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PREFACE

Industrial Shrimp fishing in the East coast of
India was initiated by the Union Carbide trawlers in the

Sixties. However, organised commercial shrimp exploit
ation was started in the upper East coast after the loca
tion of potential shrimp resources by Fishery Survey of
India vessels (Sudarsan and Joseph, 1975). Discovery
of shrimp fishery from the Sandheads down to Andhra
Pradesh Coast triggered many industrialists, technocrats
and Skippers to introduce outrigger trawlers. No one
disclosed the real profit in the venture, but the number
of outriggers increased year after year showing the
fortune in the enterprise.

Exploitation of shrimp resources in the North east
coast went on unabated. Number of Trawlers from 37 in
1978-79 increased to 155 in 1991-92. Slowly the fishery
began to feel the pressure from all sectors —
traditional, mechanised and large vessels. Unit output
began to reduce showing economic crisis. Although the
rate of return was enough to run the show, the less
efficient, especially on fuel front, began to crumble.
Failure of repayment of loan to credit and investment
agencies ended up in confiscation of vessels.
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This necessitated the regulation of fishery in the
region. The entrepreneurs themselves volunteered for a
ban of Shrimp trawling from 15 April to 15 June. This
was not based on any scientific studies. The operators
also tried to diversify the operation for other lucrative
dollar earners like deep sea lobster, cuttle fish etc.
But the modification and diversification could not be
implemented in many vessels, as they were basically not
intented for such changes. There came an awareness among
Scientists that regulation based on scientific studies
are essential. Studies conducted later showed that Upper
east coast of India cannot bear further input of
additional large vessels which would endanger the very
survival of shrimp fishery in the region and rational
exploitation is the only solution for the growth of the
industry.

In this background a study on techno economic
aspects of the industrial fisheries was keenly felt as to
know what are the resources in the region, whether the
existing industrial vessels can survive, whether there is
any over capitalisation of the scarce financial
resources .

These issues are discussed in the chapters one to
seven reviewing various works carried out from fishing
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technology to modelling. Chapter one discusses the Bio
industrial scenario of Upper East coast of India tracing
from the exploratory trawling carried out by R.V. Anton
Brunn to FORV Sagar Sampada. The potential of shrimp and

fish resources, topography, productivity, oceanic
circulation and shrimp concentration of the ground have
been highlighted in the chapter.

Chapter two deals with research carried out on
demersal trawl as the Outrigger vessel specifically fish
in the bottom for Shrimp. Tracing from the history of
trawl, going through the technology of trawling, reaching
the evolution of Outriggers the section reviews research
work carried out on gear and accessories.

Chapter three describes the operation of the trawl
and trawler under investigation. The specification of
investigationxand industrial fleet have been described in
detail. The factors such as productivity and
preservation have also been covered under this section.

Chapter four explains the results of industrial and
investigation vessels. The data collected for a period
of one year during 1991-92 have been processed using
Harvard Graphics computer programme. The results cover
voyage wise and annual production of investigation
vessels. Species wise composition of the production has
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been presented for all voyages. Fuel expense is found to
be the most decisive factor in the cash out flow while
operating all types of investigation vessels.

Chapter five is on techno-economic synthesis of both
Industrial fleet and investigation fleet. Analysis of
Industrial vessels have been carried out after surveying
135 industrial vessels operated in the region for their
rigging, propeller assembly, type of main engine,
correlation between LOA and HP and fuel consumption. The

investigation vessels have been subjected to the analysis
of cash inflow and out flow. The catch per unit effort
of six different types of investigation vessel have also
been synthesised.

On the economic analysis side, Chapter six covers
the trawler operation based on four methodologies such as
simple rate of return, Internal Rate of Return, Break
even analysis and Sensitivity analysis. These analyses
testify how efficient the investigation'vesse1s are from
economic point of view. From the economic analysis the
most economical optimum size of the vessel for industrial
fishing also emerged.

Chapter seven encompasses the economic model of
industrial fishing starting from an open access equilibrium



prevalent in the present case. The study evolved
Econometric model regressing the results of production
output, operating expenses, Vessels, fishing season and
CPUE. To avoid capitalisation, Log linear model clearly
showed how many vessels the region can withstand taking
into account fuel efficiency, optimum size of vessel,
season of fishing and various dependant factors.

Chapter eight is the summary of all seven individual
chapters giving an abstract of contents and
recommendations.



CHAPTER 1

THE UPPER EAST COAST — BIO INDUSTRIAL SCENARIO

Organised fishing using mechanical propulsion in
India started only in the early fifties, although
sporadic attempts of exploratory fishing surveys have
been made by the turn of this century. Fishing from mere
existence level has grown to the level of an Industry
during the last fifty years. This is revealed from the
increase in fish production from 0.53 million tonnes in
1950-51 to 2.44 million tonnes in 1991-92 against 3.90
million tonnes fishery potential estimated for the entire
EEZ (Anon, 1991), Even during the last fifty years only
180 large vessels (vessels above 20 In. OAL) have been
introduced, although it was planned for introduction of
larger number through five year plans.

1 . l . INDUSTRIAL FLEET

The upper mast coast of India with wide continental
shelf of 76360 sq. km. forming 63% of the total East
coast shelf area and influx of large rivers and
tributaries has rich potential of shrimp ground known as
the Sandheads. Outrigger fishing started in the North
East coast in 1972 with the import of two 24 m. (Gulf of
Mexico type) outrigger trawler from USA (Rao, 1988). The
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economic viability of these vessels paved way for the
steady increase of fishing fleet. Out of 180 vessels
introduced, 155 vessels have been active in fishing
during 1991-92 in the region. These vessels were
considered as industrial vessels which were mainly rigged
with outrigger booms or stabilizers for shrimp fishing
from Kalingapatnam upto the Sandheads (84°l0'E l8°20'N to
89°E 2l°N) (Figure l). The industrial fleet is operated
by companies, sometimes under contract to processing
plants, marketing organisations or export organisations.
They are based at Visakhapatnam because of proximity to
the Sandheads.

1.2. MINI TRAWLERS

The small scale mechanised fishing fleet of" about
23,000 boats exploiting shrimp, Cephalopods and
miscellaneous fish by stern trawling throughout the
Indian coast witnessed the introduction of 15 m. ‘Mini
trawlers‘ in 1985, adopting outrigger trawling. Mini
trawlers are a miniature version of 23 m. outrigger
trawlers having an endurance of 18 - 20 days. They had
refrigerated fish hold, consume less fuel compared to 23
m. trawler and operated by certified fishing second
hands. They were owned by Technocrats and fishery
entrepreneurs.



l . 3 . SONA BOATS

Simultaneously, the small scale fishermen who were
operating small mechanised boat for prawn in the inshore
waters started enlarging the size of their boats from 43'
to 48' (13.0 m. to 14.63 m.). These boats are called
'SONA' boats after the name of the first enlarged version
of small mechanised boat. These boats are stern trawlers
and carry ice for preservation. The endurance of the
vessel is 10 - 12 days. Experienced Tindel commands the
vessel with mostly artisanal fishermen as the crew.
These boats are fitted with engine having lesser HP than
that of Mini trawlers and thereby lesser fuel consumption
operating in the same area.

Though Mini trawlers and Sona boats were introduced
almost simultaneously for commercial exploitation of
shrimp resources alongwith outrigger trawlers, the cost
of Mini trawlers were around M 20 to 25 dakhs while that
of Sona boats were only M 4 to 5 lakhs due to the
expensive refrigeration system auxiliary engines and
other sophisticated gadgets on board Mini traw1er5_

Both the types of boats were financed by Agriculture
Refinance Programme. The repayment of Mini trawlers wash - - .eaVY due to higher project cost. Moreover the refrige
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ration system on board Minitrawlers had constant failures
and they had to switch over to ice fishing. The running
cost of Mini trawlers was much higher than that of Sona‘
boats for almost the same output and hence the
introduction of" Sona boats picked up year after year
pushing back the Mini trawlers.

1.4. BOTTOM TOPOGRAPHY AND METEOROLOGICAL CONDITIONS

The sea bottom of the North east coast within 100 m.

isobath, generally favourable for trawling. In zone A,
grounds are muddy and sandy, whereas zone B grounds are
mostly rocky (Figure 1). However, these areas are
trawlable with heavy ground rope. There are no big
variations in depth within the 100 nu isobath in the
Mahanadi - Godavari area (FAO, 1962). The width of the
continental shelf is only 25 to 40 nautical miles.
Meteorological conditions in the area on the whole are
favourable for fishing operations, though the region is
cyclone prone, when the trawlers enter«Paradeep or any
nearby ports for shelter.

1.5. CURRENT

There are two kinds of active currents in Bay of
Bengal; ebb and flow currents during monsoon season. In
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the Godavari - Mahanadi area, the monsoon current runs
along the coast changing its direction by 180° twice in a
year (South east and north east winds). Both ebb and
flow currents and monsoon current change periodically,
not only their direction but also their speed.
Interferences of one current with the other creates a
fairly complicated and varying picture of a resultant
current. While trawling, the flow of current should be
taken into account and the skipper should operate with
the current as sometimes the current speed in Bay of
Bengal exceeds three knots and trawling against current
will result in minimum catch. when the current speed is
low and fish concentration is good, it is advisable to
conduct trawling at counter courses and thus avoid loss
of time required for steaming without the trawl against
the current (FAO, 1962).

l . 6 . PRODUCTIVITY

Primary producLiViLy studies along the seas around
India had shown that east coast had an average value of
0.63gCJn:2 day_ against 1.19 g C.mT2day_l for Arabian
Sea (Nair et al., 1973). Trawl surveys conducted using
R.V. Anton Brunn at different stations in Bay of Bengal
and Arabian Sea had shown that the West coast is about
2.5 tonnes more productive than the East coast (Pruter,
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1964). However, based on primary productivity studies,
it is reported that there is not much difference in point
to point productivity in Bay of Bengal and Arabian Sea
(Radhakrishna gE_ al., 1978; Battathiri. gt; al., 1980).
Therefore, Sudarsan and Somvanshi (1988) concluded that

difference in landing gig-3-yis fish production would be
due to the extent of continental shelf in each of zones
in East and West coasts.

1.7. OCEANIC CIRCULATIONS AND SHRIMP CONCENTRATION

Thermal signature derived from enhanced Satellite
data showed cyclonic and anticyclonic circulation pattern
of water masses in pair or in isolation in 10° — 20°
latitude belt of the Bay of Bengal during the period
February — March, 1991 (fig.2). Time series sea surface
temperature (SST) images generated from NOAA - AVHRR
satellite data repeatedly showed this circulatory motion
in the above area during February - March. Although this
is a lean season, fishing data indicated that shrimp
catches from the areas of rotating waters were found to
be unusually high (Dwivedi and Mini Raman, 1993).

1.8. FISH RESOURCES

It is estimated that North east coast of India can
sustain 51 potential 143,000 tonnes of demersal fishery
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resources from O - 50 m. and beyond (Anon, 1991). George
35 _1. (1977) and Sudarsan and Joseph (1978) have opined
that upper East coast share in marine fish production
could be substantially increased through developmental
efforts. Exploratory fishing off Andhra Pradesh, Orissa
and West Bengal coasts have also shown abundance of
Nemipterids and cat fishes in this region
(Krishnamoorthi, 1973; Shekharan, gt_ E1., 1973). The
trend in marine fish production and share of North east
coast in the total fish landings reveal that there has
been perceptible increase in contribution from upper East
coast over the years.

1.8.1. Trawling Operations by Kalyani

The result of trawling operations in the Bay of
Bengal from 1959-60 to 1961-62 by Kalyani I -_y_have been
studied by Kuthalingam 33 Q1. (1973) and observed that
90.53% of the catch consists of Sciaenids Clupeids,
Leognathids, Nemipterids, Lactarids, Muraenids, Carangids
and Percoids. Of the various fishing grounds in the Bay
of Bengal,the Sandheads,off Mahanadi, Devi and Prachi
rivers have been found to be very productive and catch
rates and quality fishes were high from these regions.
The analysis of depth—wise distribuflion showed that
Stomatids (Pampus spp.), Pomadasids and prawn occurred
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between 5 - 15 fathom,Sciaenids, Clupids, Leognathids,
Nemipterids etc. between 15 - 25 fathom and shark, rays
and skates between 30 - 35 fathom. Experimental night
trawling showed that in general, yield in night trawling
was less than that in day trawling.

1.8.2. Resources located by FORV Sagar Sampada

The cruise reports of FORV Sagar Sampada (Anon,
1987) indicate that the bottom trawling carried out at 9
stations off Orissa and West Bengal using a 400 mesh
bottom trawl has brought out that catch rate was better
(237 — 360 kgyhr) in shallow water of 30 — 40 m. compared

to deeper areas. Pennahia macrophthalmus (23.5%)
Decapterus dayi (21%), Pampus argenteus (8%) and
Tachysurus thalassinus (4.6%) were important component of
bottom trawl. In these region Pennahia nmcrophthalmus
followed by Pampus argenteus were landed in appreciable
quantities at shallow regions. Decapterus dayi, Nemiterus
delagoae, Loligo duvaucelli and Rastrelliger kanagurtha
dominated at 40 m. depth operations. Ilisha filigera was
the dominent species at 51 m. At 60 m. Nemipterus
japonicus, Arius thalassinus and §.lutens were dominent.
The trawling operations of FORV Sagar Sampada revealed
rich ground for Sciaenids and white pomfrets in the north
Orissa coast at 33 m. depth. Potential of prawn was



reported to be nnuch less compared to fish resources.
Dominent species off Paradeep at 51 - 71 m. were
Metapenaeus monoceres and Solenocera crassicornis.
Bottom trawling at 50 m. indicated the presence of
prejuvenile Trichurus russelli indicating the feeding
ground of these species.

During FORV Sagar Sampada cruise from 1985 - 88
spacial distribution and species composition of various
demersal fishes of depth range from 27 to 100 m. in the
North east coast (16°00' to 22°00N; 77°30‘ to 89°00'E)
showed that CHHH3 of 315 to 430 kg was obtained with
species composition of Nemipterids, Carangids, mackerel
silver bellies, Psenes etc. (Sivakami, 1990) Sudarsan and
Somvanshi (1988) reported that the Sandheads appear to be
an area of abundance for mackerel where catches as much

as 5 to 10 tonnes were caught in 2 to 3 hours of
trawling.

