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FOREWORD

The natural living resources of the Indian seas are rich, diverse and
are distributed in a variety of ecosystems /habitats ranging from the estuar-
les, saline lagoons, low lying saline inundated marshes, intertidal and
subtidal belt to beyond shallow coastal shelf waters and have immense value
and use to humanity. There has been an uninterrupted hunt for the flora
and fauna in most of the maritime countries to quench human hunger as
well as curiosity. Slowly but steadily the irrational anthropogenic destruc-
tion coupled with several other activities like dumping of pollutants, land
reclamation, destruction of mangroves have ultimately caused environmen-
tal maladies, resource depletion, habitat degradations and even in some
cases denudations. Much of these have taken place in the easily accessible
coastal waters, fragile sensitive ecosystems and have badly hit the more
vulnerable and wanted target, the charismatic species together with an ar-
ray of ill fated bycatch of the juveniles of the wanted species and a wide
spectrum of low-value-high-volume bottom biota forming part of the marine
food. This being the global marine fisheries scenario, very promptly and
timely the UN interfered through the Biodiversity Convention while the FAO
proposed the Code of Conduct for Responsible Fishing. Accordingly, thus
there is a global awareness on the need for protection and conservation of
marine biodiversity and sustainable fisheries. India has also made consid-
erable efforts to save her marine environment/ecosystems and biodiversity
through enactment of laws, rules and regulations under various Acts. On
the other hand, our domestic and export trade needs are ever increasing,
economic growth is inevitable, and we need to go fast in the globalization
and liberalization track. In order to keep pace with the fast track economic
growth, population growth, national nutritional requirements, we have to
seek ways and means to enhance the marine living wealth and to increase
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production and utilization either through sustainable coastal fisheries man-
agement, deep sea and oceanic fisheries ventures or through the domesti-
cation of coastal edible seaweed and animal species in all viable habitats.
The resource enhancement through aquaculture has already made tremen-
dous growth in the freshwater sector, while the same in saline medium,
though perceptible, has yet to become commercialized, chiefly for want of
entrepreneurship and policy changes. There is also need for eco-friendly
viable standardized technology package of practices for seaweeds, shellfishes
and finfishes. There has been growing concerns about the impacts of mari-
culture on biodiversity, environment, culture systems and their carrying
capacity. Accordingly the legislative, economic and market forces of many
aquaculture developing countries have already started persuading the pro-
ducers to minimize such impacts through better management practices in
site selection, husbandry, effluent management and biomanipulation of en-
vironment.

The Marine Biological Association of India has been always in the fore-
front to consider subjects of topical importance and bring together all re-
searchers in the field through organizing workshops/ symposia. It is wel-
come to note that the Association is bringing out a book entitled “Perspec-
tives in Mariculture” by drawing observations, inferences and recommen-
dations discussed, deliberated and concluded in the symposium on
“Ecofriendly mariculture technology packages - An update” conducted by
the Association at Mandapam Regional Centre of CMFRI during April 2000.
The ideas generated would further help the researchers to upgrade and re-
fine the various technologies and practices. Our experience in mariculture
and the lessons learnt from elsewhere, I hope, would usher our scientists to
select the correct path to sustainable mariculture with due consideration to
not only the techno-economic feasibility but also the socio-cultural setup
prevailing at each region. A mission-oriented and integrated approach by
all user agencies and stakeholders is the need of the hour to spread the
message of responsible wild hunt and sustainable mariculture. This book
presents a cross section of a host of muiltidisciplinary subjects through 39
papers and I am more than certain that it would form a valuable information
base for not only students and researchers but also for farmers, entrepre-

neurs, research managers and policy planners. .
s 9/
7] K. Gopakumar |
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PREFACE

In recent years, the marine capture fisheries of India has been reg-
istering slow rate of growth of around 4%. The production has reached
the threshold limit in the last one decade, a situation similar to that seen
in global marine capture fisheries scenario. About 50% of the country’s
total marine fish production is from the territorial sea which is highly
stressed owing to the impacts from many anthropogenic activities. Our
capture fisheries thus face many challenging problems related to sus-
taining the coastal production, conflicting interest groups that play in
the sector, conservation versus development issues. These problems are
further aggravated by the increasing number of fishers and fish consum-
ers, increased internal and external demand for fish and fishery prod-
ucts, technological upgradation and innovations in harvesting, higher
per capita requirement of 11 kg / year against the present 6 kg / year,
highly targeted exploitation of high value charismatic species and a dis-
proportionate technology creep. One of the answers or viable options to
the above problems is the domestication of wild coastal species of
shellfishes / finfishes, under scientific farming regimes, in the brackish
water / shallow coastal areas. While the world aquaculture registers an
annual growth rate of about 10%, our mariculture development is quite
unimpressive with a production about 3% of the total marine harvest or
about 6% of total aquaculture production. Similarly the index of
biodiversity utilization for aquaculture is far below even though we are
one of the mega biodiversities of the globe. This seems to be not due to
the lack of mariculture technologies, but to the reluctance of our entre-
preneurs in entering this new venture and longer waiting period and lack
of plans and policies, while the seas still promise higher catches often as
a result of irrational and damaging fishing pressures in the coastal

waters.
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The CMFR Institute and other fisheries institutions and maritime
universities have been constantly developing, improving and upgrading
ecofriendly and techno - econo viable mariculture technologies to suit the
Indian needs and situations. Slowly but progressively these outputs have
percolated to the coastal, traditional or marginal fishermen and farmers.
They are convinced of the usefulness of the technologies. The demon-
stration programmes, farmers meet and extension activities through vari-
ous other media have also helped the end users to imbibe and practice
fish farming and contribute to a continuous feed back to the technolo-
gists. Also, there are apprehensions on commercialization of intensive
mariculture and its impacts on the environment, causes for pollution,
disease etc. and its sustainability in supplementing marine capture fish-
eries.

The Marine Biological Association of India has been promoting in-
teraction between scientists and technologists and user groups through
national and international symposia on themes of topical importance and
through its publications. The MBAI strongly felt that research results on
mariculture technologies and their implications on the ecosystem, com-
munities and economics are widely dispersed and poorly documented.
Therefore, in order to bring together all workers in mariculture research
and to facilitate discussions on research results and plan further work,
the Association organized a symposium on ‘Ecofriendly Mariculture Tech-
nology Packages - An Update’ at the Mandapam Regional Centre of CMFRI
during 25-26 April, 2000. The research results discussed were synthe-
sized into research papers and and are presented in this book under the
title ‘Perspectives in Mariculture’.

I take this opportunity to thank all reseach contributors and sympo-
sium organizing committees. I am grateful to the co-sponsors the Minis-
try of Agriculture, Government of India, Indian Council of Agricultural
Research, Marine Products Export Development Authority, Tata Chemi-
cals Ltd., Indian Tropical Agro Products (P) Ltd. and NEOSPARK Drugs
and Chemicals Pvt. Ltd. I hope that this book would serve a wide range of
clients. students, researchers and policy planners in their efforts to popu-
larize and spread mariculture and thereby help to ensure food security
and to uplift the quality of life of our fishers and fish farmers.

Cochin MOHAN JOSEPH MODAYIL
August 2001 President, MBAI
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Evolution of
eco-friendly coastal
aquaculture/mariculture
technologies

M.N. Kutty,
‘Prasadam’, Puthur,
Palakkad - 678001, Kerala

ABSTRACT

Global aquaculture production
from marine waters, which accounts
for 54% of total production, increased
from 6.86 million metric tonnes in 1987
to 18.51 million mt in 1996, registering
an increase of 270% over the decade.
India's marine/coastal aquaculture
production is almost restricted to
shrimps, as the production of marine
finfishes, molluscs and sea weeds are
negligible. An index of Biodiversity
Utilization for Aquaculture (BUA)
calculated for India is quite low (0.13)
when compared to the highest (0.51)
for Taiwan and Korea (RoK).

India’s coastal aquaculture
technologies for marine orgonisms,
such as shrimps, crabs, lobsters,
mussels, edible oyster, pearl oyster,
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sea bass, mullet and milkfish,
Gracilaria and holothurians are yet
to spread out. Serious efforts are
needed to develop more applicable eco-
friendly technologies and improved
extension system to propagate themn,
and perhaps also through transfer of
technologies from our Asian
neighbours, who have proven expertise
in specific areas. It is important,
howeuver, to overview and ensure that
all the existing and newly introduced
technologies are suitably modified, so
that they are environment friendly and
socially acceptable.

More recent researches have
shown that improved management
practices can ensure pollution-free and

Introduction

disease-free culture systems. Itis also
necessary that besides technological
considerations, environmental and
socio-economic considerations
according to laid-out plans and
policies, and effected through
discussion and dialogue among all the
stakeholders of the aquaculture
ventures, should tale place, sufficiently
early as a part of pre-siting / siting
exercise. This should involve also the
various sectoral interests in the coastal
zone so that aquaculture development
would blend in harmony with the other
concomitant sectoral developments of
the eco-system primarily and the
region, as is envisaged in an
integrated plan for coastal area
development.

The aquaculture/mariculture production from marine waters has

increased from 6,863,270 metric tonnes (mt) (51% of the total aquaculture
production) in 1987, valued at 10.95 billion USS to 18,609,269 mt (54% of
total production) in 1996, valued at 25.80 billion US$, showing an in-
crease of 270% in quantity and 236% in value, over the decade, on the
basis of production of all farmed aquatic organisms (FAO, 1998). Eco-
friendly aquaculture/mariculture systems, are the present need as a
stage has reached in aquaculture development where the impacts of
some aquaculture systems have affected and/or will soon affect, if un-
checked, the ecology/environment of the aquaculture sites. Besides,
these ecological impacts would be accentuated by the socio-economic
impacts of the culture activities (Lin, 1989; FAO/NACA 1995; Kutty, 1997,
1998, 1999a). It is largely true that this situation is reflective presently
of mainly shrimp culture, around the tropical and semi-tropical belt of
the world, but mainly of Asia and the Lain American countries.

—2



Evolution of eco-friendly coastal aquaculture

The fear of the collapse of shrimp culture began with that of Taiwan
(Lin, 1989), followed by partial collapses of farmed shrimp production in
China, Indonesia, Thailand and Philippines among other countries (FAO/
NACA, 1995). The collapse of shrimp culture was owing mainly to the
lack of understanding of the impacts of the lucrative shrimp farming and
its ovér-exploitation and abuse of the sensitive coastal environment/
eco-system and also the socio-economics of the communities around the
farms. This has given rise to the different types of reactions, at one
end the puzzled farmer/entrepreneur trying to re-establish the collapsed
or collapsing system, avoiding environmental degradation, which caused
bursts of uncontrolled diseases in his site, and at other end, serious
criticism of the environmentalists, social workers and other vested
interests. The latter eventually, in the case of India, lead to the inter-
vention of the Supreme Court India (1996). The SCI banned semi-
intensive and intensive aquaculture in the 500m belt along the coasts
of India. Virtually this left out only the least producing system, the
traditional and extensive, of coastal aquaculture to be continued.
Obviously this system is sustainable, but would it be able to produce
adequate quantities of shrimp and fish, for nutritional needs of country,
and also the needs of an expanding aquaculture sector, bringing consid-
erable economic benefits to the country - to the farmers and the commu-
nity - and also poverty alleviation through employment and other ben-
efits to the people?

It is paradoxical, that despite some initial collapses, countries like
Thailand and China have reacted differently to the above described situ-
ation - in that subsequent to initial environmental and socio-economic
problems, they have developed new culture technologies to overcome the
previous lapses. Thailand has come to an understanding of the prob-
lems and has come to set a code of conduct for shrimp culture (Tookvinas
et al., 1999 as advised in FAO, 1997) and their shrimp production still
maintained at a high level (211,100 mt in 1997, in spite of a small decline
a few years ago, FAO, 1999), as world’s top prbducer of farmed shrimp,
which ultimately paved the wuy for an eco-friendly shrimp culture sys-
tem on a'sustainable basis.

The sustainability of aquaculture has been discussed in various
—3—
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national and global fora, the latest being NACA/FAO aquaculture of the
Third Millennium Meeting at Bangkok (NACA/FAO, 2000, resulting in
the “Bangkok Declaration on Aquaculture Development”). Other refer-
ences on discussions on sustainable aquaculture can be seen in Kutty
(1999a, 1999b). I have pointed out here a most serious problem facing
aquaculture, shrimp culture in particular, owing to its topical and chrono-
logical importance, at the outset itself, but salient aspects of eco-friendly
and sustainable coastal aquaculture will be discussed further below on
the basis of this and other experiences in the relatively short history of
aquaculture.

In the present discussion coastal aquaculture and mariculture will
be treated together for convenience, even though one can make some
distinctions. Coastal aquaculture has been defined to include all land
and water based culture systems in brackish and marine waters in a two
kilometre belt in the continental shelf off the coastline, and also in the
low lying areas beyond the tidal zone (Nunes and Parsons, 1998). In this
context it is interesting to cite Barg (1992), who states: “The coastal area
is an interface between land and sea, which extends inland and seaward
to a variable extent. The term “coastal area” refers to a geographic space,
which has not been defined as a zone. Defining boundaries of a coastal
“zone” in a given area (*Zoning") will depend on political, administrative,
ecological and pragmatic considerations. “Zoning", i.e., the process of
defining the boundaries of a coastal area to be developed and managed,
is an essential component of Integrated Coastal Area Management
(ICAM)”. We shall refer to this again, but as it is the definition of coastal
aquaculture would include culture in marine waters as well, which would
be restricted to the near shore area. There are only a few examples of
real offshore aquaculture, even though one could expect that culture of
Atlantic salmon, tunas and a few other new entrants could be the first
candidates in this respect. It must be pointed out that in several of
these cases, as for the tunas and other scombroids, and even in several
groupers, the life cycle has not been closed - the culture being mainly
dependent on wild seeds. For the real expansion of the culture of such
species it is important as a primary requirement that further studies

— 4
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should be immediately made to close the complete life cycle of the species.
This is one of the recommendations of the Aquaculture for the Third
Millennium Meeting (NACA/FAO, 2000). More discussion on the species
used in aquaculture will follow.

Mariculture, which can be referred to, as culture aquatic denizens
in marine waters exclusively, would be different from brackishwater
aquaculture, the latter having shares from inland and marine species.
The FAO production statistics takes care of this distinction in providing
split-up figures for the two components.

The present paper sequentially presents below details of marine
aquaculture production - global, country-wise and species group-wise,
including as referred to above, a full list of species, categorised by fam-
ily/order of finfishes, crustaceans, molluscs, seaweeds, and also their
respective production figures for 1994 and 1996. We shall also discuss
the diversification of aquaculture - the species diversity involved, with
examples from some selected countries including India. Some of the
major techniques of coastal aquaculture/mariculture have been pointed
out and lastly evolution of eco-friendly culture technologies for achieving
sustainable production of farmed aquatic organisms discussed.

Some specific examples of attempts to towards sustainable
aquaculture incorporating a holistic approach to coastal area develop-
ment, especially with reference to shrimp farming will be discussed.
Much of the descriptions/discussion, which follow are from a global
context, except for a few instances such as bio-diversity utilisation in
aquaculture, but the experiences/lessons learned from other countries,
in a global context are highly pertinent to India, as well as to other devel-
oping countries, which have a high stake in aquaculture for food and
nutrition, poverty alleviation and other socio-economic advantages. Much
of these could accrue from aquaculture development integrated within
itself, and with other sectoral activities in the coastal region (Barg, 1992;
FAO - Code of conduct on responsible fisheries, 1995; FAO, 1997; NACA/
FAO, 2000}.
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Coastal aquaculture/mariculture production
Global production

The salient aspect of recent increase in production from marine
waters has been referred to initially herein. Table 1A gives the details
of aquaculture production of all aquatic organisms from marine and inland
waters and their proportional changes from 1987 to 1996. These indi-
cate that the percentage increase in production from marine waters is
higher (270%) than for inland waters (236%). The relative share of pro-
duction from marine waters showed that it increased from 51% in 1987
to 54% in 1996.

Table 1A. Global aquaculture production (all aquatic organisms) (in mt.} in marine
and inland waters
(Source : FAO, 1998a)

Year 1987 (% of total) 1996 (% of total) % increase 1987-1996
Marine 6,863,270 18,509,269 270
(50.9) (54.3)
Inland 6,617,161 15,606,980 236
(49.1) (44.7)
Total 13,480,431 34,116,249 257
(100)

Table IB gives the corresponding production for fish and shellfish
only (excluding seaweeds and some non-edible species) over the same
period. It must be noted that the proportion of marine production is lower
here, the main reason being the exclusion of seaweeds. The treatment
of statistical information on aquaculture production is being refined by
the FAO (FAO, 1999), and different treatments of data obtained by FAO, is
reflected herein. Thus Table IC is still different, presenting the same
information, but categorised on the basis of environment (aquatic me-
dium) of the species. Here production from brackish water has two com-
ponents (taken from marine and inland sources), as explained in the
Table itself.
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Table 1B. Global aquaculture production (fish and shellfish only) (in mt.) in marine
and inland waters
(Source : FAO, 1998a)

Year 1987 (% of total) 1996 (% of total) % increase 1987-1996
Marine 4,018,872 (37.8) 10,772,979 (40.8) 268 ‘
Inland 6,616,315 (62.2) 15,606,604(59.2) 235
Total 10,635,187 (100) 26,384,583 (100) ~ 248
Table 1C. Global aquaculture production (in mt.) in 1996 marine and inland
waters

(Source : FAO, 1998a)

Environment All aquatic organisam Fish and shellifish
(% of total) only (% of total)

Marine ' 17,450,358 (51.1) 9,733,992 (36.9)
Freshwater 15,082,601, (44.2) 15,082, 225 (57.2)
Brackish water 1,5683,790* (4.1) 1,568, 366* (5.9)
Total 34,116, 246 (100) 26,384,583 (100)

Leading aquaculture producing regions and countries

Out of a global total production of 32.1 million mt in 1996, Asia
accounted for most of it (91,1%), trailed by a wide margin by Europe (4,7%),
N. America (1.8%), S. America (1.5%), Africa, Oceania and other countries
{former USSR), producing 0.3% in each case (FAO, 1998).

On the basis of overall aquaculture production of fish and shellfish
in 1996 (FAO, 1998) the ten leading producer countries are China
(17,714,570 mt, accounting for 61% of the global total), India (1,768,422
mt, 7.1%), Japan (829,354 mt, 3%), Indonesia (672,130 mt, 2.5%), Thai-
land (509,656 mt, 1.9%), USA (393, 331 mt, 1.5%), Bangladesh (390,088
mt, 1.5%), Ro Korea (358,003 mt, 1.4%), Philippines (342,543 mt, 1.3%)
and Norway (324,678 mt, 1.2%). An overview of total aquaculture produc-
tion is needed to understand the relative shares of different categories
in production. According to FAO, these comprise seven categories:
freshwater fishes, diadromous fishes, marine fishes, crustaceans (all
marine, except for a fraction of freshwater crustaceans as shown in the

—_7—
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descriptive tables), molluscs (again mostly marine}, aquatic plants (almost
all marine/ and other aquatic organisms.

On the basis of the magnitude of production of the major categories
of framed organisms the leading producer countries have been ranked
(Table 2). Here it can be seen that Japan, China and Indonesia are lead-
ing producers of farmed finfishes, but it can be seen that the total pro-
duction under this category is much less than those of the other catego-
ries (see also Table 3). China is the lead producer of crustaceans, mol-
luscs and seaweeds (and also freshwater fishes). As reported in FAO
statistics for 1996, India’s coastal farming concerns shrimps only (this
is discussed further herein) and India is listed as fourth in the list under
crustaceans.

Table 2. Leading producer contries of marine fishes, crustaceans, molluscs and
aquatic plants (seaweeds) in 1996.
(Source : FAQO, 1998a)

Quantity in Mt.

Order of Country (% of total country
production production)
Marine fishes

1. Japan - 247,827 (18.4)
2. China - 240,592 (1.0)
3. Indonesia - 113,000 (1.4)
Crustaceans

1. China 236,309 (1.0)
2. Thailand 230,832 (47.3)
3. Indonesia 157,710 (20.2)
4, India 87,527 (4.95)
5. USA 22,430 (57)
Molluscs

1. China 6,406,595 (27.7)
2 Japan 490,072 (36.3)
3. France 218,178 (76.4)
4 USA 98,183 {25.0)
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Seaweeds

1. China - 5,419,950 (23.4)
2. Philippines - 631,387 (65)
3. Ro Korea - 539,995 (60)
4. Japan - 520,051 (39)
5. DPR Korea - 381,000 (78)

Table 3. Global aquaculture production of marine and brackishwater
species/groups

(Source:FAO, 1998a; for details of individual species production for 1994 and

1996.)

Main Groups/ Species Production in 1996(mt)
Diadromous Fishes
Sturgeons, paddle fishes - 1077
River eels - 216,646
Salmon, trouts, smelts - 1,072,478
Miscellaneous diadromous fishes - 380,396
(eg:milkfish, seabass)
Sub total - 1,670,597
Marine Fishes
Flounders, halibuts, soles - 198
Redfishes, basses, congers - 221,504
Jacks, mullets, sauries - 193,230
Tunas, bonitos, billfishes - 2,090
Miscellaneous marine fishes - 192,268
Sub total - 609,290
Marine Crustaceans
Sea spiders, crabs - 119,137
Shrimps, prawns - 914,706
Lobsters, spiny rock lobsters - 62
Miscellaneous marine crustaceans
(eg: Artemia) - ‘ 20,269
Sub total* - 1,054,174
*(excludes fresh water crustaceans - 92,630)
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Molluscs

Gastropods

Gastropods

Abalones, winkles, conchs 3,349
Bivalves

Oysters 3,067,316
Mussels 1,179,045
Scallops/pectens 1,275,958
Clams, cockles, arkshells 1,777,543
Cephalopods

Squids, cuttlefishes, octopuses 1
Miscellaneous molluscs 1,196,023
Sub total* 8,499,235
*(excludes fresh water mollusca-11,821)

Seasquirts and other tunicates 12,672
Miscellaneous aquatic invertebrates 13,550
Seaweeds/other acquatic plants

Brown seaweeds 4,583,690
Red seaweeds 1,680,733
Green seaweeds 47,673
Miscellaneous aquatic plants 1,419,370
Sub total 7.731,466

Global farmed shrimp production

Global shrimp culture production for the period 1988 to 1997, taken
from FAO (1999) is given in Table 4. It increased from 576,453 mt in
1988 to 941, 814 mt in 1997, but the peak of 101, 583 mt is reached in
1995, showing a plateau for the period 1995-1997. This indicates a slow-
ing down of farmed shrimp production as also seen in shrimp culture
production in India (Table 5), owing to recent catastrophes in shrimp

culture as described herein elsewhere.
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Table 4. Global shrimp culture production (t) for 1996
(Source: FAO, 1999)

Year 1988 1989 1990 1991 1992

Produce 576,453 620,502 671,997 832,678 889,678
Year 1993 1994 1995 1996 1997
Produce 847,697 690,385 951,593 949,301 941,814

Table 5. Shrimp culture pr6duction and area under culture in India for the years
1993-94 to 1998-99
(Source:MPEDA, Cochin)

Year 1993-94 1994-95 1995-96  1996-97 1997-98 1998-99
Area (ha) 82,540 100,700 118,983 135,582 141,591 135,007
Production 62,000 82,850 70,573 70.686 66,868 82,634
{mt)

Production 751 823 593 521 470 618
(Kg/ha)

Farmed shrimp production in India

In the case of India, according to MPEDA (Table 5), the farmed shrimp
production was 62,000 mt in 1993-94 and 82,000 mt in 1998-99, but there
was a slump in between, the production going down as low as 66,868 mt
in 1997-98, when the hectarage under culture was maximum (141,591,
ha). The unit area {ha) production also decreased from 823 kg/ha in
1993-94 to 618 kg/ha in 1988-99, but the lowest again was in 1997-98.
We can read the exciting history of shrimp culture in India in these
figures. The initial drop and slowing down was due to environmental
degradation and diseases, as elsewhere in Asia, but the recent decrease
in unit area production is due to the increase in the hectarage especially
in extensive culture, and closing down of the semi-intensive farmers
and major operators from the scene, owing possibly to the SCI
intervention, as much as the lack of faith in shrimp culture when failure
struck, after trying to extract the maximum from the farms, deviating
from good management practices. But there is no need for despair as
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good management practices (GMP) can be expected to usher in
sustainability to the troubled aquaculture system.

Taxonomic groups and species

Global aquaculture production of marine and brackishwater species
groups falling under the major categories of diadromous fishes, marine
fishes, marine crustaceans, marine molluscs and seaweeds for 1996, is
given in Table 3. This gives a fair idea of the spectrum of farmed marine
and brackish water animals involved in coastal aquaculture. Out of the
total number of 229 cultured salt water tolerant and marine species, 91
are finfishes, 43 crustaceans, 81 molluscs and 14 seaweeds, all of them
do not qualify as species under commercial culture. As Garibaldi (1996)
pointed out the bulk of production is accounted for by a handful of species,
but the others are not to be ignored as new technologies are being
developed - the emergence of salmonids in Norwegian and Chilean
aquaculture (having developed open sea cages stocking over a million
salmon fry in each cage) and tuna culture in Australia are good examples
of recent triumphs in mariculture.

Species adaptations to salinity

Eventhough the exclusively freshwater species are not considered
here, species which can tolerate and live in the three environments, as
exemplified by several diadromous species, like the salmonids, mullets
and milkfish among teleosts, which are the typical euryhaline species
are relevant in this context. In addition there are the stenohaline species
whose salinity tolerance is limited. Among the salt tolerant species there
are fresh water species which move into the brackish waters
(Macrobrachium spp among crustaceans) and also teleosts (several
tilapias). Most of these have ion-osmoregulatory capacities, but those
with no capacity regulate body salt concentrations conform to the salinity
of the ambient medium, and as well known are referred to as osmo-
conformers (e.g., crabs, Eriocheir spp.).

An aspect which is important in aquaculture is the energy expendi-
ture of the cultured species in different salt media. The regulators spent
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energy to keep the body fluid concentration constant (close to 10 ppt
salinity in teleosts) by pumping in or out chloride ions through their gills
and also by effecting permeability changes in the gill membrane through
acclimation/adaptations of aquatic organisms to effect energy saving of
the growing organism in the culture set-up, as this can certainly cut
costs on feed, which is the costliest input in higher intensity aquaculture.

