual
dimorphism. Supracaudal and infracaudal luminous glands are present in the
caudal peduncle of the fish. The luminous glands begin to appear as fish become
mature. In male both supracaudal and infracaudal luminous glands were observed
(Nafpaktitis and Nafpaktitis, 1969). Luminous glands do not show signs of
developing, below 27 mm total length. Mature male with large supracaudal and
smaller infracaudal luminous glands are present. In mature female single and

smaller supracaudal and much smaller infracaudal luminous patch are present.
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6.3.1 Sex ratio

The sex ratio between male and female observed during the study period
was 1:1.2, showing a dominance of females over the males. Chi-square analysis has

shown that there was no significant difference in the sex ratio (x* : 2.867; p >0.5).
6.3.2 Sexual maturity

Gonadal development of myctophid fish has shown similarity to the
general teleostean pattern. Sexual maturity of the fishes were analysed both
macroscopically and microscopically.

a. Macroscopic description

Gonads were paired and symmetrical. Fully matured gonad occupied
more than 80% of the body cavity. In the immature stages, a small, narrow and
filamentous organ with light whitish colour was found in ovary. Five different
maturity stages of gonads were identified and described in the Table 6.1and
Table 6.2. Only a few number of spent specimens were observed during the study.

Table 6.1 Description of male gonad developmental stages

Stage Macroscopic description

I. Immature  Immature stage appears very small, thin, translucent and white in colour

Il Maturing  In this stage Gonads are narrow, little broader than first stage, white in colour and occupying one-fourth
of the body cavity.

Ill. Mature ~ Gonads are large, cylindrical, opaque and pale yellow in colour.
IV. Matured  Gonads are very large, oval or spherical. Filled half of the body cavity.
V. Ripe Gonads are large, thicker, creamy and yellowish in colour and filled about 2/31 of the abdominal cavity.

VI. Spent Gonads are shrunken with loose walls.

Table 6.2 Description of female gonad developmental stages

Stage Macroscopic description

I. Immature  Ovaries are very small, thin, narrow and white in colour.

Il. Maturing ~ Ovaries are narrow, thread like and franslucent.

Ill. Mature ~ Gonads are large, cylindrical Opaque and pale yellow in colour.

IV. Matured  Ovaries are very large, oval or spherical, pale yellow in colour and filled half of the body cavity.

V. Ripe Gonads are large, eggs readily seen, yellowish in colour and gonads filled about 2/3 of the abdominal cavity.

VI. Spent Gonads are shrunken with loose walls.
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b. Histological studies
Histology of ovaries

Five different developmental stages were observed in the microscopic
histology of ovarian tissue (Fig.6.1). Oocytes start to develop in the immature
ovaries. Oogenesis from germinal cells occurs within the folds of follicular
epithelium. Development of ova from germinal cell to mature ova is divided in
to six stages defined according to morphological characteristics of nucleus,
oviplasm and follicular wall. Mitotic proliferation of germinal cells produces
cluster of stage I oocytes (undifferentiated oogonia). Stage I oocytes are nested
within the germinal epithelium of the lamellar stroma. Stage II oocytes are
larger and have basophilic cytoplasm and a large central nucleus. As the
oocytes mature to stage III, they are enveloped by simple squamous follicular
epithelium. Stage III oocytes are seen in all the maturing stages of the ovary.
Yolk granule formation is not seen at this stage. In stage IV, yolk granules and
fat vacuoles are seen in the oviplasm. At the periphery of the nuclear
membrane, the euvitelline nucleoli appear which are formed due to the
migration of the provitelline nucleoli. In stage V yolk vesicles increase
tremendously and only few distinct euvitelline nucleoli are seen in the
acidophilic nucleus. The nuclear membrane and karyoplasms begin to

degenerate in late stage V oocytes

Mature ovary (Stage III), with oocytes at different developmental
stages are presented in figures 6.1A,B and C. Oocytes stage I to IV, nucleus,
euvitelline nucleoli, yolk granulez and fat globules are all clearly evident.
Mature stage IV and V are given in figures 6.1D and F. In stage V, advanced
oocytes with nucleus and cytoplasm with yolk granules andlarge number of fat
vacuoles were observed. In the spent stage of development, most advanced

oocytes formed and start to release eggs (Fig 6.1F).
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Fig.6.1. Histological photomicrographs of 8 fibulatum ovarian tissue at various maturity stages. (A,8,C)
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Mature ovary (Stage I11), ovary with oocytes at different developmental stages. Oc I, Qocytes
stage II; Oc 111, Oocytes stage I11; Oc IV, Oocytes stage IV; en,euvitelline nucleoli; n, nucleus; yg,
Yolk granule; fv, fat vacuoles. (D) Stage IV ovary with majority of the oocytes at stage V. (E)
Atretic oocytes along with stage 11, [l and IV oocytes in late stage V ovary. (F) Atretic oocytes
and empty follicles in spent (Stage VI) ovary.
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Histology of testis

Spermatogenesis takes place within the seminiferous tubules or the
testes. Within seminiferous tubules, cysts like structures, each containing
sperm cells are present. Within each cyst, germ cells progress through 6
distinct cytological stages during spermatogenesis: primary spermatagonia,
secondary spermatogonia, primary spermatocyte, secondary spermatocyte,

spermatid and spermatozoa.

In the immature stage of testis, a large number of primary spermatogonia
were observed (Fig. 6.1.A). The germ cells located within the stroma of the tubule
wall give rise to primary spermatogonia. These are large cells with eosinophilic
cytoplasm. The primary spermatogonia undergo a series of mitotic division and
produce a cluster of secondary spermatogonia within the cysts. In the cysts,
mature stages of sperm cells are located towards the inside of the tubule.
Secondary spermatagonia were smaller than primary spermatogonia with lightly
basophilic nuclei (Fig.6.2.B). A second series of mitotic division results in the
formationof primary spermatocytes which are still smaller with basophilic nuclei.
Secondary spermatocytes are smaller than primary spermatocyte with less

cytoplasm, and increasingly basophilic nucleus.

In the maturing stage testis, spermatogonia are predominant, with
spermatocytes present in the centre of the tubules. Spermatogonia and
spermatocytes are abundant in the lumen of the seminiferous tubule (Fig.6.2.B).
In the late maturing stage, testis contains spermatogonia, spermatocytes and

spermatids
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Secondary spermatocytes undergoe second meiotic division and
spermatids are formed which are condensed, intensely basophilic and have
very little cytoplasm. At this stage the cysts rupture releasing the spermatids
into the lumen where final maturation takes place. Each spermatid further
develops into spermatozoa. Mature testes have clusters of spermatozoa and in

the spent stage, they are seen with shrunken and degenerated cell wall.
6.3.3 Spawning Season

Seasonal changes in the maturity stages of B. fibulatum was determined
based on the morphology of gonads. The percentage of occurrence of different
maturity stages of males and females were analysed on monthly basis for the

determination of spawning season.

Maturity stages of gonads were classified into six different stages. The
first two stages were considered as immature condition. The maturity stage
11, TV™ and V™ were considered as matured condition. The presence of
stages from I* to V" were found in two different periods in an year. The
matured stages were observed during the months of March to May and from
October to December. Mature stages dominated during April (68%) and May

(71%) months. The presence of matured stages were higher in March, April
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and May with a preponderance of stage IV and V. During the month of March,
IV" stage accounted for 43%. Next spawning period occurred during the
months of October to December. Month-wise occurrence of maturity stages

are given in Fig. 6.3.
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Fig. 6.3 Month-wise occurrence of different maturity stages of 8. fibulatum

The matured fishes were observed in the month of October with 58%,
November with 65% and December with 73%. During the month of December
nearly 50% of the fishes were found to be in IV" and V" stages. During the
months March, April and May, higher predominance were found with matured
gonads having percentages of 68, 68 and 71%, respectively. It can be inferred
that spawning season for this species occur during two different periods.
Maturity stage I and II were predominant in the months of January (77%),
February (68%) and September (76%). Fishes were not analysed in the month
of June, July and August, during the study period, due to the trawl ban in south
coast of India. The month-wise percentage composition of the maturity stages

are given in the Table 6.3.
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Table 6.3 Percentage of maturity stages of Benthosema fibulatum during different months

Month Percentage of maturity stages (%)
Immature stage Mature stage Mature I-V (%)
1 1l 1l v v
January 40 37 23 23
February 39 29 32 32
March 11 20 25 43 68
April 16 16 25 35 9 68
May 18 11 2 36 14 Al
June 0
July 0
August 0
September 38 38 24 24
October 25 18 26 32 58
November 18 18 23 32 10 65
December 11 15 24 31 18 13

6.3.4 Length at first maturity

The length at first maturity (L,,) of female B. fibulatum was estimated
at 46.88 mm TL (Fig. 6.4). Most of the matured ovaries were observed in the
size range of 65-68 mm TL.
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Fig. 6.4 Logistic curve showing length at first maturity of female Benthosema fibulatum caught, off south-
west coast of India
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6.3.5 Gonadosomatic Index (GSI)

Month-wise variation in mean GSI values during the period from
September 2009 to April 2012 are presented in Fig. 6.5. Data was not
available for the period from 15" June to 31* July, and August due to trawl
ban and dull fishing season for deep sea shrimps. The maximum GSI value of
3.26 was recorded during the month of April. Relatively higher GSI values
were recorded during March to May and October to November. The
fluctuation in the month-wise GSI values showed almost a similar trend with

the month-wise percentage of maturity and pattern of spawning period.
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Fig. 6.5 Month-wise variation in mean GSI values during the period from September 2009 to April 2012

6.3.6 Fecundity

Relative fecundity of the fish determined by examining gravid gonads
(stage V) ranged between 1118 and 2112 with a mean value of 1602. Ripened
stage of gonads only were used for the estimation of fecundity. Length, weight

and fecundity of gonads in the stage V are illustrated in the Table 6.4.
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Table 6.4 Number of eggs in ovaries at ripened stage of Benthosema fibulatum during different month

Total length Maturity Number of ova in

Month ) Weight (g) e b e Fecundity
April 12-78 2.25-3.05 v 243-285 1282-1589
May 70-80 2.59-3.0 v 252-274 1443-1615
November 63-73 2.20-2.78 v 255-346 1348-1796
December 70-80 2.25-3.20 v 256-324 1362-2117

6.4 Discussion

Large harvestable resource of mesopelagic fishes are available in the
Arabian Sea as per studies by Menon, 1990; Raman and James, 1990;
Jayaprakash, 1996; Menon, 2002; Menon, 2004; Karuppasamy et al., 2006;
Boopendranath et al., 2009; Pillai et al., 2009 and Manju et al., 2013. The
present study is confined to the reproductive biology of the myctophid fish
species, B. fibulatum inhabiting in off southwest coast of India. This study
aimed for better understanding of reproductive potential and capacity of the
species in Arabian Sea. There is a paucity of information on reproductive
biology of mesopelagic fishes inhabiting in Indian waters (Venu and Kurup,
2002a,b; 2006; Rajasree et al., 2004; Sahayak, 2005; Zacharia and Jayabalan,
2007; Manju et al., 2013). The results of the present study shows that B.
fibulatum spawns mainly during two seasons in a year, from March to May
and from October to November. According to Hussain (1983; 1992), B.
fibulatum in the northern Arabian Sea spawns twice in a year, from April to
June and from September to October. The seasonality on reproduction of
myctophid fishes in the Arabian Sea shows active spawning during monsoon
transition periods viz., March to June and September to November (FAO,
1997a). Manju et al (2013) reported that Diaphus watasei spawns during the
period of January-August where they attain sexual maturity after one year.
Seoane (2013) have reported that, the myctophid species B. glaciale spawns

twice in a year, in the temperate waters off the Balearic Island in July and in
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December. The results of the present study also have shown the existence of a

definite seasonal pattern for spawning by B. fibulatum.

The reproductive cycles of deep sea fish are synchronized with the
surface primary production and prey availability (Hureau et al., 1979; Gage
and Tyler, 1991). Myctophid fish larvae and eggs were observed to be
distributed in the upper 100 m layer (Loeb, 1979; Sassa, 2001; Tsukamoto et
al., 2001; Sassa et al., 2002) indicated a relationship between the horizontal
distribution patterns of larvae and the physical oceanographic structures (Sassa
et al., 2004a,c). Moser and Smith (1993) and Ropke (1996) suggested that
vertical abundance of potential prey is more important in determining the
vertical distribution of mesopelagic fish larvae than the gradient of physical
stratification. Copepod nauplii and copepodites are the main prey of
myctophid larvae (Sabates and Saiz, 2000; Sassa, 2001). Sassa et al. (2004b)
have shown that the abundance of Chlorophyll-a reflect abundance of prey

organisms for myctophid larvae.

In the present study, it was found that the spawning season of B.
fibulatum falls twice in an year, during the period from March to May and
from October to November. Nair et al. (1999) reported the productivity of
Arabian Sea depends up on the results from coastal and ocean upwelling in
summer and cooling effect during winter which is related with the productivity
of water and myctophid fish reproductive cycle. The spawning season of B.
fibulatum in the northern Arabian Sea (Hussain, 1992) was found to be similar
to the southern Arabian Sea. Some of the myctophids spawn year round. Sassa
et al. (2004a) reported that spawning of Myctophum asperum and Diaphus
garmani occurs during different seasons, as the presence of adults, juveniles,
and larvae of these two species were recorded in the subtropical and tropical
waters of the western north Pacific (Kawaguchi et al., 1972; Clarke, 1987,
Hidaka et al., 2003). Most myctophid fishes spend their larval stage in the
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productive epipelagic zone for feeding (Sassa et al., 2004a). Their average
body lengths usually increase with the increasing sampling depths, suggesting
ontogenetic vertical migration (Sassa and Kawaguchi, 2006). The reproductive
cycles of deep-sea fishes could be linked with the consequent secondary
production through vertical migration of the mesopelagic fauna. Nair et al.
(1999) reported the presence of myctophid larvae in the DSL in Arabian Sea,
in the upper layers of the open ocean between 15° and 21°N. Diaphus
arabicus formed 80% of the myctophid larvae, Benthosema pterotum 15% and
Benthosema fibulatum, 5%.

Present investigations have shown that length at first maturity of female
B. fibulatum was 46.88 mm TL. Hussain (1992) observed that female B.
fibulatum in the northern Arabian Sea mature at 38-41 mm TL and male mature
at 33-35 mm TL. Hussain (1992) found that fish with mature ovaries are
mostly in the size range of 50-53 mm TL which is lower than the range
observed during the present investigation (65-68 mm TL). Seoane (2013) found
that length at first maturity of B. fibulatum was 46.6 mm standard length in the

Flemish Cap, which is similar to the result of the present study.

Clark (1984) and Dalpadado (1988) observed that there is no
correlation in fish length and stage of maturity in B. fibulatum. The results of
this study also indicate that there is no correlation between the length of the
fish and its stage of maturity. Hussain (1983) studied the maturation and
gonadal development of B. fibulatum and B. pterotum and Hussain and Ali-
Khan (1987) had estimated the fecundity of B. fibulatum and B. pterotum as
424-4894 and 210-1334 respectively. The average fecundity of 1602 for B.

fibulatum during the present study is in conformity with the previous studies.
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6.5 Conclusion

Sexual maturity of B. fibulatum was analysed both macroscopically
and microscopically. The sex ratio between male and female observed during
the study period was 1:1.2, showing a dominance of females over the males
and the difference was not seen significant (7{2 : 2.867; p >0.5). The maximum
GSI value of 3.26 was recorded during the month of April and relatively
higher GSI values were recorded during March to May and October to
November. The fluctuation in the month-wise GSI values showed almost a
similar trend with the month-wise percentage of maturity and pattern of
spawning period. The length at first maturity of female B. fibulatum was
estimated at 46.88 mm TL. Matured ovaries were observed in the size range of
65-68 mm TL. Relative fecundity of the fish ranged between 1118 and 2112
with a mean value of 1602. This fish was found to spawn twice in a year,

during the period from March to May and from October to December.
FOXR
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SUMMARY AND RECOMMENDATIONS

World per capita food fish supply increased from an average of 9.9 kg
(live weight equivalent) in the 1960s to 18.4 kg in 2009, and preliminary
estimates for 2012 point to a further increase in fish consumption to 19.2 kg.
With the increasing global population, in order to maintain at least the current
level of per-capita consumption of aquatic foods, an additional 23 million t of
fish will be required by 2020. Marine fish production of India, which was only
0.5 million t in 1950, has grown to 3.59 million t, in 2014. Shelf resources are
subject to high intensity of fishing pressure and are exploited at levels close to
or exceeding optimum sustainable limits. Plateauing of catches from mid
1990s, economic and growth overfishing at several centers, and inter-sectoral
conflicts in the coastal belt have highlighted the need for regulation of fishing
capacity, adoption of responsible fishing practices and caution in the
expansion marine capture fisheries development based on conventional
resources and the need for diversification of production strategies targeting
non-conventional and under-exploited resources. Myctophids (Family:
Myctophidae) or lanternfishes are considered to be one such promising
resource, which has potential for future development. During day-time, their
vertical distribution ranges from 200 to 1000 m. Stock sizes of mesopelagic
fishes, of which myctophids are predominant constituents, has been re-
estimated as 263 million t and 102 million t, in the Western Indian Ocean and

Eastern Indian Ocean, respectively.
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It has been estimated that in 2006 the aquaculture sector consumed 3.72
million t of fish meal and 0.84 t of fish oil derived from nearly 17 million t of
small pelagic forage fish. Total estimated compound aquafeed production in
India in 2006 was 200,000-250,000 t, which used 5-30% fish meal and 0.5-
3% fish oil. The demand for fish meal and fish oil are likely to increase
significantly with expansion in fed aquaculture, until the time of developing
cost effective aquaculture feeds that minimize or eliminate the use of fishmeal
and fish oil produced from fish harvested from the wild. Some myctophid
species are used for production of fish meal and oil and only a small
percentage is used directly for human consumption. However, myctophids
have potential to become a major source of fish protein, when efficient
harvesting and appropriate processing and value addition technologies are

evolved.