1.8.3. Penaeid prawn resources

Penaeid prawns form an important constituent of
marine fisheries resources of North east coast of India.
The species of prawn generally caught in the trawl are
categorised as Tiger (Penaeus monodon, §.semisulcatus and
§.japonicus), white (£.indicus, §.merguiensis and
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E.pcnici11atus), Brown (Metapenalus monoceros, fl.ensis
and fl.aLtinis) and Flower (fl.brevicornis and fl.dobsoni).
The abundance of various commercial species of prawn was
Tiger 8%, white 30% and Brown 62% (Rao, 1987 and 1988).

There was a gradual increase in abundance of Tiger from
11 m. depth to 60 m. depth and a gradual decrease
thereafter. The Whites were more abundant in 11 - 40 m.

depth. The abundance of Brown gradually increase from 11
m. to 100 m. depth. Sandhead I, off Paradeep and Chilka
are good grounds for Tigers, while off Paradeep,
Gopalpur, Kalingapatnam and Sandheads II are productive
grounds for whites. Browns are dominent off Anchorage,
Sunderbans and Gopalpur (Rao, 1987). Fishery Survey of
India have located rich prawn grounds along Orissa and
West Bengal coasts during its survey in seventies
(Sudarsan, 1977; Sudarsan and Joseph, 1979).

Out of a total potential of 178,000 tonnes of
Penaeid prawns estimated for the entire EEZ of India,
their production during 1978 was estimated at 179,856
tonnes as compared to 144,069 tonnes during 1990-91
(Anon, 1979 and Anon, 1992). The catchable potential of
Penaeid prawn from 0 - 50 m. depth zone in the upper East
coast is estimated to be 11,849 tonnes (George E; gl.,
1977; Anon, 1991). The MSY of prawn derived by employing

Relative response method is 16,059 tonnes of which large
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trawlers contribute 4,478 tonnes. The share of West
Bengal, Orissa and Andhra Pradesh from mechanised and non
mechanised sectors is in the order 666, 2,277 and 8,638
respectively (Rao, 1993). The maximum production of
large trawlers during 1989-90 was 5,313 tonnes. If this
value is taken as Maximum contribution approach
(Alagaraja, 1987), the MSY of the upper east coast will
be 16,894 tonnes. This shows that Penaeid prawns are
exploited at their MSY. The study group set up by
Government of India to examine the status of marine
shrimp fishery also concluded that prawns are exploited
at the maximum sustainable yield (Anon, 1989). In this
scenario, it is of paramount importance tcr study ‘the
techno-economics of industrial fishing in the upper East
coast of India.
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Fig.2 A satellite thermal image of SST, 6-2-1991, in the
bay of Bengal obtained from NOAA - AVHRR
Spatial distribution of SST in steps of 0.5 deg. C
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CllI\P'l‘l'.'R 2

DFMl‘RSI\|. TRAWI. GEAR AND UUIRIISGER

2 .1 . l10'l."l'OM 'l‘R!\WI.

Industrial Vessels operate Bottom trawl which is an
important and effective implement for the capture of
demersal fish resources. It is a conical shaped bag,
made of different pieces of webbing. The mouth of the
bag is kept horizontally opened by otter boards, which
move obliquely when towed by a vessel. The vertical
mouth is formed by buoyancy of floats on the headline and
weight on the foot rope.

2.2. HISTORY OF TRAWL

It is not exactly known when and where the trawl has
(|('V(‘l()]M‘(l. lvc.-mu-n (IUJ/) l.‘L'(f()l.‘(]L‘d Lhul. .1 runall trawl

called 'Keitel' was in use in the brackish waters on the
Baltic coast of Germany. A trawl 'wondyrchoun' was
operated in Thames (England) for salmon in 1376 (Anon,
1921). The predecessors of otter trawls are beam trawls,
where the mouth is kept opened by beam which gives a
fixed mouth area. The length of beam increased when

1

power came into trawling. The idea of otter trawling came
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from Sport fishing gear ‘the otter’ and trawl with doors
was first used by Sportsmen in Ireland in 1870 (Iverson,
1937). Initially the trawl was towed by a single line
and with the introduction of gallows, the two warp system
came into practice. In 1893, completely a new type of
trawl was introduced in Scotland, namely, the Granton
Otter Trawl and it is still used in European waters with
modifications. An important development of otter trawl
is the French or Vigneren Dahl (V.D.) system. V.D. trawl
is an improved method of rigging the net with the doors
providing a sweep line (Hickling, 1923). They are
believed to guide the fish into the advancing trawl.

Trawling was first attempted in Indian seas in 1902
by S.T. Premier (Herdman, 1903) and was followed by the
exploratory trawling of Ceylon Company of Pearl Fisheries
(flornell, 1916). But the earlier trials ended in
economic failures. The operations conducted by the
Japanese trawler Taiyo Maru 17 were quite encouraging
(Chidambaram, 1952) and later attempts were taken up by
many Government and Private agencies.

2.3. SIZE OF TRAWL

Generally the size of trawl is given by the length
of headline. This leads to confusion as the length
provides no comparative size of the trawl and the long
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wing trawl need not be bigger. The explanation given by
Percier (1959) is that wings are only extension from the
net and are really no part of the funnel. In Poland size
of the net is referred by a fraction, the numerator being
the length of head rope in nmtres and the denominator
being the length of half the circumference of the
stretched length of front edge of the bellies
(Szatybelke, 1959). In the former USSR the size of the
net include the length of the legs (Andreev, 1962). In
Certain trawls, the size is named by the number of meshes
around the mouth with mesh size. In India size of the
trawl is designated by the length of head rope.

2 . 4 . SCOPP RATIO

The length of warp to be paid out in bottom trawling
is dependant on various factors such as nature and depth
of fishing ground, weight of gear, speed of vessel and
direction of tow. The relationship between the depth of
ground and the length of warp to be paid out for
effective trawling is called scope ratio. To release a
warp length from three to five times the depth of ground
is the general practice followed by many Skippers.
Kullenberg (1953) has experimentally found that the
thicker wire runs more vertically and need not therefore
be as long as thinner wire. Wathne (1959) observed that
a scope ratio of 3:1 is not adequate for obtaining the
maximum spread of the gear in shallow waters. The scope
ratio increases according to the decrease in depth and
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ratio decreases according to increase in size of the net.
(Nair gt gl., 1966)

2.5. 'l‘Rl\WI. AND 'l‘Rl\WI.I:IR

Trawl has to be designed so as to match the
resistance of the net with that of the pull of the
trawler for effective utilization of power installed.
But in large trawler the engine power is governed by
factors other than towing the gear. So it is not
surprising that a large trawler may operate comparatively
small net. However, for small trawler Miyamoto (1959)
has worked out the following formula to relate engine
power (P) and the size of trawl head line length (L) in
feet.

L = J43.6 P + 660 (1)
Koyama (1966) also has worked out a similar relation
between engine power (P) (ps) and length of head rope
length H (in)

H = 42 + 0.006 P (2)
The relation between the length of head rope HR (ft) and
horse power of engine P has been worked out by Nair and
George (1964) after surveying various designs of small
trawl.

HR = 0.5 P + 28.1 (3)
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2.6. TRAWL DESIGNING

The size of different parts of trawl depend upon
factors like trawler, fishing condition, expected catch,
material, mesh size etc. The general principles of
design of trawl have been described by Nair (1969). The
correlation of the various sections of small trawl from
India has been worked out by Nair and George (1964) as,

L = 0.7 HR + 6 (ft) (4)
D = 0.7 L + 2.3 (") (5)
Bm = 0.5 L — 2.87 (") (6)
B = 0.24 L + 0.92 (") (7)
w = 0.4 L - 4 (") (8)
J = 0.22 L + 2.46 (") (9)
Where L is the maximum length of belly, HR is the

head rope length, D is the belly depth, S is the size of
square Bm is the loength of bosum, B is maximum weidth of

belly, W is the width of side wedge and J is the length
of jib.

2.7. MATERIALS OF TRAWL

Trawl is made of synthetic fibres like Nylon
(Polyamide), Polyethylene, Terelene etc. because of its
high breaking strength, loss resistance and easy
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handling. Comparative fishing carried out with hemp and
Kapron (Soviet equivalent of nylon) showed the efficiency
of the latter in using 23 thinner twine, higher towing
speed at same RPM and higher catch (Ovchinnikov, 1958).
Norwegian trawling experiments showed that the catch with
nylon trawls were about four to five times as large as
that of cotton trawls of exactly the same type (Firth,
1950). However, Kuriyan (1965) observed that there is no
apparent effect on the catch of prawn by substituting
nylon for cotton. Comparative trawling conducted with
identical nylon and manila nets showed that resistance to
progression is less for nylon than manila, the difference
being 20% (Percier, 1956). Okonski (1969) has reported
that trawl made of Polyethelyene was operationally better
than nylon on the wadge Bank. The advantage of synthetic
material allows either an increase of speed or decrease
of fuel consumption of the trawler.

Twisted and gflaited synthetic yarns are used for
construction oi bottom trawls. while twisted netting
yarns are cheaper, braided yarns are stronger and
therefore preferred for cod ends. Among different
degrees of twist for trawl twine, medium twist is taken
for bottom trawl construction.
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2.8. TWINE SIZE

The diameter of the twine and the net sections are
related to the strength of trawl. In the bellies meshes
are fabricated with thinner twine than cod end. But some

of the Russian designs do not follow this pattern
(Vinogradov, 1960, Andreev, l962). Meshes at the edge of
hanging rope and cod end are fabricated with double twine
or thicker twine to support high strain.

2.9. MESH SIZE

Mesh size in trawl depends on the size,of fish to be
caught. Mesh size will be high in upper bellies where
more filteration has to be effected and the size will be
decreased towards cod end in two to four intermediaries.

Mesh sizes in the forward parts are some what dependant
on the size and taper of the trawl (Dickson, 1971). The
netting infront part of trawl especially wing and square
only frighten the fish and therefore those parts can be
large mesh netting.

Ever since the introduction of trawling, mesh size
particularly cod end has been receiving much attention.
Selective fishing with regulated mesh size would not only
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prevent depletion of population, but also ensure
filterathnn of water through the meshes, thereby
effecting the efficiency of the gear. Cod end mesh size
in the North Atlantic trawls operated from large trawlers
are regulated as 120 m.m. (Personal observation). To
avoid depletion of shrimp fishery in South west coast of
India, Panicker and Sivan (1965) stress the necessity of
increasing the cod end mesh size from 24.5 mm to 41.64
mm.

2.10. SELECTIVE SHRIMP TRAWL

with the increasing demand for shrimp in the export
market and consequent increase in introduction of large
number of shrimp vessels including outriggers, huge
quantities of bycatch are caught in the trawl. Since
most of the shrimp trawlers cannot carry the low value
bycatch due to lack of space in the fish hold, they
preserve only shrimp and throw the bycatch. It is
estimated that about 130,000 tonnes of bycatch were
discarded in the North east coast of India alone by the
large vessels in l988 (Rao and Murthy, l993). These
bycatch contain large quantities of juveniles and young
ones. The discarding of bycatch has created not only
depletion of fish resources in the coastal waters, but
also xnany socio—economic problems to the fishing
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communities. Therefore, most of shrimp trawlers all over
the World have started selective fishing for prawn.
Although several countries have conducted research to
evolve selective shrimp fishing (Karlsen and Larsen,
1988; Valdemarsen, 1988; Isaksen gt_ _l., 1992), such
works have not been undertaken in India. Attempts have
been made in the Mozambique waters to transfer the
bycatch from outrigger trawlers to the collector boats
for utilisation ashore (Ames, 1993).

2.11. TRAWL DESIGN

The different sections of trawl are estimated to the
required size and shape and it is drawn on graph. Shape
is determined to have a smooth contour of the bag. To
give comparable size and shape of the net, the width of
the panel is drawn at half the stretched width and the
length is drawn at the stretched length (Dickson, 1959).
Although designs are studied by making models and tested
in experimental tanks, successful trawls are evolved
after extensive field trials. There are many standard
designs now used in various countries. Garner (1967)
describes the design and construction of Granton trawl
operated by British trawlers. Ben-Yami (1956 a, 1956 b,
1959) gives the details of hybrid and Italian trawl net.
l’u|i.||u)v (I.-'l\(), I!)(;2) u[»L.'1'uLt_-d u I?) III. l(u:3s.ian design in

the Bay of Bengal for exploratory trawling. Details of
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some Russian designs are presented by Andreev (1962).
FAO (1965) published a Catalogue of Fishing Gear
describing commonly used gear in various countries.
Designs on shrimp trawls from various countries have been
presented by Kristjonson (1968). Okonski (1969)
experimented four trawl designs to improve trawling on
wadge Bank. The designs of otter trawls for shrimps in
Tndia have been described by various workers
(Satyanarayana E2 31., 1963; Kuriyan E3 31., 1963, 1966).
A new design called bulged belly trawl has been

developed in the South west coast of India (Verghese gt
a]., 1968; Nair E5 31., 1971).

2.12. CONSTRUCTION OF TRAWL

Trawl is constructed from the approved design. When
fully assembled and rigged, it take the shape of a huge
funnel. Trawl funnel is formed by two or four seams.
However net with six and eight panels are also designed
(I\’uy.uuu, I905). I-ll l.i<7ienl. pm-rlf()I:‘|nunce of the not depends

on proper and precise assembly of the webbing and
rigging. If the trawl is improperly assembled the twine
in the net webbing will be subjected to unduly distortion
and breakage. Prawn catches from India were noticed to
increase by about 50% when additional wings were provided
(Kuriyan, I965). in some Japanese design Lhe lower belly

I
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is constructed 75 to 90 cm. longer than the upper belly
in order to lift the cod end above the muddy bottom.
when towing the trawl along a sandy bottom, the upper and
lower bellies are constructed in the same length
(Miyazaki, 1966). Special cod end locking devices, which
facilitate quick release of cod line have been developed
in United States (High, 1966) and former Soviet Union
(Kostunin, 1968).