Aquaculture diversity

It can be seen that maximum exploitation of diversity of aquatic
organisms, covering all seven categories has been effected by only two
(China and Japan) of the eight countries. India and Bangladesh exploit
only two categories - freshwater fishes and crustaceans (mostly shrimps),
as per the FAO production data for 1996. There can be disparities in the
FAO reporting system, as it is known that India does have aquaculture
production of molluscs - especially mussels in the southwest coast but
not reflected in the FAO production data. Also India is still in the process
of developing and commercialising aquaculture of other marine organ-
isms, even though technologies are available (Devaraj, 1999). It would
be noted several species known to be cultured and some under
experimental culture in India and other countries, which are listed in
FAO (1998a), but are in the stages of being recruited into aquaculture.

An idea of biodiversity utilisation for aquaculture (BUA) can be
known from the number of species used by the country for aquaculture.
A crude index for BUA has been calculated to standardise comparison on
a global basis (Kutty, 1999 a). The values of the BUA along with the
details of the number of species and categories utilised and total
production for selected countries, and the method of calculation of BUA
are given in Table 6. Even though there are limitations in the use the
BUA, owing to geographical and country differences, it is felt that the
index enables macro comparisons at global level and also accommodates

the increase in numbers of species, which will be utilised in future.
It comes out clearly that India has not utilised its biodiversity ad-
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equately as India uses only 13 species and has only a BUA of 0.13, while

maximum utilised (51 species and BUA of 0.50 by Taiwan and Ro Korea)

are quite high.

Table 6. Country-wise details of aquaculture production, numbers of major catego-

ries and species used and calculated Biodiversity Utilization for Aquac-

ulture (BUA) in seleccted producer countries (Based on data obtained for
1996, taken from FAO (1998a) (from Kutty, 1999a)

Country Aquaculture No.of major No.of species Crude Bio-
Production in  categories utilised ° diversity
1996(mt) utilised ® Utilisation

Index ¢

Korea (Rok) 896,998+2 7 51 0.50

Taiwan 272,209 7 51 0.50

France 285,721 6 45 0.44

Thailand 509,656 6 35 0.34

Japan 1,349,405 7 33 0.32

Spain 233,833 5 32 0.31

China 23,134,52 7 29 0.28

USA 393,331 5 28 0.27

Philippines 342,678 6 27 0.26

Indonesia 780,130 5 23 0.23

Australia 26,323 5 30 0.29

Chile 323,115 4 15 0.15

India 1,768,422 3 13 0.13

Norway 324,543 3 8 0.08

a)

c)

60% sea weed/aquatic plants

Maximum number of categories is 7, namely, fresh water fishes, diadiomous

fishes, marine fishes, crustaceans, molluscs, other aquatic animals and

aquatic plants

Number of species recruited for aquaculture.
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d) A Crude Biodiversity Utilization Index is calculated by dividing the number
of species utilized by the specific country, by twice the maximum recorded
for any country, eg.for India, BUA, is estimated as 0.13, ie.13/51x2,51
being the highest number utilized {Korea, RoK/Taiwan)

Aquaculture systems

The different culture systems such as the coastal ponds, cage and
pen culture and the raft/rack and pole and line culture for the different
sea farming species along with species names in selected countries in
Asia are shown in Table 7. Salient aspects of these culture systems
with reference to eco-friendly coastal quaculture are pointed in following
section.

Table 7. Major seamfarming species and their culture technologies in selected
countries in Asia (Based on NACA, (1991); Taw, 1994 FAO, 1998)

Culture type Farming technology (Country) Species-Scientific nameflocal
name) Countries
1. FINFISHES :
Grouper culture Floating net cages/refts (HK) Epinephphelus akaara (Red spotted grouper)
Hong Kong (HK)
Floating net cages/ponds Epinephphelus akaara (Yellow grouper)
MAD Epinephphelus tauvina (Greasy grouper)
Epinephphelus chlorostigma (Brown)
Hong Kong, Malaysia Epinephphelus suillus {Spotted grouper]
Epinephphelus malabaricus (Strip spotted
grouper) - Malaysia
Seabass culture Floating net cages (HK) Lates calcarifer (Giant sea perch)
Floating net cages/ponds (MAL)
Seabream culture Floating net cages (HK) Chysophrys major (Silver seabrearm)
Rhabdosargus sarba (Goldlined - seabream) .
HongKong
Mylio berda (White seabream)
Mylio latus (Yellow finned seabream)
Mylio macrocephalus (Black seabream)
Snapper culture Floating net cages (HK, MAL) Lujanus russelli (Russell's snapper)
Lugianus argentimaculatus (Mangrove
red snapper)
HongKong, Malaysia Lutjanus johni(Golden snapper)
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2.CRUSTACEANS

Crab culture Floating wooden bamboo
MAL VIE)

Shrimp culture Earthen ponds-Indiaand
s¢vera} other countries in Asia
India, Thailand

3.MULLUSCS

Cockle culture Bottom culture /mud flats
MAL

Mussel culture Suspended (Raft/stack)
bottom culture (MAL)

Oyster culture Bottom culture (HK],

Suspended (raft and long line)
Malaysia, Philippines

bottom rack (MAL)

Raft (SRL,IND)

Hong Kong, China

Sri Lanka, India (IND)
Suspended raft & stake /
Vietnam, China

floating and fixed rafts (MYA)
Bottom and suspended (raft &
stake) Myanmar (MYA} (VIE)

Pearl Oyster culture Suspended raft, net cages
(VIE,IND)

Vietnam

— 16—

Scylla serrata (Mud crab)
cages with plastic/Styrofoam
drum as floats/earthen ponds

Penaeus indicus (Indian whita shrimp)
Penaeus merguiensis (Banana shrimp) -
Penaeus monodon (Giant tiger shrimp)
Penaeus semisulcatus (Green tiger
shrimp)

Anadara granosa (Blood cockle)

Pemaviridis (Green musel)

Crussostrea belcheri (Large oyster)
Crassostrea iredalei (Philippine cupped
oyster) :
Crassostrea gigas (Pacifis cupped oyster)

Crassostrea rivularis (Chinese large
oyster)

Ostrea folium (Flat oyster)
Sacooatrea cucullata (Rock cupped)

Pinctada formosa

Pinctada foucata (Japanese peari oyster)
Pinctada margaritifers (Black-lippear]
oyster)

Pinctada maxima (Silver-lip pearl oyster)
Pteria penguin (Wing oyster)
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4, SEAWEEDS

Red algae culture Eucheuma- bottom method Eucheuma cottoni
{nylon between stakes; semi- Eucheuna spinosum
raft and raft method-stretched Gracilaria edulis
nylon mono-filament nets) Gracilaria verrucosa
(MAL} Gracilaria-pond Gracilaria firma
culture (net fixed off bottom); Gracilaria changi
open sea long line floating Gracilaria heteroclada
system (SRI, MYA); pond Gracilaria fastigata
culture (tidal ponds} (poly Gracilaria tenuistipitata
culture} (VIE); fixed bottom
monoline, floating raft
monoline, mangrove pond
(PHIL)

The Regional Seafarming Development and Demonstration Project
(RAS/86/024 and RAS/90/002) under FAO /NACA brought together mem-
ber countries including India in Asia which had committed programmes,
in seafarming developments, conducted country based specialised train-
ing and workshops on various farming systems and activities through
regional co-operation and TCDC. This resulted in transfer of various
coastal aquaculture and mariculture technologies to participating coun-
tries from expertise donor countries, such as sea-bass culture (Thai-
land), marine cage culture (Singapore, Hong Kong), seaweed culture (China
and Philippines) and pearl culture (India).

As advised by an FAO/NACA mission (Butler et al, 1989) a series of
seafarming atlases involving 12 countries in the region, namely India,
China, Hong Kong, Indonesia, Korea Rep., Malaysia, Myanmar, Philip-
pines, Singapore, Sri Lanka, Tha land and Vietnam, were produced
(Regional Seafarming Resources Atlas - Vol. I (China, India. Tndonesia,
Korea Rep., Philippines, Singapore and Thailand, released by RAS/86/
024 in 1990, and Vol. II {Hong Kong, Malaysia, Myanmar, Sri Lanka and
Vietnam), released by RAS/90002 in 1991).
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Environmental and socio-economic impacts of the different culture
systems are discussed separately below.

Impacts of pen and cage culture: Pen and cage culture has developed
more prominently in the temperate region lately, than in the tropical
region, especially owing to the expansion of Atlantic salmon culture in
Norway, and also salmonid culture in Chile. It is opined that if the
intensity of cage culture is increased, the problems of coastal aquaculture
in the tropics, similar to those faced by shrimp culture (Nunes and
Parsons, 1998), would increase if not managed properly. Since
carnivorous species are usually used they need high protein feeds, and
so waste generation can be high. The amount of wasted feed (uneaten
feed and unabsorbed nutrients) is higher in cage culture than in shrimp
culture. In the temperate region it is estimated that waste generation
is in the range of 10-15kg P and 75-95 kg N per year per tonne of fish
produced (Enell and Lof, 1983, in Nunes and Parsons, 1998]).

It is also feared that feeds given in powder form by cage operators in
the tropics would lead to serious feed losses and water quality deteriora-
tion around the cages. Nunes and Parsons (1998) list the following ef-
fects of waste accumulation in the vicinity of cages, namely, reduction
in redox potential, increase in C and N in the sediments, generation of
hydrogen sulphide and methane, increase in oxygen consumption by the
sediment, biological changes in macrobentic communities around the
cages, starting with growth of sulphur bacteria, followed by reduction in
the biomass of macrofauna such as crustaceans and molluscs, and even-
tually dominance of low oxygen tolerant species (eg. capellid polychaetes).
These impacts, though limited to 30-100m around the cage site, can at
times be significant.

The release of nutrients, N and P can be considerably reduced by
improving the quality of the feeds in Atlantic salmon cages, as evidenced
by feeding low FCR feeds: which has a very positive effect on the envi-
ronment and the carrying capacity of the water body (Kutty, 1995).
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Polyculture of finfish and holothurians in net pens: An interesting

experiment in polyculture of Pacific salmon and holothurians has been
reported by Ahlgren (1998). Pacific Salmon - pink (Oncorhynchus gorbuscha)
and chum (O.keta) - one million fry each kept in 18-m diameter circular
floating net pens (“Norwegian style”) off Alaskan coast, developed problems
of net-web fouling and so one hundred red sea cucumbers (Parastichopus
californicus) were placed individually along the webbing of three selected
pens. After six weeks the area of clean webs in the experimental and
control pens were measured by counting the number of quarter m?
quadrants with clean or fouled mesh. In four replicates, Ahlgren(1998)
observed that the percentage of cleared surface area was 54-68% in the
test pens, while in control pens it was 0%, effectively providing that red
sea-cucumbers could be cultured successfully in combination with
salmon fry. The sea cucumbers assimilated amino acids and other
organic matter 2-3 times more efficiently than in their natural
environment. This is an example of a positive impact through use of
polyculture in net cages.

Impacts of shrimp culture

Potential impacts: Tookvinas et al. (2000) from their experience in
Thailand list the following as potential impacts of shrimp farms:

b conversion of mangroves and other coastal wetlands to ponds;

. nutrient enrichment and eutrophication of coastal wetland by pond
effluents;

° discharge of potentially toxic and bio-accumulative chemicals into
natural ecosystems;

. sedimentation in coastal waters because of erosion from ponds and
other earthen structure;

. salinisation of freshwater sources by pond effluents and seepage;

L reduction in bio-diversity of coastal eco-system caused by water pol-
lution, sedimentation and toxicity of effluents;

° introduction of non-native species or new shrimp diseases into
coastal waters;
— 19—
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i competition with activities for natural resources, and land use
disputes.

Problem of aquaculture waste accumulation/disposal from shrimp
ponds: The aquaculture waste from shrimp farms is mainly composed
of uneaten feed (15-20% of feed given) and faecal wastes (20-25% of feed
given), the animal retaining the balance for its growth, maintenance
and metabolised waste (excretion). Primavera (1998} observes in the
case of shrimp 15% of the feed given is not consumed, 20% egested, 48%
spent in maintenance, excretion and ecdysis, and 17% is harvested.

As in the case of other aquaculture systems the faecal and excretory
waste and uneaten feed are the source of nutrients, N, P & C, released
into the pond water. N and P waste vary considerably with several fac-
tors such as the feed quality, feeding patterns and also the environmen-
tal variables. The quality of nutrients released changes with the
intensity of culture. Gavine and Phillips (1994) estimated that an inten-
sive shrimp farm generates 43% more N and 98% more P waste than a
semi-intensive farm. The excess nutrients released, in cases where
flushing is inadequate, accumulate in the pond bottom and cause water
quality degradation, auto-pollution, and cause algal blooms, and mortality
of stocked shrimps. The poor water quality also makes them vulnerable
to diseases. So in the process of intensification of the culture activity,
excess stocking and feeding, namely, result in algal crashes, and
diseases. The wastes/nutrients released from the ponds cause problem,
unless the release water is treated and regulated. It is claimed that
effluent disposal into oligotrophic waters have caused in some cases,
more production of fish and shellfish in the coastal waters, as reported
in Thailand, but by and large the effluents disposed cause more damage,
as proven in many cases. The serious consequences of bad pond man-
agement leading to collapse of farmed ponds and the ecosystem has
already been referred to.

Impacts of bivalve culture

Even though the bivalves do not need any artifical feed, as they feed
mainly filtered natural food, they can cause similar problems as in other
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coastal aquaculture systems (cage and pen) by deposition of organic
wastes and faecal matter, causing the same chain of events in water
quality deterioration and unwelcome biological changes around the
oyster/mussel racks/rafts. As effective filter feeders an individual
mussel is reported to filter 2.5 litres of water per day and a rope of mussels
over 90,000 litres/day. Filter feeding bivalves retain a very high
percentage (35-40%) of seston ingested (Barg, 1992) and it is estimated
that a typical oyster rack holding 420,000 oysters would produce 16mt of
faecal matter in one season (9 months) (see Nunes and Parsons, 1998).
Thus the positive side of using bivalves as biofilters in treatment ponds
is to a large extent offset by the negative influence of loading wastes in
the environment.

Towards eco-friendly and sustainable coastal aquaculture/mariculture
technologies.

Reduction of wastes from aquaculture systems

Reduction of waste from aquaculture installations is the most seri-
ous problem to be tackled for evolving eco-friendly aquaculture systems.
The following methods (based on Phillips, 1995; Nunes & Parsons, 1998,
New, 1999) would help resolve some of the issues involved in coastal
aquaculture/ mariculture:

. Using sedimentation and oxidation tanks for treatment of
aquaculture effluents.

® . Use of biofilters - polyculture of filter feeding fish, oysters, mussels
and nutrient absorbing seaweeds.

° Use of mangroves as natural biofilters, adjacent to land-based farms
- serving as buffer zones, removing nutrients and organic matter
from the effluents.

o Improved management strategies.

. Cage site rotation, allows sediment recovery through natural dis-
persal and disintegration of wastes.
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. Introduction of floating pellets released from cage bottom, which
rise/float slowly to surface.

. Using a funnel shaped catchment device and submersible pumps
and mixers to collect and disperse organic wastes,

4 Use of closed recirculation systems eliminating or reducing discharge
of pond effluents to adjacent waters.

. Use of a flow-through system, high flow, circular self-cleaning cul-
ture ponds and full treatment ponds for inflow and outflow (effluent)
waters to and from rearing ponds

Approaches to sustainable coastal aquaculture

There are several approaches to sustainable aquaculture. The de-
tails of some of these are discussed below.

Traditional/extensive culture: The easiest and simplest is the time
honoured system of traditional extensive aquaculture, where intensity
of applied technology is low, characterised by very low production, stocking
and, correctly, without any fertilisation or supplementary feeding. But
often increased stocking and fertilisation have crept into the extensive
system (improved extensive) practised now in India, though feed may
not be applied for increasing the intensity of culture. To begin with this
culture was based on natural or auto-stocking, without recourse to
stocking of any seed, and hence here a naturally developed polyculture
system prevailed. As recognised by the SCI in its ruling this kind of
original extensive polyculture would do no harm to the environment and
would not also cause any socio-economic problems and hence sustainable.
But as pointed out earlier, adopting this method of aquaculture covering
all the coastline of India, will seal the fate of aquaculture, doomed to a
very low production for perpetuity, as pointed out already. Therefore unless
for very sensitive environmental and socio-economic constraints, it would
be nonadvisable to leave large tracts of potential aquaculture area to
simulate the natural ecosystem, and hence low output, especially at this
time, when the demand for animal protein (fish protein), to combat
malnutrition and need for food/nutritional security is very high.
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New approaches: The way out of this muddle is to develop sustainable
aquaculture through new approaches and we should also initiate action
on realistic policies, plans and regulations, which would protect the
interests of all stakeholders in aquaculture. Two new approaches to
sustainable aquaculture have been identified: one is the recirculation
of water, almost coming to a ‘closed system’ and the other is the ‘open
system’ of intensive aquaculture as demonstrated in the case of shrimp
culture, called the ‘third generation culture technology’ by New (1999),
as exemplified by dry tropical full sea water shrimp farm, set up in the
Red Sea Coast of Saudi Arabia (New, 1999).

‘Third generation’ flow through system: ‘Zero pollution’ has been
reported in this case, as the effluent discharged in the flow through
system has almost the same high quality as that of the pumped up water
inflow. As can be seen from the details (Fig. 1) the investment and skills
needed for construction and maintenance of this third generation farm
is high, but the high cost of shrimp (Penaeus monodon, supplemented
very little by P. indicus) makes the farm highly profitable - the sale of one
year's harvest alone has covered most of the inception costs of the farm.
The nuances of the technology involved is indicated as much as possible
in Fig. 1. Basically the success on the enterprise described according to
New (1999) is built around a few elements, namely:

1. Siting in a dry tropical area (in this case ‘sapkha’ of alluvial mud
flats).

2. Water management hydraulics, bio-tech adaptations - buffer ponds
and treatment ponds occupy a total of over 50% of water surface in
the system.

3. Pumping large amounts of high quality natural seawater, to a large
upstream reservoir - buffer pond, to let it flow by gravity to rearing
ponds, large treatment (depuration) ponds, through mangroves to
sea.

4. Development of controlled algal bloom through fertilisation to de-
velop green water in the buffer pond for avoiding algal blooms later
in the rearing ponds.
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A THIRD GENERATION DRY TROPICAL SHRIMP FARM
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Full sea water, (40 ~42
ppt S., 27 - 38°C) from a
pumping station, pump
8000 litres/sec. 24 hours
per day; water elevation
10 5.5m from ground and
then flow by gravity.

In take 300m from the
shore, set facing a natural
opening (‘marsa’) in the
coral reff.

Large (50ha) upstream
buffer ponds - reservoir,
at a height to effect
gravity flow of water
through the whole
system; ‘green’ water
developed hege by
regulated fertilization.
creating a balanced algal
bloom before distribution
of water - this avoids
algal crashes in the
rearing ponds during the
entire cycle.

Circular self - cleaning
earthern rearing ponds (1
ha each) central drainage
and aerators, making a
whirling current,
fashioned after Wyban
and Sweeney (1991) in
Hawaii. and Kongkeo
(1997) in Thailand
(Chantaburi) ; daily
water replacement, 5-
25% - can be raised to
50%. Recent new
addition a *monk’ on the
side of the pond, for
easier harvest.

Stocked with Penaeus monodon PL @ 20/m? ;
also P. indicus occasionally, both from hatchery
(75 million PL / year) at the same site, using local
brood stock ; grow out period - 17 weeks, fed 5
times daily through 24 hrs. -FCR : 1.2 - 1.3 :1,
Thai feed ; no antibiotics used ; P.m. harvested
at 35-40 g ; 4mt/harvest and 2 harvests / pond -
total target production of 1400 mt exceeded.

Two triangular shallow
treatment ponds (60 ha)
(large depuration lagoons
to buffer rearing pond
effluents), serving as bio-
filters; small dykes force
the water to take the
longest route possible
prior to entering the final
canal leading to the sea -
offers natural bio-
filtration through (a)
oxidation by powerful
aerators, (b) through
exposure of shallow
water to the sun, (c)
filtration of organic
wastes by stocked fish
(mullet fingerlings) and
shell fish (available
around the site), (d)
bacterial transformation
of waste feed, shrimp
faeces; biomass of
stocked fish / shell fish
finetune for optimal bio
filtration,

Effluent water from the
treatment ponds pass
through natural
mangroves to the sea,
enabling high quality sea
water effluent (< 10%
change from pumped up
water)

Effluent
(back to sea)

2 moLI U Samyoads.ad

Fig.1. Schematic diagram showing successivel levels of water use/treatment in a "zero pollution’ system - Red Sea
Shrimp Farms managed by “Group Consultatif Internationa” in a dry tropical (desert) site ('sapkha’) - alluvial
mud flats in Red Sea coast of Saudi Arabia (based on New, 1999) (thick arrows indicate flow of water and broken
arrows indicate structural/functional details)
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5. Having circular central drainage, self-cleaning (aerators making a
whirling current) after Hawaiian (Wyban and Sweeney, 1989) and
Thailand (Kongkeo, 1997) experiences.

6. Non-use of antibiotics in the culture ponds.

7. Complete dependence on indigenous seeds - development of breed-
- ing local species - P. monodon, P. japonicus and P. semisulcatus.

8. Having large shallow treatment ponds (27% of total surface area)
where depuration takes place through extensive culture of filter-
feeding fish (mullets) and shellfish, bacterial disintegration of fae-
cal/excretion wastes, and sunlight enhancing the photosynthesis
and oxidative function of the effluent from the shrimp ponds.

9. Further cleaning through natural biofilter - mangrove.

10. Release to sea, high quality effluent sea water, with only about 10%
deviation of quality from that of pumped-up inflow water.

Recirculation/closed systems of land based farms: Thailand pioneered
the use of closed systems for shrimp culture when harassed by shrimp
diseases entering through inflow water from the estuary/sea. The prin-
ciple is to store water in large reservoir ponds and strip it of all pathogens
and use the clean water to feed the culture ponds. The effluent water is
not released out to the natural environment, but is collected in treat-
ment ponds, where filter-feeding fish and shellfish, as well as seaweeds
are cultured so that the effluent water is cleaned of debris and effluent
nutrients, ready for reuse. This is the ideal system, but in all cases this
is not possible as there is need for a large portion of the area kept aside
for recycling the water and there is always the need for some water to let
and some new water taken. The Thai farmers and administrators are
aware of this and have hence formulated a code of conduct for shrimp
farming, which has already been referred to. The experience of the ‘third
generation shrimp farm’, which use a flow through system (New, 1999),
described above in water treatment will be of interest to the recirculation
system exponents as well.

An example of a closely related system referred to as Intensive-Ex-
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tensive System (Avanimech, 1998) will again be of much value in adapt-
ing new systems. Use of “Intensive-Extensive System (IES)” in trials in
Negev desert (Israel), which have now become commercial, involves a
group of smaller (500 ha) intensive ponds located beside one or more
large earthern ponds (5000 ha), that are used for extensive fish culture
and water treatment through culture of algae and bacteria.

An intensive pond can hold a fish biomass of 10 to 100 kg (say lha
pond) per m?, i.e. 100 to 1000 mt/ha, needing a high quantity of feed, at
2% biomass, it would be 2kg/m? or 20 mt/ha. This pond is connected to
the larger extensive pond.

Both high and low (or zero) discharge intensive ponds are used. The
high discharge ponds have a daily water exchange rate of 500%; thus
each 1000 ha pond, need a treatment pond of 5000 ha. The ratio of 1:5
was found to be too low, for the nutrients released. The production of
inorganic N in intensive ponds was 0.7 kg N/mt fish and so with 100 mt
fish in pond it would be 70 kg; N ha/day, which was found to be too much
for the treatment ponds to handle. So one has to increase the propor-
tional size of the treatment pond, which would add considerably to the
expenses, which was already high. Also it was found that the treatment
pond is not an infinite sink; bottom sediment has to be cleared every 2-

3 years.

In low density pond daily water exchange rate is 3-20%, where the
feed loss was not much, as the uneaten feed is reused by fish, amounting
to feeding twice, once as fresh ingestion by fish, second by bacterial in-
gestion, resulting in low FCR. This is a very significant observation.
The production costs are still high and so very high cost fish can only be
grown economically in the set up under the conditions. This study gives
much insight into the closed system aquaculture, which will be of value
to those who are working in this subject area. It is interesting to note
that both in the presently described recirculation system and in the flow

through system there are several similarities especially in the treat-
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ment of water and the large water surface area of the treatment ponds.
In both indeed high technology and high investment is needed, suggesting
that the environmental and social costs of intensive pond culture is quite
high, and perhaps by intuition the developing countries are inclined or
forced to choose less intensive systems. But it is heartening that both
systems could be sustainable, the main difference will be the economics
of production; the investor has to pay more for high intensity production
for meeting the costs of producing high quality effluents either for reuse
or for letting into the natural ecosystem (environmental and social costs).

Integration of coastal aquaculture with halophyte crops: Brown and
Glenn (1999) have been studying edible halophyte (such as Salicornia
bigelowi) recycling shrimp effluents. The integrated system they have
suggested is detailed in Fig.2. Halophytes such as S. bigelowi have
multiple uses. While some are edible for man, they can be used as forage
sheep (and goats) and some also yield oil seeds, from which high quality
edible oil can be obtained. Brown and Glenn(1999) propose growing
halophytes using shrimp pond effluents for irrigation - abandoned or
unused shrimp farms can also be used for growing halophytes. The out-
flow from the halophyte plots will be hypersaline and so organisms such
as Artemia could be cultured in this media and the final effluents taken
to salt pans for extracting salt. The suggested integration may specially
be applicable along southern Tamilnadu coastal areas in places like
Mandapam and Tuticorin, where abandoned/unused shrimp ponds, salt
pans and Artemia salina growing naturally are available. So the proposed
system may be worthy of emulation to add to the productivity of such
arid/semi-arid coastal areas and improve the socio-economics of the rural

communities involved through integrated coastal aquaculture systems.
Conclusions

As evident from the present analysis, compared to other Asian coun-
tries Indian aquaculture is among the least diversified. Indian coastline
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and EEZ are much longer/higher than those of any other country in Asia.
We have to develop these vast areas to produce more through coastal
aquaculture and mariculture. Attempts to diversify Indian coastal
aquaculture, by recruiting more coastal and marine species to commer-
cial aquaculture. We certainly do not lack the technology development
skills, but we should also transfer technology and skills in new ventures
if we lack them and adapt them to our conditions. Perhaps we should
study the market situations well in our efforts to commercialise new
technologies, or we should take steps to create new market avenues for
the new aquaculture products. A review of production per unit length
(km) of coast line and/or unit area (Km?) of EEZ, showed that except for
shrimps we are in lowest rung, even small Asian countries doing much
better in the production of marine commodities such as molluscs,
seaweeds and finfishes (Kutty, 1995a).