Nutritional advantages of seafood and the beneficial effects they have
on human health, particularly in cardiovascular diseases, ischemic stroke and
foetal development are well known and its potential as preventive or treatment
method for certain types of cancers, Alzheimer's disease and neurological
diseases in aged people, psychological and behavioural disorders and stress are

becoming increasingly evident.

The content of the thesis entitled “Studies on Selected Myctophid
Fishes in Arabian Sea with respect to their Status in Deep Sea Trawl Bycatch,
Length-Weight Relationship, Reproductive Biology and Population

Dynamics” has been organized into seven Chapters.

The first Chapter gives the background of the topic of study and its
relevance and significance and sets out the rationale and objectives of the

study. The Chapter gives a brief overview of global marine capture fishery
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production, trends in marine fish production in India and discusses the
potential of myctophid resources. Available information on abundance of
myctophids and their utilisation indicate that there is excellent scope for
development of myctophid fisheries in Indian Ocean. Most of the conventional
fish stocks have reached a state of full exploitation or over-exploitation. Hence
there is need to locate new and conventional fishery resources in order to fill
in the supply-demand gap, in the face of increasing demand for fish.
Information on length-weight relationship, age and growth, spawning season,
fecundity and age at maturity and information on bycatch discards are required
for sustainable utilization of myctophid resource in the Indian Ocean. The
present investigations have been carried out as there is a paucity of
information on these aspects pertaining to myctophids in Indian Ocean. The
objectives of the present study were (i) to estimate myctophid discards from
deep sea shrimp trawlers, operating off southwest coast of India; (ii) to derive
the length-weight relationship of selected myctophid fishes like Watases
lanternfish (Diaphus watasei), Spiny lanternfish (Myctophum spinosum),
Bluntsnout lanternfish (Myctophum obtusirostre) and Spinycheek lanternfish
(Benthosema fibulatum); (iii) to study aspects of population dynamics of
Benthosema fibulatum caught, off southwest coast of India; and (iv) to study
reproductive biology, length at first maturity and fecundity of Benthosema

fibulatum.

A detailed review of available literature on myctophids is given in
Chapter 2, under the sections (i) distribution of myctophids in the Indian Ocean,
(i) distribution of myctophids in other oceans, (iii) taxonomy of myctophids,
and (iv) harvesting systems for myctophids. Review of literature pertaining to
other aspects of myctophid fishes such as length-weight relationship, population

dynamics and reproductive biology are dealt with, in the respective chapters
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(Chapters 3 to 6). Myctophids are the key members of mesopelagic
communities. Mesopelagic resources in the world oceans has been estimated at
600 million tonnes (Gjosaeter and Kawaguchi, 1980) which was later revised to
999 million tons (Lam and Pauly, 2005) and recent acoustic observations
indicate that biomass of mesopelagic fishes in the world oceans could be much
higher (Irigoien et al., 2014). Myctophids constitute fishery resources which
have short life spans and high fecundity and can be expected to be resilient to
fishing pressure. They are generally small in size, ranging from 3 to 30 cm, with
blunt heads, large eyes, laterally compressed body with small silvery rounded
scales and rows of light producing photophores on the body and head.
Myctophids are known to make daily migrations ascending into shallow (<100
m) or surface waters (<5 m) at night and returning to deep waters (typically 250
to >1000 m) during the day. There are no conservation measures specific to the
lanternfishes and none of them are included in the IUCN list. The number of
myctophid species from the Indian Ocean has been reported as 137 species,
belonging to 28 genera. The largest number of species was represented by the
genus Diaphus, followed by Lampanyctus, Myctophum, Protomyctophum,
Lampadena, Gymnoscopelus, Electrona, Bolinichthys, Symbolophorus,
Hygophum, Taaningichthys, Benthosema, Centrobranchus, Notoscopelus,
Metelectrona, Loweina, Lobianchia, Diogenichthys, Ceratoscopelus,
Triphoturus, Hintonia, Krefftichthys, Gonichthys, Lampichthys, Lampanyctodes,
Nannobranchium, Scopelopsis and Notolychnus. There is very little information
on the commercial harvesting systems for myctophids, even though there is a
large potential for developing the fishery. Studies are required to develop new
technologies for making value added products or diet supplements from such
resources coupled with market acceptance surveys and economic feasibility

studies. The review of literature highlights that myctophids, if sustainably
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harvested and judiciously utilized, can form a source of low cost supplement to
meet the protein demand of the world and it can also be utilized for fish meal
and oil for the expanding aquaculture industry, and for developing surimi
(washed fish mince with cryoprotectants), cosmetic, nutraceutical and industrial

products.

Chapter 3 deals with myctophid bycatch and discards from deep sea
shrimp trawlers operating off southwest coast of India, based on
investigations during 2009-2010, in order to find out species characteristics
useful for development of harvesting strategies for myctophids. Deep sea
shrimp trawler catch constituted 39% of deep sea shrimps and 61% of bycatch
including myctophids and were generally discarded. Total bycatch during the
period was estimated at 11,488 t, with a catch rate of 62.1 kg h™', during the
peak season. Myctophids constituted about 32% (3,676 t) of the bycatch
discards, with a catch rate of 19.87 kg h”', during the period of study. Eight
species of myctophids belonging to the genera Diaphus (D. watasei, D.
luetkeni, D. dumerilli, D. hudsoni and D. effulgens), Myctophum (M. spinosum
and M. obtusirostre) and Benthosema (B. fibulatum) were identified from the

bycatch.

Chapter 4 deals with length-weight relationship of selected myctophid
fish species viz., Diaphus watasei, Myctophum spinosum, M. obtusirostre and
Benthosema fibulatum, caught off southwest coast of India. This study has been
the first attempt to estimate the length-weight relationship of Diaphus watasel,
Myctophum spinosum and M. obtusirostre. The length-weight relationship of
Diaphus watasei was estimated as W=0.0033 L***°, Myctophum spinosum as
W=0.0129L>", M. obtusirostre as W=0.0232 L**** and Benthosema fibulatum
as W=0.0389 L*'*. Growth in respect of Myctophum spinosum, M.

obtusirostre and B. fibulatum indicated a negative allometric pattern as the
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exponential value ‘b’ ranged between 2.143 and 2.737. The ‘b’ value for
Diaphus watasei was 3.299, indicating a positive allometry. The findings of this
study, would serve as a baseline for comparison with other stocks of these

species in different parts of the Indian Ocean.

Chapter 5 covers aspects of population dynamics of Benthosema
fibulatum caught, off southwest coast of India. B. fibulatum is one of the
dominant species in the bycatch of deep sea shrimp trawlers operated off
southwest coast of India. A total of 453 specimens of B. fibulatum having
total length ranging from 48 to 85 mm collected during the period September
2009 - May 2012, from deep sea shrimp trawlers operating off southwest coast
of India, in the depth range of 300-400 m, were used for the analysis. The
growth parameters were estimated using the Electronic LEngth Frequency
ANalysis (ELEFAN I) programme as incorporated in the FAO-ICLARM
Stock Assessment Tools (FiSAT) (Gayanilo et al. 1996). The growth
parameters, asymptotic length (L) and growth constant (K) were estimated at
108 mm and 0.460 per year respectively and maximum age of the species was
estimated as six years. The von Bertalanffy Growth formula for B. fibulatum
based on the parameters estimated in the present study can be expressed as
L= 108*[1 - ¢ "09)1 B_fibulatum grows faster initially and attain 40.4
mm by the end of first year and 65.34 mm, 8§1.07 mm, 90.99 mm, 97.27 mm
and 101.22 mm TL respectively, by the end of 1", I, IV" V" and VI®
year. Total mortality value (Z) was estimated by catch curve method as
2.32 yr’'. The natural mortality (M) was estimated at 0.51 yr'. The values of
fishing mortality coefficient (F) and exploitation rate (E) were worked out to
be 1.81 and 0.78 yr™', respectively. Size at first capture (L.) of B. fibulatum
was estimated as 62.84 mm TL. The yield per recruitment reached maximum

at an exploitation rate 0.772 (Emax) While the present level of exploitation (E)
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is 0.658. The results of the present study indicate that the current exploitation
rate is close to the maximum exploitation rate. Though there has been no
targeted fishery for myctophids in the area of study, they constituted a
significant proportion of bycatch generated, during deep sea shrimp trawling
operations, which were generally discarded back into the sea. While the
present catch levels are sustainable, the stock of this species can become
unsustainable when the fishery expands and intensifies in future, particularly
due to increasing demand from fish meal industry, unless proper fishery

management plan is adopted.

In Chapter 6 of the thesis, aspects of reproductive biology of Spinycheek
lanternfish Benthosema fibulatum, such as sex ratio, sexual maturity, spawning
season, gonadosomatic index (GSI), length at first maturity (L) and fecundity
were examined. Sexual maturity of the fishes were analysed both
macroscopically and microscopically. The sex ratio between male and female
observed during the study period was 1:1.2, showing a dominance of females
over the males and the difference was not seen to be significant (3 : 2.867; p
>(.5). The maximum GSI value of 3.26 was recorded during the month of April
and relatively higher GSI values were recorded during March to May and
October to November. The fluctuation in the month-wise GSI values showed
almost a similar trend with the month-wise variation in the percentage of
maturity and pattern of spawning period. The length at first maturity of female
B. fibulatum was estimated at 46.88 mm TL. Relative fecundity of the fish
determined by examining gravid gonads (stage V) ranged between 1118 and
2112, with a mean value of 1602. This fish was found to spawn twice in a year,

during the period from March to May and from October to December.

Final Chapter of the thesis summarizes the results, conclusions and

recommendations of the study, which is followed by the list of references.
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Recommendations

132

Available information on distribution and abundance and new
information generated under the present investigation on catch rates,
population characteristics and reproductive biology, strongly indicate
that there is potential for developing a fishery based on myctophids in
Arabian Sea, which if sustainably harvested based on a precautionary
approach and judiciously utilized, can form a significant source of fish

protein and contribute to the nutritional security of the people.

The bycatch generated during deep sea shrimp trawler operations off
southwest coast of India includes significant proportion of myctophids
which are generally discarded because of its low sale value and issues
pertaining to onboard storage. In a country like India, where there is a
wide gap between demand for fish and its production, and where
malnutrition is a severe problem among the coastal populations, there

is a need to utilize these resources which are at present discarded.

The results of the present study indicate that the current exploitation
rate Spinycheek lanternfish (Benthosema fibulatum) (E=0.658), though
less the maximum exploitation rate (En.—=0.772), is rather close to this
value. Though there has been no targeted fishery for myctophids in the
area of study, they constituted a significant proportion of bycatch,
generated during deep sea shrimp trawling operations. While the
present catch levels appears to be sustainable, the stock of this species
can become unsustainable as the fishery expands and intensifies in
future, particularly due to increasing demand from fish meal industry,

unless proper management action is taken.
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The codend mesh size of the commercial deep sea shrimp trawls (26
mm stretched diamond mesh) appears to be large enough to protect
juveniles and sub-adults of Spinycheek lanternfish (Benthosema
fibulatum), as the size at first capture (L.) estimated at 62.84 mm TL is

larger than size at first maturity (Ly,) of the species (46.88 mm TL).

In view of the emerging importance of the myctophid fishery in Indian
Ocean region, it is necessary to undertake further investigations on (i)
stock assessment, biology and ecological aspects, (ii)) harvesting
systems and their environmental impacts; and (iii) post-harvest
handling, preservation and processing, product development and
marketing, and also to develop an ecosystem based management plan

for its sustainable development.
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Abstract Mesopelagics are one of the largest under-
exploited marine resources with wide distribution in
the world oceans. Lanternfishes are the key members
of mesopelagic communities and the total resource in
the world oceans is estimated at 600 million tons.
Lanternfishes belong to the family Myctophidae which
comprises of about 250 species in 35 genera. Myc-
tophids account for about 75% of total global catch of
small mesopelagic fishes. They are known to exhibit
diel vertical migration, concentrating during the day
time between 400 and 1,000 m, and between 5 and
100 m, during the night. In this paper, an attempt is
made lo review the existing information on the
occurrence and distribution of myctophid resources
in the Indian Ocean. 137 myctophid species have been
reported from the entire Indian Ocean. Studies in the
Arabian Sea have indicated that the area is rich in the
midwater fish stocks dominated by myctophids with
an estimated potential of 100 million tons.
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Introduction

Mesopelagic fishes are among the most abundant
marine organisms and are usually found at depths
between 100 and 1,000 m. Myctophids or lanternfishes
are the key members of mesopelagic communities and
the total resources in the world oceans and the biomass
has been estimated at 600 million tons (Gjosaeter
and Kawaguchi 1980). Myctophids are distributed
throughout the world oceans: however, the largest
concentration is reported in the Indian Ocean, partic-
ularly in the northern Arabian Sea including the Gulf
of Aden, the Gulf of Oman and the coast of Pakistan
(Gjosaeter 1984; Shilat and Valinassab 1998; Jayaba-
lan 2011). Myctophids account for about 75% of total
global catch of small mesopelagic ocean fishes (Shilat
and Valinassab 1998). The word Myctophid comes
from the Greek word “mykter” meaning “nose™ and
“ophis” meaning “serpent”. Myctophids are also aptly
known as lanternfishes after their conspicuous use of
bioluminescence or light producing cells. They are
generally small, ranging in size from 3 to 30 cm, with
blunt heads, large eyes, laterally compressed body with
small silvery rounded scales and rows of light produc-
ing photophores on the body and head. Myctophids
are known to make daily migrations ascending into
shallow (<100 m) or surface waters (<5 m) at night
and returning to deep waters (typically 250 to
=>1,000 m) during the day (Shotton 1997). Family
Myctophidae comprises of 250 species belonging to 35
genera (Paxton 1979) and another study by Nelson
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(1984) says that family Myctophidae is represented by
32 genera with 235 species in the World Oceans.
Myectophids are an important food source for marine
mammals, seabirds, large pelagic and deep sea fishes
and play an important role in oceanic energy dynamics
(Gjosaeter and Kawaguchi 1980; Kozlov 1995;
Karuppasamy et al. 2008).

Myctophids can be utilized as fishery products like
seasoning, feed for cultured fish, surimi and for use in
cosmetic oil (Noguchi 2004; Olsen et al. 2011).
Reports of commercial fisheries of myctophids are
limited. Fishery for two species of myctophids
which are considered edible viz., Diaphus coeruleus
and Gymnoscopelus nicholski existed in the South-
west Indian Ocean and Southern Atlantic during
1977-1992 and catches up to 51,680 t has been
reported in 1992, Shotton (1997) has reported regard-
ing an industrial purse seine fishery for Lampanyc-
todes hectoris in South African waters which was
closed in the mid-1980s due to processing difficulties
caused by the high oil content of the fish. Qeshm Fish
Process Company in Iran produces fish meal and oil,
mainly based on lantern fish and the plant has a
nominal capacity of 3,600 tons of lanternfish per day,
out of which approximately 700 tons of fish meal and
70 tons of fish oil are obtained (QFPCO 2011).

In this review, we compile the existing information
on the occurrence of myctophid resources and their
distribution in Indian Ocean.

Myctophids in Indian Ocean

The number of myctophid species from the Indian
Ocean has been estimated at 137 species (Table 1),
based on the studies by Bolin (1946); Bradbury et al.
(1971); Kawaguchi and Aioi (1972); Gjosaeter (1977);
Nafpaktitis (1984); Hulley (1986); Raman and James
(1990); Dalpadado and Gjosaeter (1993); Kinzer et al.
(1993); Jayaprakash (1996); Menon (2002); Valinas-
sab (2005); Karuppasamy et al. (2006); Valinassab
etal. (2007); Muhlinga et al. (2007) and Karuppasamy
et al. (2010) and they belong to 28 genera. The largest
number of species was represented by the genus
Diaphus (42 species), followed by Lampanyctus (20
species), Myctophum (10 species), Protomyctophum
(6 species), Lampadena (6 species), Gymnoscopelus
(6 species), Electrona (6 species), Bolinichthys (5
species), Symbolophorus (4 species), Hygophum (4
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species), Taaningichthys (3 species), Benthosema
(3 species), Centrobranchus (2 species), Notoscopelus
(2 species), Metelectrona (2 species), Loweina
(2 species), Lobianchia (2 species), Diogenichthys
(2 species), Ceratoscopelus (1 species), Triphoturus
(1 species), Hintonia (1 species), Krefftichthys
(1 species), Gonichthys (1 species), Lampichthys
(1 species), Lampanyctodes (1 species), Nanno-
branchium (1 species), Scopelopsis (1 species) and
Notolychnus (1 species).