2.12.1. Trawl catenary

The lower wing is shaped 10% more in length and is
laced to the upper side giving slack to lower wing. The
allowance of slack in the lower net depends on the type
of fishing for which the net is designed. The quarter
region of trawl has to be properly constructed to conform
a close catenary shape to the head line and ground rope.
Corner gussets are therefore constructed to relieve
unnatural strain at the quarter region (Garner, 1962).
Three rows of bosum meshes and three rows of wing hanging
sides are fabricated with double twine in the corner
gussets of big trawl (Verghese, 1972). The wing meshes
are also doubled where more strain is expected.

2.12.2. Hanging of webbing

The ratio of hanging may be expressed as the length
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ot line by the length of stretched webbing. The ratio
[g~||n\*(I .n:'. 'l|.II|x_;i|nl' l'1)('llikfi\,.‘ll{ (W)

W= IH (10)
m

where l is the length of line and S is stretched length
OI webbing.

The percentage of ‘hang-in‘ (P) is expressed by the
ratio

= i§:ii_§_ig9_ (11)

Both are reciprocal values but the second expression
gives the direct proportion of the looseness in the net
(Lusyne, 1959).

The hanging of webbimg at bosum is effected by a
hang—in coefficient of 0.4 to 0.5. In the top wing where
tapering is done all bars, the rope length is equal to
the stretched netting. The lower wing meshes are hung to
the fishing line with a looseness of 15%. The looseness
is given two third at the bunt region below the square
and one third at the wing ends. This allows the square
to lift hydrodynamically (Garner, 1967). In Granton
trawl, Garner (1967) states that the length of ground
rope may be half of the length of head line plus two
third of the stretched length of square which added
together are doubled.



26

2.12.3. wing side hanging

When horizontal co-efficient increased the vertical
co-efficient decreases. The relation between the
vertical and horizontal co-efficient may be expressed by
the equation (Andreev, 1962).

Uv = ./1-; (12)
Uh

Where Uv is the hanging co-efficient along vertical
and Uh is hanging co-efficient along the horizontal. So
if the vertical hanging is known, the wing side hanging
can be calculated.

2.12.4. Weight and buoyancy

The weight to be used on foot rope depends on
factors like weight of the gear, types of fishes to be
caught, speed of operation etc. However, Nair and George
(1964) have worked out the relation of total weight (W)
on small four seam shrimp trawl foot rope (FR) as

w = 0.8 FR — 9.65 (lbs) (13)
In larger trawlers, the ground rope weight is

decided by trial and error as many of the underwater

factors and conditions cannot be estimated. At higher
towing speed the weight on ground rope is increased. If
the weight is inadequate it can be observed from ‘the
absence of abrasion markings on bobbins (Kostyunin,
1968).
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In small four scam shrimp trawls, the relationship
of extra buoyancy of floats (F) and the length of head
rope (HR) is expressed (Nair and George, 1964) as

F = 0.75 HR - 15 (lbs) (14)
Floats art: not evenly distributed along the head rope.
They are closer in the bosum and wider on wing region.

2.13. TICKLER CHAIN

Shrimp are sometimes hidden in the mud on the bottom

and so the ground rope will not be able to bring them out
of it ix) catch. So long chains are attached to the
ground rope to tickle them out of mud to engulf by the
advancing trawl. These chains are called tickler chain.
Some of the initial experiments with trawl gear to
improve the catch of shrimp was done :h1 the Gulf of
Mexico (Bullis, 1956). Miyamoto (1957) and Davis (1958)
report the advantages of using tickler chain to improve
the shrimp catch. Deshpande and Sivan (1962) used
tickler chain in their beam trawl to improve shrimp
catches. In shrimp trawl, catch increased when the
ground rope is rigged with tickler chain (Deshpande and
George, 1965). Deshpande and Kartha (1967) reported that
the chains attached to foot rope do not alter the fish
catch or the spread of the net.
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2.14. TRAWL OPENING

One of the major factors influencing the catch of
trawl is the vertical and horizontal opening. The
vertical opening of the mouth depends upon the rigging of
the tunui line and ground rope (Okonski and Sadowski,
1959). The shape of the trawl is also depend on the
resistance of trawl. For practical purpose of
understanding the trawl performance, vertical and
horizontal openings are taken into consideration.

2.14.1. Horizontal Spread

The spread of wings caused by the horizontal
diversion of the trawl door is termed as horizontal
opening. The fishing spread of trawl between danlenos is
approximately 0.5 to 0.6 l (where 1 is the head line
length) and while in operation the head line and foot
rope acquire a chain curve. An approximate distance
between the doors (B) may be calculated by the method
given by Deshpande (1960).

B = ---—- (15)
where b is the horizontal distance between the warps

at two particular point, L is the length of warp while

trawling and 1 is the marked length of warps from particu
lar point to gallow. Takayama and Koyama (1961) give a
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measuring device to obtain the opening breadth of wing
nets. A more reliable calculation of the distance
between the frontal ends of wing (W) may be done by the
angle subtended by the warp (Koyama, 1965).

w=3£!_£'1 Sine: ,, ea- (16,lh+ln 2 ]h+1n
Where, lw is the length of warp (m) paid out, Ln is the
length of net measured between the frontal end of the
wing and the cod end (m), lh is the length of Sweep line
(m), 6 is angle subtended of a pair of warp and F is the
internal between two top rollers (m).

The above equation has not taken into consideration,

the underwater factors effecting the trawl spread. The
true value of horizontal spread is therefore measured by
using instruments.

Among three dimensions ie, horizontal opening,
vertical opening and length of trawl net, the most
important factor to catch shrimp is horizontal opening
because prawn usually live in the mud and jump up from
sea bed not more than a height of l m. when disturbed by
trawling.

2.14.2. Vertical height

The vertical opening is the height of head line from
ground rope. It is an important factor for the potential
catch of high swimming fish. The method to increase the
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height is the addition of buoyancy on head line. At
higher speed, the drag of the buoyant material overcome
the lift and the lifting component become useless. So at
higher speed hydro-dynamic floats and kites are
recommended to increase the head line height. When the
trawl is in action, the stream of water exert pressure on
all direction and cause the body to swell. Some times
the external pull of the door tries to bring the head
line down (Binns, 1959).

The practical way to raise the head line is to
decrease the strain on it and increase the length of
danlenos (Ben-Yami, 1959; Taniguchi, 1961). Decrease of
towing tension on head line is achieved by making the
bosum sections longer than the corresponding section of
ground rope (Vinogradov, 1960). The tension on the head
line is also released by shortening the ground rope leg
(Ben-Yami, 1959; Vinogradov, 1960). Vertical opening is
increased by means of providing sufficient height to
wings and making it pennon shape (Vinogradov, 1960).
Decrease in fishing spread cause increase in fishing
height. So it is preferable to increase the fishing
height by suitably designing the trawl using hydrodynamic
devices, so that horizontal spread is not affected. As
the measuring instruments are cumbersome and expensive,
the constructional vertical opening may be calculated by
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the method explained in the geometrical analysis of trawl
(Okonski, 1967 and 1968). Instrumentation in fishing
technology has been advanced and the performance of trawl
underwater such as horizontal spread, vertical spread,
catch indication etc. can be monitored using Net
monitoring systems (Sivadas and Ramakrishnan, 1988). The
Scanmar gear monitoring system with several sensors on
the net is without cable connecting the net and the boat
and therefore easy to operate(Larsen, 1988).

2.15. TRAWL RESISTANCE

The net drag is largely determined by the area of
netting in different parts, the relationship between
twine diameter and mesh size and the extent to which the

mouth of the trawl is opened (Crewe, 1964), Rational
improvement of trawl, stipulate a thorough knowledge of
the load imposed on different parts of the net. Although
instruments are employed to measure the resistance of the
trawl (de Boer, 1959; Hamuro and Ishi, 1964;
Satyanarayana and Nair, 1965; Carrothers, 1966; Sivadas,
1970) total net drag (Dn) may be estimated theoretically
(Foster, 1965; Dickson, 1966).

d 1 + §;§_§Zxa_§_§_Dn = s - ———( ) (17)
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where 5 is the total surface area of netting in sq.
ft. Q is the ratio of twine diameter, l bar length, 2 yg

a
is the ground rope spread at wing ends in ft. and h is
the head line height in feet.

Fridmun (1986) states that the permissible drag of a
trawler is equal to the available towing pull of the
vessel ht HQ} E) which can In: estimated approximately
from equation

Ft 1). (Kf — 0.7 v) (18)
Where, P is equal to engine horse power, Kf is an
empirical towing force Coefficient which ranges from 10
for trawlers with conventional propeller to 15 for
trawlers fitted with C.P. propeller in nozzle and V is
the vessel speed.

Out of the total drag of the gear system, a major share
is caused by the net body alone. During experimentation
Dickson (1966) obtained a share of 58%/for trawl and 10%
for net appendages like bobbins, floats and ground rope
friction, while FAO (1957) recorded net drag of 68% for
Italian bottom trawl.

2.16. DOUBLE RIG TRAWL

The most effective method of catching shrimp is by
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double rig trawling which tows 2 trawls by one boat
through outrigger or stabilizer booms. In twin rigging
four trawls are operated using a sledge in between the
twin rig.

The basic principle of trawling is that the total
resistance of gear should be matched to towing force of
the traw].er whether the boat tows one net, two nets or
four nets. The resistance of a net in a double rig
trawling corresponds to half of the towing force of the
outrigger. The opening width of net mouth will be
proportional to the principal dimension of the net. The
opening width of a net in a double rig trawling will be
0.7 time that of a single rig trawling and the total
opening width of two nets in a double rig trawling will
be I.4 times of wingle rig trawling (Anon, 1993). That
is why the double rig trawl is efficient for catching
shrimp world wide. Imai and Marin (1978) conducted
experiments on double rigged scale model balloon type
shrimp trawl net to determine the physical
characteristics. Many theories have been advanced for
explaining the superiority of double rig over single
trawl; the most likely explanation is that; a smaller
trawl inherently fishes better because it adjusts to
irregularities in the bottom more easily. Gonzalez and
Vanjen (l982) report that the double rig system surpassed
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the twin trawl system when trials were conducted in the
nearshore waters of Cuba. Success of double rig trawling
has been reported from China and it has now become
popular and achieved economic efficiency (Xinghui, 1988).
Varhoest and Maton (1964) compared double rig beam trawl
with single rig otter trawl and observed that the double
rig catch can be increased by 30%. It is reported from
the North sea that double rig trawl catch 1% to 2 times

as much as a boat towing single conventipnal trawl (Anon,
1985). However, this method was regarded as ineffective
in Korean waters as the topography of the sea bed is
steeply slopped from coast (Anon, 1993).

Outrigger trawling was introduced for exploiting
shrimp from the upper East coast of India in 1972 ( Rao,
l988).Not much works on technological aspects of0Utri99€r
trawler have been carried out in India. However,
investigation has been carried out by surveying
Outriggers and their nets at Visakhapatnam. Kartha gt
gl. (1990) have worked out emperical relationship between
engine power and size of double rig trawl as well as the
interrelationship of its different parts and accessories.
Panicker gt El. (l977) have found that double rig
trawling is more productive as a whole and its efficiency
in shrimp catching is almost double of single rig. Shrimp
fishery in the upper East coast of India operating
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outrigger vessels has been studied by Rao (1987, 1988 and
1993).

2.17. TRY NET

Since the shrimp live in mud, it may be difficult to
detect them by Echo sounder with white line.
Productivity of shrimps normally by all outriggers are
tested by operation of a third net called Try net.
Richness of ground can be observed by assessing the
content of try net which is occasionally hauled up while
the main nets are towed.

2 .18 . OTTER DOOR

Otter doors are devices to keep the trawl net
horizontally open while towing. Although there are
several types and designs of doors, such as rectangular,
oval, L—shaped, cambered, polyvalent etc. are available
for bottom trawling, the most widely used type is flat
rectangular. The popularity of this board is due to its
simplicity in construction and operation. The most
common pattern of this board is 2:1 length breadth ratio.

Flat rectangular boards are made of wood and
reinforced with iron stuts. Each board is provided with
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pair of brackets, the forward one is shorter than the
rear. These brackets are connected to the towing warp
while fishing. On the reverse side, two rings are
provided to connect the head rope and foot rope (ground
rope) of the trawl net. This arrangement allows the
board to move in an oblique outwardly direction. While
towing, the board always stays at an angle. The force of
flowing water then keep the board apart and keep the net
horizontally open.

Several studies have been undertaken in India on the

various aspects of otter boards. Some of the important
works were on setting of angle of the board, different
shape of board such as rectangular, oval and horizontal
curved and aspect ratio (Satyanarayana and Mukundan,
1963; Mukundan gt al., 1967; Deshpande gt §l., 1970).

Four outrigger trawling flat rectangular boards are
used. This is mainly because it matches with the special
character of operation. Flat rectangular board used in
outrigger fishing has comparatively more length ratio
than conventional boards. The height to length ratio of
the board is called aspect ratio. The aspect ratio of
such boards is considerably low at 0.5 - 0.3. Although a
higher ratio has greater hydrodynamic efficiency, a long

board is preferred for outrigger trawling because of its
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capability for a greather sweeping area and positive
effects on the fishing efficiency. A higher breadth
otter door is not required as horizontal opening is more
important in shrimp fishing rather than vertical opening.
outriggers prefer bridle chains for brackets instead of
iron brackets, as the latter are inconvenient when a pair
of boards are hung up. Area of the board for outrigger
net is large in comparison with that of common trawl.
The area of otter board of a 350 HP double rig trawler is
usually 2 to 2.5 m2. Thus the total area of four boards
will be about 8 to 10 m2. It can thus give a wider mouth
area than a stern trawler.