While considerable information on coastal/inarine resources is
available on a country wise and regional basis, in India and other Asian
countries for evolving an effective coastal zone management planning
(Barg, 1992) involving coastal aquaculture, there is further need for
assessing the land, water, economic and human resources available for
development (Kapetsky, 1987; Kapetsky et al. 1987). With the availability
of specialised computer software it would be advisable to use the GIS
(Geographical Information System) for coastal resource planning, with
special reference to aquaculture (Kapetsky, 1987; Kapetsky et al. 1987).
Appropriate zones in the coastal region could be identified for develop-
ment of coastal aquaculture systems as done recently in Sri Lanka (FAO,
1997b, 1998b). With the background of the recent catastrophes in coastal
aquaculture (collapses of shrimp culture) in Asia it is important that
environmental and all other sectoral considerations including socio-eco-
nomic issues, are paramount in bringing about an integrated coastal
management plan, where sustainable aquaculture has its due share
(Barg, 1992; Kutty, 1998; ACIR-MOFI, 1999). For inventory and monitoring

— 928 —



AN INTEGRATED COASTAL AQUACULTURE SYSTEM
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Fig. 2. Schematic Diagram showing proposed use of halophytes in integrated coastal aquaculture (shrimp - halophyte/
salt resistant crops/Artemia / Dunaliella / salt production integration (Based on Brown & Glenn (1999)} (Thick
arrows indicated flow of water and thin arrows explain linkages)
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of shrimp farms SAR satellite data and detailed image analysis as done
recently in Sri Lanka (Travaglia et al, 1999) would also be especially
helpful, in solving issues already existing and evolving more eco-friendly

coastal aquaculture / mariculture systems.

India’s coastal aquaculture technologies are yet to spread out, as
already indicated and apparently Indian scientists are in different stages
in developing technologies for various marine organisms, such as
shrimps, crabs and lobsters among crustaceans, mussels, edible oyster
and pearl oyster, among molluscs, sea bass, mullet and milkfish among
finfishes, Gracilaria among sea weeds and also holothurians (Devaraj,
1999). While some of the technologies are known for decades or longer
(shrimps, oysters, Gracilaria), some are in the threshold of entering the

arena (groupers, holothurians).

Serious efforts are needed to boost our coastal aquaculture produc-
tion, developing more applicable eco-friendly technologies and improved
extension system to propagate them, and perhaps also through transfer
of technolegies from our Asian neighbours, who have proven expertise
in specific areas, and as already indicated, it is important, however, to
overview and ensure that all the existing and newly introduced
technologies are suitably modified, if not already in an acceptable form,
so that they are environment friendly and socially acceptable. For it has
been recognized now that it is not the lack of technologies, which causes
problems, but it is the impacts, environmental and socio-economic, of
applied technologies, often in the absence of plans and policies, which
undermines the process of aquaculture development at all levels. Coastal
shrimp culture in India and elsewhere has indeed brought the problems
into focus, but it is noteworthy that in no counti'y other than India the
preventive steps taken at national level are so drastic.

It is becoming obvious that culture systems, which are environ-

mentally and socio-economically unsound, are not sustainable. More
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recent researches have shown that improved management practices can
ensure pollution-free and also disease-free culture systems. It is also
necessary that besides technological considerations, environmental and
socio-economic considerations according to laid-out plans and policies,
and effected through discussion and dialogue among all the stakeholders
of the aquaculture ventures, should take place, sufficiently early as a
part of pre-siting / siting exercise. This should involve also the various
sectoral interests in the coastal zone so that aquaculture development
would blend in harmony with the other concomitant sectoral develop-
ments in the coastal zone, as is envisaged in an integrated plan for coastal
area development (ICAM). While integration at the biological/techno-
logical level such as by adoption of polyculture through new
experimentation and trials would usher in more sustainability, inter-
sectoral integration needs paramount consideration as well with
involvement of the local populace. Experience and expertise in the
countries in the region can be pooled together in this context through
specialized development agencies such as FAO and NACA to adapt and
evolve more eco-friendly and sustainable mariculture/coastal

aquaculture systems.

In developing eco-friendly coastal aquaculture systems built into
an integrated coastal management plan for India CMFRI should take the
‘leadership in integrating coastal aquaculture and mariculture with
activities within the fisheries sector itself and also with the other sectors
such as forestry, tourism and other interests (FAO, 1995; 1997a). There
are some very novel and refreshing developments as detailed above, but
still the tasks are many in finding ways for developing these and sharing
of experiences of other Asian countries with similar concerns, as-pointed
out already, will be very helpful.
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ABSTRACT

The most critical factor in the
commercial farming of fish and shell-
fish is the dependable availability of
healthy fry produced in hatcheries.
Most of the fishes having aquaculture
potential have larvae with very limited
yolk reserves and the transition stage
Jrom endogenous to exogenous feeding
is very critical, often resulting in mass
mortalities. The recent success in the
consistent supply of many marine and
brackish water fish seeds can be at-
tributed to the mass production tech-
nologies of high quality live feeds. Re-
search has resulted in the worldwide
use of the brackish water rotifers
Brachionus plicatilis and B.
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rotundiformis as successful diets for
the developing larvae. This paper re-
views the present status of rotifer re-
search on the different aspects of roti-
fer culture such as strain selection,
mass culture techniques, nutritional
quality of rotifer feed and the general
requirements for mass culture namely
dissolved oxygen, pH, temperature, sa-

linity and unionized ammonia. The sa-
lient aspects of rotifer biology relevant
to the culture of rotifers and the role of
rotifers in the ecosystem are reviewed.
The recent research findings on moni-
toring, harvesting, storage, enrichment,
feeding strategies and problems asso-
ciated with rotifer culture are also re-

viewed in this paper.

Introduction

In the last few decades, considerable progress has been achieved in
the industrial farming of several species of fish and shellfish. It is well
established that the most critical factor in the commercial farming of
fish and shellfish is the dependable availability of healthy fry produced
in hatcheries. Inconsistent supply of seed was the major constraint for
the development of aquaculture of many marine and brackishwater fish
and shellfish. One of the major reasons for the improvements in the
success of fish and crustacean culture in the 1970s and 1980s was the
development of reliable hatchery techniques for the mass production of
quality fry and fingerlings. This breakthrough was achieved mainly by
the production of adequate quantities of high quality live feeds (Sorgeloos
and Leger, 1992)

Most marine fish with aquaculture potential have larvae with lim-
ited yolk reserves, small mouths and primitive digestive systems. Nu-
trition at this early larval stage is very critical and live food production
techniques and feeding strategies need to be developed before commer-
cial level production. Over the past few decades adequate feeding strat-
egies have been developed for several fish and crustacean larvae, re-
sulting in the world-wide use of various species of microalgae (approxi-
mate size range 50-200um), the rotifers Brachionus plicatilis and B.
rotundiformis (50-200um) and the brineshrimp Artemia (420-8000um)
(Lubzens, 1987; Lubzens et al., 1989; Dhert and Sorgeloos, 1994; Lavens
etal., 1995). '
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Rotifers

Rotifers are aquatic microscopic invertebrates comprising about
2000 species of unsegmented, bilaterally symmetrical pseudocoelomates.
They are commonly referred to as ‘wheel animalcules’ as their disc like
anterior end (corona) bears resemblance to a pair of revolving wheels
due to the synchronized beating of their coronal cilia. The rotifers show
worldwide distribution and the majority of them inhabit freshwater and
some genera also occur in brackishwater and marine habitats. They
exhibit fascinating strategies of reproduction, population dynamics, spa-
tial and vertical distribution and survival. Many species are notable for
their ecotypic and cyclomorphic variations.

The length range of rotifers is generally 100-1000um, although the
largest species may surpass 2000um. The body is elongated or saccate,
sometimes cylindrical, worm like, or even spherical. The majority of
rotifers in natural conditions are females. Males are definitely known
for relatively few species; they are much smaller than females, degener-
ate and seldom live for more than two or three days. In general the body
consists of three regions- the head including corona, body or trunk and
foot. The head is not well delimited and carries several organs- the co-
rona, the mouth opening and several sensory organs and appendages.
The ciliated corona serves as locomotory and food collecting organ. The
foot extends from the body ventrally or more commonly terminally.

Internal organization

Rotifers possess a spacious pseudocoelom and muscles, nerves, di-
gestive, reproductive and protonephridian organs are found within this
cavity. Respiratory and circulatory systems are absent.

The muscular system consists of both smooth and striated muscles
occurring in small bands of longitudinal and circular fibres inserted at
various points on the integument or between the integument and the
viscera. Contractions of these muscles cause a swift beat of appendages
resulting in a rapid explosive movement (‘jump’). The nervous system of
rotifers is simple consisting of a large cerebral ganglion which is located
dorsally below the corona. A paired protonephridial system, comprising
of two parallel tubules and flame cells maintain the internal osmotic
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pressure and remove toxic metabolites and nitrogenous wastes, mainly
ammonia.

Gonads are paired in class Bdelloidea and class Seisonidea. In
bdelloid males are entirely unknown and reproduction is always asexual.
In the third class Monogononta, only one gonad is present. Males in this
class have not been found for a large number of species, eventhough it is
generally assumed that all the monogononts are capable of producing
males under proper conditions. The appearance of males is usually lim-
ited to a few days or a week in one reproductive season and during the
rest of the time reproduction is parthenogenetic. The reproductive or-
gans of female rotifers consist of ovary, vitellarium and follicular layer
(Amsellem and Ricci, 1982). At birth the total number of oocytes are
already present in the ovary. Male rotifers are always smaller than fe-
males. Usually the digestive organs of males are rudimentary or en-
tirely absent. The single testis is large and saccate with about 50 ma-
ture sperms floating freely within. A ciliated vas deferens leads from
tne testis to the penis, and one or rarely two prostate glands discharge
into it. Rotifers are usually oviparous, they release their eggs outside
the body where the embryo develop. Many planktonic rotifers carry their
eggs attached to the mother by a thin thread (Brachionus, Polyarthra),
others attach them to a substratum (Asplanchnopus, Epiphanes) or re-
lease them into the plankton (Notholca, Ploesoma).

The class Seisonidea reproduces exclusively bisexually, class
Bdelloidea reproduces entirely by asexual parthenogenesis and class
Monogononta reproduces by a mixture of these two extremes- cyclical
parthenogenesis (Fig. 1). Parthenogenesis dominates the monogonont
life cycle where reproduction occurs in the absence of males (amictic
phase). Under certain environmental conditions (temperature, crowd-
ing, food quality and quantity changes) males may be produced and sexual
reproduction takes place (mictic phase). Mictic and amictic females are
morphologically indistinguishable. Amictic females are diploid and pro-
duce diploid (amictic) eggs. They develop mitotically into females (Birky
and Gilbert, 1971; Gilbert, 1983). Sexual (mictic) reproduction can be
initiated concurrently with amictic egg production in any season, in re-
sponse to certain environmental factors which are poorly understood.
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Environmental stimulus for mixis has been described for a few species
of Asplanchna, Brachionus and Notommata (Gilbert, 1980; Pourriot and
Snell, 1983; Snell and Boyer, 1988). Dietary tocopherol (Vitamin E) con-
trols the shift from amictic to mictic reproduction in most Asplanchana
species (Gilbert, 1977). Population density is widely attributed as a stimu-
lus for mictic female production in Brachionus (Gilbert, 1977; Pourriot
and Snell, 1983, Snell and Boyer, 1988; Carmona et al., 1994). Genetic
factors also play an important role in determining sensitivity of strains
to mictic stimuli (Snell and Hoff, 1985; Lubzens et al., 1985).
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When sufficient intensity of mictic stimulus has been received,
amictic females begin producing mictic as well as amictic daughters.
The proportion of mictic daughters and duration of their production de-
pends on the strength of the mictic stimulus (Snell and Boyer, 1988]).
Mictic females produce male eggs which are smaller and more numer-
ous than amictic eggs. A male must inseminate a mictic female within
four hours of birth for fertilization (Snell and Childress, 1987). Fertilized
mictic female produces a diapausing embryo called a resting egg. Mictic
females produce haploid eggs through meiosis. If unfertilized these de-
velop into haploid males. Males live only for 2-5 days because they do not
feed (Snell, 1977, King and Miracle, 1980).

Resting eggs are diploid and possess thick, often sculptured walls
that are characteristic of the species. This dormant stage is very resis-
tant to harsh environmental conditions (Gilbert, 1974) and may be dis-
persed over wider areas by the wind, water and migrating animals like
water birds. After a period of dormancy resting eggs respond to species
specific environmental conditions and hatch releasing diploid amictic
females that enter into the asexual phase of the life cycle. The stimul
that induce hatching include change in light, temperature and salinity
{Pourriot and Snell, 1983). Formation of resting eggs promotes survival
and dispersal and can be considered adaptive in unpredictable environ-
ments. Resting eggs have been known to hatch even after twenty years
of dormancy (Nipkow, 1961). Because of this capacity for extended dor-
mancy, resting eggs could accumulate in sediments. In the studies con-
ducted at limited sites, the density of resting eggs ranged from 100 to
400 eggs/cm? (Snell et al., 1983). These workers found that the highest
densities occurred on the sediment surface. Appearance of floating rest-
ing eggs of B. plicatilis is also reported (Hagiwara, 1996).

Planktonic rotifers swim constantly. Swimming is accomplished
with the aid of coronal cilia and may or may not be combined with the
creation of feeding currents. Swimming speed is crucial in food acquisi-
tion and mate finding. Speed is temperature dependent and varies with
the age of the planktonic species. All free swimming non-predatory and
sessile species use the coronal cilia to create a water current passing by
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the mouth where food selection may take place or all particles of an ap-
propriate size class can be ingested non-selectively. Brachionus move
small food particles into the buccal region through a process of filter or
suspension feeding.

In many aquatic food webs, rotifers serve as important species
indicating the extent of exposure to toxicants and quantifying toxic ef-
fects. Using rotifer models, toxicity is being investigated on several lev-
els from communities to molecular basis. Changes in the structure of
rotifer assemblages are being used as indicators of water quality.

The saline rotifers - B. plicatilis and B. rotundiformis

B. plicatilis, an euryhaline rotifer, is an important and essential
food source in the early part of the commercial rearing of many marine
fish and a few shrimp species. Two morphotypes - S (small) and L (large)
are distinguished based on morphological and physiological differences
(Fuetal, 1991a,b; Rumengan et al., 1991; Fu et al., 1993). These strains
could be selectively employed for feeding fish larvae depending on the
mouth size of the larvae. The two strains coexist in wild stock, with one
of the strains becoming dominant due to environmental conditions, par-
ticularly water temperature (Fukusho, 1989a,b). Recent studies on mor-
phology, karyotype, genetics including allozyme constitution and repro-
ductive behaviour of ‘S’ and ‘L’ type B. plicatilis showed that these types
are best treated as different species. A reexamination of existing avail-
able names revealed B. plicatilis O.F. Muller 1786 and B. rotundiformis
Tschugunoff 1921 as the correct names for the ‘L’ and ‘S’ type respec-
tively (Segers, 1995, Gomez and Serra, 1995a,b; Hagiwara et al., 1995;
Natesan et al., 1996). There are various geographical strains,
cyclomorphic forms and ecotypes of these two types in the different habi-
tats.

B. plicatilis can reproduce either by mictic or amictic reproduc-
tion. The mictic patterns of B. plicatilis was recently investigated by
Gomez and Serra (1995b). Aquaculturists promote only amictic repro-
duction because the rate of amictic reproduction is faster than mictic
reproduction; males which are only produced during mixis are inferior
nutritionally due to the lack of a functional digestive system and the
onset of mixis can cause culture collapse (Meragelman et al.’, 1985). A
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model evaluating the contribution of environmental factors to the pro-
duction of resting eggs in B. plicatilis was developed by Lubzens et al.
(1993). Pozuelo and Lubian (1993) reported that mixis is a strain depen-
dent component of general reproduction response. However, some clones
are known to be exclusively amictic (Meragelman et al., 1985}). Depend-
ing on conditions, an amictic female may produce 20 or more eggs dur-
ing her seven to ten day of life time (Hoff and Snell, 1989). She carries
all her eggs attached to the posterior portion of her body until they hatch.
S and L type B. plicatilis have an identical pattern of fecundity (Hirayama
and Rumengan, 1993). Some life history characteristics of B. plicatilis
that were fed a variety of algal diets were investigated by Korstad et al.
(1989a,b). Carmona et al. (1993) reported that mixis can be initiated in
B. plicatilis by pre-conditioning of culture medium by crowding.

B. plicatilis and B. rotundiformis as live feed

B. plicatilis and B. rotundiformis cultures have now become an in-
dispensable aspect of many marine finfish hatcheries. B. plicatilis and
B. rotundiformis are excellent first feeds for fish larvae due to their small
size, ability to be cultured at high densities, high reproductive rate
with parthenogenetic mode of reproduction, slow swimming speed and
habit of staying suspended in the water column, ability to tolerate wide
range of salinities, ability to be easily enriched with fatty acids, anti-
biotics etc. and hence can be used to transfer these substances to the
larvae. There are other rotifer species that possess some or all these
characteristics, but B. plicatilis and B. rotundiformis are widely used in
mariculture because they are able to thrive in a wide range of salini-
ties.

Culture of B. plicatilis and B. rotundiformis

Takashi Ito (Ito 1955, 1957a,b, 1960) was the first to discover that
B. plicatilis is an excellent food for the larvae of the marine fish
Placoglossus altivelis. By 1970s B. plicatilis has become widely accepted
as the best food in the early stages of larval rearing of marine fin fish.
The method to produce the rotifer by feeding marine Chlorella was devel-
oped, but the quantity generated was not sufficient to meet the entire
demand for feeding larvae and juveniles. In the 1970s baker’s yeast was
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introduced as a food organism for rotifers and the foundation of the cur-
rent mass production system utilizing a combined feeding programme of
marine microalgae and baker’'s yeast was established.

Now rotifers are mass-produced in hatcheries all over the world.
Theilacker and Mc Master (1971) found that B. plicatilis was an excellent
food source for larval anchovies (Engraulis mordax).  Arnold and Holt
(1991) while describing the various methods for the culture of B. plicatilis
in Texas emphasized the importance of keeping culture containers and
water clean, controlling contaminants such as ciliates and bacteria, har-
vesting daily to maintain the culture in growth phase and adding some
algae daily. Orhun et al., (1991) described a practical approach to high
density production of B. plicatilis at California using two low cost tanks,
partial automation of harvesting, water exchanges and waste removal.
Hirayama and Satuito (1991) recommended that nutritional improvement
of baker’s yeast for growth of B. plicatilis can be done by rearing yeast in
a medium rich in organic nutrients which can incorporate essential lip-
ids into the cells. The selection of optimum phytoplankton species for
rotifer culture during cold and warm seasons and their nutritional value
for marine finfish larvae was investigated by Hur (1991). While suggest-
ing improvements in the design of mass culture system of B. plicatilis,
Snell (1991) recommended three thrust areas for research - (a) the iden-
tification of culture instability and sudden crashes (b) role of nitrogen
excretion and unionized ammonia toxicity and (c) early detection of stress
in mass cultures by monitoring reproductive traits, swimming ability
and enzyme inhibition.

Strain selection : B. plicatilis is widely distributed in brackishwater
ponds and lakes. There are lot of strain variations. The reproductive
rate, size, optimum culture conditions and frequency of mixis vary among
different strains (Lubzens et al., 1989; Lubzens, 1987; Fukusho 1989a;
Meragelman et al., 1985; James and Abu Rezeq, 1989c; Fushimi, 1989;
Mustahal et al., 1991). In a culture system amictic reproductive rate
should be maximized while frequency of mixis should be minimized. Size
is an important factor because different target species and developmen-
tal stages within species have different optimum food sizes. Great care
should be taken when selecting a strain to be cultured, since different
strains may perform better at different temperatures and salinities, lo-
cal conditions as well as those required by the target species.
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Mass culture methods

A wide variety of culture systems have been employed which can be
categorized into four basic methods viz., batch culture, semi-continuous
culture, feedback culture and continuous culture (Lubzens, 1987).

Batch culture: In this method, all the rotifers are harvested when the
density of rotifers reaches the desired level. It can be done in outdoor or
indoor tanks. Fukusho (1989a) describes a typical Japanese hatchery
using 100 m? tanks for rotifer culture and a diet of microalgae, usually
Nannochloropsis and baker’s yeast. After a growth period of a few weeks,
rotifer densities of about 100/ml are reached and the mass culture is
then harvested for several days. Six 100 m?3 tanks hold a standing crop of
rotifers from which 1-2 billion can be harvested daily. Using this sys-
tem, 600 m? of water must be managed to produce about one billion roti-
fers per day. Batch culture of rotifers is the most reliable method but
also the least efficient in terms of labour and facilities needed to culture
1 given number of rotifers (Trotta, 1981; Fushimi, 1989).

Semi-continuous culture: Here, a given population is allowed to grow
until it reaches certain population density. Then it is partially harvested
and fresh medium is added. The growth and harvest procedures are re-
peated several times before the water quality mandates that the tank be
drained and cleaned. This method can also be practiced in both indoor
the outdoor tanks. According the Lubzens (1987) semi-continuous roti-
fer culture employs vessels ranging from a few hundred liters to 200,000
liters. Relatively high densities can be obtained in the smaller volume
cultures. Build up of waste products like uneaten food and contamina-
tion are the problems in semi-continuous systems. This makes them
less reliable than batch cultures.

Feedback culture: Accumulation of high levels of unused food and ex-
cretory products occurs in high density rotifer cultures. These are re-
moved into a decomposer tank. The decomposed matter is employed as
fertilizer for algal cultures, which are used to feed rotifer cultures (Hirata,
1979).

Continuous culture: These are delicately balanced systems in which
the culture organisms are harvested continually and receive constant
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nutrient replenishment. Continuous cultures are the most efficient ways
to produce a consistent sﬁpply of high quality algae and rotifers. Since
continuous culture apparatuses must be maintained under strictly de-
fined conditions, they are always closed and indoors. This limits their
size and may add to the cost of operations. The most advanced design of
continuous culture is the chemostat which has been applied to aquacul-
ture by James and Abu-Rezeq (1989a,b). In this approach, algae and yeast
are supplied continuously at a predetermined rate. The culture is di-
luted by a certain volume each day and this volume is harvested to ob-
tain rotifer biomass. Production from 1 m?® chemostat is sufficient to
meet the rotifer needs of most small and medium sized hatcheries.
Chemostat mass cultures have yielded the greatest rotifer biomass pro-
duction per unit of effort thus far recorded in aquaculture.

General requirements for culture

Nutritional quality and rotifer feeds : The type of feed used for cultur-
ing rotifers can have a significant effect on the cost of operations and on
the nutritional value of rotifers (Carnic et al., 1993). When choosing a
feed one must consider both the requirements of the rotifer as well as
the needs of the target species. B. plicatilis and B. rotundiformis have
broad nutritional requirements. These animals ingest many types of
feed including bacteria, so long as it is of appropriate particle size. The
rotifers require Vitamin B, (Yu et al., 1989; Maruyama and Hirayama,
1993) and Vitamin A (Fukusho, 1989a). In contrast, the fish larvae
require long chain ‘highly unsaturated fatty acids’ (HUFAs) on the n-3
series, mainly 18:3 n-3, 20:5 n-3 and 22:6 n-3 (Watanabe et al., 1983a).
-Since many marine fishes cannot synthesize these fatty acids, feeds
must contain high level HUFAs. The nutritional quality of rotifers is
primarily determined by the type of feed given to the rotifers. Other
factors to consider when selecting a feed type include the stability of
culture required as well as the availability and cost of purchasing or pro-
ducing the feed.

Many species of algae are used as rotifer diet according to avail-
ability under local conditions and the exact nutritional requirements of
the rotifers and the target species. The most commonly used species
are Nannochloropsis oculata, Tetraselmis tetrathele, T. suecice, Isochrysis
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galbana and Chlorella vulgaris (Hirata, 1989; Hirayama et al., 1989). Spe-
cies high in n-3 HUFAs such as Nannochloropsis spp. are regarded as
very good feeds. The main drawback in using phytoplankton is the huge
amount of labour, time and facilities that must be developed for produc-
ing the large quantities needed to feed rotifers. Alternatively, marine
yeast (Candida sp.), baker's yeast (Saccharomyces cerevisiae) and caked
yeast (Rhodotorula sp.) have all been successfully used for rearing roti-
fers. But yeast has no nutritional value and they lack the much needed
HUFAs (Walford and Lim, 1992). Problems encountered with the use of
yeast include more frequent rotifer culture crashes and poor survival in
target species that have high HUFA requirement (Fukusho, 1989a;
Hirayama and Funamoto, 1981). The latter problem is solved by giving
rotifers a mixed feed of algae and baker's yeast or by feeding rotifers with
algae high in HUFAs for a few hours or days prior to harvest. The use of
bacteria as feed for B. plicatilis is also investigated, which revealed that
addition of Vitamin B,, producing bacteria can greatly enhance the growth
of cultured B. plicatilis (Yu et al., 1989). Photosynthetic bacteria along
with baker's yeast have also been used to feed semi-continuously cul-
tured rotifers (Fushimi, 1989; Gatesoupe et al., 1989; Fukusho, 1989a).
An overall better quality of rotifers cultivated with algae was noted than
that cultivated with yeast and oil (Oie et al., 1994). Relatively high re-
productive rates were found in three strains of rotifers fed with frozen
Nannochloropsis biomass (Lubzens et al., 1995). The study revealed that
application of frozen Nannochloropsis biomass may promote easier man-
-agement in the production of lipid enriched rotifers. Attempts to culture
B. plicatilis with microencapsulated diets were also made (Teshima et
al., 1981).