The studies on the myctophid larvae of the Indian
Ocean are limited to the works of Bekker (1964);
Pertseva-Ostroumova (1964); Ahlstrom (1968); Valsa
(1979); Peter (1982) and Raman and James (1990).

Distribution of myctophids in the Indian Ocean

The Indian Ocean has a fauna of lanternfishes which is
rich, both in number and biomass (Gjosaeter and
Kawaguchi 1980). Taxonomy and distribution of
myctophids from the Arabian Sea has been studied
by Nafpaktitis and Nafpaktitis (1969). Raman and
James (1990) studied the distribution and abundance
of lanternfishes of the family Myctophidae in the
Indian EEZ and reported the occurrence of myctoph-
ids in the shallow waters (50-60 m). Benthosema
pterotum was the dominant species in the Western and
Northern Arabian Sea, followed by Benthosema
fibulatwm and Diaphus spp. (Gjosaeter 1977). In the
Gulf of Oman, the acoustic measurements indicated a
density of 25-63 Benthosema pterotum per m” surface
area (Gjosaeter 1977).

Vertical distribution

Myctophid fish species commonly undertake diurnal
migration, residing during day time at depth of
extremely low oxygen layer (<0.1 ml O, 17") and
foraging in the oxygen rich surface layer at night
(Kinzer et al. 1993; GLOBEC 1993; Shilat and
Valinassab 1998; Nair et al. 1999) Most species of
the genera, Protomyctophum, Electrona, Hygophum,
Myctoph Symbolophorus, Gonichthys, Loweina
and Centrobranchus come up to the surface layer at
night (Kawaguchi et al. 1972).

The diel vertical migration exhibited by myctoph-
ids has been postulated to be for foraging on the
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Table 1 Distribution of myctophid species in Indian Ocean

Sl Species
no

Area of distribution

Reference

1 Benthosema
Sibulatum

2 Benthosema
plerotum

3 Benthosema

suborbitale
4 Bolinichthys
indicus
5 Bolinichthys
longipes

6 Bolinichthys
photothorax

7 Bolinichthys
pyrosobolus

8 Bolinichthys
supralateralis

9 Centrobranchus
andreae

10 Centrobranchus
nigroocellatus

11 Ceratoscopelus
warmingii

12 Diaphus aliciae

13 Diaphus
anderseni

14 Diaphus
antonbruuni

Indian Ocean; Area of Pakistan, Gulf of Aden and
Somali coast. Gulf of Oman; Western Indian
Ocean; Indian Ocean (18°N-20°5) to 42°§ in
Agulhas current; Sri Lankan waters (07°06'N-
08°26'N and 79°29'E-81°59'E); North-Eastern
Arabian Sea; Indian EEZ of Arabian Sea
(6-21°N and 66°-77°E)

Northern Arabian Sea; Western Indian Ocean;
Northern Arabian Sea; Indian Ocean from Arabian
Sea to about 25°S off Mozambigue; North-Eastern
Arabian Sea; Area of Gulf of Oman; Indian EEZ
of Arabian Sea (09°00'N-20°00'N and 69°00/—
T4°00'E); Area of Gulf of Oman, Pakistan, Gulf of
Aden and Somali coast. Northern Arabian Sea

Western Indian Ocean; Indian ocean (50°N-50°S);
Indian EEZ of Arabian Sea: Eastern Indian Ocean

Woestern Indian Ocean; Indian Ocean (20°-45°S);
Indian EEZ of Arabian Sea

Area of Gulf of Pakistan and Gulf of Aden; Western
Indian Ocean; Indian Ocean (20°N-18°S); Sri
Lankan waters (08°26'N-81°33'E); North-Eastern
Arabian Sea; Indian EEZ of Arabian Sea
(06°00'N=21°00'N and 66°00'E-T77°00'E)

Indian Ocean; Western Indian Ocean; Indian Ocean
(10°N=30°S); Indian Ocean (00°-03°S and
76°E-86°E); Indian EEZ of Arabian Sea

Near Sri Lanka

Indian Ocean (21°-30°5)
Western Indian Ocean; Eastern Indian Ocean

Western Indian Ocean; Indian Ocean (08°-34"8);
Eastern Indian Ocean

Western Indian Ocean; Indian Ocean (20°N-45°S);
Indian EEZ of Arabian Sea (06°00'~12°00'N and
69°00'-77°00'E); Sri Lankan waters (07°08'N and
79°29'E); Indian Ocean (03°N-03°S and
T6°E-86°E); Eastern Indian Ocean

Western Indian Ocean; In the Agulhas Current
southwards to about 33°S, Indo-pacific; Indian
EEZ of Arabian Sea (06°00'N-21°00'N and
66°00°'=77°00'E)

Indian EEZ of Arabian Sea

Western Indian Ocean; Indian Ocean (Western

sector: 04°-12°8 and 40°-65°E, Eastern sector:
17°02'S and 94°50'E)

Bolin (1946), Gjosaeter (1977), Nafpaktitis {1984),
Hulley (1986), Dalpadado and Gjosaeter (1993),
Kinzer et al. (1993), Menon (2002), Valinassab
(2005), Karuppasamy et al. (2006, 2010)

Gjosaeter (1977), Nafpaktitis (1984), Gjosacter
(1984), Hulley (1986), Kinzer et al. (1993),
Valinassab (2005), Karuppasamy et al.
(2006, 2010), Valinassab, et al. (2007)

Nafpaktitis {1984), Hulley (1986), Menon {2002},
Muhlinga et al. (2007)

Nafpaktitis (1984), Hulley (1986), Menon (2002)

Gjosaeter (1977), Nafpaktitis (1984), Hulley (1986),
Dalpadado and Gjosaeter (1993), Kinzer et al.
(1993) Karuppasamy et al. (2006, 2010)

Bolin (1946), Nafpaktitis (1984), Hulley (1986),
Jayaprakash (1996), Menon (2002)

Bradbury et al. (1971)

Hulley (1986)

Nafpaktitis (1984), Muhlinga et al. (2007)

Nafpaktitis (1984), Hulley (1986), Muhlinga et al.

(2007)

Nafpaktitis (1984), Hulley (1986), Dalpadado and
Gjosacter (1993) Jayaprakash (1996)
Karuppasamy et al. (2006, 2010), Muhlinga et al.
(2007)

Nafpaktitis (1984), Hulley (1986), Menon (2002),
Karuppasamy et al. (2006, 2010)

Menon (2002)

Nafpaktitis (1984), Hulley (1986)
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Table 1 continued

Sl Species Area of distribution Reference

no

15 Diaphus Western Indian Ocean; North-Eastern Arabian Sea Nafpaktitis (1984), Kinzer et al. (1993)
arabicus

16 Diaphus Western Indian Ocean; In Agulhas Current. Tropical Nafpaktitis (1984), Hulley (1986)
brachveephalus  distribution in Indian ocean

17 Diaphus Western Indian Ocean Nafpaktitis (1984)
coeruleus

18 Diaphus Western Indian Ocean; Indian Ocean (02°N-38°S, and in Nafpaktitis (1984), Hulley (1986),
diadematus Mozambique channel); Indian EEZ of Arabian Sea Menon (2002)

19 Diaphus Western Indian Ocean Nafpaktitis (1984)
diademoplilus

20 Diaphus Western Indian Ocean Nafpaktitis (1984)
drachmanni

21 Diaphus Indian EEZ of Arabian Sea Menon (2002)
dumerilii

22 Diaphus Western Indian Ocean; Indian Ocean. Indian Ocean Nafpaktitis (1984), Hulley (1986),
effulgens (03°N-03°8 and 76°E-86°E); Indian EEZ of Arabian Jayaprakash (1996), Karuppasamy

Sea08°34'N and 72°29E et al. (2006)
23 Diaphus fragilis ~ Western Indian Ocean; Tropical Indian Ocean; Indian Nafpaktitis (1984), Hulley (1986),

24 Diaphus fulgens
25 Diaphus garmani
26 Diaphus holri

27 Diaphus hudsoni
28 Diaphus jenseni
29  Diaphus knappi
30 Diaphus lobatus

31 Diaphus lucidus

Diaphus luetkeni

33 Diaphus

EEZ of Arabian Sea (06°00/'-21°00'N
and 67°00/=T7°00'E)
Western Indian Ocean; Indian Ocean (08°N-10°8);
Mozambique Channel (southwards to 18°S);
Indian EEZ of Arabian Sea
Northern Arabian Sea; Western Indian Ocean;
Indian Ocean; Sri Lankan waters
(07°06'N-08°26 Nand 79°29'E-81°59'E);
Coast of Africa (0°-15°N)
Western Indian Ocean
27°S off cast coast of Africa; Indian EEZ of Arabian Sea
Western Indian Ocean; Indian Ocean
Western Indian Ocean; Off southwest Madagascar,
at Saya de Malha Bank 07°13'S, 60°05'E,
Southeast of Zanzibar
Western Indian Ocean; Sri Lankan waters 08°26.8'N and
81°33'E; North-Eastern Arabian Sea
Western Indian Ocean; In Agulhas Current and off
west coast in Agulhas Water pockets. Arabian Sea
(06°00'N=12°00'N and 66°00'E-T7°00'E); Indian EEZ of
Arabian Sea
Northern Arabian Sea; Western Indian Ocean; In Agulhas
Current to 37°8; Asrea of Aracian Coast (15° and 20°N);
Indian EEZ of Arabian Sea
Western Indian Ocean; Indian Ocean (10°N-10°5;

Karuppasamy et al. (2006, 2010)

Nafpaktitis (1984), Hulley (1986),
Karuppasamy et al. (2010}

Gjosaeter (1977), Nafpaktitis (1984),
Hulley (1986), Dalpadado and
Gjosaeter (1993)

Nafpaktitis (1984)

Hulley (1986), Menon (2002)
Nafpaktitis (1984), Hulley (1986)
Nafpaktitis (1984), Hulley (1986)

Nafpaktitis (1984), Dalpadado and
Gjosaeter (1993), Kinzer et al. (1993}

Nafpaktitis (1984), Hulley (1986),
Karuppasamy et al. (2006, 2010),
Menon (2002)

Gjosaeter (1977), Nafpaktitis (1984),
Hulley (1986), Menon (2002)

Nafpaktitis (1984), Hulley (1986)

malayanus Mozambique Channel to about 20°S; 1°5-8°N and
72°-90°E)
34 Diaphus meadi ~ Western Indian Ocean; A circumglobal convergence species.  Nafpaktitis (1984), Hulley (1986)
Indian ocean 32°-41°5
35  Diaphus Western Indian Ocean Nafpaktitis (1984)
megalops
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Table 1 continued

Sl Species Area of distribution Reference
no
36 Diaphus Western Indian Ocean; 27°S off east coast of Nafpaktitis (1984), Hulley (1986), Menon (2002)
metopoclampus  Africa; Indian EEZ of Arabian Sea
37 Diaphus mollis ~ Western Indian Ocean; East coast of Africa. Nafpaktitis (1984), Hulley (1986), Menon (2002)
Broadly tropical distribution; Indian EEZ of
Arabian Sea
38 Diaphus nielseni Western Indian Ocean; Agulhas Current (30°17'S,  Nafpaktitis (1984), Hulley (1986)
31°25'E), Off east coast of Madagascar
Mozambique Channel (15°-21°5)
39 Diaphus Western Indian Ocean; A circumglobal con- Nafpaktitis (1984), Hulley (1986)
ostenfeldi vergence species. Indian Ocean, 35°-48°§
40 Diaphus parri Western Indian Ocean; In Agulhas Current and off Nafpaktitis (1984), Hulley (1986), Menon (2002)
west coast in Agulhas Water pockets.
Indian Ocean (10°N-12°S, with extension
to 25°8 in Mozambique Channel); Indian
EEZ of Arabian Sca
41 Diaphus Western Indian Ocean; In Agulhas Current and Nafpaktitis (1984), Hulley (1986), Karuppasamy
perspicillatus off west coast in Agulhas Water pockets; Indian et al. (2006), Jayaprakash (1996), Menon (2002)
EEZ of Arabian Sea (09°04'N and 75°45'E);
Indian Ocean (03°N-03°S and 76°E-86°E);
Indian EEZ of Arabian Sea
42 Diaphus phillipsi  Western Indian Ocean; Indian Ocean (08°N-12°8,  Nafpaktitis (1984), Hulley (1986), Karuppasamy,
with extension to 16°S in Mozambique Channel); et al. (2006)
Indian EEZ of Arabian Sea (07°5%'N and
75°03'E)
43 Diaphus Western Indian Ocean; In Agulhas Current and Nafpaktitis (1984), Hulley (1986), Menon (2002)
prablematicus off west coast in Agulhas Water pockets; Indian Karuppasamy et al. (2006)
EEZ of Arabian Sea (09°00'N-10°00'N
and 72°00/-73°00'E)
44 Diaphus Indian Ocean Bolin (1946)
rafinesquii
45  Diaphus regani  North-Eastern Arabian sca; Western Indian Ocean;  Gjosacter (1977), Nafpaktitis (1984), Dalpadado and
Sri Lankan waters (07°08'N and 79°29'E) Gjosaeter (1993)
46 Diaphus Western Indian Ocean; In Agulhas Current Nafpaktitis (1984), Hulley (1986)
richardsoni and off west coast in Agulhas Water pockets
47 Diaphus signatus  Western Indian Ocean; Indo-Pacific to 18°5 in Nafpaktitis (1984), Hulley (1986), Dalpadado and
Mozambique Channel. Sri Lankan waters Gjosaeter (1993), Karuppasamy et al. (2006, 2010)
(07°06'N-08°26'N and 79°29'E-81°59'E);
Indian EEZ of Arabian Sea (06°00/'~21°00'N
and 66°00-77°00'E)
48 Diaphus Western Indian Ocean; Indian Ocean; Indian Nafpaktitis (1984), Hulley (1986), Jayaprakash
splendidus Ocean (03°N-03°S and 76°E-86°E) (1996)
49 Diaphus Western Indian Ocean Nafpaktitis (1984)
suborbitalis
50  Diaphus subtilis  Indian EEZ of Arabian Sea Menon (2002)
51 Diaphus taaningi East coast of Africa Hulley (1986)
52 Diaphus Northern Arabian Sea; Western Indian Ocean; Gijosaeter (1977), Nafpaktitis (1984), Hulley (1986),
thiollieri Indian Ocean (Arabian Sea to 12°5 and off Dalpadado and Gjosaeter (1993), Kinzer et al.