2.19. OUTRIGGER

The first attempt to develop double rig method of
fishing was started in the Gulf of Mexico by shrimp
fishermen from Texas late in 1955. Following these
initial efforts, others in the Industry became interested
and many have subsequently contributed to the successful
development of the method. The evolution of double rig
method while necessarily one of trial and error has
progressed by free exchange of ideas. The benefits
inherent in this method of shrimp trawling were early and
rapidly recognised and accepted, and by 1957 a major trend
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towards conversion of many stern trawlers was under way
at Texas ports. The popularity and acceptance of
conversion soon spread to Florida and Mexico where many

conversions to double rig have been made (Knake, 33 El.,
1958). Robas (1959) explained conversion of a 67 ft.
trawler from single trawl operation to two trawls
operation using longer outrigger booms producing more
shrimp per unit effort.

There are many variations of these basic designs of
outrigger. But the most well designed booms are built
around used or discarded oil-field drill stem pipes. In
Texas and nearby states, oil—well drilling companies use
7.3 m. heavy—walled pipes of 102 mm dia. After the walls
are worn down to about 13 mm, they are discarded. Such
pipes make fine outrigger booms when properly braced and
they were found to be quite inexpensive (Ringhaver,
1960). Although double rig method of shrimp trawling has
reached fairly advanced stage of development, it is still
evolving. A recent innovation has been the introduction
of stabilizer planes which will be suspended mid point of
the outriggers during fishing operations. The
stabilizers will help considerably to reduce the rolling
of the vessel.
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The deck lay out of shrimp trawl using Outriggers
varies very little from boat to boat except in some boats
that have been converted from other types of fishing to
shrimp trawling. Invariably the wheel house is situated
forward. There are generally three parallel winch drums
on the same unit in order to make best use of the drive.
with hydraulics, the winch can now have two drums, each
oriented to pass cable directly to the block on the end
of each outrigger. The third (try net) which can now be
separated and placed in any convenient location as an
independent unit. Easiness in turning is one of the
important aspects of double rig trawling. It is easy to
manoeuvre a single rig than a twin rig outrigger.
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CHAPTER 3

TRAWL TRAWLER AND UPERATIQN.

3 . ]. . TRAWL

The outrigger trawling vessels operated four seam
shrimp trawl of head rope (HR) length ranging from 19.8
m. (65 ft) to 36.6 m. (120 ft.). The basic design and
mesh sizes remain uniform and only the head rope and foot
rope (FR) length varied according to the towing power of
the engine. Except the Australian built vessel (vessel
D) all the other types operated single rig trawl (figure
3). Hh the vessel D (Figures 14, 15) operated twin
ll lLdWl qt 18.4 m. HR (figures 4, 6) the similar size
HP (500 law of Indian built vessel E (figures 16, 17)
towed single rig 36.6 m. HR length trawl (figure 5). The
head rope length of vessels A and B were 27.4 m., while
the vessel C had HR length 32 m. The net of mini trawl
being the smallest had HR only 19.8 m. All the outrigger
vessels operated try net to test the productivity of the
ground and to enable the vessel remain on the productive
shrimp ground. The try net was a reduced scale version
of the main net in the ratio of 1:7 to 1:10.

3 . 2 . OTTER BOARD

The outrigger boards were of flat rectangular type
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with wide keel. The aspect ratio of outrigger boards was
different from that of flat rectangular boards used for
spreading single bottom trawl. The basic design of otter
boards remain same for all the 6 vessels. The weight of
otter board of twin rig trawl (vessel D) was 280 kg.,
whereas the otter board of single rig trawl of vessel E
was weighing 300 kg. The vessel A and B operated otter
boards weighing 180 kg. each, while the vessel C towed
otter boards weighing 200 kg. each. The weight of otter
boards of Mini trawler was only 80 kg. when the twin rig
trawls were operated, a sledge weighing 200 kg. was
rigged in between 2 trawls (figures 4, 6).

3 . 3 . DTVFIRSI FT]-ID CHAR

Vessel D and H diversified their operation for deep
sea lobster. Both the vessels operated 40 m. four seam
trawl (figure 7) with 'V' form otter board of 265 cm. x
l6l cm. weighing 500 kg. each (figures 8, 9). For deep
water trawling oval otter boards have advantages to ride
over obstacles more easily than flat rectangular boards
(Foster, 1966). For deep water trawling Russian fleet
operate slotted oval otter board which was found to be
|ll()I_'L3 convenient not only Lor .incL'easi.ng side thrust (Cy)

but for producing longitudinal stability in relation to
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vertical axis under all regimes of trawling (Matrosov,
l953). However, for deep sea lobster trawling, the
commercial vessels preferred 'V' form otter boards due to
its convenience in operation besides they do not hook at
the bottom when encountered with obstacles (Hu, 1961).

Depending upon the availability of lobster the
trawling grounds of deep water lobster were in different
regions such as off Andaman, outer edge of Wadge Bank,
off Quilon, off Cochin and off Ponnani generally at a
depth range of 240 to 300 m. While conducting trawling
in deep water, the warp of the vessels was changed into
18 m. galvanised steel wire rope (SWR) and the scope
ratio ranged from l:2.5 to 1:3.

3 . 4 . ‘PRAWLLIR

The large industrial vessels operated in the upper
East coast were built in India, Mexico, Australia,
Holland, Korea, U.S.A., Hongkong and Singapore with
varying OAL from 21.39 m. (104 GRT) to 27 m. (180 GRT).

In 1991-92 large outrigger vessels numbering 155 operated
in the upper East coast based at Visakhapatnam. Although
these vessels were built in different Shipyards, for the
study purpose, vessels built in India, Mexico and
Australia were taken as representative, as they



43

constitute the major fleet. Accordingly, common category
of 21.94 m. (104 GRT) and 21.39 m. (115 GRT) outrigger
trawlers built in Mexico (Vessel A and B), 21.59 m. (116
GRT) outrigger (vessel C) and 27 m. (180 GRT) combination
trawler (vessel H) built in India and 22.34 m. (155 GRT)
combination trawler (vessel D) built in Australia have
been selected for the study. Since Mini trawlers are
Commonly operated, a 15.85 m. outrigger Mini trawler
(vessel F) has also been included in the investigation.
The technical details of six types of vessels A, B, C, D,
E and F chosen for the study are given in table 1. The
design details (both profile and main deck) of the
vessels are given at figures 10 to 19. The
specifications of outrigger boom and stabilizer plane
stabilizer plane are given at figures 20 and 21.
Stabilizer plane is used only in vessels D and E.

3.5. WINCH

Power transmission to the winch installed on board
the selected vessels of study except vessel F was by
means of hydraulic devices, whereas, vessel F had only a
mechanical winch. Since the vessels were primarily meant
for shrimp fishing using outrigger, the winch capacity
wau LuuLLJuLud Lu Liuwllng uptu J20 m. depth.
Accordingly, most of the vessels /rigged for outrigger
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were having only warp length of 350 m. of 16 mm dia
approximately in each drum (lifting capacity 3 tonnes).
However, vessels operated for deep sea lobster trawling
upto 300 - 350 m. depth had wire rope capacity of 1000 m.
with dia of 16/18 mm galvanised SWR (lifting capacity 5
tonnes). Vessels A, B and C had 3 drum parallel winches
with drum axis parallel to centre line of vessel (Figure
22). Vessel D and E had split typo winches of 2 number
of either side for main warps (Figure 23). while Mexican
vessels positioned the winch in amidship, winches of
Australian built vessels were situated near the gunwale.
The split winches were provided with separate winch drum
for try net which is also being used for anchoring.
However, the try net winch and anchor winch in case of
Australian built vessels were separate. The advantages
of split winch in case of vessels D and E are that it can
be turned to have the drive direct towards stern
trawling, when they are engaged in deep sea lobster
fishing.

Galvanised SWRs are predominently used for longivity
and better tenacity. The warp carrying capacity of winch
drum plays a role in determining the size of warp.
Vessel D and E use same size of warp for both outrigger
and deep sea trawling so as to avoid additional
expenditure of changing the warp. The longivity of the
warp is affected by the bends which the warp is forced in
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the 3 drum winch.

3.6. WHEEL HOUSE

All large vessels (vessels A, B, C, D and E) were
equipped with modern fish finding and naviga
ti0na1 equipments such as Echo sounder, Fish finder
with colour display, Satellite Navigator, Radar, Auto
pilot, RT and VHF. However, Mini trawler (vessel F) had
only Fish finder.

3.7. OPERATION

The operation of trawls from the outrigger is as
shown in figures 3, 4. The outrigger trawling operations
were carried out at a depth range upto l00 m. in the area
84°l0'E, l8°20'N to 89°E 20°N. With the aid of Satellite
Navigator and Radar coupled with recording of colour
display fish finder, the exact position of productive
ground for trawling is chosen. Try net observation also
helped to check the productivity of the ground. Once the
position is fixed the skipper concentrates on the area
till haul landing reduces below the economic level.
Operation of try net at intervals of 30 minutes
facilitates in retaining the vessel at the productive
ground. Generally a day haul lasts 3 to 4 hours while
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night haul lasts for 6 hours. The low price fishes in
the haul are generally discarded. Only quality fishes
such as Pomfrets, Perches, Polynemids, big Sciaenids etc.
are preserved in the fish hold.

3.8. PRODUCTIVITY AND LUNAR PHASE

It has been observed that the eighth day 'Ashtami'
from New moon and Full moon are observed to be good
fishing periods. From New moon day, the catches shows an
increasing trend upto the eighth day when it is maximum
and then reduces. The maximum or the eighth day from Full
moon is less than that of New moon. Skippers schedule
their departure from port to be in the fishing ground on
the eighth day from Full moon so as to have continuous 15
days productive fishing.

The relationship between productive fishing and
lunar phase has not been studied in detail. However,
study on lunar, diurnal and tidal periodicity in relation
to prawn abundance and migration in the Godavari
estuarine system observed that the catches were higher
during the darker half of the month than in the brighter
fortnight. The landings during low tides were generally
higher than those during high tides and usually heavier
catches were xnade in stake nets during nocturnal low
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tides than during the day low tides (Subramanyan, 1965).

3 . 9 . PRESERVATION

Shrimp and lobster immediately after catching are
beheaded and stored in refrigerated sea water (RSW). RSW
is a pre cooling process where sea water is chilled and
the material in the shrimp bags to be frozen is immersed.
The material is than taken out and stored in the fish
hold where blast freezers are used and the material is
frozen to -20°C. The size of the RSW tank is 5' x 6' x
4' (1.5 x 1.8 x 1.2 m). RSW processing is :1 handicap
when the voyage is extended depending on the catch and
diesel consumption. IQF is rapid compared to that of

RSW. The temperature is lowered to -18°C within 20 — 30
minutes. This is achieved by the brine in the tank,
longer coil,Iand an agitator. The agitator is normally
provided to maintain flow of brine over the cooling coil
and also to maintain uniform temperature of sea water
brine. The catch contained in the bag made of Nylon
normally called as shrimp bag will be kept immersed in
the brine. Within 20 — 30 minutes the material will be
quick frozen individually depending on the quantity
immersed, the size of the product and the brine
temperature. It has been nlmervml Hm!‘ H1!‘ [)Y‘()(l|l(‘l‘.“
frozen by this method have minimun1 weight loss during
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thawing at the processing plants on shore and the quality
is found to be better. The products after immersion
freezing are ‘transferred ix) the refrigerated fish hold
where the temperature is maintained around —25°C and
stored. IQF is a pre processing technique. IQF tanks
are insulated and normally of size 6' x 6' x 5' to 8' x
6' x 5' (1.8 x 1.8 x 1.5 m to 2.4 x 1.8 x 1.5 m.) filled
with sea water brine.
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Fig 22. Three drum winch Vessels A, B & C
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CHAPTER 4

RESULIS UF INDUSIRIAL FISHING

During 1991-92, 155 industrial vessels of 20 m. and
above operated from Visakhapatnam base (CMFRI, Personal

Communication). Almost all these were outrigger vessels
operated for shrimp. Five parameters such as number of
vessels operated, fishing days, fishing hours, total
prawn catch and CPUE have been ploted to indicate effort
and production of these vessels (Figure 57).

Out of 155 vessels, 135 have been surveyed in detail
to study the parameters such as LOA — HP relationship, HP
- fuel consumption correlation, countries of construction
of Industrial vessels, age of vessels, propeller
assembly, types of engine installed, types of rigging,
availability of power on board and types of engines
installed in the vessels. The results of analysis of
these factors are stated in figures 24 to 29.

Out of 135 vessels surveyed, 6 different types of
vessels (Vessels A, B, C, D, E and F) have been selected
to collect fishing details such as type of fishing,
voyage duration, fishing days, number of hauls taken,
fishing effort, depth at which the vessel fished, species
of shrimp caught, CPUE and Cash inflow and outflow.
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4.1. VESSEL 'I\'

Vessel A conducted 5 voyages of 88 fishing days
expending 1293 hours in 309 hauls. The duration of
fishing voyage varied from 7 to 23 days. The fishing has
been carried out at a depth range of 30 to 80 m. and the
vessel has landed a total of 8247 kg. of prawn valued at
M 1,401,762. (The various species of shrimp landed have
been recorded as headless weight throughout the study).
She has also landed fish catch worth M.87,037. Voyagewise
production of different species of shrimp is given from
figures 30 - 35. The cash inflow and outflow of vessel A
is given in figure 36. The average CPUE of the vessel
was calculated as 5.54.

4.2. VESSEL 'B'

Vessel B conducted 7 ‘voyages of 199 fishing days
expending 3760 hours at a fishing depth ranging from 35 
90 m. The duration of the voyage varied from 27 to 30
days and landed 28282 kg. of prawns valued at M
4,339,402. The vessel also landed fish worth m 315,178
and consumed 278 kilo litres of fuel costing M 1,464,610.
The vessel was in operation throughout the year from June
to March. The voyagewise production of different species
of shrimp is furnished in figure 31. The cash inflow and
outflow of this vessel is seen from figure 37 and the
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average CPUE of this vessel was 7.49.