The amount of food supplied and the frequency of feeding can also
affect the nutritional quality and growth rate of rotifers. Ingestion rates
are correlated with the size of the particles offered and their concentra-
tion (Fukusho, 1989a). The absolute quantity of feed provided/rotifer/
day is the most important parameter. The algal density measured in
cells per ml will vary greatly with the cell size of the particular algae
being used. As many as 20 million cells per ml of N. oculata (2pm) may be
required at the start of the culture. Feeding rates are estimated to be
100,000 - 150,000 N. oculata cells / rotifer / day. The daily ration will
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also depend on temperature (Nagata, 1989) and salinity (Lubzens, 1987).
When temperature and algal concentration interacts, a great influence
on filtration rate and marginal influence on ingestion rate of B. plicatilis
was noted (Acosta Jimeno and Perez Enriques, 1995). Feeding frequency
is an important factor affecting rotifer quality and growth rate
(Meragelman et al., 1985; Lubzens, 1987; Lubzens et al., 1989). Lebedeva
and Orienko (1995) found that B. plicatilis feeding rate was largely deter-
mined by temperature and food concentration. Most of the nutritional
value of rotifers comes from their gut contents, partially digested and
highly concentrated phytoplankton, yeast, bacteria ete, not from their
own tissues. Hence if rotifers are deprived of food prior to harvest, their
nutritional quality will be poor.

A recent breakthrough in production of an artificial diet (Culture
Selco, Artemia Systems NV, Belgium) which completely replaces algae
and at the same time eliminates the need of an extra enrichment period
for enhancement of the rotifer’s dietary value (Nyonje and Radull, 1991;
Lavens et al., 1995). This dry product needs to be suspended in water
prior to feeding. Provided it is continuously aerated and cold stored, the
food suspension of Culture Selco can be used in automatic feeding for as
long as 48 hr. Under the standard feeding protocol developed a doubling
time for different rotifer strains was generally obtained every three days.
Under optimal conditions, doubling time of the population may be even
expected every 24hr (Lavens et al., 1994). Excellent results in using this
diet as an alternative to the traditional mixture of algae and yeast were
also obtained on a commercial scale in different bream and bass hatch-
eries (Komis et al., 1991). This artificial diet gives constant and predict-
able levels of n-3 HUFA enrichment which cannot be reached by any
other micro algal enrichment procedures. Rotifers grown on Culture Selco
have constant levels of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) of 6 mg per gram DW and 4 mg per gram DW respectively.
Recent investigations on gilthead seabream larviculture (Mourente et
al., 1993) demonstrated that during first feeding the best growth rate
was achieved with a diet of Culture Selco reared rotifers, which com-
bined a high n-3 HUFA content with a high DHA : EPA ratio.

Dissolved Ox&gen: The optimum Dissolved Oxygen (DO) required de-
pends on temperature, food type and rotifer density. If microalgae are
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used as sole feed, the amount of aeration that must be provided is lower
than that if yeast is being used. This is because given sufficient light
algae produce oxygen, while yeast and associated bacteria consume it.
Fukusho (1989a) reported that at 20 °C both L and S type rotifers con-
sume 7.07 x 10 ml oxygen/day. The rate increases to 10.04 x 10° ml/
day at 25 °C and to 16.48 x 105 ml/day at 30 °C. Hirata and Yamasaki
(1987) studied the relationship between oxygen consumption and food
availability in B. plicatilis and found it to range from 1 - 7 ml/ind/hr. and
was seen to increase with increased feeding. The relative swimming
speed of B. plicatilis was decreased when the concentration of oxygen
was very low. Rotifers spend more time in very low concentration of
oxygen by slowing and by turning more (Reale et al., 1993). Fushimi
(1989) states that 60-100 liters of air/min/m?® must be provided to the
yeast fed rotifer cultures of rotifer density 1000 ind/ml. Blowers, air
stones, airlift pumps and PVC piping into which holes have been drilled
can be used for aeration.

Light: Rotifers are cultured indoors either with constant or part time
illumination. Hoff and Snell (1989) recommended a ligHt : dark cycle of
18 : 6 hours . According to Fukusho (1989a) for B. plicatilis the beneficial
effect of light may be indirect by stimulating growth of photosynthetic
bacteria and microalgae in the rearing tanks.

pH: B. plicatilis tolerates a wide range of pH (5-10), the optimum pH
range for culture is reported to be 5-9 by Fukusho (1989a) and 7.5 to 8.5
by Hoff and Snell (1989). The optimum may vary depending on the type of
feed (Furukawa and Hidaka, 1973). Yu and Hirayama (1986) stated that
pH indirectly influences rotifer population by its effect on the amount of
unionized ammonia in the culture water. Fushimi (1989} reports an
example of rotifer mass culture in which the pH was maintained at 8.0
to 8.2 with hydrochloric acid and sodium hydroxide.

Temperature: The optimum temperature will depend on the strain be-
ing cultured (Snell and Carrillo, 1984, Fukusho, 1989a). Theilacker and
Mc Master (1971) stated that maximum reproduction occurred between
30 and 34 °C. In general the recommended temperature is between 20
and 30 °C.

Salinity: B. plicatilis and B. rotundiformis are known for their wide range
of salinity tolerance. According to Hoff and Snell (1989) salinities rang-
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ing from 1-60 ppt may be tolerated by B. plicatilis, but 10-20ppt will give
the best growth. Salinity may have a large effect on reproductive rate.
Different strains and clones have different salinity optima (Lubzens,
1987). A culturist must also take into consideration the salinity at which
the target species will be grown. For example, rotifers cultured at 20 ppt
should be acclimatized for a day at 30 ppt before being fed to fish larvae
in 40ppt seawater (Lubzens, 1987). Otherwise rotifers will be stressed
and they stop swimming. Rotifer filtration rates may also vary with sa-
linity and are reduced at high salinities. James and Abu Rezeq (1990)
found that n-3 HUFA content in L-type B. plicatilis was highest for those
cultured in 30 ppt sea water while 15-20 ppt water was correlated with
higher n-3 HUFA content in S-type rotifers tested. Lorica lengths for
both the strains were significantly greater at 5 ppt than at 30 ppt. Rapid
shifts in salinity and temperature may result in immobilized, non-swim-
ming rotifers. Only slight changes in mobility were observed when roti-
fers were exposed to changes in temperature from 20°C -30°C and to an
increase in salinity from 20x10%to 30x103. When salinity was reduced
to 15x10? and 5x103 the proportion of mobile rotifers was considerably
reduced (Oeie and Olsen, 1993).

Unionized ammonia: Hirata and Nagata (1982) showed that B. plicatilis
raised on N. oculata excrete ammonia, urea and phosphates. Yu and
Hirayama (1986) found that unionized ammonia levels can be one of the
restrictive factors affecting increase of the rotifers in mass production.
Hoff and Snell (1989) recommend that free ammonia concentration should
not exceed 1 mg/litre.

Filtration of culture water: Debris that accumulates during high den-
sity culture of rotifers can be detrimental both to the health of the roti-
fers and to the larvae that feed on rotifers (Fushimi, 1989). Removing
this debris can enhance water quality in the rotifer and larval rearing
tanks and also reduces pathogenic bacteria clogging of nets during har-
vesting. Fushimi (1989) describes two general types of filtering equip-
ment used in high density batch cultures. In one type a filter is inserted
directly into tank - eg. filtering mats which are placed on bottom of the
tanks and washed daily. The other consists of a separate filtering tank
attached to the main culturing tank.

Monitoring: Parameters such as pH, D.O., temperature, salinity, food
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density and ammonia concentration should be monitored and kept within
pre-determined levels. Most culturists monitor their rotifers at least
once a day. The usual method is to remove a fixed quantity of culture
water and observe it under a microscope. The number of rotifers, their
activity and the presence of any contaminants like protozoa are noted.
Snell et al., (1987) proposed two techniques for determining whether ro-
tifers were under stress. The first is to test the swimming activity of a
single rotifer in a 1 ml chamber. A grid with 1mm squares is placed
under the chamber and the number of squares entered is recorded for 30
seconds. The second technique is to count the number of eggs carried
by each female. Decreases in swimming activity and egg ratios indi-
cated that the rotifers were being stressed. Korsted et al.(1995) used
swimming speed and egg ratio as predictors of the status of rotifer cul-
tures. Yufera et al.(1993) developed a mathematical model in order to
obtain a reliable estimate of dry mass of B. plicatilis from two single eas-
ily determined parameters, the egg female ratio and the mean lorica
length.

Harvesting: Harvesting is done by passing the culture water through
fine nylon or silk netting. In Japan 80-100um mesh size net is used to
harvest L-type rotifer, 50-70um mesh size for S-type rotifers. Mecha-
nized means of harvesting are also being tested in Japan (Fushimi, 1989).

Storage: Storage is necessary for maintenance of stock cultures, short
term preservation of live harvested rotifers and long term preservations
of dead harvested rotifers. Stocks of rotifers could be stored at 3°C for a
month without special attention which enabled the recovery of cultures
when necessary (Ortega et al., 1995). Alternatively, adult rotifers can be
maintained at a low temperature which discourage rapid population
growth (Coves et al., 1990). The possibility of cryopreservation is also
being studied (Lubzens, 1987); Lubzens et al., 1989; Toledo and Kurokura,
1990; Lubzens et al., 1992). The utility of frozen rotifers for feeding lar-
vae is also investigated (Fontaine and Revera, 1980; Foscarini, 1988).

Enrichmernit of rotifers

After finding out the importance of n-3 HUFA in live feeds, various
methods have been tried to improve the nutritional qualities of rotifers
by feeding them with various kinds of microdiets, microencapsulated
diets, a new type of baker's yeast and emulsified lipids rich in n-3 HUFA
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together with fat spluble vitamins (Watanabe and Ali, 1985). Among them
the direct method in which emulsified lipids are used and the indirect
method using newly developed yeast are the most popular.

Indirect method : A new kind of yeast has been developed for rotifers to
improve upon the nutritional value of rotifers cultured on baker’s yeast
(Imada et al., 1979). This new type of yeast (n-yeast) was produced by
adding fish oil or cuttlefish liver oil as a supplement to the culture me-
dium of baker's yeast, resulting in a high content of lipid and n-3 HUFA.
The incorporation of n-3 HUFA from n-yeast reached a maximum around
12 hour of feeding. Rotifers grown on n-yeast had a superior food value
for larval fish (Kitajima et al., 1980a, b).

Direct method : The rotifers can also be enriched by n-3 HUFA rich
emulsions directly (Ostrowski and Divakaran, 1990). Here the lipids con-
taining n-3 HUFA are homogenised with small amount of raw egg yolk
and water and the resulting emulsion is fed directly to the rotifers
(Watanabe and Ali, 1985). Rotifers took up lipids very easily and the
concentration of n-3 HUFA reached the maximum between six and twelve
hours of feeding. This is the easiest means of enriching rotifers, but it
can cause clumping of the rotifers and degradation of the larval rearing
tank water quality (Hoff and Snell, 1989). Rodriguez et al. (1996) investi-
gated the improvement of nutritional value of rotifers by varying the type
and concentration of oil and enrichment period. They obtained the high-
est lipid levels when triglycerols (TAG) were used. Increasing the en-
richment period rather than the amount of oil present in the medium
was found to be most efficient in increasing the n-3 HUFAs in rotifers.
Nichols et al.(1996) studied the enrichment of B. plicatilis by feeding an
Antarctic bacterium containing polyunsaturated fatty acids, The bacte-
rial strain with the ability to produce EPA was shown to be a potential
alternative enrichment food for B. plicatilis. A simple two step culture
using Chlorella vulgaris and Isochrysis galbana for DHA enrichment was
suggested by Takeyama et al.(1996).

Problems associated with rotifer culture

Prevention of a ‘crash’ or rapid production decrease is a vital as-
pect of rotifer culture. Culture crashes occur frequently in modern hatch-
eries due to water quality problems, accumulation of waste products and
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unionized ammonia. Nutritional deficiencies such as lack of Vitamin
B,,, other Vitamins or free amino acids (Fyhn, 1989) and toxins produced
by bacteria are also attributed as probable causes of culture crashes.
Fushimi (1989) reported that crashes are especially common in yeast —
fed cultures. Fushimi (1989) suggested that declining water tempera-
tures may sometimes be responsible for sudden population decreases in
rotifers.

Feeding B. plicatilis to fish larvae

B. plicatilis was successfully employed for the mass raising of com-
mercially important fishes like sole (Solea solea) (Howell, 1973), sea bass
(Dicentrarchus labrax) (Barnabe, 1974), grey mullet (Mugil cephalus) (Nash
etal., 1974), red seabream (Pagrus major)(Fujita, 1979), milkfish (Chanos
chanos)(Liao et al., 1979; Juario et al., 1984), turbot (Scophthalmus maxi-
mus) (Kuhlmann et al., 1981; Olsen and Minck, 1983; Witt et al., 1984)
flounder (Paralichthys olivaceus) (Fukusho et al., 1985) and gilthead
seabream (Sparus aurata). Rotifers can be used as supplementary feed
for penaeid mysids up to PL4 (Kongkeo, 1991). In China, B. plicatilis is
employed for larval rearing of crabs namely Charybdis japonica, Portunus
trituberculatus and Scylla serrata (Chen and Long, 1991).

Lubezens (1987) listed five requirements of B. plicatilis for optimi-
zation of growth and survival of fish larvae - (a) size (b) distribution and
concentration of rotifers in the larval tanks (c) total amount available (d)
digestibility and absorption and (e) nutritional quality. Since the size of
the prey eaten is a function of larval mouth width, the B. plicatilis strain
selected should be of the required size suitable for the mouth size of the
target larvae. The number of rotifers required depends on the size of the
rotifer strain and the duration it is supplied in the fish larval tanks.
Generally rotifers are given to the larvae for seven to thirty days after
exogenous feeding has begun. It is necessary to supply more rotifers
than the fish will eat, the number will depend on the predatory ability of
the larvae being cultured (Fukusho, 1989a, b). This is because the roti-
fers must be maintained at a density high enough to allow the fish to
feed efficiently (Theilacker and Mc Master, 1971; Hoff and Snell, 1989).
But high rotifer concentrations could cause the fish to ingest beyond
the limit to assimilate (Lubzens et al. 1995). In turbot larvae (Scopthalmus
maximus) it was found that the highest feeding rate was obtained with 10
rotifer ml! on 4* and 5" days (Olmedo et al.; 1995).
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Disease control of microbial infections through live food in
larviculture of fish and shellfish is also getting relevance today. Pres-
ently these infections are treated or prevented by dissolving high doses
of broad spectrum antibiotics in the culture water. The major constraint
of this method is the uncontrolled use of high quantities of expensive
drugs and concern over their subsequent discharge into the environ-
ment and possible development of resistant bacteria (Brown, 1989). The
oral delivery of the drug can be achieved through live feed. It has re-
cently been demonstrated on a laboratory scale that live food enrich-
ment technique through bioencapsulation in Brachionus and Artemia may
be an excellent tool for the prophylactic and therapeutic treatment of
larvae with drugs as well as vaccines (Verpract et al., 1992).

The Indian scenario

The Indian scenario of rotifer research in general and of B. plicatilis
and B. rotundiformis in particular is still in is its infancy. Almost the
entire quantum of work done on rotifers in India is pertaining to tax-
onomy and ecology of freshwater rotifers, mainly from North India.
Sharma (1991) gave a detailed resume of the present state of Indian work
on rotifers. Sharma and Michael (1980) gave a synopsis of taxonomic
studies on Indian rotifers. Our knowledge on freshwater rotifers from
Kerala is mainly due to Nayar and Nair (1969) and Nair (1972). The in-
formation on brackishwater rotifers of Kerala are mainly due to the works
on general brackishwater plankton ecology by Abdual Aziz (1978}, Nair et
al., (1984}, Nair et al., (1985), Shibu (1991), Bijoy (1991), Harikrihsnan
(1993), Bijoy and Abdul Aziz (1994), Anuradha (1996) and George (1996).

The only experimental studies done on rotifers in India are the in-
vestigations on the production of mictic and amictic females in B. patulus
and the combined effect of food and temperature on life table parameters
and population dynamics of B. patulus (Rao and Sarma, 1986; Sarma and
Rao, 1991). The information on the culture of B. plicatilis from India is
restricted to the reports by Muthu (1982), Santhanam and Velayudhan
(1991) and Rafiuddin and Neelakantan (1990). Gopakumar (1998) made
a detailed study on the brackishwater rotifers of Kerala with special ref-
erence of B. plicatilis. The ecological studies covered were the commu-
nity structure and succession of rotifers in relation to environmental
parameters, diel variation and distribution pattern of rotifers. The mor-
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phometric characterization of five clones of B. plicatilis and size compo-
sition were reported. The experimental studies were on the reproduc-
tive potential of five strains of B. plicatilis under different salinities, feed
types, feed concentrations and temperatures and on the life table pa-
rameters and patterns of growth and multiplication of two strains. Re-
sults of different culture methods and larval feeding experiments were
also investigated in the study.

Discussion

It is quite evident that larviculture nutrition, particularly first feed-
ing by the early larval stages is the major bottleneck for the industrial
upscaling of aquaculture of fish and shellfish. Hence the feeding of lar-
val fish still continues to be an active field of research of vital impor-
tance in all aquaculturally advanced nations. It is felt that paucity of
information on the local strains of B. plicatilis and B. rotundiformis which
are recognised as indispensable live feeds for marine larviculture is the
major bottleneck in the progress of marine finfish hatchery production
in India.

Strain variation of B. plicatilis and B. rotundiformis is one of the major
parameters which require detailed investigations. The size as well as
optimum conditions for best multiplication will vary in the different
strains and it has a direct impact on the larval feeding. An extremely
small strain (SS strain) has been isolated and its morphology and repro-
duction has been examined by aquaculturists.

The reproductive pattern of rotifers in relation to various external
stimuli is an area of vital significance. If the factors inducing mictic
reproduction are clearly identified, the mass production of resting eggs
which can be stored in dry condition for ready use can be achieved. Ex-
perimental studies on reproductive potential under varying interacting
parameters like salinity, temperature, feed type and feed concentration
are crucial for the optimization of mass culture of different strains. The
mass culture methods and conditions suited for mass production of dif-
ferent strains have to be evaluated. Investigations on nutritional qual-
ity and enrichment studies on cultured rotifers are of paramount sig-
nificance for successful larviculture programmes. Finally the larval feed-
ing strategies for the different species of fish and shellfish have to be

standardized in terms of size of rotifers, concentration of rotifers in the
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rearing tanks, nutritional quality and feeding protocols.

Improvements in increasing the quality, quantity and reliability of
mass production of local strains of B. plicatilis and B. rotundiformis, un-
derstanding the causes of decline of populations, developing techniques
for stable yield at low cost, nutritional improvement by enrichment pro-
cedures, manipulation of reproductive strategies, genetic improvement
of the strains, cryopreservation and development of feeding protocols for
the fish larvae of the different species will substantially enhance the
hatchery production of seed of many commercially important fishes of
India, having aquaculture potential.
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Brackish water shrimp monoculture: a low
input-based ecofriendly approach

R.K. Mohanty and P.N. Patnaik!
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!Orissa State Fisheries

ABSTRACT

Confined brackishwater
shrimp farming is a low input-based
modified extensive system in the
small scale aquaculture sector using
rain-fed seasonal ponds (without
water exchange and drainage) which
almost eliminates the risk of
environmental problems. Three
confined brackishwater ponds in the
Binchanapalli area of Chilka lagoon
were used for monoculture of
Penaeus monodon for three
consecutive years (1993-1996). The
experiment was carried out by
drying, ploughing, liming @ 250kg/
ha, manuring with RCD @ 50.0t/ ha,
Sfertilization (SSP &Urea, 1:1@
100kg/ha and daily feeding with
snail meat (75%) and GOC (25%) @
25.0%-6.0% of biomass. For all

ponds, in 1st, 2nd, and 3rd year, the
stocking density was 15625, 20625
and 25625 pcs/ha respectively. The
highest gross and net productivity
(1283.19) kg and 1274.07 kg/ha/yr)
were recorded in pond-2 at a stocking
density of 25625 pcs/ha. Growth
variation at different stages and from
pond to pond were highly significant
statistically (P<0.01). Water and soil
quality towards the end of each crop
was not much degraded as compared
to semi-intensive culture. Sediment
and waste matter production at the
pond bottom was much less being
0.46 cm{avg) in dry condition (46m3/
ha). The culture practice is simple and
easy with higher benefit: cost ratio
(11.59 at 18% DF).
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Introduction

The “confined pond” culture of penaeid prawns through a simple
and low cost technology for easy adoption, by the small/weaker section
farmers is a unique pond culture system having no arragements for water
exchange during the entire culture period. Monoculture of Penaeus
monodon in confined brackish water ponds became sucessful for the first
time in Orissa, India, in the Chilka lagoon area during 1984 (Monanty,
1985). Under this system, simple rain-fed dugout ponds are well prepared
with liming and fertilization before onset of monsoon rains. When the
rainwater accumulates, the saline soil bed of the pond influences the
freshwater to become brackishwater and the desired level of salinity
automatically maintained due to leaching and recharging action of salt
present in the soil. Since there is no facilities for water exchange, feeder
channel and sluices are not required. Generally low stocking density
and application of organic and inorganic manures in lesser quantity are
followed. Feeding and manuring are carried out carefully keeping the
water volume in mind. Confined ponds are generally shallow and
maintained about 120cm depth of water to facilitate raising of two crops
per year.

Material and methods

Three brackishwater rainfed confined ponds of 0.16-0.18 ha size, in
the Binchanapalli area of Chilka lagoon were used for mono culture of
Penaeus monodon for three consecutive years (1993-96). The experiment
was carried out by drying ploughing, liming @250kg/ha, manuring with
RCD@ 5.0t/ha, fertilization (SSP and urea, 1:1) @ 100kg/ha and daily
feeding with snail meat (75%) and GOC (25%) @ 25.0-6.0% of biomass.
For all the ponds in the 1st, 2nd and 3rd year, the stocking density was
15625, 20625 and 25625 pcs/ha respectively. Periodical water and soil
sample analysis was done using standard methods (ALPHA, 1989 and
Biswas, 1993). Weekly growth estimation was carried out by sampling
prior to feeding. The length-weight relationship and growth estimation
was carried out by sampling prior to feeding. The length- weight
relationship and growth performance were statistically (ANOVA) analysed.
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Results and discussion

Pond no. 1, 2 and 3 were harvested after 100 and 98 days in respect
of first and second crops every year, during 1993-96. The gross and net
yield, survival rate and specific growth rate of P.monodon under different
stocking densities are presented in Table 1. Highest average gross and
net yield of 641.597 kg/ha/crop and 637.036 kg/ha/crop respectively
from pond no.2 under stocking density of 15,625 pcs/ha were obtained.
Gross and net yield per hactare per year under three different densities
ranged from 508.682 kg and 503.340 kg to 1283.194 kg and 1274.072 kg
respectively among three ponds. Pond no.2 demonstrated the highest
average gross productivity (557.473 kg/ha/crop) for three densities. By
increasing the density from 15,625 to 20,625 pes/ha and from 20,625 to
25,625 pcs/ha the corresponding average net yield gain for three ponds
were 25.81% and 13.5% respectively. Growth rate of P.monodon at different
growth stages and stocking densities were highly significant (ANOVA,
Table.2).

Table 1. Results of monoculture of Penaeus monodon in confined brackishwater
ponds at Binchanapalli.

Pond number, crop number water area and culture period

Culture results Pond 1 {0.16 ha) Pond 2 (0.18 ha) Pond 3 (0.17 ha)

1stcrop  2nd Crop 1st crop 2ndCrop 1stcrop 2ndCrop

1993-94

1. Culture 2 duration {days) 100 98 100 98 100 98
2. Average water depth (m) 1.06 0.86 1.12 0.88 1.10 0.83
3. Number stocked 2500 2500 2813 2813 2656 2656
4. Stocking density (No/ha) 15625 15625 15625 15625 15625 15625
5. Average size at stocking 29.27 28.08 29.32 30.26 29.28 29.19

TL (mm)

BW (g) 0.189 0.165 0.176 0.230 0.171 0.171

6. Initial stocked biomass (kg) 0.472 0.412 0.495 0.647 0.454 0.454

7. Final harvested biomass 70.220 60.481 88.790 74.296 47.090 39.386
(kg)
8. Harvested number 1972 1946 2374 2261 2237 2061
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9. Average individual 35.61 31.08 37.40
weight (g)

10.Average individual total 164.18 157.84 167.22
length {mm)

11.Retrieval (%) 78.88 77.84 84.39
12.Sex ratio (M : F) 1:1.172 1:1.285 1:0.878
13.Grass yield (kg/ha/crop) 438.925 378.006 493.277

32.86

156.80

80.37
1:1.200
412.755

21.05

142.52

84.22
1:1.214

19.11

138.11

77.59
1:0.853

277.000231.682

14.Net yield (kg/ha/crop) 435.925 375.431 490.527 409.161 274.329229.011
15.Gross yield per year 816.881 906.032 508.682
(kg/ha)
16.Specific growth rate 35.421 31.546 37.224 33.296 20.879 19.325
(SGR)(%)
17.Monthly average increment 40.47 39.72 41.37 38.74 33.97 33.34
of body length (mm/30 days)
18.Average count (No/kg) 28 32 27 31 48 53
1994-95
1. Culture 2 duration (days} 100 98 100 98 100 98
2. Average water depth (m) 1.08 0.78 1.12 0.86 1.07 0.80
3. Number stocked 4100 4100 4613 4613 4356 4356
4. Stocking density (No/ha) 25625 25625 25625 25625 25625 25625
5. Average size at stocking 29.11 28.89 29.63 28.21 28.40 28.42
TL (mm)’
6. Initial stocked biomass (kg) 0.668 0.701 0.895 0.747 0.727 0.719
7. Final harvested biomass (kg)96.880 90.880 121.785 109.190 64.967 59.425
8. Harvested number 3166 3106 3686 3630 3389 3346
9. Average individual weight (g)30.60  29.26 33.04 30.08 19.17 17.76
10.Average indi;/idual total 156.68 152.68 160.62 154.60 137.44 132.40
length (mm)
11.Retrieval (%) 77.22 75.75 79.90 78.69 77.80 76.81
12.Sex ratio (M : F) 1:1.104 1:1.109 1:1.113 1:1.119 1:1.103 1:0.988
13.Grass yield (kg/ha/crop) 605.500 568.000 676.583 606.611 382.159 349.500
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14.Net yield (kg/ha/crop) 501.325 563.618 671.611 602.461 377.882 345.329

15.Gross yield per year 1173.500 1283.194 731.739
(kg/ha)

16.Specific growth rate 30.44 29.68 32.84 30.53 19.00 17.95
(SGR)(%)

17.Monthly average increment 38.57 37.89 39.30 38.69 32.71 31.83
of body length (mm/30 days)

18.Average count (No/kg) 33 34 30 33 52 56
1995-96.