Sumatra) Southeast Asian Seas; Sri Lankan
waters (07°08’

N and 79°29'E); Northern Arabian Sea.
North-Eastern Arabian Sea

(1993)
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Table 1 continued

Sl Species
no

Area of distribution

Reference

53 Diaphus watasei

54 Diogenichthys
atlanticus

55  Diogenichihys
panurgus

56 Electrona
antarctica

57  Electrona
carlsbergi

58  Electrona
paucirasira

59 Electrona risso

60  Electrona
subaspera
61  Electrona ventralis

62 Gonichthys barnesi

63 Gymnoscopelus
(Gymnoscopelus)
bolini

64 Gymnoscopelus
(Gymnoscopelus)
braueri

65  Gymnoscopelus
(Gymnoscopelus)
nicholsi

66  Gymnoscopelus
(Nasolyehnus)
Sfraseri

67  Gymnoscopelus
{Nasolychnus)
microlampas

68  Gyvmnoscopelus
{Nasolychnus)
piabilis

69 Hintonia candens

70 Hygophum hanseni

71 Hygophum hygomii

Western Indian Ocean; East African continental
shelf south of about 02°S, West coast of
Madagascar, Indian EEZ of Arabian Sea
(06°00'=21°00'N and 66°00'-77°00'E)

Indian Ocean (22°—45°8); Eastern Indian Ocean

Western Indian Ocean; North-Earstern Arabian Sea.
In Agulhas Current to about 38°S. Indian Ocean
(19°N-05°5); Sri Lankan waters (07°08'N
and 79°29'E); Indian EEZ of Arabian Sea
(06°00/-21°00'N and 66°00'-77°00'E)

Off the Cape (43°17'S and 48°55'E)
Circumglobal in subantarctic waters (40°-60°S)
Western Indian Ocean

Western Indian Ocean; Indian Ocean (0°—40°S);
Eastern Indian Ocean

Circumglobal between Subtropical Convergence and
Antarctic Polar Front

Indian Ocean; Western Indian Ocean

Off east coast of Africa, south of 30°S. Convergence
species in Indian Ocean (30°-40°S)
Circumglobal distribution

Circumglobal distribution

Circumglobal distribution

Western Indian Ocean; Circumglobal Distribution
(43°17'5, 48°55'E)

Western Indian Ocean; Circumglobal Distribution;
40°53'S, 60°01'E

Circumglobal distribution

Circumglobal convergence species, between; 39°
and 48°S

Western Indian Ocean; 30°S on west coast to 33°8
on east coast of Africa, Convergence species
30°—43°S in Indian Ocean

Western [ndian Ocean; East coast of Africa
25°-37°S; Indian Ocean, 24°—40°S; Eastern Indian
Ocean

Nafpaktitis (1984), Hulley (1986),
Karuppasamy et al. (2006)

Hulley (1986), Muhlinga et al. (2007)

Nafpakritis (1984), Kinzer et al. (1993), Hulley
(1986), Dalpadado and Gjosaeter (1993)
Karuppasamy et al. (2006, 2010)

Hulley (1986)

Hulley (1986)

Nafpaktitis (1984)

Nafpaktitis (1984), Hully (1986),
Muhlinga et al. (2007)

Hulley (1986)

Nafpaktitis (1984)

Hulley (1986)

Hulley (1986)

Hulley (1986)

Hulley (1986)

Nafpaktitis (1984), Hulley (1986)

Nafpaktitis (1984), Hulley (1986)

Hulley (1986)

Hulley (1986)

Nafpaktitis (1984), Hulley (1986)

Nafpaktitis (1984), Hulley (1986),
Muhlinga et al. (2007)
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Table 1 continued

Sl Species Area of distribution Reference
no
72 Hygophum Northern Arabian Sea; Western Indian Ocean; South  Gjosaeter (1977), Nafpaktitis (1984), Hulley (1986),
proximum of 37°5 in Agulhas current, Indian Ocean Dalpadado and Gjosacter (1993), Kinzer et al.
(25°N-10°S); Indian EEZ of Arabian Sea (06°00/—  (1993), Karuppasamy et al. (2006, 2010),
21°00'N; 67°00'-T7°00'E; 07°08'N, 79°29'E); Sri Muhlinga et al. (2007)
Lankan waters (07°06'N-08°26'N and 79°29'E~
81°59'E); North-Eastern Arabian Sea; Arca of
Pakistan, Gulf of Aden and Somali coast; Eastern
Indian Ocean
73 Hyvgophum Southern Indian Ocean, Indian EEZ of Arabian Sea Hulley (1986), Karuppasamy et al. (2006)
reinhardtii (10°31'N; 68°72'E)
74 Kreffrichthys Circumglobal distribution Hulley (1986)
anderssoni
75 Lampadena Western Indian Ocean; Indian ocean Nafpaktitis (1984}, Hulley (1986)
anomala (06°01'N-64°59'E)
76 Lampadena Western Indian Ocean; Indian ocean (25°-40°5) Nafpaktitis (1984), Hulley (1986)
chavesi
77 Lampadena dea Western Indian Ocean; Circumglobal convergence  Nafpaktitis (1984), Hulley (1986)
species, Indian ocean 25°-49°S
78 Lampadena Western Indian Ocean; In Agulhas Current. In Nafpaktitis (1984), Hulley (1986), Muhlinga et al.
luminosa Indian ocean 20°N-20°S; Eastern Indian Ocean (2007)
79 Lampadena Western Indian Ocean; Indian ocean, 30°-47°8 Nafpaktitis (1984), Hulley (1986)
notialis
80  Lampadena Woestern Indian Ocean; Indian Ocean (30°—45°5) Nafpaktitis (1984), Hulley (1986)
speculigera
81  Lampanyctodes  Western Indian Ocean Nafpaktitis (1984)
hectoris
82 Lampanycius Woestern Indian Ocean; East coasts of Africa, north  Nafpaktitis (1984), Hulley (1986), Muhlinga et al.
achirus to about 31°5. Circum global Distribution; Eastern (2007)
Indian Ocean
83 Lampanyctus Western Indian Ocean; Indian ocean (0°-39°S); Nafpaktitis (1984), Hulley (1986), Muhlinga et al.
alatus Eastern Indian Ocean (2007)
84 Lampanycius Western Indian Ocean; Indian ocean (12°—44°5) Nafpaktitis (1984), Hulley (1986)
arer
Lampanyctus ‘Western Indian Ocean; East coast of Africa Nafpaktitis (1984), Hulley (1986)
australis Circumglobal convergence species 33°-43°8
Lampanyctus Indian EEZ of Arabian Sea Menon (2002)
cuprarins
87 Lampanyctus East coast of Africa; Indian ocean Hulley (1986)
Sestivus
88  Lampanyctus Western Indian Ocean; Indian ocean, the region of  Nafpaktitis (1984), Hulley (1986), Muhlinga et al.
intricarius Sub-tropical convergence; Eastern Indian Ocean (2007)
89 Lampanyctus Western Indian Ocean; East coast of Africa, Nafpaktitis (1984), Hulley (1986)
lepidolychnus Circumglobal convergence species (23°—48°8)
90  Lampanyctus Western Indian Ocean; Indian Ocean (0°-08°N); Nafpaktitis (1984), Hulley (1986), Menon (2002)
lineatus Indian EEZ of Arabian Sea
91 Lampanyctus Circumglobal distribution between subtropical Hulley (1986)
macdonaldi convergence and Antarctic Polar Front
92 Lampanyctus Western Indian Ocean; Sri Lankan waters (07°08'N,  Nafpaktitis (1984), Dalpadado and Gjosaeter (1993),
macropterus 79°29'E; 07°17'N, 81°59'E, 08°26.8'N, 81°33'E); Kinzer et al. (1993)

Northern Arabian Sea
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Table 1 continued

SI. Species Area of distribution Reference
no
93 Lampanycius Near Sri Lanka Bradbury et al. (1971)
niger
94 Lampanyctus Western Indian Ocean; In Agulhas Current and off Nafpaktitis (1984), Hulley (1986). Menon (2002)
nobilis west coast in Agulhas Water pockets; Indian EEZ
of Arabian Sea
95 Lampanycius Indian EEZ of Arabian Sea Menon (2002)
pharonotus
96 Lampanycius Western Indian Ocean; Indian Ocean (03°N-03°S  Nafpaktitis (1984), Jayaprakash (1996),
pusillus and 76°E-86°E); Eastern Indian Ocean Muhlinga et al. (2007)
97 Lampanyctus Indian Ocean (0°-14°S); Western Indian Ocean; Bolin (1946), Nafpaktitis (1984), Hulley (1986)
steinbecki Indian ocean (05°56'N and 76°22'E)
98  Lampanycius Western Indian Ocean; Indian ocean (07°N-04°S)  Nafpaktitis (1984), Hulley (1986)
tenuiformis
99 Lampanycius In Agulhas Current and off west coast in Agulhas  Hulley (1986), Karuppasamy et al. (2006, 2010)
turneri Water pockets. Western Indian Ocean; Indian
EEZ of Arabian Sea (06°00-12°00'N,
67°00-77°00E)
100 Lampanyctus sp.  Agulhas Current (30°32'S; 30°58'E) Hulley (1986)
A
101 Lampanyetus sp.  Circumglobal convergence species Hulley (1986)
B
102 Lampichthys Circumglobal convergence species (32°—48°8) Hulley (1986)
procerus
103 Lobianchia Western Indian Ocean; Indian Ocean (23°-38°8):  Nafpaktitis (1984), Hulley (1986), Muhlinga et al.
dofeini East coast of Africa; Eastern Indian Ocean (2007)
104 Lobianchia Western Indian Ocean; East coast of Africa. In Nafpaktitis (1984), Hulley (1986), Jayaprakash
gemellarii tropical/subtropical waters. Indian Ocean (1996) Muhlinga et al. (2007)
(03°N-03°S and 76°E-86°E); Eastern Indian
Ocean
105 Loweina Western Indian Ocean; Southern Indian Ocean Nafpaktitis (1984), Hulley (1986)
interrupta
106 Loweina rara Indian Ocean (10°-22°S) Hulley (1986)
107 Metelectrona Circumglobal convergence species (35°—41°5) Hulley (1986)
herwigi
108 Merelectrona Circumglobal Distribution 36°-51°8; Off cast coast Hulley (1986)
ventralis of Africa and in Indian ocean
109 Myctophum Western Indian Ocean; Off east coast of Africa and Nafpaktitis (1984), Hulley (1986), Karuppasamy
asperum in Indian ocean; 06°36'N and 76°29'E; Indian ct al. (2006), Muhlinga, et al. (2007)
EEZ of Arabian Sea (06°00-12°00'N,
67°00-77°00E); Eastern Indian Ocean
110 Myctaphum Indian Ocean. South of Equator; Eastern Indian Kawaguchi and Aioi (1972), Nafpaktitis (1984),
aunrolaternatiom Ocean (05°-1875); Western Indian Ocean; North- Hulley (1986) Kinzer et al. (1993) Karuppasamy
Eastern Arabian sea; Indian EEZ of Arabian Sea et al. (2006, 2010), Muhlinga, et al. (2007)
(06°00'N-21°00'N and 66°00°'E-77°00'E);
Eastern Indian Ocean
111 Myetophum East Coast of Africa between 07 and 10°N Gjosaeter (1977)
brachygnathum
112 Myctophum South of Zanzibar and southeast of Mauritius Hulley (1986). Karuppasamy et al. (2006)
Sfissunovi (07°-23°8); Indian EEZ of Arabian Sea
(06°00'N=21"00'N and 66°00'E-77°00'E)
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Table 1 continued

SI. Species Area of distribution Reference
no
113 Myetophum Equatorial Indian ocean Bradbury et al. (1977)
Ivehnobium
114 Myctophum Somali Coast (10°-15°N); Western Indian Ocean;  Gjosaeter (1977), Nafpaktitis (1984), Hulley
nitidieum Indian Ocean (07°N-24°5); Sri Lankan waters (1986), Dalpadado and Gjosaeter (1993), Menon
(07°06'N-08°26'N and 79°29'E-81°59'E); (2002), Karuppasamy et al. (2006)
Indian EEZ of Arabian Sea (06°00'N-21°00'N
and 66°00'E-TT°00'E)
115 Myctaphum Western Indian Ocean; Tropical waters of Indian  Nafpaktitis (1984), Hulley (1986), Dalpadado and
obtusirostre ocean, 10°3(0YN-75°21'E; Sri Lankan waters Gj (1993), Karupp et al. (2006)
(07°06"N-08°26'N and 79°29'E-81°59'E); Muhlinga et al. (2007)
Indian EEZ of Arabian Sea (06°00'N-21°00'N
and 66°00'E-T7°00'E)
116 Myetophum Western Indian Ocean; East coast of Africa and  Nafpaktitis (1984), Hulley (1986), Jayaprakash
phengodes Southern subtropical waters of Indian ocean; (1996), Muhlinga et al. (2007)
Indian Ocean (03°N-03°S and 76°E-86°E);
Eastern Indian Ocean
117 Myctophum selenops  Equatorial waters of Indian ocean; Indian EEZ of Hulley (1986), Menon (2002), Karuppasamy et al.
Arabian Sea (D6°00'N-21°00'N and 66°00'E~ (2006)
T7°00'E); Indian EEZ of Arabian Sea
118 Myctophum Indian Ocean (03°N-03°S and 76°E-86°E); Kawaguchi and Aioi (1972), Nafpaktitis (1984),
spinosurm Western Indian Ocean; Tropical/subtropical Hulley (1986), Dalpadado and Gjosaeter (1993),
waters of Indian ocean; Sri Lankan waters Jayaprakash (1996), Menon (2002)
(07°06'N-08°26'N and 79°29'E-81°59'E); Karuppasamy et al. (2006), Muhlinga et al.
Indian Ocean; Indian EEZ of Arabian Sea; (2007)
Eastern Indian Ocean; Indian EEZ of Arabian
Sea (06°00'N=-21°00'N and 66°00'E-77°00'E)
119 Nannobranchium Eastern Indian Ocean Muhlinga et al. (2007)
achirus
120 Notolyehnus East coast of Africa and Indian Ocean (09°-32°S); Hulley (1986), Muhlinga et al. (2007)
valdiviae Eastern Indian Ocean
121 Notoscopelus Western Indian Ocean; Indian ocean (07°56'S, Nafpaktitis (1984), Hulley (1986)
(Notoscopelus) 65°14'E)
caudispinosus
122 Notoscopelus Western Indian Ocean; Indian Ocean (24°-30°S); Nafpaktitis (1984), Hulley (1986), Muhlinga et al.
(Notoscopelus) Eastern Indian Ocean (2007)
resplendens
123 Protomyctopl Ci global between Subtropical Convergence  Hulley (1986)
(Hierops) and Antarctic Polar Front (45°S, 36°E)
parallelum
124 Protomyctophum Western Indian Ocean; Circumglobal distribution  Nafpaktitis (1984), Hulley (1986)
(Hierops)
subparallefum
125 P yetoplh Ci global between Subtropical Convergence  Hulley (1986)
(Protomyctophum) and Antarctic Polar Front
andriashevi
126 Protomyctophum Circumglobal convergence 41°40'-45°25'S, Hulley (1986)
(Protomyctophum) 17°17"-36°32'E
balini
127 Protomyctophum Western Indian Ocean; Circumglobal Nafpaktitis (1984), Hulley (1986)

normani

convergence species 36°—43°S
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Table 1 continued

SI. Species Area of distribution Reference
no
128 Protomyctophum Circumglobal between Subtropical Convergence  Hulley (1986)
(Protomyctophum) and Antarctic Polar Front.
tensioni
129 Scopelopsis Western Indian Ocean; East coast of Africa. Indian  Nafpaktitis (1984), Hulley (1986),
multipunctatus Ocean 25°8 to Subtropical Convergence Eastern ~ Muhlinga et al. (2007)
Indian Ocean
130 Symbolophorus Western Indian Ocean; East coast of Africa Indian Nafpaktitis (1984), Hulley (1986)
barnardi ocean, 30°8 to Subtropical Convergence
131 Symbolophorus Ci global distribution Hulley (1986)
boaps
132 Symbolophorus Western Indian Ocean; In Agulhas Current south  Gjosaeter (1977), Nafpaktitis (1984), Hulley
evermanni to about 33°S; tropical waters of Indo-Pacific; (1986), Dalpadado and Gjosaeter (1993),
Area of Pakistan, Gulf of Aden and Somali coast; Jayaprakash (1996), Karup y et al. (2006),
Sri Lankan waters (07°06'N-08°26'N and Muhlinga et al. (2007)
79°29'E~-81°59'E); Indian Occan (0°N-03°S and
T6°E-86°E); Indian EEZ of Arabian Sea
(D6°00'N=-21°00'N and 66°00'E-
T7°00'E);Eastern Indian Ocean
133 Symbolophorus Western Indian Ocean; Indian Ocean (03°N-03°8  Nafpaktitis (1984), Hulley (1986) Kinzer et al,
rufinus and 76°E-86°E); North- Eastern Arabian Sea; (1993), Jayaprakash (1996) Karuppasamy et al.
Equatorial Indian Ocean; Indian EEZ of Arabian  (2006)
Sea (06°00'N=-21°00'N and 66°00'E~77°00'E)
134 Taaningichthys Woestern Indian Ocean; East coast of Africa Nafpaktitis (1984), Hulley (1986)
bathyphilus (30°-33°S5); widespread species in Indian oceans
(43°N-68"S)
135 Taaningichthys Western Indian Ocean; Indian Ocean; 20°-30°8 Nafpaktitis (1984), Hulley (1986)
s
136 Taaningichtlys Western Indian Ocean Nafpaktitis (1984)
paurelychnus
137 Triphoturus Indian Ocean, 08°N-15°5; In Agulhas Current Hulley (1986), Jayaprakash (1996)
nigrescens south to about 40°S; Indian Occan (03°N-03°S

and 76°E-86°E)

zooplankton present in the upper layers which form
their major food item and to avoid predators. Myc-
tophids took 30 min for upward and downward
migration (Shilat and Valinassab 1998). Migrating
patterns of myctophids vary with species, size groups,
life history stages, sex, latitude, time and season.
Myctophids form an important component of the
acoustically dense Deep Scattering Layers (DSL)
(Shotton 1997). The studies conducted on the DSL of
EEZ of India during 1985-1986 have shown that the
DSL shift vertically from depths of 200-540 m during
day to the surface during night. The commeon fishes
recorded in the DSL were myctophids which formed
about 17% of the total fish biomass and consisted of the
genera Diaphus, Myctophum and Benthosema (Menon

@ Springer

1990). According to a study by Raman and James
(1990), myctophids consisted of 31% of the total
fish biomass of the DSL in the Eastern Arabian Sea
and the common genera represented were Diaphus,
Lampanyctus, Diogenichthys, Hygophum, Symbolo-
phorus, Bolinichthys, Benthosema and Myctophum.

Geographical distribution and abundance

Studies in the Arabian Sea have indicated that, the
areas rich in the midwater fish stocks are dominated by
myctophids. The total abundance of mesopelagic
fishes in the Northern and Western Arabian Sea is
estimated at about 100 million tons (GLOBEC 1993;
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Gjosaeter 1984). Mesopelagic fish in the Gulf of Oman
was estimated to range between 6 and 20 million tons.
Myctophids were found to be abundant throughout the
area, wherever the depth exceeded 150 m.