4.3. VESSEL OCI

Vessel. C conducted 6 voyages of 210 fishing days
expending 3,212 hours
to 82 m. depth.

at a fishing depth ranging from 30
duration of fishing voyage varied

'. 7
LI 1- - II _

'1! >

31

.. 1,‘ -, '3,_ .,' \ \.- .». J
\ 1_.J -.I I...’u .V .1.
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fish worth M 343,625. The total running expenditure of
this vessel for catching the above quantity of lobster,
shrimp and fish was M 2,310,737 consuming 279.5 kilo
lites of diesel oil. The species—wise shrimp landed is
given at Figure 33 and the Cash inflow and outflow of the
vessel is given at Figure 39.

4.5. VESSEL 'E'

Vessel 'E' could not operate the first 2 voyages due
to maintenance and engineering repairs. She conducted
only 14 voyages starting from October 1991. The vessel
conducted only 1 voyage of 45 days for shrimp expending
365 hours in 147 hauls. Shrimp trawling has been carried
out at a depth range 40 to 80 m. The vessel landed 4,100
kg. of shrimp valued M 1,004,699. She conducted 3
voyages having a duration of 15 to 45 days for Deep sea
lobster producing 6,325 kg. of lobster. The production
of lobster during third voyage was not significant as
this was a break voyage due to engineering snags and she
made frequent entry into the port. This vessel
altogether spent 145 fishing days and 1080 hours of
fishing. During deep sea fishing trawling was carried out
at a depth range of 240 - 300 m. while shrimp trawling
was done at a depth of 40 - 80 m. Besides shrimp and
lobster, fish worth B 207,900 was also landed. Total
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value of shrimp, lobster and fish was M 3,378,161. She
consumed 199.79 kilo litres of diesel oil and spent Rs
1, 737, 68;! ml U[H‘l ill lmml 1-xpt-Inlml. 'l'hv vuyngvwJ.m~

landing of shrimp and lobster is seen from figure 32.
The figure 40 gives the details regarding the cash inflow
and outflow of the vessel.

4.6. VESSEL 'F'

The vessel F operated for 9 voyages expending 176
fishing days. She exclusively did shrimp trawling and
caught 7,381 kg. of shrimp and caught fish worth M
59,130. Thus the total inflow of cash was M 1,207,818.
The specieswise landing of vessel F is seen from Figure
35. The cash inflow and outflow of this vessel is given
in Figure 41. This vessel had no freezer and she was
carrying ice for preservation. Her voyages were
staggered for the convenience of unloading catch in order
to avoid spoilage on board.

Monthly production of shrimp of vessel A, B, C, D,
E, F may be seen from table 2. The annual shrimp and
lobster production trend of different types of vessel is
given in Figure 42. The annual cash flow of different
vessels is furnished in Figure 43. The annual percentage
composition of lobster and shrimp landed by different
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types of vessels is seen in Figures 44 to 49. The CPUE
in different months for different types of vessels have
been plotted and given in Figure 50. Average CPUE for
different vessels has been plotted (Figure 51). Figure
52 gives average unit cost of production of different
types of vessels. The average unit cost of production
(a) and unit price of shrimp/lobster (b) and
shrimp/lobster and fish (c) is given in Figure 53.

Shrimp catch landed by the above vessel were
headless and» it was not possible to give the exact
specieswise break-up. To derive the head on weight of
these landings, headless weights are multiplied by a
factor of 1.4925 (Rao, 1993). Only commercial
identification was done utilising common names such as
Tiger, White, Brown and Flower, since their scientific
names have been explained already.
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CHAPTER 5

TECHNO—ECUNOMIC SYNTHESIS

5.1. INDUSTRIAL FLEET

Analysis of data collected from 135 industrial
vessels operated in the upper East coast of India reveals
that the large commercial vessels are in the range OAL
20.94 m. to 27 m. OAL. The preference class of vessels
for industrial fishing was analysed with a frequency
distribution of 2 using an Microstat computer programme
and finds that 45.31 percent formed between 20 to 22 CAL
and 20.31 percent constituted 22 to 24 OAL. While 26 to
28 OAL vessels operated 22.66 percent 24 to 26 class
limit was only 11.72 percent (Table 3). Of these
vessels, about 51% are in the range of 380 to 402 HP.,
21% constitute 540 HP and the remaining category of HP
are not in significant contribution (Figure 24).
Frequency distribution of HP with a class limit of 10
also showed the same result (Table 4).

5.1.1. Rigging

The most preferable type of rigging is that of
single rig trawl which forms 73$. The remaining vessels
were rigged with double rig trawl (Figure 25).
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5.1.2. Propeller assembly

Analysis also shows that the propeller assembly of
the industrial vessels consists of 64% with fixed
propeller and nozzle, while 22% was without nozzle.
Propeller with controlable pitch (CP) and nozzle
constituted 14% (Figure 26). Each engine has a desired
RPM by which optimum thrust is obtained in the propeller.
Any RPM beyond or below this point shall increase the

fuel consumption. With CP propeller the RPM can be
maintained and propeller pitch varied to obtain lowest
fuel consumption. In the vessels having CP propeller
fuel consumption can be reduced increasing the fishing
effort by increasing the number of hauls. By reducing
the pitch without reducing the RPM, the winch can be
operated whose speed of hauling can be increased without
giving momentum to the vessel. However, vessel with CP
propeller is expensive and has to be carefully handled.
Probably from this, .fixed propeller with nozzle is ‘the
most desired installation in the industrial vessels.

5.1.3. Type of main engine

Most of the engines of industrial vessels installed
are CAT 3412 and CAT 3408 which forms 71% (Figure 27),
while Kirloskar, Man, Yanmar and other Caterpillar type
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constituted negligible percentage. Although there are
many engines installed in industrial vessels, from the
maintenance point of view the abundance of CAT 3408 and
CAT 3412 is advantageous, as critical spares can be
easily maintained for the fishing industry due to less
variation in abundance. Even in the latest construction
of large vessels by Indian Yards, the indigenous engines
installed were 2% only.

5.1.4. Shipyards

Analysis further indicates that Indian Shipyuards
have the capability to construct vessels suitable for
industrial fishing especially with outrigger shrimp
trawling. Since out of the total fleet, 35% form vessels
from Indian Yards and the next highest country of
construction was Mexico. The vessels built in Yards in
India, Mexico and Australia form the major fleet (76%).
(Figure 28)

5.1.5. Age of Fleet

From the oldage of vessels operated in the upper
East coast, it was indicated that 46% comes in the group
6 to 10 years old and 27% is under 5 years old (Figure
29) which is an indication that even after 10 years
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majority of the existing fleet will sustain.

5.1.6. Type of Auxiliary engine

Analysis of auxiliary engine installed on industrial
vessels showed that 46% engines was Lister and 35% was
CAT 3304. Indian auxiliary engines such as Kirloskar and
Ruston installed were only 13% inspite of the
difficulties in getting spares for the imported engines.
Other category of auxiliary engines such as CAT 330, OM
616 Benz, Perkings and Ford constituted only 6%. The HP
of these engines varied generally from 33.7 to 77.

The fuel consumption of these engines was within the
range from 6 litre per hour to 16 litre per hour.

5.1.7. LOA and HP

To test the significance of the relationship between
length overall and horse power and between horse power
and fuel consumption of main engine, a scatter plot for
the 128 outrigger fishing vessels is given at Figure 54.
(Out of 135 vessels data, 7 vessels data were discarded
as they were lying in the extreme end of the regression).

Using the straightline equation,
Y = mx + C

Where Y represents the horse power, x the length overall
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in metres, m - the slope and c — the intercept, the value
obtained for inLcrccpL is — 180.855027885l5 and slope is
27.206953495703.

The plot of length overall versus the horse power
fits the regression equation

HP = 27.207 x LOA — 180.855 (19)

With a regression coefficient of r = 0.7515 which shows
that the relationship between length overall and horse
power is highly significant.

5.1_8_ HP versus FClh'l

5.l.8.l.Main engine

In the case of plot main engine horse power versus
fuel consumption litre/hr. (Fclh'1) (Figure 55), the regre
ssion equation for 135 vessels data is

FC1h_l = 0.176 x HP — 8.56 (20)

It is found to hold good with r = 0.9485 which is also
highly significant (the value of intercept is -8.563861733637
and slope is 0.l759l05l586837)

5.1.8.2.Auxi1iary Engine

In case of plot of auxiliary engine, horse power
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versus FClh_l (Figure 56) the regression equation for 145
cases is

FC1h-1 = 0.122 x up — 2.41 (21)

It is found to be highly significant with r = 0.9387.
The value of intercept is 2.4113094084646 and slope is
0.1222469258636l.

-15.1.9. FClh

From the above regression equations for main engine
operated for towing power and auxiliary engine used for
service, the FC1h'1 can be assessed at 0.15 to 0.16 and
0.06 to 0.10 per HP respectively.

The empirical equations referred to above are to be
applied with caution and are valid only within the ranges
with which the relationships are derived.

5.2. INVESTIGATION FLEET

5.2.1. Vessel A

The voyagewise production of different species of
shrimp landed indicates that for the first voyage, the
maximum catch was Brown while the remaining species
landed in the descending order were White, Tiger and
Flower (Figure 30). During the second voyage of the
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vessel which was a brake voyage, the catch was poor
having a total of 83.30 kg. Out of this the rnaximum
production was for Brown which was 64.35 kg. and the
remaining species were in the order of White, Tiger and
Flower. The abundance of 4 commercial varieties of
shrimp noted in the same order in voyage 3 which caught a
total shrimp catch of 2805.68 kg. Out of this quantity
the maximum catch was again Brown which amounted 2204.13

kg. Similar trend was observed in voyage 4 and 5 which
caught a total production of shrimp of 1243.58 kg. and
1474.35 kg. respectively. Thus the total landing of
vessel A during the year was 8247.31 kg. of which 76.3%
(0323.98 kg.) wuu Hrown while the remaining commercial
species were in the order White (17%), Tiger (6%) and
Flower (0.3%) (Figure 44).

5.2.2. Vessel B

Vessel B conducted 7 voyages which also caught the
same pattern of abundance of commercial varieties as in
the case of vessel A. Out of a total production of shrimp
of 28281.95 kg., 84.5% (2389l.96 kg.) was Brown and
White, Tiger and Flower were in the order 10.5% (2966.80
kg.), 4.8% (l363.75 kg.) and 0.2% (59.45 kg.)
respectively (Figure 45).
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5.2.3. Vessel C

The same trend was also observed in the case of
shrimp production of vessel 'C'. Out of a total weight
of 30174.20 kg., production of Brown was 78.3% while
white, Tiger and Flower was in the order 14.0% (4205.85
kg.) 7.2% (2l79.60 kg.) and 0.5% (141.0 kg.) respectively
(Figure 46).

5.2.4. Vessel D

vessel D carried out 5 voyages of which 3 voyages
were for deep sea lobster and 2 voyages for shrimp.
Voyages l, 4 and 5 were for deep sea/lobster producing
5182 kg., 1815 kg. and 2805 kg. respectively (Figure 33).
Thus total production of lobster during the year for the

vessel D was 9802 kg. During the voyages 2, and 23 the
trend of abundance of varieties of shrimp was same as
that of vessel A, B and C i.e. the highest production was
Brown followed by white, Tiger and Flower. In general
for vessel D, out of lobster and shrimp production, 55%
was lobster, 25.7% Brown, 16% white, 3% Tiger and 0.3%
Brown (Figure 47).

5.2.5 Vessel E

Vessel E also carried out operations for deep sea
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lobster. Out of 4 voyages, she spent 3 voyages for deep
sea lobster catching a total of 6325.4,kg. deep sea lob
ster which constituted 60.7% of total lobster and shrimp.
Out of the remaining, Flowerconstituted 18.8% (l957.5
kg.) Brown constituted 17.8% (1858 kg) was White formed
2.7% (l957.5 kg). There was no catch of Flower in this
voyage (Figures 32, 46). Thus in percentage composition
there was slight variation for vessel E from vessel A, B,
C and D.

5.2.6. Vessel F

This is a Mini trawler conducting short voyages
because of her limitation of freezer/RSW storage. She
conducted 9 voyages of days ranging from 11 - 25. Out of
the total quantity of shrimp, 7381.2 kg. (72.4%) was
Brown, 1620.4 kg. (22%) was White, 378.5 kg. (5%) was
Tiger and 43.9 kg. (0.6%) was Flower (Figures 35, 49).
This vessel also showed the similar pattern of landing of
different varieties of shrimp like vessel A, B and C.
The pattern of month-wise abundance of different
varieties of shrimp was also in the order Brown, White,
Tiger and Flower (Table 2).

5.3. CASH INFLOW AND OUTFLOW

The total receipt and expenditure of operation of
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vessel A showed that while the total value of fish was
only m 87037.93, the value of shrimp was M 1,401,761.63.
Thus out of total cash inflow, the maximum inflow was
from the shrimp and the income from fish was negligible.
Out of the expenditure of vessel A, the maximum outflow
was for fuel (05%) followed by wages, stores and
miscellaneous expenditure (Figure 37). Similar was the
pattern of cash inflow outflow of vessel I3 where the
income generation from Brown was the highest and from the
fish the least (Figure 38). Fuel constituted the major
expenditure (75%) followed by wages, stores and
miscellaneous. In case of vessel C the cash inflow and
outflow pattern was the same as vessel A and B and
expenditure on fuel constituted 75%. Vessel D had 64% of
fuel expenditure, while the expenditure of Stores and
wages remain almost the same pattern. In case of vessel
E expenditure on fuel constituted the 61%, while wages
was higher than the expenditure on stores. Similar was
the trend of cash inflow and outflow of vessel F where
fuel constituted 67% of cash outflow. Thus the
expenditure on fuel for the six category of vessels
varied from 61 to 75 percent.

when compared ‘the annual. cash inflow, outflow and
net profit of vessel A, B, C, D, E and F, it was found
that the maximum inflow and net profit was for vessel C
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followed by vessel B. The pattern of the net profit for
the remaining vessels were in the order D, E, F and A
(Figure 43). From the above, it is seen that vessel C
(OAL 21.59 nu GRT ll6, HP 402) was making the maximum

profit of all the vessel. It may be noted that this
vessel was exclusively fishing for shrimp and not engaged
on any’ diversified fishing operation. As far as the
maximum cash outflow is concerned, vessel D expenditure
was more than vessel C probably because this was engaged
in deep sea lobster fishing.