1. Culture 2 duration (days) 100 98 100 98 100 98
2. Average water depth (m) 1.11 0.83 1.13 0.89 1.06 0.82
3. Number stocked 3300 3300 3713 3713 3506 3506

4. Stocking density (No/ha) 20625 20625 20625 20625 20625 20625
5. Average size at stocking 28.10 29.61 29.66 29.18 29.33 28.31
TL (mm)
BW (g) 0.168 0.174 0.175 0.170 0.172 0.168
6. Initial stocked biomass (kg) 0.554 0.574 0.650 0.631 0.603 .0.589
7. Final harvested biomass 87.830 77.498 112.161 95.850 55.948 49.153
(kg)
8. Harvested number 2614 2556 3133 3080 2796 2609
9. Average individual weight 33.60 30.32 35.80 31.12 20.01 18.84
g
10.Average individual total 160.34 154.68 162.80 155.37 140.30 132.06
length (mm)
11.Retrieval (%) 79.21 77.45 84.35 82.95 79.75 74.41
12.Sex ratio (M : F) 1:1.061 1:1.113 1:1.251 1:0.982 1:1.114 1:0.889
13.Grass yield (kg/ha/crop) 548.937 484.362 623.116 532.500 329.106 289.135
14.Net yleld (kg/ha/crop) 545.475 480.775 619.505 528.994 325.560 285.670
15. Gross yield per year (kg/ha}1033.299 1155.616 618.241

— 71 —



Perspectives in Mariculture

16.Specific growth rate 33.43 30.76 35.62 31.58 19.84 19.05
(SGR){(%)

17.Monthly average increment 39.66 38.28 39.63 38.63 33.29 31.76
of body length (mm/30 days)

18.Average count (No/kg) 30 33 28 32 50 53

Note : TL = Total body length; BW - Body weight, M = Male, F = Female

Table 2. ANOVA of growth rates of Penaeus monodon at different growth stages.

Source of variation S.S. ‘ D.F M.S. Fcal
Between duration 0.475 6 0.0791 12.1692
of rearing (P < 0.01)
Between ponds 0.615 2 0.3075 46.3076

(P < 0.01)
Error 0.0784 12 0.0065 --
Total 1.1684 20 -- - --

Water and soil quality (Tables 3,4) towards the end of each crbp was
not much degraded as compared to semi-intensive culture. Sediment
and waste matter production at the pond bottom was much less being
0.46 cm (avg) in dry condition (46 m*®/ha). Correlation of prawn yield and
certain observed soil quality variables (pH, organic carbon, available
nitrogen and soil salinity) were statistically significant (P<0.05) during

the experiment (Table-5).

All the three ponds had consistently alkaline water showing pH
variation from 7.0-8.6. Average monthly values of dissolved oxygen for
three ponds were higher in winter months and showed a decreasing trend
from February to April and it coincided with increase in water

temperature. Monthly average values of inorganic phosphate showed more
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or less bi-modal variation. The gross primary productivity values were
high during October-November (803-1026 mgC/m?®/6-hour day) and low
during December-February (268-308 mgC/m®/6-h. day). The annual
mean gross production was 565.90 mgC/m?®/6-h. day. There was no
marked difference in gross production at surface and bottom, since the
ponds were shallow. ANOVA of primary productivity showed that the
variation between ponds was highly significant (P<0.001) and not between
months. The benthic population showed seasonal changes and variation
between ponds. The monthly average benthic biomass was 11.08, 16.72
and 4.03g/m? in pond no.1, 2 and 3 respectively.

Table 3. Seasonal variations in water quality of confined brackishwater ponds at

Binchanapalli (averaged from two years observations)

Physico-chemical Mean values = SD

Parameters Monsoon Winter Post-Winter
Air temperature (C° 33.94 £ 0.88 25.45 £ 2.54 29.67 + 3.39
Water temperature (C°) 34.51 = 0.59 26.47 + 2.62 29.33 + 2.46
Turbidity (ppm Si O,) 88.70 + 3.94 86.83 = 4.54 89.67 + 3.43
pH 8.01 £ 0.08 8.00 £ 0.06 8.07 £ 0.16
Dissolved Oxygen (ppm) 6.64 + 0.50 5.72 + 0.29 4.59 + 0.45
Salinity (ppt) 9.50 * 0.47 14.31 + 3.27 27.77 £ 2.88
Total alkalinity (ppm) 67.30 + 6.51 88.03 £ 9.23 100.20 + 2.05
Free Carbon Dioxide (ppm) 391 +1.19 5.84 £ 1.30 8.40 + 1.82
Nitrate-nitrogen (ppm) 0.047 £ 0.013 0.064 + 0.01 0.052 = 0.009
Inorganic phosphate (ppm)  0.07 + 0.022 0.076 0.‘017 0.0615 =+ 0.025
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'Table 4. Soil quality (Physico-chemical conditions) of confined brackishwater ponds
used for culture of penaeid prawns at Binchanapalli in Ganjam district of
Orissa during 1994-95 and 1995-96 (Values averaged for two years) + S.D.

Sl. Soil quality y Month Pondl Pond2 Pond3 Average for

No. parameters 3ponds
1. Physical composition

a) Sand (%) June 59.78 54.98 54.30 56.35

December 54.13 50.87 51.34 52.11

May 54.88 52.83 51.38 53.03

Av. 56.26 + 2.50 52.89 = 1.67 52.34 + 1.38 53.83 = 1.87

b) Silt (%) June 8.92 13.00
December 9.45 14.01
May 8.90 11.26

24.86 15.59
21.24 14.90
16.35 12.17

Av 9.09 £ 0.25 12.76 + 1.13 20.82 + 3.48 14.22 + 1.47

c} Clay (%) June 31.30 32.01 20.83 28.04
December 36.41 35.12 27.42 32.98

May 36.21 35.90 32.26 34.79

Av 34.64 + 2.36 34.34 =+ 1.68 26.84 + 4.68 31.93 + 2.85

2. pH June 7.41 8.12 6.84 7.45
December 7.64 8.23 6.64 7.43

May 7.79 8.25 7.02 7.68

Av 761 +0.15 820+ 0.05 6.83x0.15 7.52 x0.11

3. Salinity (Nacl mg/ June 878.03 687.61 415.83 660.49
100mg) December 873.11 685.59 399.37 652.69

May 902.77 772.70 420.34 698.60

Av 884.64+1291  71530+40.59 411.85+9.01 670.59+19.86

4. Avajlable nitrogen June 14.65 17.07 13.86 15.19
(Nmg/100g)} December 16.00 16.88 13.47 15.44
May 14.45 17.26 13.07 14.92

Av 15.08 + 0.68 17.07 = 0.15 13.46 + 0.32 15.18 + 0.21
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5. Available phosphorus June 2.76 2.89 1.38 2.67
(P,0, mg/100g) December 2.38 2.65 1.54 2.18
May 2.57 3.28 1.90 2.58

Av  2.57 + 0.155 2.94 = 0.259 1.60 + 0.28 2.47 = 0.21

6. Organic carbon (%) June 0.354 0.399 0.244 0.331
December  0.291 0.382 0.186 0.286
May 0.248 0.398 0.207 0.284

Av 0.297+0.043 0.393:.007 0.212x0.023 0.300+0.021

Table 5. Correlation of prawn yield (X,) and certain observed soil quality variables
X,) of conflned brackishwater pounds.

Sl. No. Variation (X,) D.F. r P
1. pH 11 0.64 < 0.05
2. Organic carbon(%) 11 0.66 < 0.05
3. Available phosphorus
(mg P/100g) 11 0.33 Not significant
4. Available nitrogen
{mg N/100g) 11 0.69 < 0.01
5. Soil salinity
(mg Nacl/100g) 11 0.67 < 0.05

In this experiment, low organic and inorganic input and low stocking
density was the major factor for non-degradation of water and soil quality.
This also helps in avoiding water exchange and pond aeration to minimize
input and operation cost and makes the culture practice more simple,
flexible and eco-friendly.. The economic evaluation of mono culture of
P.monodon in confined brackish water ponds indicated high profitability,
where B-C ratio was 11.59 at 18% DF. However, for sustainable
development of this farming system avoidance of improper pond
preparation, over stocking (>2 pcs/m?), over manuring, over fertilization
(NACA, 1994), over medication and over feeding (Clifford, 1992) are
advisable and instead of maximum production maximum profit should be
aimed at.
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ABSTRACT

Preliminary studies on
biopond managementina 11.5 ha
private semi-intensive shrimp
farm at Chandipur coast of Orissa
were undertaken during March-
July, 1996 to treat discharge
water (effluent) from 10 shrimp
ponds having total water spread
area of 6.8 ha, where stocking of
total feed
consumption, days of culture, daily

P.monodon,

average water exchange and
biomass production were 23 pcs/
m?, 33.33t, 124 days, 10.3%
(10506m?) and 24.29t respectively.
The four units of biopond system
with a total water area of 1.72 ha
(25.3% of total culture area) were
used for sedimentation of effluent
from 6.8 ha shrimp ponds, culture

of clams (1.2kg/m?) mullets (2pcs/
m?) and Gracilaria spp. (1.4kg/m?)
and aeration by 4-one hp paddle
wheel aerators to reduce pollutants
and toxic level of effluent before it
was released to the receiving water
course. Operation of biopond could
reduce the BOD, TSS, total nitrogen,
total phosphorus, secchi disc
transparency, nitrite, hydrogen
sulphide and free ammonia from 7.3
ppm, to 2.25ppm, 162.0 ppm to
37.6ppm, 2.2ppm to 1.02ppm,
0.5ppm to 0.16ppm, 11cm to 48cm,
0.046 ppmto 0.002ppm, 0.25ppm to
0.01ppmand 0.12ppm to 0.002 ppm
respectively. Secondary aquaculture
production (mullet @ 1.37 t/ha,
Gracilaria @ 8.43t/ha and clam
@4.38/ha) in _four months was the
spin-off from biopond system.
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Introduction

The economic disastrous events that affected shrimp farms
worldover including India during 1987-95 were mostly due to the discharge
of untreated effluents from the farms where higher stocking densities,
inappropriate feeding/feed use, improper farm design, faulty pond and
water management, excessive use of ground water and unplanned farm
development concentrating around small estuaries and sea coast were
followed. Lack of consideration of the environmental compatibility of
farming sites also contributed to ecological problems.

There are two major shrimp farm by-products that contribute to the
degradation of water quality and coastal environment. They are: (i)
nutrient-laden effluents (which can be a potential cause for nutrient
enrichment and eutrophication in natural waters) and (ii) suspended
solids containing high levels of organic matter (which may be a potential
cause for sedimentation of water systems in the coastal area) which
adversely affect the benthic ecosystem of the estuary and coastal waters
(Anon, 1994). To resolve these problems in commercial shrimp farming,
particularly to reduce the impact of farm effluent on the receiving waters,
there is a definite need to develop an appropriate and cost-effective
treatment system for shrimp pond effluents. Although such treatment
can be split into physical, chemical and biological (Ghosh and Bal, 1995),
employment of biological /bio-filtration method is considered to be cost-
effective and simple and it is more so in Indian condition where hi-tech
treatment system/plant would be a very costly proposition. The biological
system needs to be widely tried/experimented in commercial shrimp
farms in the country inorder to standardise the biopond management
system including secondary aquaculture methods. The present work is
a preliminary attempt in this direction.

Material and methods

A 11.5ha creek-based private semi-intensive shrimp farm outside
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Coastal Regulation Zone (CRZ) at Chandipur coast of Orissa state was
chosen for undertaking the preliminary studies on bio-pond management
during March-July, 1996. The farm included 10 nos. growout ponds with
total water spread area (WSA) of 6.8 ha and a 4-split reservoir with 2.8ha
WSA (41% of pond WSA). Semi-intensive culture of P.monodon with average
stocking density of 23Pcs/m? was carried out in the farm for an average
124 days of culture (DOC). Imported C.P. feed from Thailand (33.33t) was
used in all 10 ponds. Average water exchange was 10.3% (10,506m3).
The source water from the tidal creek of river Budhabalanga was filled
. into the reservoir by booster pumps and was sedimented, chlorinated
and dechlorinated before being used in the growout ponds. Four nos. of 1
H.P. paddle wheel aerators were used in each pond of average 0.68ha
WSA to increase dissolved oxygen content in the pond water and to reduce
sedimentation in the periphery of the pond bottom. Harvesting was done
by draining to reduce organic and nutrient load in the waste/drainage
water.

The biopond, basing on the available land area in the farm was
devided into 4 sections/units having total water spread area (WSA} of
1.72 ha (25.3% of pond WSA). With 1.9 m designed depth of water column
in the biopond, the effluent holding capacity was 32,680m3, which was 3
times the discharge in 48 hours from the ponds. First (0.9ha), second
(0.16ha), third (0.16ha) and fourth (0.5ha) sections/units of the biopond
were used for sedimentation, clam (Meretrix} and mullet (M.tade and
L.macrolepis) culture, seaweed (Gracilaria) culture -and aeration using
4nos. of 1H.P. paddle wheel aerators respectively. Effluent from 10 growoﬁt
ponds during water exchange and harvesting enters the sedimentation
unit of the biopond. All the 4 sections/units were interconnected with
baffles and screens (8mesh/inch). Mullets, clam and Gracilaria were
stocked @ 2/m? (av.size 7.3g.), 190/m? (av.size 6.3g) and 1.4kg/m?
respectively. Clam culture was undertaken using rafts with hanging
coir ropes (Vedavyasa Rao, 1995). Gracilaria culture was done by using
hanging coir ropes from fixed bamboo poles. Mullet and clam culture was

—79 —



Perspectives in Mariculture
carried out without supplementary feeding and fertilization.

Waste water (effluent) samples from the drainage channel at the
entry point into the sedimentation section of the biopond and the samples
of treated effluent from the aeration section (4th unit), after 48 hours of
entry of effluent into the biopond system, were regularly analysed
thoughout the experiment (124 days). pH, salinity, dissolved oxygen and
transparency of effluent were determined by using water pH meter
(Checker-1, HANNA, USA), salinity-refractometer (S.10, ATAGO, JAPAN],
D.O. meter (YSI-55, USA) and secchi disc respectively. Total alkalinity,
BOD, COD, total nitrogen, total phosphorus, total suspended solids (TSS),
ammonia, nitrite and hydrogen sulphide values were determined by using
standard methods (Biswas, 1993; APHA, 1995).

Results and discussion

Physico-chemical parameters (mean value) of intake water filling
reservoirs, waste water discharged from growout ponds during culture
period, effluent before flowing into the biopnd from main drainage canal
and the treated effluent in the aeration unit before being released to the
receiving water course {Budhabalanga river) as recorded during the
experimental period are presented in Tablel. All parameters (except
D.O. and pH} in the pond waste water showed increasing values over intake
water. Mean values of total suspended solids (TSS), total nitrogen, total
phosphorus, ammonia, B.0.D,C.0.D., nitrite and hydrogen sulphide in
the treated effluent after aeration (before releasing into the receiving
water course) showed significant decrease over untreated effluent by
76.8%,53.6%,68%,98%,69.2% 58.5% 95.6% and 96% respectively, whereas
turbidity was decreased by more than 4 times and dissolved oxygen
increased by 57.6% in the treated effluent. pH values showed fluctuation.
Parameters of treated effluent were well within the standards prescribed
by the Department of Agriculture and Cooperation (Ministry of
Agriculture), Government of India in 1995 (currently followed by
Aquaculture Authority).
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Table 1. Physcio-Chemical parameters (Mean Values) of intake and discharge
water of shrimp pond and biopond during March-July, 1996.

Parameter Intake water Discharge Untreated Treated Standard for
in the reservoir Water from efflument effluent treated effluent
gowautpands attheentry  afteraeration prescribed by
pointinthe  beforereleaseto  MOA,'GOF?
biopond the receiving n 1995 lnow
Water course. follwed by
Aquaculiure
Authority}
pH 7.85 7.64 7.19 7.88 6-8.5
Turbidity /transparency(cm) 33.75 18.87 11.0 48.00 -
Temperature {°C) 28.10 28.50 30.34 30.62 -
Total Suspended 142.4 176.3 162.0 37.6 100.0
Solids {(mg/})
Salinity (ppt) 27.8 29.05 30.32 30.18 -
Dissolved oxygen(mg/l) 5.88 3.58 3.28 5.17 >3.0
Total alkalinity (mg/1) 124.3 138.66 132.72 152.21 -
Total nitrogen {mg/1) 0.42 2.18 2.20 1.02 2.0
Total phosphorus (mg/l) 0.013 0.53 0.50 0.16 0.2
Free ammonia (mg/l) <0.01 0.14 0.12 0.002 0.5
BOD {mg/1} 1.13 5.87 7.30 2.25 20.0
COD (mg/1) 29.73 76.83 88.1 36.52 75.0
Nitrite (mg/1) <0.01 0.04 0.046 0.002 -
Hydrogen Sulphide {mg/l} <0.01 0.21 0.25 0.01 -

1 = Ministry of Agriculture; 2 = Government of India.

Mullets (M.tade and L. macrolepis), clam (Meretrix) and sea weed
(Gracilaria ) were used for secondary aquaculture in the section II and III
of the biopond. The results of secondary aquaculture (spin-off) are
presented in Table 2. Mullets, clam and Gracilaria registered encouraging
yield of 1.37t/ha, 4.38t/ha and 8.43t/ha respectively without additional
input cost (except for the stocking materials) in 4 months culture duration,
while effectively reducing the concentrations of pollutants by biofiltration
and consumption of plankton in the nutrient-rich effluent.
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Table 2. Results of secondary aquaculture in biopond

Biopond Speciesoffilter Sizeat — Stocking Culture Survival  Sizeat Total Net Yield(t/
section/ organism/ Stocking  density duration (%) harvest biomass biomass hg)
unitand plant used ] (days) ® weightat (kg
areatha) for aquaculture harvest

inbiopond. )
Il ) Mullet 7.3 2Pcs/m? 124 574 1326 2435 22014 137
{0.16haor
1600m? ii) clam 6.3 190 124 63.3 136 26172 e 438
m Pes/m?
{0.16 haor Seaweed - 14Kg/m* 14 - - 3580.0 1350 843

1600m?) (Gracilaria)

Treatment of effluents may be required, particularly in intensive
aquaculture system (Barg, 1992). In general, pollution potential of shrimp
farm effluent is considerably less than that of domestic or industrial waste
water (Anon, 1994; Ghosh and Bal, 1995). However, pollution problem
often arises because of high volumetric flow rates of effluents, particularly
when many shrimp farms are set up and operated in areas with limited
water supplies or poor flushing capacity. In such case, semi-intensive
and modified extensive shrimp farms do require cost effective and simple
system of effluent treatment. Use of sedimentation ponds (Henderson
and Bromage, 1988}, off-bottom polyculture of bivalves and sea seeds
(Ruying and Qingyin, 1992) or shrimp/oyster co-production systems
(Wang, 1990) may prove very successful in reducing effects of waste loads
from shrimp farm effluents. Kanit and Dusit (1992) found in the laboratory
experiment that 340g of Gracilaria, 400g of green mussel in 300 liters of
shrimp pond waste water reduced BOD level from 5.75 mg/1 to 1.5mg/1
and zero respectively in 48 hours, while 55% ammoniacal nitrogen was
reduced. One gram of oyster (meat weight) could reduce suspended solids
from 50-110mg/1 to 12-15mg/1 (Macintosh and Philips, 1992). An
experimental waste water treatment system using biofilters (common
mussels and Gracilaria) could help reduce the nutrient load of shrimp
farm effluent in Malayasia (Enander Mans and Mans Hasselstorm, 1994),
These studies in different parts of the world indicate that the biological
treatment methods could be found potential for shrimp pond effluents.
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Although semi-intensive and modified extensive shrimp culture
registered a rapid growth in India in the recent past, cost effective effluent
treatment systems in commerical units have not been tried
systematically and widely for standardisation, except for using
sedimentation ponds in stray cases. The present experiment on biopond
management, while presenting useful data on biological treatment of
shrimp pond effluent and secondary aquaculture, lend support to the
findings and remarks of of the above mentioned authors. This work being
preliminary in nature, suggests further studies to workout appropriate
ratio of treatment area and growout WSA in relation to specific culture
system, right species of finfish, shellfish and sea weeds and
standardisation of the process for closed system of water management to
make shrimp aquaculture environment-friendly.
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Studies on some biological aspects of
Crassostrea gryphoides (Schlotheim) at
Bhatya creek in Ratnagiri, Maharashtra
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ABSTRACT

The Bhatya creek harbours the
oysters Crassostrea gryphoides, C.
madrasensis and C. rivularis all
of which are abundant over an
area of approximately 20 ha,
intermittently. Attempt was done to
collect the
Crassostrea gryphoides (Schlotheim
1813) the maximum available
species there at Bhatya creek.
Studies were carried out on
determination of sex ratio, seasonal
gonadal changes and spawning

information on

behaviour, condition factor and
percentage edibility. It was found
that, among the oysters sex of which
could be identified, males formed
36.13 %, females 56.75 % and

indeterminants 7.12% on annual
average basis. This gave the male:
female ratio as 1 : 1.56.Studies on
the seasonal gonadal changes and
spawning, indicated that during
summer almost 80 to 90 % of the
oysters were with well developed
gonads, in monsoon majority were
in spent / resting stage and in
winter the gonads were in active
The
observations on the percentage
edibility and index of condition
revealed that the values were high
Jrom January to May 1996 and
June 1995, with a considerable fall

and ripe conditions.

- from September 1995 to November

1995 which correlate with the
spawning cycle of the oysters.
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Introduction

The edible oyster Crassostrea gryphoides, is distributed in the
Bhatya creek over an approximate area of 20 ha. Several tons of
oysters are exploited from this area after the post monsoon periods.
These oysters are collected and marketed daily in the local retail
market of Ratnagiri in live condition. The major species exploited are
- Crassostrea gryphoides, C. madrasensis, and C. rivularis which are
locally called as ‘ saad kalaav'. Studies on the biology of the oyster
are a prerequsite to propogate oyster culture and the studies
include those of Rao and Nayar (1956) from Madras on C.
madrasensis, Durve ( 1965) from Bombay on C. gryphoides, Joseph
and Joseph (1983 ) from Dakshina Kannada on C. madrasensis,
Narasimham ( 1987 ) from Kakinada on C . madrasensis. From
Ratnagiri, Nagabhushanam and Mane (1976) studied the reproductive
biology of the Indian oyster Crassostrea gryphoides whereas
Nagabhushanam and Bidarkar (1980) and Chavan (1982} worked
on the oyster, Saccostrea cucullata . The present investigation
covers some aspects of biology such as sex ratio, maturation and
spawning and percentage edibility and condition index of edible
oyster in the Bhatya creek.

Materials and methods

Samples of C. gryphoides for biological studies were collected
once in every fortnight during June 1995 to May 1996 (except July
1995) from Bhatya creek. About 14 to 28 oysters were collected
from a depth of up to seven meters at random from the oyster beds
with the help of local divers. The oysters were washed and cleaned
off epifauna and epiflora prior to examination. Sex and maturity
stages were determined by microscopic examination of gonad smears
of all individuals in each collection. Four categories of maturity
stages, namely stage I ( maturing ), stage II ( ripe ), stage IlI
(partially spawned ), and stage IV ( spent ) were recognised following
Narasimham ( 1987 ). The monthly sex -ratio data, subjected to Chi
- square to see whether male female ratio was different from 1: 1.
The percentage edibility was calculated for all the collected specimens
and the condition index studied in six oysters of varied size ranges
from each collection. For condition factor the commonly followed
method is to calculate the ratio of the dry meat weight (oven dried
at 90 - 100 °C to a constant weight) to the volume of the shell
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cavity and is expressed as

Condition factor = Weight of dry meat x 1000

Volume of shell cavity

The condition is taken as high if the value is above 140 .
Values below 70 indicate the poor conditions of oysters (Rajapandian
and Rajan, 1987 ; James and Narasimham, 1994).
Observations and results
Sex ratio

The present studies on C. gryphoides showed that the females
invariably outnumbered the males in almost all the months, except
in March, April and May 1996. The females formed 63 to 75 percent
of the stock during the monsoon and winter months (June to
February 1995). During summer (March to May 1996) this percentage
was between 27 to 38 (Table 1).

Table 1. Percentage of male ~ female specimens and the sex ratio in monthly
samples of Crassostrea gryphoides during 1995 - 96.

Month Total number Males Percentage Females Percentage M : F.
of specimens of males of females Ratio
observed

Jun. 1995 26 8 31 18 69 1:2.25
Jul, - - - - - -

Aug. 24 7 29 17 71 1:2.42
Sep. 33 9 27 24 73 1:2.66
Oct. 27 6 22 18 67 1:3.00
Nov. 32 8 25 24 75 1:3.00
Dec. 41 11 27 26 63 1:2.36
Jan. 1996 43 . 13 30 27 63 1:2.07
Feb. 41 10 24 27 66 1:2.70
Mar 40 20 50 14 35 1:0.70
Apr. 44 26 59 12 27 1:0.46
May. 42 24 57 16 38 1:0.66
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The males formed 22 to 31 percent of the stock during monsoon
and winter months . During summer (March to May 1996) this
percentage increased and was between 50 to 59 in different months.
The indeterminate oysters occurred in October 1995 , December 1995
to May 1996 with their percentage occurrence between 5 to 15.
Thus during the study period , males formed 36.13 %, females 56.75
% and the indeterminants 7.12 % on an annual average basis. This
gave the male to female ratio as 1: 1.56.