Gjosaeter (1977) reported a catch rate of 20 t h'of
myctophids from the seas off Oman (20°-24°N lat and
57°-67°E long) at a depth of 130 m during day time
using a pelagic trawl. Myctophid catches exceeding
400 kg h™" was obtained from several stations located in
north-western Arabian sea (0°-26°N; 43°-67° E long).

Raman and James (1990) have conducted studies on
distribution and abundance of myctophids in the EEZ
of India, using IKMT as sampling gear. According to
their studies, myctophids formed 31% of the total fish
biomass of the DSL in the Eastern Arabian Sea. Peak
abundance of myctophids was in waters along 69°30'E
longitude between 18°30'N and 21°3('N latitudes and
in the waters north of 15°N between 68° and 73° E
longitudes. Highest number of 1,092 myctophids per
hour haul using IKMT was recorded from a station
off Northern Arabian coast (23°30'N; 65°00'E). The
myctophids formed about 72% shows a wide distribu-
tion covering major parts of the nearshore, offshore and
oceanic region. The abundance of myctophids varied
in waters north and south of 15°N lat. Off northwest
coast, myctophids formed about 53.4% of the fish
biomass in the DSL and dominance was noticed in
certain pockets along the Ratnagiri-Marmugoa areas
(15°=17°N), off Bombay (19°-20°N) and in the
northern Arabian waters (23°30'N). Off southwest
coast myctophids were about 46% of the total fish
biomass of the DSL (Raman and James 1990) and the
density was maximum along the continental slope
waters near Mangalore and off Cochin areas. Highest
number of 1,548 myctophids per hour, using IKMT,
was recorded from a station (9°30'N 74°00'E), off
Cochin. Contribution of myctophids was 17% in the
Bay of Bengal and 35% off the northeast coast, and
649 off the southeast coast, Dominance was noticed in
the Bay of Bengal fan area (15°00'=19°00'N; 85°00'—
90°30'E). Highest number of 396 myctophids per hour
haul using IKMT was recorded from a station
(19°00'N; 91°30'E) off West Bengal. Off the southeast
coast, maximum abundance was found in areas
off Madras and in the oceanic areas south of Nicobar
Islands (Raman and James 1990).

Dalpadado and Gjosaeter (1993) reported the pres-
ence of 16 species of myctophids viz, Bentho-
sema fibulatum, Benthosema pterotum, Bolinichthys
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longipes, Ceratoscopelus warmingi, Diaphus garmani,
Diaphus lobatus, Diaphus regani, Diaphus signatus,
Diaphus thiollierei, Diogenichthys panurgus, Hygop-
hum proximum, Lampanyctus macropterus, Myctop-
hum nitidulum, Myctoph btusirostrum, Myctophum
spinosum and Symbolophorus evermanni in the
area 07°06'-08°27'N lat; 79°29'-81°59E long, off
Sri Lanka, during the cruises with R.V. “Dr. Fridtjof
Nansen”.

Kinzer et al. (1993) reported the presence of 11
species of myctophids viz., Benthosema fibulatum,
Benthosema pterotum, Bolinichthys longipes, Diaphus
arabicus, Diaphus lobatus, Diaphus thiollierei, Diog-
enichthys panurgus, Hygophum proximum, Lampayic-
tus macropterus, Myctophum aurolaternatum and
Symbolophorus rufinus from 18° to 24°30'N lat;
62°—67°E in the Arabian Sea. Diaphus arabicus was
the dominant species between 18° and 24°N in the
Arabian Sea, contributing 66-73% of the myctophid
samples, in terms of numbers (Kinzer et al. 1993).

Observations on the mesopelagic fishes taken by
midwater trawl in the equatorial region (03°5-03°N
lat; 76°-86°E long) of Indian Ocean shows that
the average catch of myctophids was higher in the
southern side of the equator when compared with
the northern side of the equator (Jayaprakash 1996).
The myctophids constituted 61.3% of the mesopelagic
samples from this region. Species such as Diaphus
effulgens, Symbolophorus rufinus, Myctophum spino-
sum, Lampanyctus pusillus, Lobianchia gemellarii,
Triphoturus nigrescenes and Ceratoscopelus warmin-
gii were present between 03°S and 03°N, while
Diaphus perspicillatus, Diaphus splendidus and Mye-
tophum phengodes were limited to northern latitudes
(0-3°N) and Symbolophorus evermanni and Bolinich-
thys photothorax were limited to southern latitudes
(0-3°N).

Nair et al. (1999) reported the presence of myctop-
hid larvae in the DSL in Arabian Sea, in the upper
layers of the open ocean between 15° and 21°N.
Diaphus arabicus formed 80% of the myctophid
larvae, Benthosema pterotum 15% and Benthosema
Sfibulatum 5%.

Menon (2002) reported presence of 27 species in
the Indian Ocean between 6° and 21°N lat and 67°—
76°E long. Of these, eight species viz., Benthosema
Sibulatum, Benthosema pterotum, Bolinichthys longi-
ceps, Diaphus aliciae, Diaphus fragilis, Diogenich-
thys panurgus, Lampanyctus turneri and Myctophum
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aurolaternatum were widely distributed (6°-21°N lat;
67°-76°E long). Distribution of one species (Hygop-
hium proximum) was restricted to south of 15°N and 18
species viz, Centrobranchus sp., Ceratoscopelus
warmingii, Diaphus lucidus, Diaphus perspillatus,
Diaphus phillipsi, Diaphus problematicus, Diaph
signatus, Diaphus watasei, Hygoph reinhardii,
Lampadena sp., Myctophum asperum, Myctophum
Sissunovi, Myctophum nitidulum, Myctophum obtusi-
rostre, Myctophum selenops, Myctophum spinosum,
Symbolophorus evermanni and Symbolophorus rufi-
nus were restricted to north of 15°N lat.

Studies on distribution and abundance along the
west coast by Menon (2004), has shown that maximum
abundance of 10.4 g 1,000 m " was between 19° and
20°N, during day time IKMT hauls. In the east coast,
myctophids were obtained at the rate of 1.02 g
1,000 m™* (day hauls) at a depth of 100-300 m. Catch
rate of 3.22 g 1,000 m™* was obtained at 17-18°N,
along east coast, during day time hauls. Catch rates
obtained during night hauls in the east coast were
1.35 g 1,000 m~ in 13-14°N and 1.15 g 1,000 m~>
in 17-18°N. At most of the latitudes, night samples
have given better biomass of myctophids than day
samples (Menon 2002).

Studies conducted by Menon (2002) has shown
higher diversity of myctophid species from positions
located in 6-10°N lat and 73-75°E long, with ten or
more species. Karuppasamy et al. (2006) reported 28
species of myctophids from the DSL of Indian EEZ of
Arabian Sea and the species diversity of myctophids
was higher in tropical and subtropical latitudes.

The biomass estimates of Benthosema pterotum in
the Oman Sea (Iranian waters) ranged from 1 to 4
million tons with an average of 2.3 million tons with
highest densities in the Western Oman Sea and this
resource has been suggested as a target for commercial
exploitation (Valinassab 2005; Valinassab et al. 2007).

Seasonal distribution

In the EEZ of India, myctophid catches were
usually largest during April-May and October—
November. The peak calches recorded were
2,000-2,200 numbers of myctophids per hour haul,
using IKMT (Raman and James 1990). In the
Western Oman Sea, the densities vary seasonally
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with the highest recorded in May—June and lowest
in October-November (Valinassab 2005; Valinassab
et al. 2007). According to Menon (2004), along the
west coast (Indian EEZ), the average myctophid
concentration in the DSL biomass recorded using
IKMT (day hauls) was 3.07 g 1,000 m~?* in pre-
monsoon (February-May), 1.94 g 1,000 m~? in the
post-monsoon season (October—January) and lowest
in the monsoon period (June-September). Along the
east coast of India, the average myctophid concen-
tration in the DSL biomass recorded using IKMT
(day hauls) was 0.48 g 1,000 m~ in the pre-mon-
soon, 0.68 g 1,000 m~ in the monsoon and 0.54 g
1,000 m™—* during post-monsoon period.

According to Gjosaeter (1977) the total abundance
recorded gave higher abundances in spring than the
summer and the autumn cruises. In the Arabian coast
and the oceanic area 20° and 24°N, Benthosema
prerotum was the dominant species in autumn,
whereas Benthosema pterotum and Benthosema fibul-
atum were about equally abundant in early spring
(Gjosaeter 1977). In the Gulf of Aden, West of 47°E,
Symboloph i was the dominant species
in autumn, whereas Benthosema pterotum was abun-
dant in spring and summer (Gjosaeter 1977).

rus ever

Conclusion

Most of the conventional fish stocks have reached a
state of full exploitation or over-exploitation. Hence
there is need to locate new and conventional fishery
resources in order to fill in the supply-demand gap, in
the face of increasing demand for fish. Mesopelagic
fish is considered to be one such promising resource,
which has potential for future development. Myctoph-
ids are among the most abundant group of mesope-
lagic fishes in the Indian Ocean. Species diversity and
abundance of individual species of myctophids are
high at tropical subtropical latitudes. A total of 137
species of myctophids has been reported in the Indian
Ocean. Available information on abundance of myc-
tophids and their utilisation indicate that there is
excellent scope for development of myctophid fisher-
ies in Indian Ocean and utilisation of this resource for
fish meal and oil for the expanding aquaculture
industry, surimi and cosmetic, nutraceutical and
industrial products.
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First Estimate of the Length—Weight Relationship of Diaphus
watasei Jordan and Starks, 1904 Caught off the Southwest
Coast of India
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Abstract

The length-weight relationship of the myctophid fish species. Diaphus watasei, caught from waters off the
southwest coast of India in the depth range of 300-400 m was estimated as male W=0.0026 L*** and females W= 0.0063
L*"™, The length-weight relation between the males and the females were found to be significantly different.

Introduction

Myectophids or lanternfishes of the Family Myctophidae are key components of mesopelagic
communities. In India. myctophids are caught as bycatch by deep sea trawlers off the southwest
coast and Diaphus watasei Jordan and Starks, 1904, is the most dominant species (Pillai et al. 2009).
The length-weight relationship provides a means for calculating weight from length of fish and can
indicate taxonomic differences and events in the life history of fish (Venkataramanujam and
Ramanathan, 1994). The objective of this work was to derive the length-weight relationship of D.
watasei.

Materials and Methods

Samples of D. watasei were collected from trawl bycatch by arrangement with commereial
deep sea shrimp trawler operators off the southwest coast of India between Latitude 8° 00' N - 9° 07'
N and Longitude 74° 00" E - 75° 58' E during the period May 2009- May 2011, except the trawl ban
period from 15 June to 31 July. Deep sea shrimp trawl nets with a head rope length of 32.4 m were
used in fishing operations. Their mesh size ranged from 30 to 50 mm in the belly and 26 mm in the
codend. The myctophid species were caught from the depth range of 300-400 m. After hauling and
segregation, samples from the last trip of multi-day fishing trips were stored in ice until analysis

(about 2 days). Total length (TL) to the nearest mm and total weight (TW) to the nearest 0.5 g were

"Corresponding author. E-mail address: vipinpm83@gmail.com
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recorded for each fish. The sex of each individual fish was recorded based on gonad morphology
(Dalpadado, 1988). The relationship between weight (W: g) and length (L: cm). W = aL’, was
converted to its logarithmic form, Logjg W = Log;y a + b Log)y L. This represents a general linear
equation and the value of "a” and *b” were estimated by the method of least square regression (Zar,
1984). Analysis of covariance (ANCOVA) was used to identify significant differences in the length-
weight relationship between the sexes (Karuppasamy et al. 2008). t-test was used to determine if the
slope of regression line differs significantly from a value of 3, which would be indicative of
allometric growth. R, version 2.12.0 was used for the data analysis.

Results and Discussion

The sizes of D. watasei ranged from 10 em to 18 em. with a mean length of 14.2 cm: weight
ranged from 5 g to 43 g. with a mean of 21.9 g. The length-weight relationships are shown in Table
1 and Fig. 1. The length-weight relationship differed significantly between males and females of the
species (ANCOVA, P=0.005). The exponential value (b) for males differed significantly from 3(t-
test, P<0.001), indicating a positive allometry, The exponential value for females did not differ
significantly from 3 (t-test, P=0.47), indicating isometric growth.

Table 1. Length, weight and length-weight regression summaries for D. watasei males, females and both sexes
combined.

S n Length (em) Woeight (g) Parameters of the relationship
Sex Min Max Min Max Log (a) b S.E (a) S.E. (b) R’
Male 226 10 18 5 43 -2.591 3.391 0.085 0.075 0.900
Female 163 10 17 7 40 -2.199 3.062 0.098 0.084 0.891
Combined 389 10 18 5 43 -2.481 3.299 0.063 0.055 0.901
18 ¥=3.391x-2591 18 4 y=3.062¢-2.199
R'=0.900 R =0.891

Log Weight (g)

Male Female

1 11 12 13 1 L1 12 13
Log Length (em) Log Length [cm)

Fig. 1. Length-weight relationship of male and female D. watasei.
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Seasonal variations in the length-weight relationships were not considered in the study, since
the samples were aggregated for the analysis. Seasonal variations in the relationships with respect to
sexes could provide a more accurate representation of the length-weight relationships for D. watasei.
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LENGTH-WEIGHT RELATIONSHIP OF MYCTOPHUM SPINOSUM
(STEINDACHNER, 1867) CAUGHT OFF SOUTH-WEST COAST OF INDIA
Vipin P. M., Renju Ravi, V. R. Madhu, K. Pradeep, T. Jose Fernandez, M. P. Remesan and M.
R. Boopendranath
Central Institute of Fisheries Technology, P .O. Matsyapuri, Cochin - 682 029, India

Abstract

The length-weight relationship of the Spiny lanternfish, Mvetophum spinosum (Steindachner,
1867), caught from the depth range of 300-400 m off south-west coast of India was estimated.
The length-weight relationship was W=0.0129 L*”*"*. The length-weight relationship of males
was W=0.0212 L**** and its regression value indicated a negative allometric growth. The
length-weight relationship of females was W=0.0077 L**** and its regression value indicated
an isometric growth. However, there was no significant difference in length-weight relationship
between males and females of the species.

Keywords: Length-weight relationship, isometric growth, Myctophum spinosum, southwest coast of India

Introduction

Length-weight relationship provides a means for calculating weight and biomass when
only length measurements are available and has been used as a character for the differentiation
of taxonomic units and this relationship is seen to change with various developmental events in
life (Le Cren, 1951: Anderson and Gutreuter, 1983: Venkataramanujam & Ramanathan. 1994;
Petrakis and Stergiou, 1995: Dulcic and Kraljevic, 1996 and Martin-Smith, 1996). The
importance and history on studies of length-weight relationship, cube law and condition factor
have been described by Froese (2006).

Studies on the abundance and biomass of lanternfishes in Indian waters by Menon
(1990), Raman & James (1990), Jayaprakash (1996), Menon (2002), Menon (2004) and
Karuppasamy et al. (2006) indicated that they were the most dominant group among
mesopelagic fishes. Boopendranath et al. (2009) and Pillai et al. (2009) have reported that
lanternfishes are the major components in the bycatch of deep sea shrimp trawlers operating off
Kerala. The available information on the length-weight relationships of lanternfishes from
Indian waters are limited (Karuppasamy et al., 2008; Vipin et al., 2011; Manju et al., 2013).

The Spiny lanternfish, Myctophum spinosum (Steindachner, 1867) (Family:
Myctophidae) is a bathypelagic, oceanodromous species that exhibits diurnal vertical migration
and is widely distributed in tropical and sub-tropical waters of the Indian. Pacific, Indo-Pacific
and Atlantic Oceans (Paxton, 2010). The aim of the present study was to derive the length-
weight relationship of M. spinosum which is a common species in the bycatch of deep sea
trawlers, operating off southwest of India.

Materials and Methods

The samples for analysis were collected from the bycatch by arrangement with
commercial deep sea shrimp trawler operators of southwest coast of India, operating between
Latitude 8°00' - 9°07' N and Longitude 74° 00' - 75° 58' E, during the period September 2009 -
May 2012, except the trawl ban period from 15 June to 31 July. Deep sea shrimp trawls with a
head rope length of 32.4 m were used for fishing operations. Their mesh size ranged from 30 to
50 mm in the belly and 26 mm in the codend. The species were caught from the depth range of
300-400 m. Samples of last trip of multi-day fishing were stored in chilled condition until
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analysis (about two days). The samples collected from 200-400 m depth, using a 45 m four
equal panel myctophid trawl with 25 mm codend meshes, off southwest coast of India, during
cruise No. 313 (12 February 2013 — 2 March 2013) and 320 (4 October 2013 — 16 October
2013) of FORV Sagar Sampada (71.5 m Loa: 2285 hp: Ice class 1B) were also used for analysis.