5.4. CPUE

when examined the average catch per unit effort
(CPUE) for different vessels, it was observed that vessel
D had the highest (11.45) CPUE followed by vessel C (9.7)
(Figure S1). The CPUE of vessel D and E were very high
during the lobster fishing which was during the period
from Jan. - March. From Jan. to April it was noted that
the catch of all the 4 ‘vessels (A, B, C and F) were
generally declining (Figure 50). During this period
vessel D and E have diverted for diversified fishing for
deep sea lobster. The industry was observing a closed
season by themselves during 15th April - 15th June and
therefore there was no operation of large vessels.
During ‘the declining shrimp season (Jan. - April), had
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the vessel C went for diversified operations for deep sea
lobster, she should have performed much better showing a
greater net cash inflow. However, it was not possible
for such a diversified operation for vessel. C due to
mainly the winch installation intending the vessel
exclusively for outrigger operation and not oriented for
stern deep sea trawling. If there was a provision for
diversified fishing with winch power capable of switching
over ix) stern trawling for deep sea lobster, vessel C
should have been an ideal industrial vessel with greater
productivity and the highest net profit.

5.5. UNIT COST OL" l.’ROl)UC'l‘I()N

The unit cost of production of shrimp and lobster
was the lowest in case of vessel C (Figure 52) followed
by vessel B even with 75% expenditure for fuel. If the
vessel could reduce the fuel consumption at the rate of
other vessels (other than B), unit cost of shrimp
production of vessel C should have come down. The third
unit cost of production was that of vessel E mainly
because of lowest purchase price of Mini trawler.
Although vessel D had the highest CPUE, the unit cost of
production of one kg. shrimp/lobster was higher than
vessels C, B and F. The highest cost of Unit production
was for vessel E mainly because of the highest purchase
price of the vessel and low production of lobster/shrimp
compared to vessel D.
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.IflL3LE;§
l'RtlJlJtNCY l)lSIRIBU|’ l0NS — CURRELAT ION 0F HP VS LOA

Number of cases 128

Number of variables: 2
Variable: 2. LOA (m)

CLASS LIMITS FREQUENCY PERCENT . . . .CUMULATIVE. . .
FREQUENCY PERCENT

20.00 22.00 58 45.31 58 45.31
22.00 24.00 26 20.31 84 65.63
24.00 26.00 15 11.72 99 77.34
26.00 28.00 29 22.66 128 100.00

TOTAL 128 100.00

CLASS LIMITS FREQUENCY

20.00 22.00 58 |
22.00 24.00 26 |—————————————

24.00 26.00 15 |__——___
26.00 28.00 29 |——————————————
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TABLE — 4

FREQUENCY DISTRIBUTIONS — HP VS FC FOR UUTRIGGER VESSELS

Number 01 uuscu: I35 Number of variables: 2 Variable: 1.HP
CLASS LIMITS FREQUENCY PERCENT ....CUMULATIVE...

FREQUENCY PERCENT

365.00 375.00 4 2.96 4 2.96375.00 385.00 29 21.48 33 24.44385.00 395.00 0 .00 33 24.44395.00 405.00 41 30.37 74 54.81405.00 415.00 6 4.44 80 59.26415.00 425.00 0 .00 80 59.26425.00 435 00 0 .00 80 59.26435.00 445.00 0 .00 80 59.26445.00 455.00 0 .00 80 59.26455.00 465.00 0 .00 80 59.26465.00 475.00 0 .00 80 59 26475 00 485 00 6 4.44 86 63.7048F.00 495.00 0 .00 86 63.70495.00 505.00 7 5.19 93 68.89505.00 515.00 0 .00 93 68.89515.00 525.00 0 .00 93 68.89525 00 535.00 0 .00 93 68.89535.00 545.00 28 20.74 121 89.63545.00 555.00 4 2.96 125 92.59555.00 565.00 2 1.48 127 94.07565.00 575.00 0 .00 127 94.07575.00 585.00 0 .00 127 94.07585.00 595.00 0 .00 127 94.07595.00 605.00 0 .00 127 94.07605.00 615.00 0 .00 127 94.07615.00 625.00 8 5.93 135 100.00
5TOTAL 13 100.00
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TABLE 4. Continued.

CLASS LIMITS FREQUENCY

365.00 375.00 4 |——375.00 385.00 29 |385.00 395.00 0 |395.00 405.00 41 |
405.00 415.00 6 |———415.00 425.00 0 |425.00 435.00 0 |435.00 445.00 0 |445.00 455.00 0 |455.00 465.00 0 |465.00 475.00 0 |
475.00 485.00 6 |-——485.00 495.00 0 |
495.00 505.00 7 |———505.00 515.00 0 |515.00 525.00 0 |525.00 535.00 0 |535.00 545.00 28 |545.00 555.00 4 |_.555.00 565.00 2 |565.00 575.00 0 |
575.00 585.00 0 |
585.00 595.00 0 |
595.00 605.00 0 |
(305.00 ()l5.()() 0 |
615.00 625.00 8 |——
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CHAPTER 6

ECUNUMIC ANALYSIS

6.1. TRAWLER OPERATIONS

Visakhapatnam is one of the major fishing harbours
in the country where sufficient infrastructure facilities
are available for operation of large vessels. Most of
the large vessels belong to various private and public
sector companies are operating from here. These trawlers
vary in size from 21.39 m. to 27 m. OAL. Most of the
trawlers are outrigger steel vessels operated for shrimp.
Each trawler undertakes on an average ten voyages spread

over 3 to 5 weeks during the period from June to March.
The average annual catch per trawler ranges from 8 to 30
tonnes of prawns. The Maximum Sustainable Yield (MSY) of
shrimp in the upper East coast of India comprising West
Bengal, Orissa and Andhra Pradesh is estimated at 16,059
tonnes of which only 4,478 tonnes are available for large
trawlers and the remaining are exploited by
non—mechanised and mechanised boats (Rao, 1993). The MSY

estimates were derived by employing ‘Relative Response’
and ‘Swept area‘ methods.

6.2. METHODOLOGY

The most important aspects involved in the operation
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of industrial vessels is the study on economic
performance concerning cost and returns. A number of
methods are available to measure the financial and
economic performance of fishing vessels. In the present
study four standard methods of evaluation viz. a) Simple
return on investment, b) Internal rate of return, c)
Break even analysis and d) Sensitivity analysis are
adopted.

6.2.1. Return on lnvestment

out of Lhe total lbb trawlers, a sample of 6 various
types of vessels have been taken into account for
detailed study of their economies of operation. The
annual income and expenditure statement of these trawlers
is given at Table 5. Among the 6 trawlers Selected for
detailed study, trawlers B gives maximum returns of 116%
over the investment followed by trawlers C, F, D, E and A
in the order. One of the important reasons for highest
return on investment for vessel B was that it was a
second hand vessel refitted and its capital investment
was much less than most of the other. As far as
production and income point of view, vessel C has faired
well.

6.2.2. Internal Rate of Return (IRR)

The basic issue of investment is that what the
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project has to pay back should not be less than what it
cost. Since pay back is in future, it is to be equated
to the present by discounting at a suitable rate of
compound interest which will make the two equal. The sum
now which is equal to a sum received or spent in future
is called Present Value (PV). Net Present Value (NPV) of
future cash flows are found by discounting. The
Discounted Cash Flow (DCF) at 35% for 1 Rupee for the
first year will be Re.0.74 which was obtained by applying
the formula

DCF = ----- —— (22)

where P is the value of amount, i. is the interest
and n is the number of years (Chandra, 1980).

Applying the value (1 + 0.35)l = 0.74

Difference Positive NPV
IRR = Percentage of + in x ---T-f ----- -- (23)

Positive DCF percentage of POS1t1Ve NPV+
positive and Negative NPV
negative DCF

IRR for all the six vessels from the production data
has been worked out calculating the Cash flow for ten
years assuming the same income and operating cost, using
discounting factor. It was found that vessel A had no
returns since the total net positive Cash flow is lower
than the negative flow (Table 6). while the vessel B had
the highest IRR of 115.74% (Table 7). the vessel C had an
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IRR of 60.68% (Table 8). Vessels D and E although
deployed ior deep sea lobster fishing during lean season,
their IRR were only 20.68% and 9.27% respectively (Table
9, l0). This was mainly due to higher HP of the engine
installed and hence higher operating cost on fuel. Since
the vessel F was installed with a smaller HP main engine
and its fuel consumption was lower than all other
vessels, her IRR was higher than few of the selected
vessels (Table 11).

6.2.3. Break—Even Analysis

Break-—Even Analysis inspite of its limitations
provides a simple and effective method of indicating
effects of costs and evenue at varying levels of output.
For the purpose of this analysis cost revenue relation
QS-F—QV is used (Chandra, 1980).

Q — yearly quantity of production (Kg)
S — unit selling price per Kg
F — fixed cost

V — variable cost per Kg
At break-even point, Profit P will be zero

1:‘then Q ; ---- -- (24)

Table 12 details the break-even point analysis for
the 6 trawlers wherein an attempt has been made to
ascertain as to what quantity of prawn these trawlers



have to produce to meet at least the operating cost of
the vessels. It will be seen that vessel A has a
negative returns while B and C vessels have fairly large
surplus and it reduces for vessels [L F and E in the
order.

6.2.4. Sensitivity Analysis

Sensitivity Analysis shows that how sensitive is the
internal rate of return, when uncertainties in the
project come in. when Lhe number of trawlers increases,
they have to share the total sustainable yield available
in Lhe area. As a result CPUH will come down and a stage
will emerge when trawlers will not be able to even meet
the obligatory operating expenses such as fuel, wages,
spares and stores.

In order to find out the variation in IRR a
situation has been assumed when 5% reduction in income
happens every year due to increase in number of vessels
year after year. It was found that the IRR of vessel A
has a negative cash flow and the operation of the vessel
will be at loss. IRR of vessels B, C, D, E and F has
been reduced from ll5.74% to 106.55%, 60.68% to 51.31%,
20.68% to 7.23%, 9.27% to nil and 24.32% to 4.80%
respectively (Tables 13, 14, 15). This will indicate
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that vessels A, F, H and D will not withstand the adverse
condition oL increase in number of trawlers happening
year after year.

In order to find out upto which year the trawler
will be able to recover the operating costs, a situation
has been assumed wherein the number of vessels operating
in the area goes up by 5% and the catches of the trawlers
also come down by 5% every year over the period of next
H) years. The details regarding Lhc income, operating
costs and surplus/deficit in respect of the above
exercise is given in Tables 16, 17. Trawlers B, C and D
will be able to meet the operating costs fully throughout
the ten year period even if there is 5% reduction in
income every year while vessel A will lose from fourth
year onwards and vessels E and F can garner profit upto
ninth and eighth year respectively. The operating costs
does not include the interest and’ loan instalment
payments and depreciation. If these items are included,
only trawlers B and C can prolong their fishing upto
ninth and seventh year respectively. It may be worth
mentioning here that the trawler B was purchased second
hand and it had cost the owner only M 23 lakhs. Hence
the commitments on account of depreciation, interest and
instalment payment are comparatively lower than other
trawlers.
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6.3. PRODUCTION AND RETURN OF INDUSTRIAL VESSELS

The number of large outrigger vessels operated in
(In: upper East coast have been increasing year after
year. while there was only 54 vessels in 1982-83, it
ineieaued to 155 vessels in 1991-92, although there was a
decline in l990—9l. Correspondingly the CPUE of the
vessels operating in the region has also gone down
substantially from the highest of 30 to 15. In 1982-83,
54 large vessels harvest 4143 tonnes of shrimp, while 155
vessels could produce only 4607 tonnes (figure 53). In
1980-87, 100 vessels caught 4594 tonnes, whereas 155
vessels could produce only 4607 tonnes. This indicate
that 55 vessels could marginally add up only 13 tonnes.
During 1984-85 the maximum CPUE was 30’operating only 60

vessels producing 4203 tonnes. In l989-90 the all time
production of 5313 tonnes was recorded by 146 vessels
dropping the CPUE from 30 to 17.4. This indicate that an
additional 86 vessels could harvest only 1110 tonnes!
which reduced the CPUE: drastically. Thus there is an
over capitalisation of rare financial resources in the
region. Even with the operation of 155 large vessels in
1991-92, vessels B (ll5.74%). C (60.68%). D (20.68%) and
F (24.32%) obtained an IRR of over 20%. This indicate
that although there is over-capitalisation, some of the
optimum size vessels could sustain in the region.
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However any further addition of large vessels in the
nvqinu nmy run! up only couiljcts ill the socio~economic
front with traditional and mechanised fishermen, because
udditimunl input may l'L.‘dllCL: their share. It may even
upset the CCOSySLCHl and the very existence (Df shrimp
i|ulu:H [y ill Llu: regi(n1 a:; it lnud lldp[MfllCd for the shrinm)

fishery in the Kerala coast (Achary, 1987). So
restricting the input effort is the best possible
approach for management of fishery (George gt al., 1980;
Kaluwar et ul., I985 and Nair et al., 1989).

6.4. OPTIMUM SIZE OF VESSEL

The choice of a specific type of a trawler suited
for a given fishery encompasses factors such as distance
to fishing ground, fishery resources to be exploited,
type of fishing to be conducted, oceanographic conditions
of the area, infrastructural facilities for processing,
storage and marketing, requirement of processing and
storage on board, space for operation of fishing gear,
accommodation for the crew, cost of vessel and vessel
economy and technological skill of the statutory
personnel manning the vessel. It is impossible to design
a hull which satisfy all the above conditions.
Therefore, a compromise of the above factors are required
without sacrificing the economy of operation. An
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improved hull form incorporating a lower prismatic
(I()Cl_Li(I.iUllL (Up) and block COel‘fiCienl; CB reduce fuel
cost greatly (Dai and Lee, 1975 quoted by Jiang, 1982).
Utmo-.sL caution need to be exercised in Order to ensure

that the vessel is not over—capitalised in an effort to
get the most advanced vessel.