In order to ascertain whether the observed male to female
ratio in each month differs significantly from the theorotical 1 to 1l
ratio, the chi-square values for each month were calculated (Table
2). There was a significant deviation from the 1 : 1 ratio in all

the months , except March and May 1996 due to preponderence of
males.

Table 2. Results of Chi - square test in the sex ratios of Crassostrea
gryphoides from June 1995 to May 1996.

Months Males Females DF X2
June 1995 8 18 1 5.76
July 1995 - - - -

August 1995 7 17 1 4.16
September 1995 9 24 1 6.80
October 1995 6 18 1 6.00
November 1995 8 24 1 8.00
December 1995 11 26 1 6.08
January 1996 13 27 1 4.90
February 1996 10 27 1 7.80
March 1996 20 14 1 1.05°
April 1996 26 12 1 5.14
May 1996 24 16 1 1.60°

* Not significant at 5% level.
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Maturation and spawning

The course of reproductive activity of the oyster in the Bhatya
bed was monitored to determine the right time when spat collectors
are to be set up. The results reported here are based on the
observations made over a continuous period of 12 months from
June 1995 to May 1996. It was found that during summer (March to
May 1996 and June 1995) almost 80 to 90% of the oysters were with
well developed gonads. In males, the testicular laminae were densely
packed with the spermatozoa. In females the follicles were packed
with the ripe ova, polygonal or suboval in shape . In June 1995
most of the gametes were found to be released indicating this to be
a major spawning period . In monsoon ( from July to October 1995)
majority of the oysters (90 to 95 %) were in spent / resting stage.
This may be due to a reduction in salinity in the Bhatya creek.
Decrease in salinity influences the reproductive cycle in oysters
(Thangavelu and Sanjeevaraj, 1988 ) and thereby progressively
increases the number of spent / resting oysters in these four
months indicating the completion of the reproductive cycle .

In winter ( i.e from November 1995 to January 1996), the
gamatogenesis was initiated again with the increase in salinity
and the gonads were found to be in active and ripe conditions.
Finally from January to March 1996 about 50% of the oysters were
in partially spawned stage and the spawning continued till May
1996 and June 1995.

All the four maturity stages ( Active , Ripe , Partially spawned
and Spent / Resting) were observed in the months from January to
May 1996 and June 1995 . Their distribution suggests that the oysters
undergo maturation and spawning more than once during this
period.

Percentage edibility and condition index

The observations on the percentage edibility were carried out
by examining 393 oysters and for index of condition , by examining
88 oysters, collected during the period June 1995 to May 1996.

Percentage edibility: The monthly variations in the average
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percentage edibility or meat yield of these oysters is given in Table
3. The percentage edibility remained high (between 5.0t09.0) from
January to May 1996, the highest value (8.5} being in June 1995.
Values were low (between 3.0 to 5.0) inJuly to December 1995 the
lowest value (3.35) being in November 1995 . It was found that these
variations in the percentage edibility were closely correlated with
the spawning cycle of the oysters under investigations. The spawning
in C.gryphoides commenced in April 1996 and ended by June
1996 . The percentage edibility values were high during the
spawning period, whereas there was a fall in the percentage edibility
during August to December 1995. Finally from January 1996, as the
oysters started recovering to normal again and started entering the
active phases, the values of the percentage edibility also rose and
remained high up to June end.

Table 3. Monthly variations in average percentage edibility and condition
index in Crassostrea gryphoides.

Months : Percentage edibility Condition index

Jun. 1995 8.50 148
Jul. - -
Aug. 5.20 98
Sept. 5.40 79
Oct. 4.50 52
Nov. 3.35 58
Dec. 4.10 102
Jan. 1996 5.90 123
Feb. 5.90 140
Mar. 7.50 128
Apr. 6.79 146
May. 7.96 143

Condition index: The monthly variations in the average index of
condition in the oysters taken as a whole are given in Table 3. In
the present case the index of condition showed the same pattern of
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changes as that in the percentage edibility . The condition index
remained high from December 1995 to May 1996 (and June 1995 ),
the highest value ( 148) being in the month of June 1995 . The
values were low between the period July to November 1995 , the
lowest value (52) being in the month of October 1995 . Thus these
variations in the condition index were similar to that in the
percentage edibility.

The quality of meat of the oyster, C. gryphoides shows definite
seasonal changes and the percentage edibility and the index of
condition values remain high during the period January to June,
qualifying it fit for human consumption. '

Discussion

Earlier studies on C. gryphoides indicated the predominance of
females from May to August while the males predominated over the
females in September and October. From November to April Durve,
(1965 ) observed the alternate predominance of either of the sex.
Narasimham' s (1987 ) studies on C . madrasensis showed the
proportions of females to be significantly higher than that of the
males , throughout the year. In the present studies the proportion
of females was significantly higher than that of the males in all
the months, except the summer months .

Studies on sexuality , seasonal gonadal changes and spawning
in oysters have earlier been done by Durve (1965) on C. gryphoides
from Bombay waters, Nagabhushanam and Bidarkar ( 1980 ) on
Saccostrea cucullata from Ratnagiri waters, Rajapandian and Rajan (
1983) on C. madrasensis.from Tuticorin , Joseph and Joseph (1983) on
C . madrasensis from Mulki estuary ( Dakshina Kannada ) ,
Narasimham (1987) on C.madrasensis from Kakinada and Sarvesan
etal. (1990) on C.madrasensis from Muttukadu backwater, Madras
and the present work on C. gryphoides from Ratnagiri ( Bhatya)
waters . Thangavelu ( 1988) has observed the effect of salinity on
the spawning, development and setting of spats of the oyster Ostrea
madrasensis (Preston) in Pulicate lake. Sarvesan etal. (1990), have
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also observed that the maturation, spawning and the spatfall of the
oysters are influenced by salinity and temperature . Earlier, Durve
and Bal (1962 ) in their preliminary observations had also found
that the spawning of the oyster , C. gryphoides begins in July and
lasts till early October . Narasimham ‘s ( 1987 ) studies on C.
madrasensis of Kakinada bay showed that spawning take$ place
during January to June. Mane and Nagabhushanam (1988) reported
that, C. gryphoides from Ratnagiri had shown that spawning
commences in September and continues till the onset of the
monsoon.

The oysters are known to show variations in the quality of
their meat depending upon their physiological conditions ,
environmental factors and the seasons. Assessment of quality is
done by estimating the percentage edibility and index of condition
and has been done for oysters by Durve (1964), Joseph and Joseph
(1983), Nair and Nair ( 1987), Rajapandian and Rajan (1983),
Rainer (1989 ), James and Narasimham (1994 ), Rosique and
(1995).

Durve (1964 ) had observed a close correlation between the
gonadal cycle and the condition index in the oyster, C. gryphoides.
He stated, that the oysters were fatty and cream coloured from
November to June when they were not spawning. Joseph and
Joseph (1983) have shown that in the Mulki estuary the oysters
( C. madrasensis) were in their best condition from late May to
September . In 'C. madrasensis from the Cochin backwaters, Nair
and Nair ( 1987 ) observed higher values pf condition index during
April to October and thus, concluded that the oysters were in the
best condition during this period.
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ABSTRACT

Results of the experimental
Jfattening of postmoult soft crabs
(‘Water crabs’} of Scylla oceanica
(Dana) in the size 550 g and above
in a brackishwater pond of 0.05 ha
area at Cochin during August 1992 -
April 93 are presented. Four
Jattening trials were attempted under
varying salinity conditions (5-29 ppt)
and stocking densities (2.5-5 crabs/
10 m?) for 45-60 days, feeding with
trash fish, slaughter house waste
and/or clam meat at the rate of 7%

Introduction

of body weight. Experiments have
shown that 45 days fattening with a
stocking density of 1 crab /3m? is
ideal for better survival and economic
returns in tide-fed conditions.
Although no significant change was
observed in the total weight of crab
during fattening, the average protein
content of the meat increased from
8.33% to 14.93% with a decrease in
moisture content from 87.15% to
80.93%. Economic analysis of crab
Jattening trials indicated gross profit
ranging from Rs. 13300 to 50400 in 5-
6 crops a year.

For centuries, mud crabs of genus Scylla, also known as green
crabs or mangrove crabs constituted an important secondary crop in the
traditional prawn or fish culture systems of Asian countries. In India
the mud crabs have come into prominence since early eighties with the
commencement of live crab export to the South East Asian countries
like Singapore, Malaysia and Hong Kong. This has created a renewed
interest in the exploitation as well as in the production of mud crabs

through aquaculture.
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Technology of mud crab farming can be broadly categorised into
‘grow-out culture’ and ‘fattening’. Grow-out culture refers to farming of
undersized crabs for longer period, usually 3 to 6 months, to produce
marketable sizes, whereas fattening is holding of market-size crabs for
2 to 4 weeks time to acquire certain desired biological characteristics
(Chong, 1993). During grow-out culture the stocked animals moult several
times before they are harvested, while during fattening, the animals
are usually harvested before they moult . In the latter-case, therefore,
there is hardly any change in the size of the animal at the time of harvest.
The aim of fattening is either to produce female crabs with ripe gonads
or to convert post-moult soft crabs to hard shelled crabs. Crabs with well
developed ovary or roe filling the body cavity is considered a delicacy in
many countries. Such animals fetch very high prices in restaurants
and markets. Therefore female crabs with immature ovary are fattened
by giving proper feed until their ovary develops and fills up the body cavity.
Experienced farmers can identify the crabs with fully developed ovary by
looking through the carapace, holding the crab against sun light or a
bright light source.

Newly moulted crabs have soft shell and watery meat and hence
are known as ‘water crabs’ which fetch very low price compared to hard
shelled crabs. The soft shelled crabs are fattened by proper feeding for
two weeks to one month, and by this time their flesh becomes firm and
shell hardened. Hardness of the shell is judged by pressing the sternites
of the cephalothorax.

In spite of the decline in catches due to overfishing and destruction
of mangrove areas which form their natural habitat, the fishing pressure
on the resource is ever on the increase all over the world because of
very high price of the commodity. One of the ways of protection of natural
stock is the utilisation of the under sized and post moult soft crabs by
grow-out and fattening type of aquaculture. Keeping the above points in
mind fattening trials were conducted and the results are presented in
this paper. In order to assess the change in biochemical composition
during fattening, the proximate composition of meat was analysed before
and after fattening and the results presented and discussed.
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Material and methods

The crab fattening experiments were carried out in a brackishwater
pond of 0.05 ha (Fig. 1) situated in Vypeen island. The pond was connected to
Cochin backwater by a 5m wide canal of about 200 m length. The pond had
a strong bund of 3 m width at the top. A sluice gate of 1 m width connected
the pond to the tidal canal. Average depth of the pond was 1.5 m.

In order to prevent escape of crabs over the bund, a perimeter fencing
of Im height was constructed using nylon netting of 20 mm mesh size.
The netting was supported by split bamboo sticks fixed on the dyke at 2
m intervals. The net was fixed in such a way that the lower portion of
the same was buried in soil and secured firmly with bamboo pegs. The
sticks were planted in slanting manner overhanging the pond to prevent

ki
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Fig. I. Final harvesting of crabs in fattening pond
crabs from climbing over the fence. Bund near the sluice gate was
reinforced with bamboo matting as the crabs showed a strong tendency
to burrow near the sluice gate. A watchman kept vigil to prevent poaching.
Four fattening trials were conducted between August 1992 and April 1993.
The fattening period varied from 45 to 60 days.
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During the experiments, physico-chemical parameters like
température, salinity, dissolved oxygen and pH were measured at an
interval of 7 days. Standard methods AOAC (1965) were used for
determination of moisture, ash, crude protein, total lipid, crude fibre and
nitrogen free extract (NFE).

Results

The pond was first conditioned by adding lime at the rate of 600
kg/ha after reducing the water level to the minimum. Next day water
was let in during high tide. The incoming water was screened using a
nylon net screen to avoid entry of competitors. Soft crabs weighing above
550 g in body weight were purchased from local fishermen and active
crabs with all the appendages intact were used for stocking. The carapace
length of the crabs ranged from 15 to 20 cm. The crabs were fed with
either trash fish, slaughter house waste or clam meat at the rate of 7 %
of body weight. Boiling the slaughter house waste before feeding was
found to reduce water pollution. ‘When trash fish was available in bulk,
it was salted and stored and used for feeding when trash was scarce.
Water exchange was done by tidal flushing.

Four fattening trials were conducted and the experimental details
are summarised in Table 1.

Table 1. Details of crab fattening experiments

Particulars Trial-1 Trial-2 Trial-3 Trial -4
Area of pond(ha) 0.05 0.05 0.05 0.05
Duration (days) 45 45 45 60
Stocking density (No/m?) 0.25 0.35 0.35 0.5
Number of water crabs stocked 125 175 175 250
Total weight of water crabs

stocked(kg) 95.75 140.8 145.7 192
No. of hard shelled crabs

harvested 98 142 154 183
Total weight of hard shelled

crabs harvested (kg) 75 114 128 143
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No. of soft shelled crabs

at harvest 18 22 17 36
Total weight of soft shelled

crabs at harvest 13 17.5 13 28
No. of dead or missing crabs 6 6 2 22
No. of damaged crabs 3 5 2 9
Survival rate (%) including

Damaged crabs 95.2 96.6 98.9 91.2
Crabs used for sale* (%) 92.8 93.7 97.7 87.6

* Both soft and hard shelled

In the first trial, 125 soft crabs (‘water crabs’) weighing 95.75 kg
were stocked and the stocking density was 0.25/m?. Among the stocked
crabs, 30 crabs were individually tagged using numbered plastic tags.
These tags were tied to the base of the last leg of the animal after noting
the weight. During the first trial, salinity was low, ranging between 5.0
ppt and 7.5 ppt. The water temperature, pH and dissolved oxygen values
were 25-26.7° C, 7.2-7.5 and 2.1-6.7 ml/1 respectively.

Partial harvesting started from 20" day onwards using baited ring
nets. All the crabs thus caught were individually tested for their shell
condition by pressing the sternites of cephalothorax. Those with hardened
shells were segregated and marketed. The crabs whose shells were not
hardened properly were returned to the pond for further fattening. Total
harvesting was done on the 45" day after completely draining the pond,
by hand picking or using scoop nets locally called ‘bols’. All the tagged
crabs were carefully cleaned of mud and algae attached to the tags and
weighed. Though a maximum individual weight increase up to 30 g/
crab was noticed, majority of the crabs showed little change in weight
even after a period of 45 days of experiment. Out of the 125 crabs stocked,
98 crabs weighing 75 kg were sold as hard shelled meat crabs and 18 as
water crabs. Apart from this, 3 crabs were caught severely damaged and
6 were either dead or missing. Survival rate was 95.2 % which included
hard shelled, soft and damaged crabs at the time of harvesting. The
percentage of crabs suitable for sale (undamaged hard or soft shelled ones)
was 92.8.
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During the second trial, stocking density was increased to 0.35/
m? and altogether 175 soft crabs were stocked within a week. Salinity
recorded at the beginning of the experiment was 6.5 ppt which gradually
increased to 24.2 ppt by the end of the trial period. The pH and
temperature values ranged from 6.8 to 7.8 and 25.2 to 28.3°C respectively.
Dissolved oxygen varied between 2.1 and 7.0 ml/l. Out of the 140.8 kg of
soft crabs stocked, 114 kg numbering 142 were harvested in hard shell
condition. The survival rate of marketable individuals was 93.7 %.
Twenty two crabs remained in soft condition, 5 were caught in damaged
condition. Actual survival rate was 96. 57%.

In the third fattening trial, stocking density was the same as that
of the second trial but the feeding schedule was changed from once a day
to twice a day. Only 30 % of the daily ration was given in the morning,
the remaining 70% in the evening. During the experimental period the
salinity varied narrowly, ranging from 24.2 to 27.5 ppt. Dissolved oxygen
varied between 2.9 and 7 ml/l. Water temperature and pH were in the
range of 27.3-29°C and 7.3-7.8 respectively.

During the third trial the total weight of soft crabs stocked was
145.75 kg. Out of this 128 kg numbering 154 crabs was harvested in

Fig. 2. Tying harvested crabs for sale.
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hard shelled state and 17 crabs weighing 13 kg remained in soft condition.
Total mortality was 2 and another 2 crabs were caught in damaged
condition. Actual survival rate worked out to 98.85% of which percentage
of crabs suitable for sale formed 97.7 %. "

During the fourth trial, the stocking density was increased to 0.5/
m? and 250 crabs weighing 192 kg were stocked. It took two weeks to
stock the crabs. During this cycle salinity ranged 27-29 ppt, temperature
28-29.7°C and pH 7.2 to 8.1. Harvesting began from the 20% day onwards.
A total of 183 crabs weighing 142 .75 kg was harvested during the
fattening period of 60 days and 36 crabs weighing 28 kg remained in soft
condition. Dead and damaged ones were maximum in this trial which
numbered 22 and 9 respectively. Actual survival rate worked out to 91.2%.
The rate of recovery of animals suitable for marketing (Fig.2) was the
lowest, being 87.6% among all the four fattening trials.

Biochemical changes during fattening

In order to assess the change in biochemical composition during
fattening, the proximate composition of crab meat was studied before
and after fattening and the results are presented in Table 2.

Table 2. Proximate composition of meat of soft shelled and hard shelled (fattened)
crabs (Standard deviation of the mean is given in parenthesis)

Constituents Percentage of wet meat weight
Soft crab Fattened crab
Moisture 87.15 80.925
(1.371) (1.911)
Crude protein 8.328 14.93
(0.663) (0.716)
Ash 3.559 3.315
(0.241) (0.343)
Fat 0.293 0.2873
(0.19) (0.021)
Crude fibre Negligible Negligible
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The values of the different biochemical constituents in the two
different conditions of crab body would reveal that considerable change
occurs in the contents of moisture and crude protein during the
transformation period. The protein content was 7.282-9.143% in the soft
shelled condition and 13.93-16.03% in fattened condition with average
values of 8.33% and 14.93% respectively. As the protein content
increased, the water content showed a reduction from the average value
of 87.15% in ‘water crab’ to 80.93% in fattened crab. The differences in
protein and water content were found statistically significant. Other
parameters analysed, such as, ash content, fat and NFE did not show any
statistically significant difference between soft and fattened crab. The
crude fibre was negligible in the meat of both the types of crabs indicating
very low content of non digestible carbohydrate in their meat.

Economics of crab fattening

Based on the results obtained from the fattening experiments,
the economics of crab fattening has been worked out for a 0.05 ha farm
for one year separately for each type of experimental trials with varying
stocking densities and feeding schedule. The comparative cost and
earnings arrived at are shown in the Table 3. '

Table 3. Economics of mud crab fattening in 0.05 ha farm at Vypeen Island
(Values in Rs.)

Particulars Trial-1 Trial-2 Trial-3 Trial -4

I. Initial investment

1.Cost of land 25000 25000 25000 25000
2.Watchman's shed 5000 5000 5000 5000
3.Pond construction 4000 4000 4000 4000
4.Sluice gate 3000 3000 3000 3000
5.Fencing 750 750 750 750
Total 37750 37750 37750 37750

II. Annual fixed cost

1.Opportunity cost of
land (@10%) 2500 2500 2500 2500
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2.Depreciation (20% of
initial investment exclu-

ding land cost 2550 2550 2550 2550
3.Interest (20% of initial '

investment) 7550 7550 7550 7550
Total 12600 12600 12600 12600
III. Operating cost
1.Pond preparation 300 300 300 300
2.Cost of soft crab(@80/kg) 7660 11280 11660 15360
3.Feed 777 1134 1182 1555
4.Labour charges 3000 3000 3000 3000

Total (per crop) . 11737 15714 16142 21215
5.Annual working cost

{6/5 crops/year) 70422 94284 96852 106075
IV. Annual expenditure 83022 106884 109452 118675

(IT+111)

V. Annual income

l.Income from the sale of hard

shelled crabs @ 200/kg 15000 22800 25600 28550
2.Income from the sale of soft
shelled crabs @ 80/kg 1040 1400 1040 2240
Total 16040 24200 26640 30790
3.Annual income from 96240 145200 159840 153950
6/5 crops
VI. Gross profit (V-IV) 13218 38316 50388 35275

As the fattening period was 45 days each for the first 3 trials, the
annual expenditure and income were calculated assuming that at least
6 such fattening operations could be carried out in a year. However in
the case of the 4™ trial, computations were made on the assumption that
5 trials could be taken in a year since the duration lasted for 60 days.

The initial investment of fattening operation included cost of land,
cost of construction of watchman'’s shed, cost of construction of pond,
cost of sluice gate and expenditure for perimeter fencing. Total initial
investment was Rs. 37,750, which remained the same for all trials since
all the trials were carried out in the same pond.

Annual fixed cost was calculated taking 10% of the cost of land as
its opportunity cost, 20% as depreciation on the initial investment and
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interest at the rate of 20 % of initial investment. The calculated value
of initial investment for all the 4 trials was Rs. 12,600.

Operating cost included cost of pond preparation, cost of stocking
material (soft crabs), cost of feed and labour charges. Charges towards
pond preparation included cost and transportation charges of lime, labour
charges for strengthening bund etc. Feed materials such as trash fish,
slaughter house waste etc. were purchased at Rs. 3-4 /kg. Cost of salt
used for storage of trash fish also included under the cost of feed. Cost of
stocking material was the most dominant variable among the operating
cost. Consequently the operating cost/crop was lowest in the first trial
(Rs. 11,737) and highest in the fourth trial (Rs. 21,215) corresponding
with the lowest and highest stocking densities. The cost/crop of the
third and fourth trials were Rs. 15,714 and Rs. 16,142 respectively.

Annual working cost was calculated for 6 crops in the case of first
three trials and five crops in the fourth trial and the values worked out
to Rs. 70,442, Rs. 94,284, Rs. 96,852 and Rs. 106,075 respectively.

Annual expenditure was calculated by adding the annual fixed cost
and annual working cost. Income/crop included the revenue obtained
from the sale of the hard shelled crabs or meat crabs harvested during
the trial and the income from the sale of soft crabs at the time of the
final harvest of each trial. The meat crabs were sold at Rs. 200/kg and
soft crabs at Rs. 80/kg. Income per crop was the highest in the fourth
trial (Rs. 30,790) and the lowest in the first trial (Rs. 16,040). There was
no significant difference in the income/crop for the third and fourth trials
(Rs. 24,200 and Rs. 26,640). Though the stocking densities were different
for the last two trials, the annual income realised from these trials did
not show significant variation (Rs. 159,840 and Rs. 153,950) because of
the lesser number of cycles in the last trial. In the second trial the
annual income was Rs. 1,45,200 which was lower than that of the third
trial with an annual turnover of Rs. 1,59,840. The gross profit was
calculated by subtracting the annual expenditure from the annual
income. It is seen that the profit was the highest in the third trial (Rs.
50,388/annum) as against the decreasing profits realised for the 2™ (Rs.
38,316), 4 (Rs. 35,275) and 1* (Rs. 13,218) trials.
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Discussion

An important problem associated with mud crab farming is the
inherent tendency of crabs to escape from the farm during the period of
culture. In order to prevent the escape of crabs, different management
measures such as fencing the pond, reinforcing the dyke with concrete/
bricks, proper feeding schedule, adequate water exchange etc. are
resorted to. Of these fencing is done invariably and for this various kinds
of materials are used. In Taiwan, the fattening ponds are constructed
with vertical brick walls (Chen, 1990) whereas in Indonesia the farmers
use bamboo stakes for fencing the pond (Cholic & Hanafi, 1992).

During the present study the culture pond was provided with nylon
netting which proved to be very effective to prevent the escape of crabs
and is cheaper than other materials like wire mesh, asbestos sheet or
bamboo fencing. Further, nylon net fencing was much easier to
construct and cheap. As in the case of the export of processed fishery
products wherein quality assurance is an essential aspect, the live crab
export also demands quality assurance like healthy and disease free
condition for trade. In the event of crabs attempt to escape from the pond
by climbing over the dykes and fencing, injuries are bound to occur on
the ventral side of the crab leading to infections. As the presence of
scratches on the body or shell breakage in the crabs would disqualify
their acceptability to exports, care has to be taken to prevent occurrence
of scratches or shell breakage during culture operation. It is observed
that the chances of such damages on the body of crabs are extremely low
when the fencing is done with nylon netting.

Assorted sizes of crabs falling between 550-2,000g were used in
all the four trials since the preference for live crab export was within the
above range and also due to non consistency in the availability of any
particular size range in the backwater capture fishery which formed the
source of material for the experiment.

The present study on the fattening of large size crabs was a maiden
attempt to find out the ideal stocking density yielding the maximum
economic returns. The stocking density was 0.25/m? in the first trial,
0.35/m? in the second and third and 0.5/m? in the fourth trial. The
duration of fattening was uniformly 45 days for the first 3 trials and 60
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days for the fourth trial. The percentage survival at the time of final
harvest varied significantly between different trials. In the first
experiment the survival was 95.2%, which increased to 96.6% in the
second trial and 98.9% in the third trial. The final survival rate in respect
of 4 trial went down drastically to 91.2%. The rate of survival of crabs
was good in spite of the low salinity of the pond ranging 5.0-7.5 ppt in the
first trial. The most favourable salinity for mud crab farming is reported
to be 15-35 ppt (Liong, 1994). Although the fattening commenced with
low salinity conditions (6.5 ppt) in the second trial the salinity values
increased gradually to as high as 24.2 ppt, and it remained more or less
constant level of 27-29 ppt in the third trial. It is possible that the higher
survival rate recorded for these two trials could have been favourably
influenced by the higher salinity regime prevailing in the pond as most
of the other environmental factors and pond management procedures
remained more or less same. The high survival rate of 98.7% was
recorded in the third trial in vwhich the only variable factor that could be
attributed to this is the difference in the feeding schedule during that
trial. The feeding schedule during the third trial was changed from once
a day to twice a day, about 30% of the daily ration was given in the morning
and the remaining 70% in the evening.