Total length (TL) to the nearest millimeter and total weight (TW) to the nearest
milligram were recorded for each fish. Sex was determined by examining the gonads and by
inspecting the presence of supracaudal light organ found only in mature males (Hulley, 1986).
The relationship between weight (W: g) and length (L; ¢cm) is denoted as W = aL’. This
represents a general linear equation and the value of *&” and 5" are estimated by the method of
least square regression (Zar, 1984). The exponent b provides information on growth: being
isometric when b = 3 and allometric when this is not the case (positive if b > 3, negative if b <
3). Analysis of covariance (ANCOVA) was carried to find if there is any significant change in
the length-weight relationship between the sexes (Karuppasamy et al., 2008) and —test was used
to find if the slope of the regression lines are significantly different from isometry. R version
2.12.0 was used for the data analysis.

Results

A total 113 numbers of M. spinosum were examined for the estimation of length-weight
relationship. The total length of M. spinosum ranged from 64 to 90 mm, with a mean length of
72 mm and the weight of the fishes ranged from 2.1 to 6.2 g. Length, weight and length-weight
regression summaries for M. spinosum males, females and both sexes combined are given in the
Table 1. The graphical representation of length-weight relationships of the species are given in
Fig. 1 to 3.

The length-weight relationships of M. spinosum were estimated as:
W=0.0129 L7 | for both males and females (pooled data);
W=0.0212 L***”  for males; and
W= 0.0077 L>*¥ for females

There was no significant difference in the slopes (P>0.05) between male and female fish
(ANCOVA). Female fishes exhibited isometric growth (p value = 0.625, df = 50) and male
fishes exhibited negative allometry (p value = 0.007, df=61).

Discussion

This study is the first attempt to estimate the length-weight relationship of M. spinosum.
The maximum value of total length of M. spinosum recorded were 90 mm. In the length-weight
relationship, the b value of M. spinosum (2.737) indicated a negative allometric growth.
Generally. the *b’ value ranges between 2.5 and 4.0 for fishes. A °b” value of 3 indicate that the
growth of the fish is symmetric or isomeric (Hile, 1936). The exponent value other than 3
indicate allometric growth, A *b" value greater than 3.0 indicates that the fish become heavier
when it increases in length and a value less than 3.0 indicates that, fish becomes more lean
(Grower and Juliano, 1976).

The lanternfishes are generally small in size and majority of the fishes are under 150
mm standard length (Nafpaktitis,1982; Hulley, 1985; FAQO, 1997; Karuppasamy et al., 2008).
Karuppasamy et al. (2008) reported that the length—weight relationship of Benthosema pterotum
(Family: Myctophidae) showed a positive allometric growth, with an exponent value of 3.13.

2
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Thomas et al. (2003) recorded that out of 22 species of the deep sea fishes from the continental
slope beyond 250 m depth along the west coast of India, Cubiceps pauciradiatus, polymaxia
nobilis, Cyttopsis rosea, Hoplosthethus mediteraneus, Saurida undosquamis, showed isometric
growth and all other species deviated from isometric growth to negative and positive allometric
growth. In this study, it was found that the exponent value in the length-weight relationship of
Benthosema fibulatum was 2.13, indicating a negative allometric growth, which deviates from
the findings of Hussain, (1992) who reported an isomeric growth pattern in different subgroups
of the species such as females at stage I; stage Il and 111; stage IV of maturity; and all males,
immature and mature.

The findings of this study, will serve as a baseline for comparison with other stocks of
this species in different parts of the Indian Ocean. Seasonal variations in the length-weight
relationships were not considered in the study, since the samples were aggregated for the
analysis. Seasonal variations in the relationships with respect to sexes could provide a more
accurate representation of the length-weight relationships.
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Structural changes in the mechanised fishing fleet of Kerala, South India
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ABSTRACT

Kerala State situated in the south-west coast of India, has traditionally been the foremost fishery area of the
Indian sub-continent. With increasing fishing pressure in the coastal waters, fishermen operating in mechanised
sector were forced to venture in to deeper waters in search of newer fishing grounds in order to maintain their
catches. Marine fisheries have undergone significant changes since the 1950s and the changes in number and
capacities of fishing vessels have been more significant in the last decade. In this paper, an attempt has been
made to compare the structural changes in terms of length overall (L, ) and installed engine horsepower among
three commercially important fishing practices viz., trawling, purse seining and gillnetting in Kerala, over the
last decade. The results have shown large scale changes in the structure of the fishing fleet in terms of size
and installed engine horsepower among trawlers, purse seiners and gillnetters operating off Kerala. The study
indicated an exponential growth in engine horsepower among trawlers above 18 m in L, in recent years. This
paper also points out the need for regulating capacities of the fishing vessel in order to conserve fuel and reduce

greenhouse gas (GHG) emissions.

Keywords: Engine horsepower, Gillnetter, Kerala, Length overall, Purse seiner, Trawler

Introduction

In India, fisheries is an important sector which plays
a significant role in creating job opportunities, enhancing
income as well as foreign exchange earnings and availability
of protein rich food. India was ranked fifth in the world
capture fishery production, during 2011 (FAO, 2013). The
annual potential yield from the Exclusive Economic Zone
(EEZ) of India has been re-validated at 4.42 million t, of
which 3.84 million t is from the zone up to 100 m depth
and 0.58 million t is from deeper waters (GOI, 2011). The
present catch of 3.82 million t (2011) (CMFRI, 2013)
forms 86.45% of the re-validated fishery potential and is
largely derived from the intensively fished coastal zone.

Kerala State, situated in the south-west coast of India,
has traditionally been the foremost fishery area of the
Indian sub-continent (CMFRI, 2013). It has a coastline of
590 km and a continental shelf area of 39,139 sq km. Kerala
ranked first in marine fish production among the maritime
states of India, contributing about 19% of the total marine
landings (0.74 million t) during 2011 (CMFRI, 2013).
Marine fishing fleet in Kerala consists of 4,722 (21.7%)
mechanised, 11,175 (51.3%) motorised and 5,884 (27.0%)
non-motorised fishing vessels (CMFRI, 2012). The marine

landings are mainly contributed by the mechanised (56%)
and motorised (42%) sectors (Mohamed e al., 2013).
With increasing fishing pressure in the coastal waters,
fishermen operating in the mechanised sector are forced to
go to deeper waters in search for newer fishing grounds in
order to maintain their catches. Marine capture fisheries in
Kerala, have gone through significant changes since 1950s
and the changes in number and capacities of fishing vessels
have been more pronounced in the last decade. Excess fleet
capacity and increased fuel consumption by the mechanised
fisheries have been worsening over the years. In this paper,
an attempt has been made to compare the structural changes
in terms of length overall (L,,) and installed engine
horsepower among three commercially important fishing
practices, viz., trawling, purse seining and gillnetting in
the marine fisheries sector of Kerala, over the last decade.

Materials and methods

Data on length overall and engine horsepower of
mechanised fishing vessels, viz., trawlers, purse seiners and
gillnetters operating in Kerala were sourced from Fishing
Vessel Registration Database of the Marine Products
Export Development Authority (MPEDA). Data pertaining
to 637 trawlers forming 17% of the total trawlers,
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27 purse seiners forming 45% of the total purse seiners
and 18 gillnetters comprising 4% of the total gillnetters
in the state, registered during 2008-2012, were taken for
the present analysis. Additional information regarding
mechanised fishing vessels and engines were collected
from fishermen, dealers of marine engines, and boatyard
operators using structured questionnaires. Details of vessel
characteristics and horsepower in vogue during the last
decade were obtained from Boopendranath (2000). The
data were analysed using standard statistical procedures
(viz., frequency analysis and exponential modelling) using
SAS 9.3, in order to ascertain the decadal changes that
have taken place in terms of vessel size and horsepower,
in the mechanised fisheries sector of Kerala.

Results and discussion

The growth pattern of mechanised fishing fleet in
Kerala, during 1980-2010 period, is given in Fig. 1. The
number of mechanised vessels increased from 983 in 1980,
to 5088 in 1998, 5504 in 2005 and decreased to 4722 in
2010 (Anon 1981; CMFRI, 2006; DOF 2007; CMFRI,
2012). Trawlers constituted 76% of the mechanised fleet
of Kerala in 1980, 88% in 1998 and 72% in 2005. In 2010,
trawlers constituted about 77.9% of the total mechanised
fleet of Kerala, followed by purse seiners and mechanised
ring seiners (11.8%), gillnetters (9.7%) and liners (0.6%)
(CMFRI, 2012). There were about 8 mechanised vessels
per kilometre of coastline in Kerala during 2010.
Trawlers

About 4,722 trawlers are operating from Kerala
(CMFRI, 2012) and the fleet consists of small, medium
and large trawlers (Kurup et al., 2009). Trawling is the
most demanding fishing method in terms of energy
consumption when compared to gillnetting, longlining,

IDC:OZUOIO 30?040?056?060?0?0?0

B Mechanised trawlers
B Other mechanised vessels
1 Total mechanised vessels

Fig. 1. Increase in number of mechanised trawlers, other
mechanised vessels and total marine fishing fleet in
Kerala during 1980-2010 (Source: Anon 1981; CMFRI,
2006: DOF 2007: CMFRI, 2012)
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ring seining and purse seining (Gulbrandsen, 1986;
Aegisson and Endal, 1993; Boopendranath, 2009).

Frequency distribution of length class of trawlers

A comparison of frequency distribution of length
classes of trawlers operating from Kerala is shown in
Fig. 2. During the year 2000, almost 56% of trawlers were
of length class 13-14 m L, followed by 12-13 m (12.3%),
11-12 m (9.1%), 14-15 m (8.4%), 10-11 m (5.8%),
15-16 m (4.6%) and 9-10 m (3.9%). During 2012, the most
dominant length class (40.6%) was 19-20 m L, , followed
by 20-21 m (15.9%), 18-19 m (10.7%), 17-18 m (6.1%),
21-22 m (5.2%) and representation by other length classes
were below 4%. During 2012, length classes ranged
from 9-10 m to 22-23 m L, whereas during 2000, the
range extended from 9-10 m to 15-16 m L, showing a
significant shift in the preferred size of trawlers.

Ld.( (m}

T T T T
0 20 i 40 60

Fig. 2. Frequency distribution of length classes of trawlers
in Kerala

Frequency distribution of installed engine horsepower
of trawlers

Frequency distribution of engine horsepower (hp)
of trawlers, during 2000 and 2012 are represented in
Fig. 3. The engine horsepower in trawlers, during the year
2000, ranged between 50 and 150 hp, whereas in 2012,
engine horsepower extended up to 495 hp. Engines with
100-150 hp were widely used (62.3%) during 2000,
followed by engines with 50-100 hp (37.5%). During
2012, 24.7% of the trawlers were using engines with
100-150 hp, 18% with 150-200 hp, 16.8% with
300-350 hp and 16.2% with 250-300 hp. Trawlers with
engines higher than 350 hp were 13.7% and those using
less than 100 hp were 5.3%. Use of high horsepower
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engines in trawlers coincided with the adoption of high
speed trawling using fish trawls with large trawl mouth
and having large meshes in the front trawl panel sections,
for harvesting fast moving fishes.

40 50 60 70
%
Fig. 3. Frequency distribution of installed horsepower of
trawlers in Kerala

0 10 20 30

Relationship between length and engine horsepower
of trawlers

The relationship between length and engine
horsepower of trawlers during the year 2012 is shown
in fig. 4. The scatter plot of overall length vs. engine
horsepower of trawlers exhibited an exponential
relation. The simple exponential function of the form
Engine horsepower = a'exp (b'length) was fitted by
Levenberg marquardt algorithm using SAS 9.3. The
resultant model is given by the equation:

Engine horsepower =14.625 exp® #7"104; R? = (0,602

Fig. 4. explains the relationship between engine
horsepower and length overall, with moderate R* value
in terms of observed and predicted value. The rate of
change of engine horsepower (hp) was 0.147 with respect
to change in the L ,. The exponential growth of engine
horsepower was evident in trawlers with L, greater
than 18 m.

Frequency distribution of makes of engines installed
in trawlers

Fig. 5 depicts the frequency distribution of different
makes of engines installed in trawlers operating from
Kerala, during 2012. Marine diesel engines from 13
different manufacturers were prevalent. Ashok Leyland
(India) marine diesel engines were most popular (57.3%),
followed by Sinotruk (China) (15.9%), Weichai Power
(China) (14.8%), Cummins (USA) (3.5%), Yuchai (China)
(2.8%) and Caterpillar (USA) (1.4%). Representation of
Ruston (England), Greaves (India), Wandi (China), MWM
(Brazil), Hino (Japan) and Tata Cummins (India-USA) were
0.5% or less. Ashok Leyland (India) collaborates with Weichai
Power (China) in marketing marine diesel engines in India.

Purse seiners

Purse seining is an active fishing method for
harvesting of shoaling fishes and propulsion is required
for reaching and returning from fishing ground and for
operation of the gear. About 60 purse seiners operated
from Kerala (CMFRI, 2012).

600

# observed value
5004 — Expon. (observed value) &
4004 Y=14.625¢21%  JAPY

R*=0.602

Engine horsepower
=3 ey
g 2
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Length overall (m)

Fig. 4. Relationship between length and engine horsepower of
trawlers during 2012
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Fig. 5. Frequency distribution of different makes of engines installed
in trawlers operating from Kerala, during 2012

Tata C:

Frequency distribution of length classes of purse seiners

A comparison of frequency distribution of length
classes of purse seiners of Kerala is given in Fig. 6. During
the year 2000, the dominant length class of purse seiners
was 15-16 m L, (21.2%), followed by 14-15 m and
13-14m (19.7% each), 12-13 m and 16-17 m (13.6% each),
17-18 m (10.6%) and 18-19 m (1.5%). Significant increase
in the sizes of purse seiners were observed during 2012.
Dominant length class during 2012 was 19-20 m L,
(37%), followed by 18-19 m (25.9%), 17-18 m (14.8%)
and 20-21 m (7.4%). Representation of length classes
exceeding 21 m and less than 17 m were 3.7% each.
During 2012, length classes of purse seiners ranged up to
21-22 m, while, during 2000, the range was only up to
18-19m L,
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Fig. 6. Frequency distribution of length classes of purse seiners
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Frequency distribution of installed engine horsepower of
purse seiners

Comparison of frequency distribution of installed
engine horsepower among purse seiners of Kerala is
shown in Fig. 7. During 2000, majority of the purse
seiners (55.3%) had engines with 100-150 hp (55.3%).
followed by 150-200 hp (44.7%). In 2012, engines with
horsepower in the range of 150-200 gained dominance
(37.0%), followed 100-150 hp (25.9%), 250-300 hp
(22.2%), 300-350 hp (7.4%), 200-250 hp and 350-400 hp
(3.7% each). The upward trend in the engine horsepower,
coincided with increase in size of the purse seines
deployed.

Gillnetters

Gillnetting is a passive method and propulsion is used
for reaching the fishing ground, deployment of the gear
and return to the base. About 460 gillnetters are operating
from Kerala (CMFRI, 2012).

Frequency distribution of length classes of gillnetters

Frequency distribution of length classes of gillnetters
in Kerala (Fig. 8) shows that, during the year 2000,
gillnetters of length class 9-10 m L, (53%) dominated
in the fleet, followed by 10-11 m (31.3%), 7-8 m (7.5%),
89 m and 12-13 m (3.8% each), 11-12 and 13-14 m
(1.3% each). During 2012, the length classes 10-11 m,
14-15 m, 16-17 m and 17-18 m were the dominant
classes (16.7% each), followed by 12-13 m (11.1%);
18-19 m and 19-20 m (5.5% each). During this period
there was a conspicuous increase in the size of the
gillnetters compared to the previous years.
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Frequency distribution of installed engine horsepower
of gillnetters

Comparison of distribution of installed engine
horsepower among gillnetters of Kerala, during 2000 and
2012 (Fig. 9) indicates that marine diesel engines with
horsepower of 60-80 hp (52.3%) dominated the fleet
during 2000, followed by engines with less than 60 hp
(36.4%) and 80-100 hp (11.4%). There was a significant
increase in the engine horsepower during 2012 with lower
representation of 60-80 hp (5.6%) and 80-100 hp (16.7%)
and higher representation of 100-120 hp (33.3%) and
120-140 hp engines (44.4%) in the fleet.

A decade ago, fishing vessels in Kerala were largely
dependent on marine diesel engines of Indian origin
with horsepower rating up to 193 hp, for powering the
mechanised vessels (Boopendranath, 2000). During the
last 4-5 years, there is an increasing tendency among
the operators of trawlers, purse seiners and mechanised
ring seiners to install high horsepower engines (Baiju
et al., 2012; Mohamed er al., 2013). Majority of high
horsepower engines used in mechanised vessels of Kerala
include Chinese makes such as Sinotruk, Weichai Power,
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Fig. 9. Frequency distribution of installed engine horsepower off
gillnetters in Kerala

Yuchai and Shanghai and high horsepower engines from
Ashok Leyland in collaboration with Weichai Power.

Optimum fleet size of mechanised vessels for
marine fishing off Kerala were estimated at 3030 and
3143, respectively by Kurup and Devaraj (2000) and
Sathianandan ef al. (2008). According to these estimates,
the existing number of mechanised vessels in Kerala
(CMFRI, 2012) are in excess by 50-55% than optimum
fleet size. A recent estimate based on revalidated potential
vield of fishery resources in the Indian Exclusive Economic
Zone has given optimum mechanised fleet size as 4032
for Kerala, consisting of 3610 trawlers, 316 purse seiners
and mechanised ring seiners and 72 gillnetters (Mohamed
et al., 2013). According to this estimate, the existing
number of mechanised vessels in Kerala (CMFRI, 2012)
are in excess by about 17% than required fleet size.