Based on the considerations of fishery resources,
I

oceanographic conditions, distance of the ground to the
harbour and infrastructural facilities, Joseph (1985)
suggested that combination trawlers in the range 200 
300 GRT capable of carrying out different types of
trawling are suitable for Indian waters. For the
estimated catch and the distance to the fishing ground a
vessel of minimum 20 m. is considered suitable according
to Sheshappa and Digernes (1985). For the existing and
potential trawling grounds in India, vessels of size 18
m., 30 m. and 40 m. OAL appear most suitable (Roy
Choudhury, I973). The observation of comparative
performance of large deep fishing vessel indicated that
idea] types of vessel suited for trawling including deep
sea lobster fishing along South-west coast of India is 20
In. OAL (GRT 61.28) with 220 HP (Oommen, 1985).
Considering the cost of operation and unit cost of
production of shrimp and lobster, the present study
indicates that a vessel of the size (C) 21.59 m. - 402 HP
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— Ilo URT performed much better than of other 5 vessels.
Inn? HU{ of 60.68% was very impressive and should have
shown a much higher percentage, had the vessel been
basically a combination trawler diversifying for deep sea
lobster during the lean shrimp season.
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CHAPTER 7

_QQELLING

7.1. BIO-ECONOMIC MODEL OF INDUSTRIAL FISHING

The basic bio-economic model of fishing was prepared
by Schaefer (1957). This is the logistic growth rate of
fish stock as shown in the biological productivity curve
(figure 58). The growth rate will depend on population
size of biomass of the stock. when the stock is small it
will grow fast, as the density of fish increased the
growth slows down. The peak is reached at population
size that gives the growth marked by Maximum Sustainable
Yield (MSY). Beyond this point the population will
reduce its growth until a point is reached. where the

BIOLOGICAL PRODUCTIVITY CURVE?\
E
9g MSYgo /J"'_ if1: / ' ‘\‘Q‘
3
O
L.

L9

ii. p. _.
SIZE OF FISH POPULATION

FlG_58



Value

146

environmental carrying capacity is saturated and the fish
;slu«:l'\ stops‘ <_;I.‘<)\vim_;.

l L the stock is subjected to [ishing the population
will be reduced; the extent of reduction will depend on
Lhe magnitude oL [ishing ettort. when the fish stock has
been reduced to an given size, it may be kept at that
level it the quantity of catch is equal to the growth at
that size of the stock. This balance of catch and growth
is called the sustainable yield. MSY is thus obtained at
the stock size corresponding to the top of the curve
where the growth is highest.

7.1.1. Economic Model

The economic aspects of the model (figure 59) looks

y-axis

Totalfievonuo (TR)

P
TotalCosf(T'C)

u-/_______~__," _ ‘J
(<Js+f x-axis

Fishing effort
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similar to the previous one, there are fundamental
differences. Here the Y axis measures monetary values;
both the aggregated cost of fishing effort (TC - total
costs) and the value of the catch that constitutes the
sustainable yield for any given size of population (TR 
total revenues). The X axis describes the magnitude of
the fishing effort, increasing to the right. It also
implies the size of the population, but here it is
hnportant to note that the increase goes the opposite
way. That is, at the point of origin, there is no
fishing effort and the fish stock is at its maximum size,
with zero growth since it is in the natural balance of
saturated environmental capacity. As the fishing effort
increases the stock diminishes thereoretically to be
annihilated at zero size where the curve intersects the X
axis on the right side.

7.1.2. Open Access Eguilibrium

The extent of stock reduction will depend on the
cost of the total fishing effort. This cost is described
by the line TC in figure. For the sake of illustration,
the cost is assumed to be a linear function of the number
of effort units (measured in number of vessels, fishing
hours etc.). If the total effort stays at f(MSY), the

total cost of fishing is considerably less than the total
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value of the sustainable catch (total revenue at MSY).
There is thus profit in the fishery, But when there is
open access to the fishery, new trawlers will be
attracted by the profit. Then the Open Access
Equilibrium (OAE) at point I> may be beyond the vessel
that is optimum for the economic as a whole. The total
effort is raised and the total cost, TC, rises
accordingly. This process will go on until the costs of
the fishery are equal to its revenues, that is, at the
point where the line TC intersects the curve of the value
of sustainable yield. The profit has become zero; new
trawlers will not be tempted to enter and the size of the
fish stock and the effort will have to be found a new
equilibrium indicated by (TC).

This size of the fish stock is far below that which
would have given MSY. The process described has two
consequences:

- there is no profit in the fishery; the costs are
equal to the revenues

- the total harvest is less than it would have been
with less effort

This situation is rather the rule than the
exception in Una major commercial fisheries. When the
total fishing effort on a species is beyond the optimum,
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both the input resources (such as fuel) and the fish
resources are being wasted.

7.1.3. Shifting cost function on OAE

In an open-access unregulated fishery, it is the.
cost of the effort that determines its magnitude given
the same price of fish. If the effort is beyond the
optimum level, an increase in the unit cost will
eventually force the effort down; the operations are run
at a loss and boats will leave the fishery until a new
balance is reached. This is illustrated in figure 60.
The line TI) is original cost function from figure 55.
Two more lines have been added. TCT indicates a raised
level of cost, for instance brought about by taxing the
input (increased fuel price etc.). The increased unit
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cost means that the fishery becomes nonprofitable at a
lower level of effort, f (TC ). The fish stock is
exploited less intensely than before the growth and
thereby the sustainable harvest increases. The result is
that more output is produced with less input. The
trawlers are, however, not making more or less income
than at the previous equilibriunn of f (TC). What has
been gained is on the macrolevel; there is more
production of fish and less fuel is being spent because
the effort has been lowered.

The opposite will happen if the unit cost of effort
is reduced, for example by subsidies on fuel. This case
is represented by the cost line TCS. Lowered costs mean
increased profitability; the total effort will go up and
a new equilibrium will be reached at f(TCS), where more
input is producing at less output. Subsidies are not the
only mechanism that may lower the cost of unit effort.
Improved technology, properly managed operation, fishing
according to Lunar phase avoiding fishing during lean
season, solectixnn of proper vessel, diversification of
fishing etc. raise the efficiency of the input and thus
increases profitability and thereby the total effort. The
line TCS in figure 60 can therefore also be taken to
represent the above factors. The conclusion is that
without any restraints on the fishery, reduced cost per
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unit effort will lower the total costs and increase the
output .

7.1.4. Limitations of the model

The Schaefer model is an extremely useful method for

explaining the principles of bio-economic fisheries
analysis. Morever it usually seems to fit the facts
reasonably well. Nonetheless, like all models, it does
suffer from various drawbacks.

On the biological side, it shares the weakness of
most growth models in that it seems the fish stock
leading an existence on its own, in isolation from
others. In practice, the growth curve and the MSY are
evasive concepts. Where there are different fisheries
exploiting different fish stocks in the same ecological
environment, they will affect each other. The various
species of fish all have their place in the food chain
and what happens with one link will influence the growth
of other. Also it assumes a stable marine environment,
but in practice, changes in environmental parameters
(oceanographic conditions) may have an extremely
important bearing on the state of the stocks. MSY
estimates have for long been a cornerstone of fisheries
management, but nevertheless a number of fish stocks are
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over exploited. Time and again the estimates have been
off the mark. Fisheries managers are becoming more aware
of this and the tendency is now to keep well on the safe
side of the estimates.

on the economic side, the model has the shortcomings
of most macroeconomic long—run equilibrium models.
Namely, the assumption that industrial actors will
respond smoothly to variations in external parameters.
In the fishery context this means that the total effort
is supposed to adapt flexibly to changes in economic and
biological variables; that boats will leave or enter the
fishery relatively easily. In reality, this may not hold
true. The capital in fisheries tends to have a very long
working life, and various institutional factors, such as
the share system of crew payment temd to cushion the
return to capital with the consequences that the
adjustment period may be very long. Also, the model
assumes the unit effort to be relatively constant over
time. But in practice, unit effort may change, either
through technological improvement or through change in
the operating intensity of the units.

'rhis is illustrated by a process observed in the
present context. When there is a profit in the fishery,
new boats enter and the total yield gradually approaches
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MSY. By this time the investments and the employment in
the fishery have created powerful interests, often of
political consequence. This makes it difficult to arrest
the growth. New boats are being contracted and the total
effort is pushed beyond the level for optimal yield. The
expansion of fishing fleet and harvesting of the existing
stock will lead to overcapitalisation in relation to the
sustainable yields of which the fishery is capable. This
is what has happened to the industrial fishing in the
upper East coast of India which is explained in the
mode]. SubsequenL depletion of stock can lead to severe
social and economic problems as happened in the case of
Kerala (Achary, 1987). Such socio-economic factors have
rarely been incorporated in the fishery management
models.

7.2. l'2C()N()Ml:2'l'RlC MODEL OF INl)US'l‘RIAL FISHING

This is an attempt to develop a simple econometric
model based on the data available pertaining to the large
vessels operating in the upper East coast of India. The
aim of the model is to assess the critical variables that
are relevant in finding the maximum shrimp and fish catch
in the said region. It is understood that the amount of
fish cnui shrinw> harvested by a vessel at. a particular
point of time depends on various factors including
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physical, chemical and biological nature of the sea apart
from the specification of the vessel and technological
skill of the crew.

However, the model now developed is only an explora
tory model and would establish the nature of relationship
between the variables. It suffers from all the
limitations of Ordinary Least Square estimates (OLS) and
do not ensure two-way causation (Gujarati, 1985). The
basic idea for the model has been borrowed from Clark and

Kirkwood (1979), though the data restrictions do not
permit the level of sophistication achieved in their
model.

The independent variable, namely, total value of
shrimp and fish caught during an year by two different
vessels has been viewed as dependant on the following
variables:

Operating expenses, (TE)
Nature of vessel, (D1)

Fishing season chosen,(D2)
Expenditure on fuel, (F) and
Catch per unit effort,(U)

The value of output (Total value of fish production - V)
is thus projected to have a linear relationship with the
said variables. That is:



155

V = f (TE, D1, D2, F, U) (25)
A brief explanation of the variables follows:

7.2.1. Operating Expenses

The data available on operating expenses includes
the expenditure on stores and spares, wages, messing
allowances and miscellaneous expenses incurred. The
amount do not include the expenditure on fuel. A level
of TH is required to maintain the minimum level of fish
catch. Thereupon, the ‘PE xnay have to be minimised to
maximise net return.

7.2.2. Nature of the vessel

The specification of the vessel would affect the
level of fish catch. Given a sample of five vessels, two
vessels have been selected for the purpose of the model.
The vessel A was found to be the least productive in
terms of value of catch, returns and I$R over a period of
10 years. Similarly, vessel C was found to be the most
productive, with the most impressive IRR (Table 8).
These have been regarded as dummy variables (D1) and the
data for five trips for the vessel A and six trips for
vessel C have been made use of.
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7.2.3. Fishing season

Based on the available data, the total fishing
season has been divided into two parts namely, lean and
non—lean periods. The period from January till May has
been regarded as lean period of fishing. Accordingly,
dummy values have been assigned to this variable over 11
voyages.

7. 2.4. I-Zx}_)enditure on fuel.

‘rho relation between fuel expense and fish catch
would show a backward being curve (figure 61) indicating
a decreasing function after the peak utilisation limit
has been reached. In a way, the degree of expenses on
fuel would serve as a measure of the Skippers skill in
handling the vessel in the most efficient manner. This
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variable is likely to capture the most elusive ‘skill’
variable.

7.2.5. Catch per unit effort

CPUE would also be another measure of skill and
efficiency provided the catch is uniformally spread over
the fishing ground. In reality, this rarely does happen
and thus the variable would serve as a measure of
productivity. At an extreme, this may even be regarded
as a measure of luck!

7.2.6. Assumptions

Apart from the usual assumptions of any least square
estimates, the following specific assumptions may be
listed:

a) Fish stock is assumed to be self replenishing and
not diminished by additional introduction of
vessels.

b) Entry and exit into the fishing fields are restri
cted overtime, thus limiting the number of opera
ting vessels.

7.2.7. Regression Results

The results of regression analysis has been presented
below:
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V -543741* +2.l1TE +333782.4* Dl+349036.9* D2+2.25* F+17074.24U

(3.55) (1.06) (1.99) (2.03) (1.84) (0.71)
No. of observations (N) : 11
Degrees of freedom 5 R2 4 0.98
The results are significant at 5 — 10% confidence interval.
* - Significant variables.
Figures in the brackets indicate t—values

2R - goodness of fit.

The large intercept with a negative value makes the
model somewhat vulnerable. This would imply that some
variation in the dependant variable has not been fully
explained by the existing variables. The model may have
to be expanded to capture the ‘unseen’ variable.

Dummy variable for the type of vessel indicates a
positive significant relationship. But, the estimate is
biased to the extent that there was an element of bias in
selecting time two vessels (the lowest and highest IRR)
from the total sample itself.

Dummy variable on the fishing season clearly brings
out the advantage of working during the non-lean season.
It would be highly unprofitable/unproductive to fish for
shrimp during the months from January to April. It also
emphasise the necessity of diversification to other
fishing grounds as done by vessels D and E for deep sea
lobster.
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Fuel consumption measured by the/expenditure on fuel
has proved to be a significant variable influencing the
catch. It may not be considered as a measure of
efficiency of boat operations because of the positive
sign. That is, more fuel consumption does not mean more
catch. However, the degree of uncertainty as in: the
available stock would also make it an imperfect measure
of efficiency. At best, it may be assumed that the
productivity would go on raising until a particular level
alongwith the raising fuel consumption.

CPUE may also be regarded as a significant variable
including the value of catch. This indicates the level
of experience and skill to some extent assuming that the
catch is not uniformally distributed over the entire
area. Therefore in reality, the results may vary given a
bigger sample (N>'ll).