In the 4t fattening trial though higher salinity condition (27-29
ppt) prevailed in the pond, mortality was maximum. The percentage of
marketable crabs was also lower than all other experimental trials
(87.6%). This poor performance coincided with deteriorating water
conditions on several occasions as evident from the smell of water caused
by the excess metabolic wastes released by the denser population and
the lack of adequate water exchange. The temperature of the pond water
was also higher than in all the previous trials because of the summer
season (April), which would have adversely affected the crabs as evident
from the sluggish nature of the animals and fouling of epiphytic algae on
the crabs body. Taiwanese crab farmers, who stock crabs of 8-12 cm CW
corresponding to about 200-250 g in weight use one crab/m? as optimum
stocking density in summer (Sivasubramoniam and Angell, 1992). In
the present study, 0.5/m? stocking density corresponds to about 400g/
m? assuming that the average weight of crabs stocked was about 800g.
The Taiwanese use pump sets for water replenishment as and when
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required whereas in the present study the water exchange was by tidal
action only which would not have ensured adequate water replenishment
commensurate with the crab biomass. From the above observation it
can be presumed that the optimum stocking density of crab of about 800g
average weight during summer period could be around 0.35 crabs/m?
under tide fed conditions. This works out to 3500 crabs/ha water area
for fattening in tide fed brackishwater condition. ’

The food given to the crabs consisted of fresh trash fish, salted
fish and slaughter house waste. A feeding rate of 7% of body weight was
adopted for trash fish and slaughter house waste while a reduced rate of
5% of body weight was used when salted fish was offered. The crab showed
varying preferences for different food items when three types were offered
together. The first preference was shown to trash fish, then to salted
fish and finally to slaughter house waste. Chen (1990) reported a feeding
rate of about 1% of body weight with trash fish and sometimes with
freshwater hornshell snail during fattening of female crabs of size 220-
250¢g size. Snail meat is added in the diet to facilitate development of
gonads, as the fattening is aimed at producing crabs with well developed
roe rather than converting ‘water crabs’ to meat crabs in Taiwan.

According to Rattanchote and Dangwatankul (1992) a higher rate
of feeding is practiced in Thailand where trash fish and horse mussel
are given at the rate of 7-10% of body weight once or twice in a day. De
Silva (1992) used offal, clam meat and fish for feeding mud crabs and
found that first preference was for clam meat and then for offal. Cholic
and Hanafi (1992) reported the use of dried trash fish at higher feeding
rates of 10-15% of body weight. The feeding rate of 5-7% of body weight
followed during the present experiment appears to be reasonable
considering the prevailing environmental conditions of the brackishwater
farms of Kerala coast which are tide fed. The slaughter house waste
when offered in fresh condition was found to pollute the water as evident
from the colour change and foul odour. Though this problem could be
partly overcome by half cooking of meat before use, regular use of slaughter
house waste in crab fattening pond is considered undesirable from the
view point of environmental safety.

Fattening in cages or pens is considered more advantageous as
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the stocking rates in such systems could be considerably high (Natarajan
and Thankaraj, 1983; Bensam, 1986; Marichamy et al., 1986). In
Philippines as many as 18 crabs are stocked in a cage of 140x70x25 cm
size with 18 compartments, keeping one crab in each compartment (Larda,
1992). In Indonesia crabs are stocked in individual compartments at
the rate of 40/m? in which condition the mortality rate is less than 5%
(Cholic and Hanafi, 1992). This is in contrast to a stocking rate of 2/m?
for crabs of 150-200 g size in pond systems. Observation on crab fattening
in wooden cages (2.5x2.5x2 m) which was commenced in small scale in
Cochin backwaters in recent years have shown that as many as 25-30
‘water crabs’ of size 550g and above are successfully raised at a time
without mortality. This high stocking density is possible since the cages
facilitate constant water replenishment in the open backwater providing
very ideal condition for the crab. From this it would appear that the
optimum stocking density of 0.35 crabs/m? worked out for fattening ponds
could be further increased by resorting to frequent water exchange and
aeration coupled with appropriate feeding as practiced for shrimps in the
semi-intensive systems. Further under such improved environmental
conditions a denser population can be raised safely since no moulting
takes place during fattening period which would make the animals
vulnerable for cannibalism and consequent mortality.

A clear change was noticed in the biochemical composition of meat
during fattening. The average moisture content decreased from 87.15 %
to 80.93% whereas the crude protein content increased from 8.33 to 14.93
% during the transformation. This would indicate that the water profusely
absorbed during moulting gets replaced with protein during fattening
apparently with little change in body weight.

Economic analysis of mud crab farming practiced in most of the
East Asian countries (Anon, 1992; Kathirvel, 1983; Viswakumar, 1993)
have established that the culture is highly profitable when compared
with other forms of aquaculture due to the increasing price live mud
crabs command in the international markets.

In the crab fattening experiments the initial investment and fixed
cost were the same for all the four trials as they were conducted in the
same pond. Among the operating costs, cost of soft crabs was the most
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important variable since the stocking size was big. The operating cost
per crop was lowest in the first trial corresponding to the lowest stocking
density and highest in the fourth trial corresponding to the highest
stocking density tested. The operating cost of the second and third trial
did not differ much because of the uniformity of stocking density and the
meagre variation in the weight of animals. Feed, which was given
according to the biomass of the stocked animals also showed a similar
pattern with respect to its cost.

The lowest income per crop was obtained in the first trial and the
highest in the fourth trial corresponding to the lowest and highest
stocking densities used in these trials, but the annual income was higher
in the third (Rs. 1,59,840) and second (Rs. 1,45,200) trials. Even though
the income per crop was the highest in the fourth trial, the annual income
worked out for this trial was lower than that of the third trial because of
the lesser number of trials in the former case. The gross profit from the
fourth trial amounted to Rs. 35,275 which was less than the gross profit
from the third (Rs. 50,388) and second (Rs. 38,316) trials as the operating
cost was the highest in the fourth trial. This would probably indicate
that stocking density of 0.5/m? or above cannot be recommended under
the present level of management. The lowest profit obtained at the
stocking density of 0.25/m? shows the under-utilization of the pond. The
higher gross profit obtained in the third trial as compared to the second
trial shows that even at the same stocking density profit can be increased
significantly by adopting better management techniques.
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ABSTRACT

Seabass (Lates calcarifer) is
an ideal candidate for an eco-friendly
sustainable aquaculture in India.
Large scale farming is hampered due
to non-availability of adequate
quantity of seed. Hatchery technology
Jfor commercial production of seabass
seed has been developed for the first
time in India at the Central Institute
of Brackishwater Aquaculture,
Chennai. Protocols for captive
broodstock development, induced
maturation, breeding and larval
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rearing have been standardized.
Adult fishes in the weight range of
2.5 to 10.0 kg, collected from the
artisanal fishery were stocked in 100
tonne capacity RCC broodstock
holding tanks and maintained from
December ‘95 @ 1 kg/m® density.
Fishes were fed @ 5% of the body
daily with frozen trash fishes and the
80% water exchange was done daily
with proper health, water and feed

in oozing condition. Maturity in
females was advanced through
LHRH-a hormone pellet implantation
@ 100pg/kg.
induced to spawn spontaneously by
the administration of single dose of
LHRH-a hormone @ 60-70ug/ kg body
weight and for males 30-35 pg/kg.

Second spawning of the same fermale

Gravid fish was

on subsequent day was also
observed. Fertilization rate varied

management. Fishes attained
gonadal maturity in the fish holding
tanks during May - June. Males were

from 70 to 80% with hatching rate of
60-90%. Details are discussed in the

paper.

Introduction

Asian seabas Lates calcarifer is one of the potential candidate species
for farming in coastal and inland water both in pond and cage culture
systems. It is a highly relished fish, with a capacity to grow fast and
ability to withstand wide fluctuation in environmental conditions.
Seabass is extensively cultured in South East Asian countries like
Thailand (Sakras 1982, Wangsomnuk et al..1979).Indonesia (Kungvankiji,
1986), Phillippines (Forotes, 1985, 1986), Malaysia (Ali, 1986) and
Australia (Mac Kinnon, 1987). In India too, in the coastal traditional
farms seabass is cultured to a limited extent. However, seabass farming
on large scale adopting better management practices is hampered due to
the non-availability of adequate quantity of quality seed. Central Institute
of Brackishwater Aquaculture, Chennai took up seabass seed production
technology development on priority basis and made a breakthrough in
1997 (Thirunavukkarasu, 1997; Kailasam et al., 1998). One of the
important prerequisites for the successful seed production under captive
condition is the availability of gravid fishes. Collection of gravid fishes
from wild is unpredictable and risk is involved in transporting them to
hatchery site and maintaining them till the fish spawns. Hence, captive
broodstock development and inducing them to spawn in captivity is
important to enhance the possibilities of mass production of seabass seed.
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. Materials and methods

Adult seabass were procured from the wild catch and farm reared
stock and transported to fish hatchery site at CIBA experimental field
station, Muttukkadu. The fishes were initially examined for parasitic
infection, if any, and after prophylactic treatment with antibiotics, they
were maintained in acclimatization tanks for ten days. There after fishes
were transferred to the broodstock fish holding tanks for captive
maturation.

The fish broodstock holding tanks were 100 ton net water capacity
in dimension of 12m x 6m x 2m. Feeding was done with trash fishes like
tilapia (Oreochromis mossambicus), sardines (Sardinella sp) and horse
mackerel (Decapterus sp) @ 5% of the body weight once a day. The
broodstock holding tanks were cleaned regularly. Water exchange was
done to the extent of 80% daily with water drawn from bore wells in the
intertidal area. Important water quality parameters like temperature,
salinity, pH, dissolved oxygen, nitrite and ammonia were regularly
monitored.

The health of broodstock fishes was periodically monitored, when
parasite infection was noticed fishes were treated. The maturity stages
of the captive broodstock fishes were examined regularly. A simple biopsy
method was adopted to assess ovarian maturation of females from April
onwards. A polyethylene cannula of 1.2 mm dia. was inserted through
the genital pore to a distance of 10 cm. The other end of cannula is
gently aspirated by mouth withdrawing the cannula shortly. The content
of the cannula was emptied into a watchglass and examined
microscopically, the diameter of ova was measured using ocular
micrometer. Females with ova diameter of more than 450 y was taken
for induced spawning trials. Oozing males were taken for induction of
spawning. In case of necessity the females maturity was accelerated by
implanting LHRH-a hormone pellet intramuscularly. For induction of
spawning, females were administered with LHRH-a (Lutenizing Releasing
Hormone analogue) intramuscularly. The dosage rate was 60-70 ug/kg
of body weight for females and 30-35 pg/kg for males. After hormonal
injection, fishes were released at the rate of 2 males for one female in
20-ton capacity rectangular RCC tanks.
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After spawning, fertilized eggs collected through scooping/siphoning
were washed and transported into 500 liter capacity rectangular FRP
tanks for hatching. The eggs spawned were counted, collected randomly
by one liter of water from the spawning tank and counting the number of
eggs in sub sampling 100 ml. This is repeated 2-3 times and the fertilized
and unfertilized eggs were separated for commuting the fertilization rate.
The percentage of hatching was also estimated.

Results and discussion
Broodstock procurement, transport, acclimatization, maturation

Adult fishes with the size of 2.5 and 8.0 kgs were procured from
commercial catches of Muttukkadu coastal waters. The fishes were
mainly caught by hook and line. Since the fishes were caught from nearby
area of hatchery site, open containers like troughs, buckets were used
with aeration. With an objective of studying the feasibility of long distance
transportation of brooder, adult fishes were transported from Papakoil
Village (Nagapattinam) to Muttukkadu hatchery site and covering a
distance of 354 kms. The transportation duration was 12 hours and
100% survival was obtained. The stocking density was maintained @ 4
Kg. 5 Kg and 6 Kg/m?® in the transportation tanker. Water quality
parameter over transportation duration is presented in Table 1.

Table 1. Water quality parameters in relation to biomass during transportation

Tank-1 Tank-2 Tank-3

Tank capacity 4000 Liters 4000 Liters 4000 Liters
Biomass of 4 5 6
Fish (Kg/Ton)
Transport 11 11 11
Duration (Hrs)
Transport 354 354 354
Distance (Km)
Sampling
Interval(Hrs) 0 6 12 0O 6 12 0 6 12
Water temp.(°C) 23.0+29.0£24+1 23+29+24x 23429124

0.8 1 08 1 1 0.8 1 1

— 114 —



Captive broodstock development and breeding of seabass

Salinity(ppt) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

H 808+ 809810z 808+ 782+ 786+ 808+ 7.8+ 7.84-=
0.42 0.39 0.52 0.42 0.36 0.42 0.42 0.49 0.52

D.O.(ppm) 56+ 54zx 51 56z 52+ 49+ 55+ 48 4213
0.7 0.8 0.6 0.4 0.4 0.3 0.5 0.6 0.4

Nitrite(ppm) 0.017 £+ 0.021 £0.026 + 0.017 = 0.02 + 0.021 = 0.017 + 0.036 = 0.042 +
0.003 0.007 0.006 0.003 0.008 0.007 0.003 0.009 0.010

Ammonia(ppm} 0.025 = 0.036 +0.040 =0.025 + 0.04 + 0.048 + 0.025 + 0.052 = 0.06 =
0.003 0.007 0.009 0.003 0.009 0.008 0.003 0.011 0.012

During transportation, the salinity was maintained at 4 ppt. In all
the densities water temperature varied from 23°C to 29.0 + 1°C. No
significant variation was observed between densities. pH values were
observed to be lowered from the initial value of 8.08 + 0.42 to 7.80 + 0.52
in the container with 6kg/m3 fish with marginal decline. Dissolved
oxygen value gradually reduced from initial level of 5.6 + 0.6 ppmto 5.1
0.6 ppm and 4.9 = 0.3 ppm respectively in the densities of 3 kg/m? and 5
kg/m3. The initial nitrite content was 0.017 + 0.003 ppm. As the duration
of time increased the nitrite level also increased. The Nitrite level was
0.026 + 0.006 ppm in lower density (3kg/m?), 0.031 + 0.007 ppm in the
density of 4kg/m?® and 0.042 + 0.010 ppm in higher density of 6kg/m?
after 12 hours transportation showing gradual increase.

Ammonia concentration was initially 0.025 + 0.003 ppm, the level
increased with duration to 0.040 + 0.009, 0.048 + 0.008 and 0.06 + 0.012
after 12 hours in densities of 4kg/m?, 5kg/m?® and 6kg/m? respectively
showing increasing ammonia concentration with transport duration. The
higher concentration of ammonia in higher density when compared to
that of lower density is indicating the water quality deterioration. This
increase might have due to the high metabolic activities of the fish
biomass in high density medium.

Fishes after brought to the hatchery were examined for pathogenic
infections. As a prophylactic measurement fishes were treated in the
potassium permanganate 1.0 ppm solution for 5 minutes or acrifalvine
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1-ppm for 10 minutes or Furazolidone @ 10 ppm for one hour. After
conditioning in the acclimatization tanks for ten days, healthy females
were transported to fish broodstock holding tanks.

Fishes were fed with trash fish @ 5% of the body weight daily.
Broodstock holding tanks were cleaned and water was changed daily.
Water quality was monitored regularly. Values of some of the important
water quality parameter in the fish broodstock holding tanks (Monthly
mean values) are presented in Table 2. The water temperature ranged
from 28.77 = 1.17°C (October) to 32.92 + 1.3°C(June) and salinity values
ranged between 25.54 + 1.41 ppt in December and 31.91 = 1.22 ppt in
June. pH ranged from 7.28 = 0.28 during September, to 8.3 £ 0.11 in
July. Dissolved oxygen content observed were minimum during June
(5.4 + 0.6 ppm) and maximum during April (7.84 = 0.95). Maximum
concentration of ammonia 0.0854 + 0.068 ppm was observed during June
and minimum value of 0.006 = 0.03 ppm was recorded during March.
Nitrite level in the broodstock holding tanks were between 0.0008 0.04
ppm (December) and 0.0854 0.018 ppm (June). Feed management and
water quality maintenance for the broodstock holding tanks are major
requirements for the maturation of the captive broodstock. Feeding with
trash fish is commonly done in many of the hatcheries. Banchang et al.
(1989) have suggested the following suitable range of water quality in
the broodstock tanks. Temperature 29-32°C, salinity 29-32 ppt. pH 6.8-
8-0, dissolved oxygen more than 6 ppm, ammonia less than 0.5 ppm and
nitrite less than 1 ppm. In the present study also broodstock tank water
quality parameters were maintained within the required range except
that of salinity fluctuating from 25.54 = 1.41 ppt to 31.91 + 1.22 ppt. The
reduction in salinity was due to monsoon rain during these months. The
salinity reduction leads to the resorbtion of gonads in the subsequent
months and further maturation was observed after May showing the
importance of salinity in the gonadal maturity. Providing quality feed is
an important factor in the captive maturation, spawning and quality of
the eggs of seabass. Banchang et al. (1986) observed poor hatching rate
of eggs and low survival rate of larvae and fry when the broodstock fishes
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were fed with poor nutritional diet. They also further noticed improvement
in the condition when the fish were fed with good quality marine fish
supplemented with Vitamin E once a week @ 30mg/kg of fish.

Table 2. Water quality parameters of brood stock fish holding tank.

Months ~ Watertemp  Salinity A D.O. Ammonia Nitrite

1997 () (ppt) (ppm) (ppm) (ppm)

Jan 30.5x1.3 29:0.85 7.67:0.14 6.8:0.88  0.0013+0.04  0.023x0.02
Feb 30.37£0.98  30z1.41 7.89:0.17 7.71:0.33  0.081x0.02 0.07120.011
Mar 32.1x1.2 30.4+0.92 7.9620.14 7.3+1.58 0.006+0.03 0.014£0.031
Apr 32.46+1.22  31.3:1.13 7.94£0.03 7.8:0.95  0.0175x0.08  0.018:0.001

May 32.86£1.27  31.15:0.77  8.03:0.11 8.02:0.75  0.013+0.004 0.016£0.002

Jun 32.92+1.3 3191122  7.31:0.13 5.4:0.6 0.0389+0.027  0.0854:0.068
Jul 31.15£1.15  29.5:1.11 8.3£0.11 6.83:0.56  0.0125:0.006 0.016x0.01
Aug 31.26x095  29.95:0.97  7.95:0.15 7.89:0.47  0.077+0.07 0.0585x0.014
Sep 29.79:1.51  30.6:1.09 7.28£0.28 7.5320.78  0.0155+0.02 0.041+0.034
Oct 2877117  29.820.9 7.36x0.14 7.1820.19  0.095:0.08 0.00410.1
Nov 28.96x0.69  27.06£1.2 7.65+0.18 7.77+0.1 0.0415+0.011  0.006:0.003
Dec 2891£1.14  25.54+1.41 7.75£0.17 7.07:0.11  0.09310.04 0.0008+0.04

The health of the captive broodstock has to be monitored carefully
since the broodstock is kept at higher density than in their natural habitat
and the probable contamination of the broodstock holding system due to
accumulation of nitrogenous loading to deterioration of water quality. In
the broodstock maintained in captivity the common parasites encountered
were the protozoan Trichodina sp, monogeneans Diplectinum latesi and
Dactylogyrs sp, crustacean like Caligus sp, Lernanthropus sp, Heridinnea
like leach and Bacteria Vibrio sp. The intensity of the infection of parasites
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was found to be high during November-January where salinity and
temperature were recorded low during these months. Mortality of captive
seabass due to monogenic parasite Diplectinum latesi, has been observed
by Rajendran et al. (1998a, 1998b). However these problems could be
overcome through periodic treatment with 100-ppm formalin for 1 hour
for crustacean parasites and with 1-ppm organophosphorus pesticide

dichlorvos for 1 hour for monogenic parasite infections.
Maturation and induced breeding

The maturity stages of the fish was assessed regularly. The egg
diameter of the captive broodstock fishes during the months from May to
October is presented in Table 3. Fishes were found to have varying sized
ova in the ovary indicating protracted spawning of individual fish in a
season. During the season May-October, the egg size varied from 360u
to 462u. Fishes with average ova diameter more than 450u was selected
for induction of spawning. Matured males with oozing milt by gently
pressing the abdomen were selected for spawning. To accelerate the
maturity of females LHRH-a hormone pellet was implanted
intramuscularly in three fishes. Results on the influence of LHRH-a
pellet implantation on ovarian development is presented in Table 4. The
dose of the hormone was @ 100ug/kg body weight of the fish. The hormone
pellet was prepared following procedure of Parazo et al. (1990) with some
modifications. The implanted pellet facilitates the slow release of the
hormone accelerating the maturation. Within a period of 20-49 days
after LHRH a implantation the ova diameter was found to increase to the
required size of more than 450u. Female fishes with initial average ova
diameter 0.4 mm was found to have increased ova dia. of 0.54 mm after
25 days of LHRH a pellet implantation @ 125ug/kg body weight during
May 1992 (Mathew Abraham et al, 1998). In the present study also
acceleration of maturation was observed when hormone pellet 100 ug/
kg body was implanted in maturing fish.
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Table : 3. Acceleration of ovarian maturation by LHRH - a - pellet implantation.

Fish Length Weight Initialmean Hormone Dosage  Response

No. (mm) (kg ova diameter {vg/kg)
)
1. 860 10 391 LHRHa 100 During last week of June ‘97, after 20
Pellet days of LHRHa pellet implantation,
mean ova diameter increased to 473 p.
2. 820 9 363 IHRHa 100 After 38 days, during first week of July
‘97, ova mean diameter increased to 458y
3. 650 6 346 IHRHa 100 After 49 days, during 3rd week of July
pellet ‘97, the oocyte mean diameter measured
was 454y.
4, 790 8 354 No hormone pellet After 45 days (July ‘97), the mean ova

implantation (Control)  diameter was increased to 398y,
However, the ova attain the mean size
of 451y during the first week of
September '97 only after 80 days.

5 760 7 355 No hormone pellet Mean oocyte diameter was found to be

implantation (Control} 402y during July ‘97 and increased to
464y during first week of October ‘97
only after 109 days.

Crim (1985) and Crim et al. (1987) have stated that the LHRH-a
pellet would be gradually released into the circulatory system chronically
stimulating the pituitary gonadal axis for an extended time period. They
have also demonstrated the release of gonadotropin hormone (GTH) for
several days following the in vivo single implantation of LHRH-a pellet.
The acceleration of gonadal maturation through pellet implantation was
demonstrated by other workers also (Naa cario, 1987; Garcia, 1990).

The results of the induced breeding experiment in Lates calcarifer
during 1997 and 1998 breeding seasons are presented in Table 4. In the
first experiment, fishes were treated with LHRH-a hormone initially @
100ug/kg body weight for females and @ 35ug/kg body weight for males.
However, spawning was not successful and plugging of genital pore was
observed. In the subsequent trials, the hormone dosage was administered
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to the fishes @ 60-70 pg/kg body weight for females and 30-35 pg/kg body
weight for males. In these cases spawning was successful after 32-36
hours of hormone injection. In many cases, second spawning was also
observed on subsequent days. The total number of eggs per spawning
released varied from 0.70 million to 1.46 million. Rate of fertilization
was 70 to 80% in the first spawning and in the second spawning it was
between 40 and 60%. The fertilized eggs were transparent, floating on
the surface with diameter 0.78 mm to 0.80 mm. The unfertilized eggs
were opaque and settled at the bottom. Fertilized eggs were collected
from spawning tank by scooping/siphoning and transferred to incubation
tanks. Eggs were maintained at the density of 80-100 nos/1 for hatching,.
Hatching took place after 17-18 hours with the water temperature of 27-
28°C. The hatchlings were then distributed into larval rearing tanks for
rearing.

Induced breeding of seabass was successful with a single dose of
LHRH-a @ 60-70 pug/kg body weight for females and 30-35 ug/kg body
weight for males but at higher dose of 100 ug/kg body weight it was found
to give negative result of plugging. Similar observation of decline in
spawning was observed by Garcia (1990) when the fish was administered
with higher dose of 150-300 pg/kg body weight of the fish. Possible
selfsuppression action by LHRH-a with GTH releasing mechanism would
occur when the hormone is administered at higher dose. Peter (1989)
has observed suppression of serum GTH level in circulatory system after
three daily injection of high dose of super active LHRH-a in mature gold
fish. Based on several trials Garcia (1989 a) suggested a dose of 38.75
ug/kg body weight for females for inducing sequential spawning. The
present study also showed a single dose of LHRH-a @ 60-70 ug/kg for
females and 30-35 ug/kg body weight for males are optimum for successful
spawning of seabass. Garcia (1989 b) observed spawning of seabass without
hormone injection when the ova diameter was more than 0.5 mm however
opined that LHRH-a will be highly effective for obtaining eggs on demand
from matured females. '

Second spawning was observed on subsequent days in most of the
cases. In general the number of eggs obtained in the first spawning was
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Table : 4. Details of induced breeding experiments in Lates calcarifer (Bloch)

s & E ’éb = LHRHa No.ofeggs 8T Rateof Rate of
z = s E R .
= a E T 5 dose spawned " T fertitization hatching
e £ § T {million) g3 (%) (%)
o g B
= =Y ] E= I
§ = £ w0 Remarks
% ¢ grif it D EE E it o
= e =1 Q o
5 E = g 5] g s E 8 g % 9 §
=} o § Q ® g D g O
8 = 2 &g (% E 2 &g g ® 3
< & & s 2 & 2 &
@ = P2 4
[ =
1. 24.06 80 10.0 473 100 Plugged. No spawning, even after 48 hrs of
‘97 injection, stripping attempted. But, eggs not fertilised.
2. 12.07 820 90 458 70 35 1.46 1.30 35 70 80 Spawning spontaneous and natural. Second spawning
‘97 observed 24 hrs after first spawning. First spawned
eggs successfully fertilized. But, no fertilization in
second spawned eggs.
3. 23.07 650 6.0 454 70 35 4.05 1.00 34 80 90 Spawning spontaneous and natural. First spawning
97 eggs fertilized, second spawning observed 24 hrs
after first spawning. But, not fertilized.
4. 0609 790 80 451 70 35 1.20 0.90 32 70 40 60 25 Spontaneous and natural spawning. Eggs fertilized
97 30* in both the spawnings and hatching was successful
for second spawning, fresh males were introduced
with hormone treatment.
5. 04.10 760 7.0 464 70 35 1.10 1.00 34 80 60 70 53 Spawning spontaneous and natural. Both first and
97 second spawned eggs fertilized and hatched.
6. 12.07 640 6.0 452 70 35 0.78 - 35 60 - 60 - Spawning successful
‘98
7. 28.07 750 7.5 461 70 35 068 1.0 35 65 52 68 70 Spawning successful
‘08
8. 13.08 600 4.5 453 70 35 0.80 - 34 62 - 71 - Spawning successful
9. 30.08 760 7.0 454 70 35 121 1.0 35 71 62 69 48 Spawning successful
‘98
10.16.09 800 85 462 70 35 1.0 1.9 35 60 48 70 5l Spawning successful

‘08
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more than that of second spawning. Similar observation was made by
Almendras et al. (1988) in seabass when the fish was induced for multiple
spawning by LHRH-a pellet implantation. However, Suzuki (1983) has
stated no correlation between the incidence of multiple spawning and
eggs fertilizability or hatchability. In the present study also, more number
of eggs and higher fertilization rate were observed in two case. However,
in some cases fertilization was not effected in the second spawning
possibly because the males being small could not cop up with the milt
requirement for the subsequent spawning. In one case successful
fertilization in the second spawning were effected by replacing the male.
In most of the trials, fertilization and hatching were similar to that of
first spawning implying that the spawning response depends on the overall
fertilization rate roughly around 70-80% in the first spawning and 40-
60% in the second spawning. The hatching rate ranged from 60-90% in
the first spawning and 25-61% in the second spawning. Lim etal. (1986)
also observed fertilization rate ranging from 72.8 to 94.9% in the induced
breeding trials. However, the rate of fertilization and hatching depends
upon the condition of the brood fishes and other factors like water quality
etc.