Though the number of mechanised fishing vessels in
Kerala has shown a decrease by 14% between 2005 and
2010 census periods (CMFRI, 2006; 2012), fishing power
of a considerable percentage of individual fishing units has
significantly increased due to increase in installed engine
horsepower, wvessel capacities, improved navigation,
fish detection capabilities and improved efficiency of
fishing gear systems, in recent years, as evident from the
present study as well as other studies (Boopendranath,
2009; Kurup er al., 2009; Pillai er al., 2009; Baiju et al.,
2012; Mohamed er al., 2013). The results of the present
study points to the need for optimising and regulating
capacities of the fishing vessels based on their area/
depth of operation, in order to mitigate negative impacts
on resources, conserve fuel and reduce greenhouse gas
(GHG) emissions, which has been highlighted in several
studies (Bhathal and Pauly, 2008; Boopendranath, 2009;
2012; Kurup et al.,2009; Baiju et al., 2012; Mohamed
et al., 2013).

The results have demonstrated large scale changes
in the structure of the mechanised fishing fleet of Kerala,

both in terms of size and installed engine horsepower
among trawlers, purse seiners and gillnetters, during the
last decade. The study indicated an exponential increase in
engine horsepower, in recent years, among trawlers above
I8 m in L ,. With increasing fishing pressure in coastal
waters and diminishing returns, the area of operation of
mechanised fleet has further extended to deeper waters and
vessels with larger size, power and capacities equipped
for multiday fishing have become popular. The study also
suggests the need to account for the increase in the fishing
capacity of the vessels while planning for fishing fleet
restrictions.
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Abstract

Discards of bycatch in fisheries is one of the most serious concerns in fisheries management. An attempt
was made to estimate the landings and discards from the deep sea shrimp trawlers operating off south
west coast of Kerala. Total by-catch and discards of deep sea shrimp trawlers operating from
Sakthikulangara and Neendakara harbours in Kollam District during the period 2009-10 has been
estimated as 11488 t and it is about 58% of the total catch. The major part of the discarded fishes belongs
to mesopelagic group, the largest resource potential in the Arabian Sea. More than 98% of the bycatch
was discarded at sea. Myctophid contribution is about 32% of the total discards. Eight species of
myctophids belonging to the genus Diaphus (Diaphus watasei, D. fuetkeni, D. dumerilli, D. hudsoni and
D. effulgens), Myctophum (Myvctophum spinosum and M. obiusirostre) and Benthosema (Benthosema
Sibulatum) were identified and quantified from the samples.

Keywords: bycatch, discards, mesopelagic fishes, myctophids

Introduction

Along southwest coast of India, deep sea shrimps are one of the commercially important
species and accounts for a major portion of the landings. Average deep sea penaeid shrimp catch from
Quilon Bank, landed at Sakthikulangara has been estimated at 4693 t and non-penaeid shrimp 2.769 t
during the period 2009-10". A study has reported the average discards of mechanised trawlers in
Kerala as 429,074 t during 2008°. Longer deep sea fishing trips tend to discard non-commercial
species of fishes and shrimps due to shortage of storage space. Myctophids are the major components
in the bycatch of deep sea shrimp trawlers operating off Kerala™.

Distribution and abundance of myctophids in the Indian Ocean region have been studied by
several authors®™'". The studies conducted on the DSL of EEZ of India during 1985-1986 have shown
that it shifts vertically from depths of 200-540 m during day to the surface during night. The common
fishes recorded in the DSL were myctophids which formed about 17% of the total fish biomass and
consisted of the genera Diaphus, Myctophum and Benthosema'’. Myctophids consisted of 31% of the
total fish biomass of the DSL in the Eastern Arabian Sea and the common genera represented were
Diaphus, Lampanyctus, Diogenichthys, Hygophum, Symbolophorus, Bolinichthys, Benthosema and
Myctophum". A study has reported total 28 species of myctophids from the DSL of Indian EEZ of
Arabian Sea'!. A recent review of the existing information on distribution of myctophids in Indian
Ocean has reported 137 species belonging to 28 genera®. Studies on the biochemical composition of
various species of myctophid fishes reported that these fishes are good source of most of the essential
nutrients and have the potential for product development. Proximate composition of myctophids
shows considerably higher level of protein percentage from 11.3 to 15.7% and the fat content from 4.9
to 28.5% """,

A study of the myctophid bycatch in the deep sea shrimp trawlers operating off south west
coast of Kerala, was undertaken in order to find out species characteristics useful for development of
harvesting strategies for myctophids.

Materials and methods

A year round survey was undertaken to collect data regarding the landings and bycatch of
deep sea shrimp trawlers operating from Sakthikulangara and Neendakara fishing harbours in Kollam,
during 2009-2010. The deep sea shrimp trawlers generally operated between 08°00' N - 09°07' N lat
and 74°00' E - 75°58' E long (300 to 400 m  depth). off the southwest coast of India. The fishing
ground lying between Kollam and Alappuzha, popularly known as Quilon Bank, is a rich ground for
deep sea shrimps and lobsters'®,

Details of landed catch of deep sea trawlers were collected from auctioneers dealing with
catches of deep sea trawlers. Monthly landings were computed from the average daily landings per
fishing unit, the number of fishing units in operation and the actual fishing days for each month.
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Details of catch-discard ratio, area and depth of operation, duration of fishing trip and actual fishing
hours were collected from the crew of the deep sea shrimp trawlers operating from these harbours,
using pre-tested questionnaires. Bycatch discards was estimated based on the quantity of shrimp
landings and the mean catch-discard ratio, realised by the deep sea trawlers. Random samples of 30-
60 kg from the catch meant to be discarded were brought to the shore in styroform boxes in iced
condition, by special arrangement with the crew, periodically. These samples were used for
identification and analysis of the discarded species. The fishes were identified up to species level
based on identification key'” ** and online species identification database®'. Morphometric characters
used for the species identification were position of photophores such as Anterior anal (AQOa).
Posterior anal (AOp), Supra-anal (SAQ), Pre-caudal (Prc), Posterio-lateral (Pol), Dorso-nasal (Dn),
Ventro-nasal (Vn), Anterio-orbital (Ant). Sub-orbital (So)., Ventral (VO), Supra-pectoral (PLO). Anal
organs (AO) and Lateral line (LL): fin rays in Dorsal (D), Anal (A) and Pectoral (P) fins; Gill
rackers (GR); Body depth (BD); and Standard length (SL).

Results

Deep sea shrimp trawling has started in Kerala since 1999 and the catch mainly comprised of
Heterocarpus spp. According to the Department of Fisheries. Govt. of Kerala, about 1158 trawlers
are operating from Sakthikulangara and Neendakara fishing harbours and more than 1200 trawlers are
operating off Kollam coast during peak season. There are about 761 wooden and 397 steel trawlers
operating from Neendakara and Sakthikulangara harbours. The size of these trawlers ranged between
9.1 m and 20.0 m Lgs. Most trawlers were equipped with marine diesel engines of 175 to 411 hp.
Among these vessels, around 300 to 400 vessels were mainly targeting deep sea shrimps. Deep sea
shrimp trawl nets with a head rope length of 32.4 m and codend mesh size of 26 mm were used in
fishing operations. Mesh size of deep sea shrimp trawl nets ranged from 50 to 30 mm in the net body
and from 26 to 18 mm in the codend. The crew size varied from six to ten and the duration of fishing
trip varied from 5 to 6 days.

The exploited deep sea shrimp catch in the study area during the period of 2009-10 was
estimated as 7,880 t (Fig. 1). The fishing season for deep sea shrimps was observed to extend from
September to May and the peak season was from October to December. Highest landings of deep sea
shrimps (1420 t) was observed during the month of October, with a catch rate of 41.67 kg h'' and the
lowest landings was recorded during the month of March, during the period of deep sea shrimp
trawling operations. There was no landings during trawl ban period from 15 June to 31 July and
during the month of August when trawlers prefer to operate in coastal waters.
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Fig. 1. Monthly landings of deep sea shrimps at Sakthikulangara and Neendakara during 2009-10

Deep sea shrimp trawler catch was constituted by 39% of deep sea shrimps and 61% of
bycatch which included myctophids and were discarded. Percentage contribution of deep sea shrimp
and bycatch species to the total catch is given in the Fig. 2. Total bycatch during the period was
estimated as 11,488 t with a catch rate of 62.1 kg h™', during the peak season. Myctophids constituted
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about 32% (3.676 t) of the bycatch discards, with the caich rate of 19.87 kg h', during the period of
study (Fig. 2).

B Diaphus watasei

B Diaphus luetkeni

® Diaphus dumerilli

| Diaphus hudsoni

B Diophus effulgens

@ Myctaphum obtusirostre
B Myctophum spinasum

@ Benthosema fibulatum
B Deap sea shrimps

B Other bycatch species

Fig. 2. Percentage contribution of myctophid species to the total catch

Eight species of myctophids belonging to the genus Diaphus (Diaphus watasei, D. luetkeni, D.
dumerilli, D. hudsoni and D. effulgens). Mvctophum (Myctophum spinosum and M. obtusirostre) and
Benthosema (B. fibulatum) were identified from the samples (Fig. 3). Percentage contribution of
different myctophid species to the total bycatch is given in the Fig. 4.

Fig. 3. Myctophid species identified from the bycatch of Deep sea shrimp trawlers
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Fig. 4. Percentage contribution of myctophid species to the total bycatch
Myctophids and other species found in the deep sea shrimp trawl bycatch are listed in the Table 1.

Table 1. Myctophids and other species found in the deep sea shrimp trawl bycatch

Family Species
Fishes
Acropomatidae Svnagrops bellus
Acropomatidae Svnagrops philippinensis
Alepocephalidae Alepocephalus australis
Berycidae Beryx splendens
Bothidae Chascanopsetta lugubris
Champsodontidae Champsodon capensis
Chaunacidae Chaunax fimbriatus
Chlorophthalmidae Chiorophthalmus acutifrons
Cynoglossidae Symphurus strictus
Gempylidae Neoepinnula orientalis
Gempylidae Nealotus tripes
Gempylidae Promethichthys prometheus
Gempylidae Ruvettus pretiosus
Gonostomatidae Triplophus hemingi
Percophidae Bembrops caudimacula
Platycephalidae Thysanaphrys sp.
Lophiidae Lophiodes endoi
Lophiidae Lophiodes mutilus
Lophiidae Lophius vomerinus
Macrouridae Coelorinchus matamua
Macrouridae Hymenocephalus italicus
Macrouridae Coryphaenoides acrolepis
Myctophidae Diaphus watasei
Myectophidae Diaphus luetkeni
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Myctophidae Diaphus dumerilli
Myectophidae Diaphus hudsoni
Myctophidae Diaphus effulgens
Myctophidae Myctoplum obtusirostre
Myctophidae Myctophum spinosum
Myctophidae Benthosema fibulatum
Neoscopiledae Neoscopelus microchir
Nomidae Psenes arafurensis
Nomeidae Cubiceps paradoxus
Ogcocephalidae Haliewtaea coccinea
Ophidiidae Neobythites monocellatus
Parazenidae Cyttopsis rosea

Phosichthyidae

Polymetme thaeocorvia

Sternoptychidae Argyropelecus aculeatus

Stomiidae Astronesthes martensii

Triacanthodidae Macrorhamphosodes platycheilus

Trachichthyidae Hoplostethus sp.

Zeidae Zenopsis conchifer

Elasmobranches

Proscylliidae Eridacnis radcliffei

Etmopteridae Etmopterus sp.

Crabs

Portunidae Charybdis smithii

Oregoniidae Chionoecetes opilio
Discussion

Deep sea shrimp fishery off southwest coast is mainly constituted by Aristeus alcocki,
Heterocarpus woodmasoni, Heterocarpus gibbosus, Solenocera spp. and Plesionika ensis. Average
catch rate of 9.3 kg h™' for deep sea penaeid shrimps and 13.7 kg " for non-penaeid shrimps, have
been reported from Quilon Bank, during 2009-10'. Taxonomical characters of different myctophid
species found in bycatch during the present study are discussed below.

Diaphus watasei (Jordan and Starks, 1904)

The size range of males and females were 12-16.5 em TL and 10-15.6 em TL, respectively. PLO
nearer upper base of P than LL; SAO; and Pol three photophore-diameters or more below LL. Dn
smaller than nasal rosette. Ant present. Vn extending dorsally to make contact with Dn.  AOa,
elevated. So absent. Luminous scale at PLO smaller. SAO series almost in a straight line.

D 14-15; A 14-15; P 11; GR (4-6)+(13-15); AO (6-T}+(5- 6)

Diaphus luetkeni (Brauer, 1904)

The total length of Diaphus luetkeni ranged between 7.5-8.8 em in male and 7.0-8.2 ¢cm in female. Vn
very long, extending along most of ventral border of eye, its dorsal margin with small, round, bud-like
projections. SAQ, on same level with, or only slightly higher than VOs: maxilla extends more than
diameter of eye past orbit. Vn widely separated from Dn, confined to ventral or anteroventral aspect
of orbit but connected to Dn by a strand of dark tissue along front margin of orbit it.

D 15-17; A 14-16: P 11-12; GR (6-7)1(14-26); AO (5-7)1(4-6).

Diaphus dumerilli (Bleeker, 1856)
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The standard length of Diaphus dumerilli is 8.7 em in male. Vn round and small, half the size of
general body photophore. completely separated from Dn and located at ventral margin of orbit on,
slightly in advance of, vertical through front margin of pupil: about 1-2 photophore-diameters below
LL: SAO series markedly angulate.

D 14-15; A 14-15: P 11-12; GR (7-9) +(16-18) : AO (6-7)+(4-6).

Diaphus hudsoni Zubrigg and Scott, 1976

The standard length of Diaphus hudsoni is 8.4 ¢cm. Pre separated from AOp, so that distance Prcl-
Pre3 equal to or shorter than AOp- Prel interspace: C peduncle normal: anterior margin of lower GR
of 1" arch fleshy. Total GR 22-28: luminous scale at PLO mottled.

D 13-15: A 12-14; P 10-12: GR (7-9)+(15-19): AO (4-6)+(4-6).

Diaphus effulgens (Goode and Bean. 1896)

The standard length of Diaphus effulgens is 15 cm (male/unsexed). Head much longer than it is deep.
SAO3 and Pol 1.5-3.0 photophore —diameters below LL. At least 1 pair of sexually dimorphic.
luminous glands on head: 5 PO; 5 VO: SAO series curved to strongly angulate; AO series divided into
AOa and AOp; ADa' usually elevated, sometimes level: 1 Pol, sometimes continuous with AOa; 4
Pre. Supracaudal and infracaudal luminous glands absent; usually a luminous scale at PLO. Total GR
17-22.

D 15-17: A 15-16; P 11-13: GR: South Atlantic (5-7)+(13-14); GR: Indian Ocean (5-6)+(12-14): AO
(5-7)+(4-6). Total GR 17-22.

Myctophum spinosum (Steindachner, 1867)

The total length of Myetophum spinosum ranged between 7.5-8.8 ¢cm in males and 7-7.4 cm in
females. Ctenoid scales along A base with 1-3 strong, posteriorly directed spines; Pol well in advance
of vertical at origin of adipose fin: posterodorsal margin of operculum serrate GR (5-6)+(13-15). total
18-21. Total GR 18-25; SAO series straight or only slightly curved. Body scales ctenoid. Pre, more
than 1 photophore-diameter below LL. Prcj-Pre; interspace about 1/2 AOp-Pre, interspace. Body
elongate, BD about 4 times in SL.

D 13-14: A 18-19: P 14-15: GR (5-6)+(13-15): AO (6-8)+(5-7).

Myctophum obtusirostre (Taning, 1928)

The total length of Myvctophum obtusirestre ranged between 7.8-8.8 cm in males and 7-7.6 cm in
females. Body elongate, BD about 4 times in SL. Prc; more than 1 photophore-diameter below LL:
Prc)-Pre, interspace about 1/2 AOp-Pre; interspace. Body scales cycloid. Posterodorsal margin of
operculum evenly rounded. with serrations. Pol on or slightly behind vertical at origin of adipose fin:
AO (7-8)+(2-5). total 10-12.

D 12-14: A 18-19: P 17-20: GR (6-7)+(16-19): AO (7-8)+(2-5).

Benthosema fibwlatum (Gilbert and Cramer, 1897)

The total length of Benthosema fibulatum ranged between 5-8 cm in male and 5.5-8.8 cm in female.
Dorsal spines (total): 0 - 0; Dorsal soft rays (total): 12 - 14: Anal spines: 0; Anal soft rays: 18 — 20:
Vertebrae: 31 — 32. Anal organs 10-11: mature males have large 3 to 5 translucent supracaudal gland
and smaller infracaudal gland; mature females have small supracaudal gland and much smaller
infracaudal patches.