7.2.8. Conclusions

It is a fact that the model suffers from various
limitations imposed by the data constraint. However, it
is indicative as to certain possible conclusions towards
maximising the total catch. It may be concluded with a
fair degree of confidence that a right kind of vessel, a
particular fishing season, diversification during lean
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season and effort to minimize expenditure on fuel are
important factors that would result in maximum yield.

The step—wise regression details which are appended*
indicate that TE does not have a stable coefficient. This
would strip the model of yet another measure of
efficiency. In short, the model fails to capture the
impact of efficiency, skill, experience and learning-by
doing over yield.

7.3. EXTENSION OF MODEL

An extension of the model may require more data on a
few more variables. The sample size may also need to be
expanded to look beyond an year. In this context, it may
not be (NH: of place to present the model developed by
Clark and Kirkwood (1979). The model had simplified the
choice between only two kinds of vessels, namely, freezer
trawlers and brine trawlers. It includes both biological
and economic parameters (Pitcher and Hart, 1982) namely:

*APPHNDlX:

Details of step—wise Regression:
(1) 39950.8 + 2.550 TE R2 = 0.05

2
V

(2) V = 54329.12 + 2.817 TE + 591957 D1 r = 0.64
(3) V = -214273 + 3.433 TE +629200 D1 + 359007 D2 R2 = .85
(4) V = -635265 + 3.15 TE+394262 D1 = 447736 D2+2.48 R2= .92
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CPUE - Y

Catchability coefficient — Q
Boat serviceability - S
Landed price of prawn — P

Operating costs — C
Fixed costs - K
Number of boats — Z

Number of prawns in stock - X

Average weight of a prawn - W

Natural mortality rate of prawn — M
Average recruitment of prawn — R

The model has made use of modern maximising
techniques to arrive at the optimum number of boats, type
of boats and season for fishing, thus maximising the
catch. However, trying such a model would require
sophisticated and precise-data for few years.

However, a double log model at the macro level has
been attempted to enable to assess the relevant
elasticities to determine the optimum fleet size. Given
that the MSY for the large vessels may be fixed at 5313
tonnes, the optimum number of vessels to be operated in
the region need to be calculated. Although Rao (1993)
has estimated the MSY for large trawlers as 4478 tonnes,
these vessels from the area have produced 5313 tonnes.
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(Figure 57) and therefore this figure has been taken as
the MSY for the model.

7 . 4 . LOG-LINEAR MODEL

The following variables have been incorporated in
the log-linear model:

(l) Number of vessels in operation (V)
(2) Average catch per unit of effort (C)

Time series data from 1978-79 to 1991-92 have been made

use of, while estimating the OLS coefficient for the
model. Total catch for the year (TPt) has thus been
envisages to be determined by the number of boats and
average effort:

TPt= # (Vt, ct)
Where # is function, V-number of vessels, C-CPUE and t- t
value. In terms of the logarithmic specification, the
model would be the following:

1n TP = ln b0 + bllnvt + b21nCt+ ut t
where, ln = log to the base e, and e = 2.718
The above model may be further simplified by
substituting, i.e., ln b0 = a
Thus we have,

ln TP = a + bl ln Vt + b2 lnCt + ut (26)t
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7.4.1. Results

The regression results of the above model have been
[)FLHiCllLC(l belcwwz (Sex: 11H)1e 18)

ln TPt = 2.38649 + o.5746vt + 1.1054 ct
(3.6625) (3.0004)

No. of observations = 14

Degrees of freedom = ll R2 = 0.57
The results are significant at 5% level.
Figures in the bracket indicate t-values.

Making use of the elasticity now estimated, the
optimum boats needed to maximise the catch upto the MSY
level can be projected. The CPUE achieved was the
highest during the year 1984-85, during which period 60
vessels were operating (Figure 57). This year has been
taken as the bench mark for the calculations.

The coefficient of the variable, V (0.574604) (i.e.,
number of vessels in operation) is the relevant
elasticity for the calculation. In other words, it
implies that the total catch would increase from the
existing level by O.5746%, if the number of vessels
increase by 1%. During the above mentioned bench-mark
year, the number of vessels in operation were 60
(1984-85) and the total catch for the year was 4202.8
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tonnes. The catch has to increase by 26.42% in order to
reach the MSY level of 5313 tonnes. This would also mean

that the number of vessels need to be increased by
45.97%. In actual numbers, this entails an increase in
the number of vessels by 28. Thus, calculations have
revealed that it would be optimal to operate only 88
industrial vessels in order to reach a maximum feasible
catch of 5313 tonnes.

The data for the year 1989-90 shows that there were
about 146 vessels operating, and the catch was 5313
tonnes. As per the results obtained from the model, 58
vessels were redundant. The overpopulation may be
explained in terms of inefficiency of operation and/or
using the vessels of non optimal specifications.

These results need to be analysed in the light of
the linear regression model presented in the Chapter. In
a way, the results strengthened the conclusions already
arrived at. it is already stated that the results of the
linear regression model suggest that certain kind of
vessels, a particular fishing season, reasonable amount
of expenditure on fuel and fair amount of operating
capital would result in maximum yield. On the otherhand,
the results of the log-linear model at the macro-level
have brought us to the conclusion that about 58 vessels
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were redundant when the total catch was tending to the
MSY level. This would intuitively mean that the vessels
were operating below capacity due to all or any of the
reasons mentioned above. That is, a few of them might
not be of the right specification or, a few of them might
not have been operated during the non-lean season or,
they might not have used the fuel efficiently or a
combination of these factors and so on.

In sum, the above exercise, when taken in totality,
draws attention to the fact that the vessels operating in
the said region may optimise their catch provided they
pay due regards to the efficiency norms. In terms of
policy prescription, the logical conclusion could be to
curtail the fleet size, exploit the area during non-lean
season and use the vessels of right specification.

High value fisheries and harvesting of the stock has
often led to over capitalisation in relation to sustained
yield. Subsequent depletion of the stocks can lead to
severe social and economic problems as the crafts and
gears will be laid up creating unemployment and economic
strain to the fishing industry. Mere limitation of access
is not an adequate management but a detailed, precise and
enforceable control appropriate to each resource based
on the biology of stock will ensure a sustained fishery.
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CHAPTER 8

SUMMARY AND RECOMMENDATIONS

SUMMARY

The present scenario of industrial fishing in India
is that most of large trawlers are based at Visakhapatnam
and congregate in the potential shrimp ground in the
upper East coast of India commonly known as the
Snmllmuds. These are cmtriggcr vessels operating two or
four trawl nets along with a testing trawl called try
net. In the early Seventies these vessels were operating
on a very high economic return which was evident from the

steady increase in number of outriggers over a period of
twenty years. Since the total allowable catch has to be
shared by all vessels including the increasing fleet,
reduction per vessel output is bound to happen.
Therefore some of them could not survive the competition
and withdrew from the scene. The number of outriggers
did not increase subsequently. However, there arose a
doubt whether the existing fleet of about 180 vessels are
fishing economically or whether there is any scope for
further introduction of industrial vessels in the region.
This study is focussing to the techno economic aspects of
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industrial fishing in the upper East coast of India.

Chapter l

The shrimp and fish resource potential as assessed
by various exploratory surveys are explained in the
chapter. Alongwith mechanised trawlers in the region,
when large outriggers were introduced, an innovative
design of trawler called Mini trawler sprang in the
scene. simultaneously small fishermen introduced a less
capital intensive boat called Sona boat which could
survive in the region compared to the/Mini trawlers.

Chapter 2

Tracing the history of trawl from the brackish
waters on Baltic coast of Germany, the various Scientific
works carried out in India and abroad on various aspects
of trawl have been reviewed. Attempts have been made to
explain the technology of design, construction and
operation of bottom trawl gear and otter door used in the
outrigger vessels. Specific details such as research on
materials of trawl, twine size, mesh size, selective
shrimp trawl and configuration of trawl have been
incorporated. The origin of outrigger vessels and its
development have been traced from Texas in 1955. The
superiority of double rig trawl over single trawl has
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been explained with reference to fishing capability.

Chapter 3

Craft and Gear used by the investigation fleet has
been described in detail giving specifications. Six
types of vessels have been chosen from various category
of industrial vessels operated and they have been named A
(21.94 m.). B (21.39 m.). C (21.59 m.). D (22.34 m.). E
(27.0 m.) and F (15.85 m.). Out of the above, D and F
were combination trawlers and the remaining four were
outrigger vessels. The net used was similar in design
scaled up according to increase in HP. Flat rectangular
otter boards were used in case of single rigged trawl and
a sledge was assembled when twin rigged outrigger trawl
was operated. The combination vessels used for
diversified fishing for deep sea lobster during lean
season during which time four seam deep sea lobster trawl
was operated with V form otter board. Operations were
carried out utilising electronic and navigational
equipments and only shrimp and quality fishes were
preserved. Skippers scheduled their operation on the
eighth day of New moon and Full moon during which period
there was substantial increase in catch. This showed
there is relationship between shrimp production and lunar
phase.
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Chapter 4

The results of industrial vessels as well as
investigation vessels have been analysed for the HP
availability, types of rigging, propeller assembly,
vessel built in various Shipyards and age of vessels. In
the Cash outflow fuel constituted a major item. When the
CPUE was examined, the maximum was for vessel D (22.34 m.

GRT‘ - 155, HP - 500), although average unit cost of
production was the least for the vessel C (21.59 m. GRT 
116, HP - 402).

Chapter 5

This Chapter provides techno-economic synthesis of
both industrial fleet and investigation fleet. It was
seen that HP ranging from 380 - 402 covered 51% of the
total industrial fleet. Out of various kinds of rigging,
73% was of single rig type. During the analysis it was
found that 64% of the vessel had propeller nozzle and
majority (71%) of engines belong to CAT 3408 and CAT
3412. Out of all the industrial vessels 35% vessels were
built in Indian Shipyards and 73% of the vessel could
sustain another 10 years in the region. Out of the
various species constituted, the catch of Brown formed
the major variety.

The regression equation arrived at after survey of
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135 industrial vessels indicated HP — LOA relationship as
HP = 27.207 x LOA — 180.855. From the regression
equation for main engine and auxi1iary,engine the fuel
consumption litre/hour has been assessed at 0.15 to 0.16
and 0.06 to 0.10 per HP respectively. when the Cash
inflow and out flow was examined the pattern was same for
all the six types of vessel. The expenditure on fuel for
the six category of vessels varied from 61 - 75%. The
optimum size of the vessel out of investigation fleet was
vessel C, which was making maximum profit out of all. If
this vessel had diverted for diversified deep sea
lobster, the return on investment should have been much
more than the present level.

Chapter 6

The performance of investigation vessels has been
evaluated working out the IRR for the year. while the
IRR of vessel C was very impressive (60.68%), vessel B
(21.39 m., GRT - 104, HP - 380) had the highest IRR 
115.74%. The main reason for the highest IRR for vessel
B was that it was a second hand vessel with least capital
cost among large vessels. The sensitivity analysis
indicated that vessel A, E3 E and I will not withstand
adverse conditions of increase in number of trawlers
happening year after year. Analysis further indicated
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that trawlers B, C and D will be able to meet the
operating cost fully throughout another 10 year period,
if there is 5% reduction in income year after year.
while analysing production of return of industrial
vessel, it was found that there is over capitalisation of
rare financial resources and likely conflicts on
socio-economic front even without further addition of
large vessels in the region.

Chapter 7

The growth rate of fish population depends on
biomass of the stock. At the peak of fish population, it
gives the maximum sustainable level of production. The
value of catch constitutes the sustainable yield for any
given size of population. when there is an open access
to the fishery, new trawlers are attracted by the profit.
The total effort then is pushed beyond the level of
optimum yield. This expansion of fishing fleet beyond
optimum yield leads to over capitalisation which has been
explained in the model.

The Econo—metric model of industrial fishing evolved
assess the critical variables that are relevant in
finding the maximum shrimp and fish catch. This has been
evolved after the independent variables such as operating
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expenses (TE), nature of vessel (Dl), fishing season
(D2), expenditure on fuel (F) and CPUE (U) are analysed.
The vessel output (V) has been projected to have a linear
relationship.

V = f(TE), D1, D2, F, U)

The regression results concluded with a fair degree of
confidence that certain kind of vessel, a particular
fishing season, diversification during lean season and
effort to save on fuel would result in maximum yield.

Through Log linear model the optimum boats needed to
maximise the catch upto MSY level have been evolved.

= a+bl ln  +  ln  + Ut

The calculations have revealed that it would be optimal
to operate only 88 large vessels in order to reach MSY in
the region. The remaining vessels are redundant and the
over population of vessels is explained in terms of
inefficiency and over capitalisation of financial
IESOUICGS .
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RECOMMENDATIONS

1. Fuel constitute the major outflow of the industrial
vessels. Each engine has a desired RPM by which optimum
thrust is obtained from the propeller. Any RPM beyond or
below this point shall increase fuel consumption.
Therefore, utmost care should be taken to maintain
optimum RPM and maximum production should be ensured
during the time for the best economic return.

2. Although double rig trawls have more opening width
than single rig trawl, for the best manoeuvring of the
optimum size vessel, single rig trawl is preferred in the
upper East coast of India.

3. Analysis of the data collected from 135 industrial
vessels revealed that vessels with CP propeller is
expensive and fixed propeller with nozzle is the most
desired installation.

4. Ther is over capitalisation of large vessels in the
upper East coast of India. Such over capitalisation apart
from wasting rare financial resources, upset the
ecosystem and the very existence of shrimp fishery.
Therefore, for the healthy growth of shrinmn and fish
industry, the fleet size has to be brought to the optimum
level.
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5. when taken in totality, the maximum shrimp resources
available for the large vessels are only 5313 tonnes and
this could be most economically exploited by the
operation of 88 industrial fishing vessels against the
present fleet of about 180 vessels. The remaining
vessels should be shifted for diversif’ication of other
resources .

6. Considering the cost of operation and requirement of
diversification during lean season, a combination
outrigger and deep sea stern trawler of the size 21 to 23
m. with 400 HP is suitable for industrial fishing in the
upper East coast of India. In such vessel split winch
will be more suitable than three drum winch. Such vessel
will reduce considerably the unit cost of production of
shrimp/lobster and fish.
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