D 12-14; A 18-20: P 14-17: GR (6-7)+(13-15); AO (5-6)+(4-5)

Among myctophids, Diaphus watasei was the most dominant species in the bycatch which
contributed 13% to the total by-catch. D. luetkeni (3%), D. dumerilli (1%) D. hudsoni (2%), D.
effulgens (2%), Myvctophum obtusirosire (4%), M. spinosum (3%) and Benthosema fibulatum (4%) are
also contributing to the total bycatch.

Other bycatch species associated with myctophids catch of deep sea shrimp trawlers collected
from Kollam were also identified. Discarded items include finfishes, crabs. gastropods, shrimps.
cephalopods, stomatopods, squid eggs, juvenile shrimps and snakes. 45 species of fishes and 2 species
of crabs were identified from the bycatch of deep sea shrimp trawlers landed at Sakthikulangara and
Neendakara harbour during the period of study.

Conclusion

As myctophids contribute a major quantity in the discards of deep-sea shrimp trawlers, more
attention is required to utilize this resource effectively through the production of meal, oil. mince,
hydrolysate, silage, etc.. in the face of increasing demand for fish based products. The presence of
myctophids in discards to the extent of 32%, indicate the potential of the species for future expansion
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in capture fisheries. Information generated under this study on associated species in shrimp trawl
bycatch will be useful for developing bycatch reduction strategies.
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Abstract

Discarding of bycatch from trawlers is one of the most serious concerns in fisheries
management. In this paper, bycatch and discards from the deep-sea shrimp trawlers operating off
south west coast of Kerala and approaches for their utilization are discussed. The deep-sea shrimp
landing in Sakthikulangara — Neendakara harbours in Kollam District have been reported as 7,880 t,
during 2009-10. Total bycatch of deep-sea shrimp trawlers operating from these harbours, during the
year has been reported as 11,488 t and the percentage contribution was about 57% to the total catch.
More than 98% of the bycatch was discarded at sea. The major part of the discarded fishes belongs to
mesopelagic group. Published studies on the composition of various species of fishes in the bycatch
indicate that it is a good source of proteins and minerals. As most of the conventional fish stocks have
reached a state of full exploitation or over-exploitation, efficient utilization of these resources is
necessary to fill in the supply-demand gap for fish protein.

Key words: trawl bycatch, discards, deep-sea shrimp, mesopelagic fish
Introduction

Optimum utilization of harvested fishery resources is an important issue for the seafood
industry and researchers. There is a general consensus that marine fisheries harvests have
peaked and further increases in production must be accomplished through improved fishery
and post-harvest operations (Morrissey and Sylvia, 2004). Discovery of commercially
exploitable stocks of crustaceans beyond the continental shelf off the southwest coast of India
in the recent past has offered scope for deep-sea fishing to enhance production of shellfish.
In Kerala, mechanized fishing was first introduced in 1965 in Sakthikulangara-Neendakara
which is by far the most important shrimp landing centre in the state (Devaraj and Smitha,
1988). The deep-sea prawns and deep-sea lobsters are contributing significantly to the
seafood export industry of the country (Suseelan et al., 1990). At the same time, commercial
exploitation of deep-sea prawns yiclds a considerable amount of bycatch and this unwanted
portion of the catch is discarded back to the sea. Major part of the discarded fishes belongs to
mesopelagic fishes, the largest resource potential in the area. The total abundance of
mesopelagic fishes in the Northern and Western Arabian Sea is estimated at about 100
million tonnes (Gjosaeter and Kawaguchi, 1980; Gjosaeter, 1984; GLOBEC, 1993). As
most of the conventional fish stocks have reached a state of full exploitation or over-
exploitation, the mesopelagic fishes has immense potential for future development, in the
face of increasing demand for fish based products.

Bycatch may be preserved, if it can be used or sold. Survival rates of discarded organisms are
generally low. Fish and other bycatch species are usually killed during the process of capture
or are so damaged/ traumatized, that they are unlikely to survive once returned to sea (Hall et
al., 2000). Discarding of bycatch may result in serious conservation problems, ie. valuable
living resources are wasted, populations of endangered species are threatened, stocks already
heavily exploited are further impacted and ecosystem changes in the overall structure of
trophic webs and habitats (Morgan and Chuenpagdee, 2003). In this paper an attempt was
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made to discuss the approaches for the utilization of bycatch and discards from the deep-sea
shrimp trawlers based at Sakthikulangara and Neendakara harbours operating off south west
coast of Kerala.

Bycatch and discards of deep-sea shrimp trawlers

According to the Department of Fisheries, Govt. of Kerala, about 1158 trawlers are operating
from Sakthikulangara and Neendakara fishing harbours and more than 1200 trawlers are
operating off Kollam coast during peak seasons. Among these, around 300 to 400 vessels are
targeting deep-sea shrimps, mainly Aristeus alcocki, Heterocarpus woodmasoni, H. gibbosus,
Plesionika ensis and Solenocera sp. Mesh size of deep-sea shrimp trawls ranged from 30 to
50mm in the net body and from 18 to 26mm in the codend. This fishing ground lying
between Kollam and Alappuzha, popularly known as ‘Quilon Bank’ is a rich ground for
deep-sea prawns and lobsters (Rajan et al., 2001). Exploratory surveys conducted by FORV
Sagar Sampada in the region between Latitudes 08 N and 09° N, which covers the Quilon
Bank, reveals that this area is the most productive ground for deep-sea prawns (Kurup et al.,
2008).

The deep-sea shrimp landing along the Kerala coast is generally seen from September to May
and the peak season were observed during the period October to December. Radhika and
Kurup (2005) reported the highest landing of deep-sea prawns in December along the Kerala
coast. Fernandez et al. (2010) studied the bycatch and discards of deep-sea shrimp trawlers
operating off south west coast of Kerala and reported that the exploited deep-sea shrimp catch
in Kollam for the period 2009-10 as 7,880 tonnes. This comes about 43% of the total catches
from deep-sea shrimp trawlers during the period and the remaining quantities were discarded
back to the sea. The estimated bycatch (discards) during the period was reported as 11,488
tonnes with a catch rate of 62.1 kg.h™' during the peak season. The ratio of shrimp and
bycatch, during the period of report, was 1:1.46. A variety of finfishes, elasmobranches,
crabs, lobsters, juvenile shrimps, gastropods, cephalopods, stomatopods, and snakes
contributes significantly to the discards (Fig.1). Fishes belonging to the family Myctophidae
(lanternfishes), the key members of mesopelagic communities contribute 18% of the total
catches from deep-sea shrimp trawlers. Pillai et al. (2009) reported the landings of
myctophids as a major component in the bycatch of deep-sea shrimps in the south west coast
of India.

;.%;-b'l'i

Bleepsaa shrimps  BWYyclophcs
8 Oty mesop=agics 8 Elasmotranches
elrads B esgaaa Lobstal

Fig.1: Percentage of catch composition to the total catch

The trawlers engaged in single day fishing may bring the bycatch back to the harbours, but
the trawlers undertaking multiday fishing like deep-sea shrimp trawling, discards most of the
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bycatch back to the sea except perhaps the bycatch in the last day of the fishing trip. Blanco
et al. (2007) noted that these practices are partially wasting a natural resource; they can
generate certain impacts such as ecological and environmental problems.

Approaches for the utilization of discards

Kelleher (2005) reported discards in the world’s marine fisheries is around 7.3 million
tonnes/year. Even though some measures have been taken for the reduction of bycatch, it is
foreseen that the incidence of bycatch will continue and, since the future trend for
international regulations is directed towards zero discards, it will be necessary to have tools
to convert discards in to useful products, developing new markets and processing techniques
for their efficient utilization (Blanco et al., 2007). The Code of Conduct for Responsible
Fisheries calls on states to encourage those involved in fish processing, distribution and
marketing to improve the use of bycatch to the extent that is consistent with responsible
fisheries management practices (FAQ,1995). In countries like India, where the per capita
protein availability is below the recommended level, the proper utilization of bycatch from
trawlers is important (Zynudheen ef al., 2004).

The present utilization of discards in India is minimal and is limited to fish meal and
oil production. Fish meal is one of the main products obtained from fish waste, bycatch and
other abundant species (Hevroy et al., 2004). Fish meal is a relatively dry product composed
mainly of protein (70%), minerals (10%), fat (9%) and water (8%); it can have different
qualities, in terms of amino acid profile, digestibility and palatability, depending on the raw
material used for its production and the type of process employed for obtaining the meal
(Gildberg, 2002). Fish meal is mostly used as an ingredient in feed for fish, poultry and
crustaceans and its demand is expected to grow with expansion in aquaculture.

Fish oil also plays a crucial role in developing the aquaculture industry as it helps to
boost growth, immunity of aquatic organisms against diseases and feed-conversion rate
(FCR). Major international aquaculture companies reportedly use 25-54 percent fish meal and
25-32 percent fish oil for feed production. Other fish oil applications include human
consumption as food, medicinal applications, cosmetic industries (e.g., soaps) and paint
production. Fish oils are rich sources of poly unsaturated fatty acids, especially
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DITA). These two compounds have
many bioactive properties. Among the properties of omega-3 fatty acids the best known are
prevention of atherosclerosis (Schacky, 2000), reduction of blood pressure (Appel et al.,
1993) and protection against arrhythmia (Christensen ef al., 1997).

Biochemical composition of various species of myctophid fishes indicates that it is a
good source of protein and minerals and is similar to other common marine fishes except for
the fact that it has very high fat content. The proximate analysis of myctophids shows a
considerably high level of fat content from 4.9 to 28.5% and the protein percentage varies
from 11.3 to 15.7% (Gopakumar et al., 1983; Noguchi, 2004). As myctophids contribute a
major quantity in the discards of deep-sea shrimp trawlers, more attention is required to
utilize this resource effectively. The results of proximate composition of different species in
the discards reveal the possibility of utilizing these resources for good quality fish meal and
oil production as a source of protein in feed for livestock, poultry and aquatics.

In addition to meal and oil, most of the fishes in the discards can be utilized for the
production of other value added products like fish mince, collagen, gelatine, enzymes,
hydrolysate, silage, bio-active compounds etc. Mince extracted from fishes can be used for
making products like surumi, fish balls, and other restructured products for human
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consumption (Yu and Siah, 1996). Different studies shows that fish protein hydrolysate and
silage made from discards and fish waste materials are adequate for use as a nitrogen source
in balanced diet for rats, pets, aquaculture fish and other commercially grown organisms
(Clausen et al., 1985; Coello et al., 2002; Fagbenro and Jauncey, 1998; Martone et al., 2005),
reducing the cost of nitrogen supply in feeds and culture media (Dufosse et al., 2001).
Vazquez et al. (2004) found that hydrolysate from fish viscera waste can substitute other
peptones for culture of lactic acid bacteria, permitting the production of biomass and
bacteriocins, with equal or superior qualities to those obtained with common commercial
media.

Discarded fishes can be utilized for the preparation of fish silage, a highly nutritious product
incorporated in the animal and poultry feeds. In nutritional point of view, fish silage is rich in
water soluble proteins and contains thermolabile vitamins and important minerals
(Zynudheen et al., 2004). Vidotti et al. (2003) evaluated the amino acid composition of
silages produced from fish and used as a supplement in fish feeds, since the nutritional value
of aquaculture fish diet is determined basically by the amino acid composition of the feed.

A variety of biologically active compounds have been discovered from fishery
discards like antifungal and antibacterial properties of the epidermis, epidermal mucous of
different fish species, liver, intestine, stomach and gills of some fish species (Ljima, 2003;
Richards et al., 2001) and the blood and shell of some crustaceans. Fish mucus is known to
have important biological functions, acting as an immunological barrier (Austin and
Mcintosh, 1988; Fletcher and Grant, 1969; Fouz et al., 1990; Ingram, 1980).

Conclusion

As most of the conventional fish stocks have reached a state of full exploitation or
over-exploitation, there is need to locate new and non-conventional fishery resources in order
to fill in the supply-demand gap for fish protein. Mesopelagics are one of the largest under-
exploited marine resources with wide distribution in the world oceans. Mesopelagics have the
potential to become a major source of fish protein, when efficient harvesting and appropriate
processing and value addition technologies are evolved. Available information on stock
abundance of mesopelagics indicates that there is enormous scope for development of this
fishery in the Indian Ocean particularly in the Arabian Sea. Commercial exploitation of
mesopelagic resources will increase the production of fish meal, fish oil and fish silage which
has many applications in various industries including aquaculture. At present, a large quantity
of this valuable resource is being wasted as discards. In a country like India where there is a
wide gap between demand for fish and its production, and where malnutrition is a severe
problem among the coastal population, there is a need to concentrate on efforts to utilize
these bycatch and discards.
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News from the Research Front

Myctophids in the Bycatch of Deep Sea Shrimp Trawlers

Myctophids or lantern fishes are among the most abundant group of
mesopelagic fishes in the World's oceans. The word Myctophid comes
from the Greek word “mykter” meaning “nose” and “ophis” meaning
“serpent.” Myctophids are also aptly known as lantern fishes after their
conspicuous ‘use of bioluminescence or light producing cells. They are
generally small in.size ranging from 3 to 30 cm, with blunt heads, large
eyes and rows of photophores on the body and head. All recorded species
undertake diurnal migration, residing during daytime at depth of
extremely low oxygen levels and foraging in the oxygen rich surface
layers at night. It has been suggested that the vertical migration follow
the daily vertical migration of zooplankton, an important food source for
the lantern fishes. Currently, commercial significance of the Myctophids
is minimal and is mostly indirect. A few exploratory studies have been
conducted for myctophids by former USSR, Republic of South Africa and
more recently by Iran in the Arabian Sea.

Among the various fishing systems, trawling stands apart as its catch
includes a large quantity of bycatch, which is the non-targeted part of the
catch. The bycatch is either discarded at sea or used for human or animal
consumption upon final landing. Petcentage of bycatch in deep sea shrimp
trawlers operating off southwest coast of India is between 60-70%. As a
part of the MoES/CMLRE Project, Assessment of Myctophid Resources in
Hie Arabian Sea and Development of Harvest and Post-harvest Technologies, a
survey was undertaken to collect data regarding the bycatch of deep sea
shrimp trawlers operating off Kollam coast. Fishes belonging to the family
Myctophidae have been observed in the bycatch of deep sea shrimp trawls
operating off Kollam coast from the Sakthikulangara fishing harbour
(Kollam, Kerala). About 1200rawlers are operating off Kollam coast during
peak seasons. There are about 761 wooden and 397 steel trawlers operating
from Neendakara and Sakthikulangara harbours. The size of these
trawlers range between 9.1-18.2 m LOA. Most trawlers are equipped with
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Landings of Heterocarpis spp. from deep sea shrimp trawlers

Ashok Leyland or Yuchai (China) marine diesel
engines with installed horsepower ranging from 175
to 295 hp. Among these vessels around 300 to 400 were
mainly targeting deep sea shrimps Aristius alcocki
(known as ‘Red ring’), Heterocarpus woodmasoni
(‘Thakkali pullan’), Heterocarpus gibbosus (‘Pullan
konchu'), Selenocera sp. and Plesionika ensis during the
period of November to April. Mesh size of deep sea
shrimp trawls ("Pullan vala’) ranged from 50 to 30 mm
in the net body and from 26 to 18 mm in the codend.
The crew size varied from six to tenin deep sea trawlers
and the duration of fishing trip varied from 5 to 6 days.
The fishing was done in a depth range of 300 to 400 m.
Most of the bycatch including myctophids were
discarded in the sea as their commercial value at
present is very low. A trawler operating from the
Sakthikulangara harbour is estimated to discard
between 1000 and 2000 kg of bycatch in a fishing trip
of 5-6 days.

The bycatch included four species of myctophids
belonging to the genus Diaphus (Diaplius watasei and
D). luetkeni) and the genus Myctophun (Myctophum
spinosum and M. obstusirostre). Other species in the
bycatch were Clilorophtfualinis actiferons, Saurida tiumbil,
Synagrops bellus, Negpinnula orientalis, Chascanopsetta
lugubris, Triplophos hemingi, Lepturacanthus savala,

-Dr. M.R. B

Bycatch of myctophids from deep sea shrimp trawlers

Bembrops sp., Neoscopelus sp., Thysanophrys sp. and
shark juveniles and crabs.

Potential of myctophids

The family Myctophidae comprises of 230-250
species belonging to 30-35 genera. Myctophids are key
members of mesopelagic communities and the total
resources in the World Oceans are estimated at 600
million tonnes. The US GLOBEC investigations in the
Arabian Sea has indicated that the area is rich in the
midwater fish stocks dominated by myctophids with
an estimated potential of 100 million tonnes,
dominated by Benthosema plerotim.

Due to the presence of high levels of wax esters,
most of the lantern fishes are unpalatable for direct
consumption and are used for the production of fish
meal, fish oil and fish silage which have many
applications in various industries including
aquaculture. Under MoES/CMLRE funded project, the
harvest and post-harvest technology aspects of this
important resource are being addressed.

As most of the conventional fish stocks have
reached a state of full exploitation or over-exploitation,
the mesopelagic fishes have immense potential for
future development, in the face of increasing demand
for fish based products.
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