The technology developed at the Central Institute of Brackishwater
Aquaculture on captive broodstock maintenance, induced breeding and
larval rearing of Lates calcarifer is standardized and upgraded for better
management. This would help in the large-scale production of seabass
in India, the candidate species for diversification of sustainable
aquaculture.
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Description of a simple prototype pelletizer for
preparation of hormone pellets

L. Krishnan
Central Marine Fisheries Research Institute, Cochin - 682014

ABSTRACT preparation of hormone pellets, to be

used in cultivable fishes, for inducing

The design and working of a  maturation as well as spawning is
simple prototype pelletizer for described.

Introduction

Administration of reproductive hormones in the form of pellets
has come to be accepted in recent years as the method of inducement
for maturation and spawning in fishes. It has already been established
that implantation of hormone in a pelleted-powder matrix assures long
term hormone delivery in the treated animal. The fact that the high
potency analogues of Luteinizing hormone releasing hormone (LHRHa)
in a cholesterol matrix pellet is able to provide prolonged releasing
hormone activity has been demonstared in mammals (Kent et al., 1980},
and fish (Crim et al., 1983). Two distinct advantages are offered by the
pelleted hormone technique. Pellets are easy and cheap to fabricate and
pellets maximise the effect of hormonal application in species where
prolonged and elevated hormone levels are a pre-requisite for spawning
(Garcia, 1989). Crim (1985) describes methods for acute and chronic
hormone administration in fishes.

Lee et al. (1986) described a cheap and simple device for pellet
making using 2 plastic sheets with holes drilled in one of them to form
the pellet die. Many workers like Sherwood et al.,(1988) used a pellet
press - parr instrument Co., Moline IL in making the pellets.
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This paper describes the design and working of a low cost, portable
and simple pelletizer.

Description of pelletizer

The instrument (Fig. 1) is made of two ‘S’ shaped cast iron pieces
secured in the anterior 2/3 rd with a thread nut and bolt forming the
fulerum, but still allowing free movements of both the limbs like a ‘Plier’.
The ‘handle’ portion of the instrument is 14 cms long, rectangular in cross
section and has a thickness of 1 cm The anterior short portion in front of
the fulcrum is 6 cms. long. The anterior upper and lower arms are provided
with a cylindrical piston (4.5 cms long and 3mm dia) and the socket (length
3.4 cms and dia. 3.3 mm) respectively which help in the making of the
pellet.

A rectangular piece of cast iron (2.5 cms long/5mm thick) is fixed
vertically at the centro-dorsal portion of the anterior dorsal arm. The top
portion of this piece is cut into a ‘U’ shaped slot. The central portion of a
‘M’ shaped iron lever (2mm thick and 5mm wide) is loosely hinged on to
the ‘U’ shaped slot at the top of the vertical piece of cast iron with the
help of a pin allowing free movement of the lever backwards and forwards.
The posterior arm of this ‘M’ shaped lever is attached to a handle lever
in a loose manner with the help of a hinge pin. The handle lever is also
supported in the middle with the help of a thread bolt 4 cms long. The

LEGENDS
H - Handle
HL - Handle lever
Sp - Spring
ML - M Shaped Lever
RP - Rectangular Piece of Iron
PI - Piston
DL - Dorsal Lip
SO - Socket
Fig. 1. Line drawing of the pelletizer VL - Ventral Lip
showing the different parts. SL - Sleeve
BS - Basal Spring
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upper end of this bolt is shaped like a bulb and fits itself loosely into the
groove like lower portion of the handle lever in one way retaining it and
in another way acting as fulcrum on which the handle lever moves. The
thread bolt itself is screwed into a slot drilled on the dorsal lip of the
instrument.

When the handle lever is pressed, the posterior tip of the ‘M’ shaped
lever is raised and indirectely lowering the anterior tip since the lever
is loosely hinged in the centre. A 2 cms long spring attached a little
ahead of the posterior edge of the ‘M’ shaped lever (and further fixed on
the dorsal side of the instrument ) allows the ‘M’ lever to return to its
original position and in turn allows the handle lever also to come to the
resting position, when the pressure on the handle lever is lessened.

The anterior tip of the ‘M’ lever is attached to a 4.5 cms long
cylindrical piston having a dia. of 3 mm. The ‘M’ lever and the piston
are connected through a movable link piece allowing free movement.
The piston also passes through a neatly drilled cylindrical socket cutting
through the dorsal lip of the instrument vertically. A portion of the piston
always remains inside the socket even when the anterior upper and
lower arms of the pelletizer are apposed to each other. The internal dia.
of the cylindrical socket is 3.3 mm and measures 1.7 cms in length.

The anterior portion of the ventral lip of the pelletizer is also
rectangular and has a well polished upper surface with a width of 1.7
cms. In the centre of this polished surface is also a vertically drilled
cylindrical socket of an internal dia.of 3.3 mm and going down to a length
of 1.7 cms and opening on the ventral side of the ventral lip. This
cylindrical socket is positioned such that once the upper and lower lips
of the pelletizer are apposed to each other the sockets of the respective
lips become contiguous with one another forming a single socket.

When the handle lever is pressed, the cylindrical piston, already
having passed through the cylindrical socket on the dorsal lip also moves
freely through the socket on the ventral lip and juts a little outside the
ventral side of the ventral lip of the pelletizer.

The rectangular dorsal surface of the lower lip of the pelletizer has
two longitudinal grooves on either side. These grooves facilitate sliding
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in of a metallic, box like rectangular sleeve (Length 3.8 cms, 2.1 cms
wide ) which has its upper portion exposed. Once this sleeve is fitted to
the dorsal grooves and pressed, it slides inside fitting tightly like a jacket
on the lower lip of the pelletizer and at the same time closing the opening
of the cylindrical socket on the ventral side of the ventral lip. Once the
sleeve is removed, the ventral opening is exposed.

The upper and lower lips of the pelletizer are kept opened with the
help of the basal spring attached horizontally on both the arms of the
pelletizer.

Working of the pelletizer

The pelletizer is useful in the preparation of pellets containing
LHRHa hormone in a cholesterol matrix, the methodology of which is
described by Lee et al. (1985). After a thorough cleaning of the instrument,
the metal sleeve is first slided on to the anterior lip of the ventral arm of
the instrument. The dried hormone mixture kept ready is then filled
little by little into the socket on the ventral lip. Intermittently the mixture
is compressed by depressing the handle lever. Once the socket is 3/4"
full, the remnants of the hormone mixture sticking on the sides of the
sockets are all carefully shoved into the socket. The hormone mixture is
then compressed progresively harder using the handle lever controlling
the piston. The metal sleeve is then slided out exposing the ventral
opening on the ventral lip. The pellet is then ejected out by pressing the
handle lever carefully and the pellet is collected in a container. The
pelletizer is then cleaned using a cloth dipped in alcohol helping the
removal of the sticky cholesterol remnants. At a time a single pellet of
10 mm length with 3 mm dia. can be extruded by operating the pelletizer.
This pellet can be cut into two using a sharp blade. The pellet is then
dried for two hours inside an incubator (set at 37° C). The pellet can
further be kept closed inside a glass vial padded with cotton and stored in
a refrigerator for further use.

Discussion

Procedural guides to the production and implantation of LHRHa
cholesterol pellet into milk fish is given by Lee et al. (1985,1986). Crim
(1985) described methods for acute and chronic hormone administration
in milk fish. But it was Lee et al. (1986) who devised a simple method for

— 128 —



Description of a simple prototype pelletizer

making of pellets using two plastic plates. The pellet mould consists of
one plastic plate with 15 holes drilled on to it. An undrilled plastic sheet
of similar diamension was used as a base for the drilled sheet. The
hormone mixture is filled into the holes of the top sheet using a nail and
compressed well with a hammer. The pellets 2.4 mm in dia. by 5.0 mm
are then ejected out pushing them out with a hard substance. The design
and model of the hormone pelletizer given in this work is the first of its
kind in India. The pelletizer is portable, easy to make and handle, and
very useful in the making of pellets even in field conditions. The pellets
made using this device were tried in Lates calcarifer with good success
(Anon, 1992).
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ABSTRACT

An experimental artificial habitat
Jor spiny lobsters was created in the
sea off Vellapatti, a fishing village near
Tuticorin in the Gulf of Mannar during
June 1997. A total of 49 modules
Jabricated out of 147 stoneware pipes
were used to create the artificial
habitat which covered a floor area of
approximately 1000 sq. m. Inhabitation
of lobsters in the artificial habitat was
recorded for the first time three months
after the installation of the modules.
Both Panulirus ornatus and
P.homarus were encountered in
bottom set gill net catches operated in
the vicinity of the artificial habitat,
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P.ornatus was the dominant species
constituting on an average 76.8 % of

respectively. The importance of

artificial habitat in the production,

the total lobster catches. The size
(total length) of the lobsters captured
from the artificial habitat ranged
from 115 to 255 mm and from 135 to
165 mm in P.ornatus and P.homarus

conservation and optimum

exploitation of the spiny lobster
resources from the sea is discussed

in the paper.

Introduction

Spiny lobsters are valued as one of the prime sea foods all over the
world standing second only to shrimps in terms of their commercial
importance. The increased demand for live lobsters and frozen lobster
tails in the export market has given a new thrust to lobster fishing along
Indian coasts recently. There are six species of spiny lobsters in Indian
waters, out of which only two species namely the Ornate spiny lobster
Panulirus ornatus and the Scalloped spiny lobster P.homarus contribute
to the commercial fishery along Tuticorin coast. Their life cycle is
complex requiring diverse marine habitats ranging from open ocean to
inshore seagrass beds and coral reefs (Cobb and Phillips, 1980). The
juveniles of spiny lobsters are gregarious in nature and concentrate
around rocky outcrops, groupé of urchins and sponges and feed on
echinoids and small molluscs mostly during night time (Khandker, 1964
Davis, 1971 and 1978; Berrill, 1975). The availability of suitable shelters
adjacent to the foraging area is the major limiting factor for the survival
of juvenile lobsters. Such natural ecosystem has been damaged along
Indian coast to a very great extent both by adverse environmental
conditions and human interference resulting in a gradual decline in
the population of spiny lobsters in Indian waters over the years (Kagwade
et al., 1991; CMFRI, 1995). It is in this context that the Central Marine
Fisheries Research Institute has undertaken various research activities
to replenish the population and increase the production in the sea as
part of its various research programmes in mariculture. Development
of artificial reefs is one of such programmes.
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The technology of artificial reef is primarily based on the simple
principle that the crevices present in the artificial structures provide
shelter and thus protect the organisms from predators. Incidentally, such
objects also serve as base for the development of algae and for the
attachment of various sedentary organisms which ultimately results
in the formation of a fertile feeding ground for the organisms while they
themselves {aking shelter in the crevices. However, later it was found
out by various investigators that the instinctive behaviour of the organism
is one of the major factors that constitute the fundamental linkage
between the object and the organism. The present paper gives an account
on the creation of artificial habitats (artificial reefs) for spiny lobsters in
the sea off Vellapatti, a coastal village near Tuticorin in the Gulf of Mannar,
involving artisanal fishermen.

Vellapatti is a small fishing village about 10 km north of Tuticorin
on the south-east coast of Tamil Nadu. Fishing is the main avocation of
the villagers with nearly 95% of the population engaging in activities
connected with fishing. They operate mostly bottom-set gill nets for fishing
crabs and lobsters at a depth of about 5 to 10 m. The craft used for the
fishery is vallam (plank-built boat). Although fishing activities are going
on round the year, their income from the fishing is meagre most of the
months due to poor catch and most of the villagers live below poverty
line. In order to create an awareness among the traditional fishermen
on the importance of artificial habitat as a tool to increase spiny lobster
production in the sea, Vellapatti was selected as the sea off Vellapatti
was found to be suitable for creation of artificial habitat for spiny lobsters
and also as the fishermen were cooperative. Detailed discussions were
held with the fishermen and members of the fishermen society of
Vellapatti and the role of artificial habitats in increasing the lobster
resources in the sea was explained to them before actually commencing
the work. )

Materials and methods

A total of 147 stone- ware pipes, each pipe with a length of 60 cm
and a diametre of 20 cm were used, out of which 49 modules were
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fabricated on the shore at Vellapatti during the last week of May, 1997.
Each module consisted of three pipes i.e two pipes were placed at the
bottom horizontally over which the third pipe was placed. All the three
pipes were tied firmly with a njrlon rope. They were loaded into five vallams
(country boats) belonging to the fishermen and were transported to the
sea off Vellapatti in the morning on 1lst June 1997. After locating the
suitable ground the modules were carefully lowered into the sea and
placed on the floor at a depth of about 6 metres between Van Island and
Karsewar Island. After all the modules were released, their position was
observed by a SCUBA diver. The area covered by the modules is estimated
to be approximately 1000 sq. m.

After the installation of the modules on the floor of the sea fishing
was carried out by the commercial fishermen as and when the conditions
were favourable and the catches were brought to the landing centre. The
landing centre was visited weekly once and the catches of lobsters and
other species landed from the artificial habitats were recorded. Only
lobsters were measured for their total length and carapace length. The
weight of the individual lobsters also was taken.

Results and discussion

Fishing was carried out in the artificial reef area by the fishermen
of the Vellapatti village using bottom-set gill nets as and when the
conditions were favourable for fishing. Regular fishing from the artificial
reef area commenced during the month of September '97. Thereafter,
fishing was carried out in the artificial reef area in October '97 and then
in January and February '98. The catch of lobsters recorded during
October, January and February was in the order of 5.4, 16.5 and 17.7 kg
constituting 9.1 %, 5.0 % and 2.0 % of the total catches landed by the
bottom-set gill nets during the three months respectively (Table 1). Both
the species of spiny lobsters (P.ornatus and P. homarus) were encoun-
tered in the catches. P.ornatus was the dominant species with an esti-
mated catch of 30.4 kg forming 76.8 % , the rest being formed by P.homarus
(Table 2). From 1.19 kg the catch of P.ornatus increased to 16.2 kg in
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January and then showed a marginal decline in February with an esti-
mated catch of 13.0 kg. In the case of P.homarus the catch was more or
less at the same level in October and February ( 4.2 and 4.7 kg) with an
insignificant landing of 0.3 kg in January. It may be mentioned here
that the composition of P.homarus was high initially i.e in October, forming
78.0 % of the total lobster catches. Although the catch was maintained
at the same level in February also, its composition was only 26.6 % as
P.omatus became the dominant one.

Table 1. Catch and effort of spiny lobsters from the artificial reef area

Months Fishing No. of Estimated Lobsters
days Units total catch

(kg) kg % C/E
October ‘97 27 9 59.4 5.4 9.1 0.6
November No fishing
December No fishing
January ‘98 16 24 326.5 16.5 5.0 0.7
February 24 48 869.7 17.7 2.0 0.4
March No fishing
Total 67 81 1255.6 39.6 3.2 0.49

Table 2. Species composition of lobsters in the artificial reef area ( %)

Months Estimated total

catch of lobsters

(kg) P.ormatus P.homarus
Kg % Kg %

October ‘97 5.42 1.19 22.0 4.23 78.0
November No fishing
December Nofishing
January ‘98 16.5 16.2 98.4 0.27 1.6
February 17.7 13.0 73.4 4.7 26.6
March No fishing
Total 39.6 30.4 76.8 9.18 23.2

The size (total length) of P.ornatus collected from the artificial reef
area ranged from 115 to 255 mm in male and from 155 to 235 mm in
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female. Large-sized lobsters were recorded in the catches landed during
January in both sexes.

Although detailed information is available on the creation of artifi-
cial habitats for fin fishes in various parts of the world, information on
the creation of artificial habitat for spiny lobsters are rather limited.
Chittleborough (1970} has reported that in Western Australia, juvenile
populations of P.cygnus are limited by the availability of diurnal shelter
near the centre of their range. According to Davis (1985) the structures
provide a temporary shelter for the lobsters and a refuge from noise, tur-
bidity and physical disruption during the marina construction. Accord-
ing to him shelter may become a limiting factor for lobster production
only when there is high recruitment in the fishery. Otherwise such struc-
tures may simply invite population from other areas without any signifi-
cant increase in the production. According to Herrnkind et al. (1975) the
availability of shelters adjacent to the foraging area is the major limiting
factor for the survival of the Florida spiny lobster, P.argus.

The resource potential of spiny lobsters in the fishing grounds along
Tuticorin coast in the Gulf of Mannar has been studied in detail by
Kagwade et al. (1991) and Rajamani and Manickaraja (1991; 1995; 1997a;
1997b). Kagwade et al. (1991) have warned that as the population of
spiny lobsters in Indian waters is not dense enough to support a sustain-
able fishery, effort should not be increased to capture more of P.ornatus
and P.homarus from the present fishing grounds. They have also sug-
gested that trawling should be intensified in deeper waters as the con-
centration of lobsters in the shallow waters is very much limited. It is
suggested, based on the results obtained from the present investigation,
that artificial habitats may be created in shallow waters in certain
selected places along Indian coast both for increasing the production and
for conservation of the spiny lobster resources from over exploitation.

The investigation carried out in the sea off Vellapatti has clearly

- shown that after the installation of artificial shelters there is a remark-

able increase in the landing of lobsters as admitted by the local fisher-

men. On seeing the effect of artificial shelters on lobster landing the
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fishermen of the village are more enthusiastic and they want to take up
the programme on a large scale. If vast areas are covered with several
modules it becomes a commercial fishing ground. What has been created
in the sea off Vellapatti is only one small unit. Many such small units
form one group and several such groups form one zone. Such zones be-
come the fishing ground for commercial fishing activities. The present
investigation carried out by the Central Marine Fisheries Research In-
stitute involving artisanal fishermen has clearly demonstrated that such
artificial habitat attract spiny lobsters and become permanent habitats
for them. As the installation of artificial habitats involves huge invest-
ment, both Government and non- Government Organizations should
come forward to help the fishermen societies so that the programme
can be taken up on a large scale covering many coastal villages so as to
increase the production in the sea which will benefit the fisherfolk to a
very great extent.
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ABSTRACT

Out of the three observations
made during the period May and
June 1997, totally 13 isolates of
oxidase positive gram negative rods
were encountered from water and
sediment samples of perennial and
pokkali fields. Three strains were
producing green fluorescent pigment.
Fluorescent pigment production was
enhanced by dipotassium hydrogen
phosphate when compared to glycerol
and magnesium chloride. Five
cultures showed antagonistic activity
against all the test pathogens,
namely, Vibrio anguilarum,
Mycobacterium and Cytophaga and
were found highly resistant to
penicillin.
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Introduction

It has been shown by several workers that the normal bacterial flora
of fish is a direct reflection of bacterial population of the environment
they inhabit (Bauman et al., 1971).It has been observed that as many as
37 varieties of bacterial flora are encountered in fresh water and 40 types
in the marine ecosystem. Pseudomonas species are frequently associated
with fish and are found on fish eggs, skin, gills and intestine (Inglis and
Hendrie, 1993). As Pseudomonas species are so widespread and numerous,
they may at times become involved in disease processes and act as
secondary invaders of fish due to stress and other factors. Some species
are reported as primary pathogens, principally, Pseudomonas
anguillisceptica, Pseudomonas fluorescens and Pseudomonas putida are also
found to cause septicaemia in finfish, brownspot disease in shrimps and
bacterial necrosis in molluscs. '

The Pseudomonas species are reported to be having antimicrobial
activity against other microorganisms (Laine et al., 1996). Padilla (1990)
has reported that the bacteriocin of Pseudomonas spp. strain R10 was
active in vitro against several enteropathogenic bacteria.

In the present study an attempt was made to obtain the oxidase
positive nonfermentative, gram negative rods of perennial and seasonal
ponds around Cochin and identify and isolate the pathogenic Pseudomonas
species. Also, the characterization of the bacteria, including morphology,
growth characters, biochemical activities, utilization of organic
compounds for growth, sensitivity to antimicrobial agents and antagonistic
activities were studied based on standard procedures (Shewan et al.,
1960).

Materials and methods

Samples from pokkali and perennial ponds located near Narakkal
in Vypeen island were collected during the period from May and June
and the hydrological parameters were determined. Samples were
subjected to quantitative and qualitative analysis as per the scheme given
(Table 1)
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Table : 1. Pattern of analysis of samples for isolation of Pseudomonas spp.

water and
sediment\b samples

enrichment in

malachite %reen broth

isolation by pour plate method
Seawater +TTC

Pseudomonas agar + TTC

Cetrimide\l/agar + TTC

selection of Pseudomonas

by cytochrome oxidase test positive
pattern of glucose metabolism

in H%L test
xidative Alkaline No reaction
%‘ N J
Y Jy
green no no no
pigment igment igment pigment
J J ¥ N2
Pseudomonas  Pseudomonas Pseudomonas Pseudomonas
(Group 1) {Group I) (Group II) (Group IV)

Total plate count and identification of the colonies are carried out
using three media namely, seawater agar, Pseudomonas agar, for
fluorescein (Hi Media) and cetrimide agar (Hi Media). Addition of Triphenyl
Tetrazolium Chloride (TTC) in the selective media reduces the
tetrazolium salt by bacterial oxidative enzymes and leads to the formation
of a water insoluble red coloured compound, Formazan, which helps in
‘identifying the colonies.

Identification of colonies was done based on two basic tests namely,
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the oxidase test and Hugh and Leifson’s oxidation fermentation test.
Oxidase test is carried out using the cyto-chrome oxidase reagent-
N’,N’,N’, tetramethyl paraphenylene diamine dihydrochloride in which a
filter paper is dipped and the culture is streaked using a loop. Immediate
appearance of a deep purple colour indicated the positive reaction. Hugh
and Leifson’s medium is prepared and distributed into tubes, which is
sterilized and stab inoculated to find out the glucose metabolism.

Composition of Hugh and Leifson’s medium
‘Seawater agar: Peptone-1%, Agar-agar-2%, Ferric phosphate- 0.01%, Aged
seawater-100ml, pH-7.2, 15 lbs., 30mins.

Pseudomonas agar: Tryptone-1%, peptone-1%, agar agar-1.5%, Dipotassium
hydrogen phosphate-0.15%, magnesium sulphate-0.15%, distilled water-
100 ml; pH-7.2+/- 0.2%. 15lbs, 15mins.

Cetrimide agar: Beef extract-1%, peptone-1%, sodium chloride-0.5%,
cetrimide-0.03%, agar-agar-1.2%, distilled water-100ml, and pH at 25°C
7.3+/-0.1.

Hugh and Leifson's glucose: Peptone-1%, sodium chloride-0.5%, glucose-
1%, agar-agar-0.3%, distilled water-100ml, phenol red-1cc/100cc of 0.1%
solution , dipotassium phosphate-0.3%.

The following tests were conducted to arrive at the species level

identification:

1. Growth at 5°C and 37°C

2. Growth at different salt concentrations.

3.  Hydrolysis of organic compounds like starch, arginine, casein,
gelatin etc.
Utilization of citrate as sole carbon source.

5. Penicillin sensitivity.

Because of importance of Psendomonas spp in bacterial
denitrification processes, utilization of nitrogenous compounds like urea,
asparagine, cysteine, glutamic acid, aniline ammonium chloride,
ammonium oxalate etc were tested in peptone water containing glucose
and the respective nitrogen compound.
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Antibiotic sensitivity studies: The sensitivity tests were carried out as
a means to arrive at the species level identification. Penicillin (15 mcg
per disc), Kanamycin (30meg per disc), Ampicillin (30mcg per disc) etc.
were used to study the sensitivity effects of these antibiotics.

Antagonistic activity studies: Cross streaking method and agar diffusion
" method were used toughened out the inhibitory effects of the pathogens.

Well plate method: The culture centrifugate was swabbed on the SWA
agar medium and wells were cut in the medium to which pathogen broth
cultures were added. Presence or absence of growth indicates the inhibitory
action of Pseudomonas on the test pathogens. In the cross streak method,
the test pathogens were streaked across the Pseudomonas culture in the
petri plate, containing medium.

Results and discussion

It was found that the optimum count of forming units were obtained
in dilutions of 10° for water in both perennial and seasonal ponds and at
10* for sediment., cetrimide agar media did not support the growth of
environmental bacteria. It was found that surface water gave more count
compared to sediment. In the present study conducted in early monsoon
and monsoon period, high numbers of Pseudomonas occurred in the
selective medium, Pseudomonas agar, F. Maximum bacterial populations
were observed during monsoon months and the primary environmental
factors supporting the pathogenic Pseudomonas included moisture,
temperature, acidity, organic and inorganic matter supplied.

The fertility of the pokkali field was indicated by the colour of
fermentation and hydrogen sulfide production in TAB BART Bio indicator
medium, as the colour was more in pokkali water sample. 31 motile gram
negative rods were found to be oxidase positive, out of which 13 were
identified to be non fermentative based on oxidation fermentation
characters in Hugh and Leifson’s glucose medium.

In the H&L medium, seven isolates (22.58%) were found to show
oxidative type of metabolism and four (12.9%) showed alkaline. Two
(6.45%) of the isolates did not show any change. These isolates were
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identified to be belonging to different groups (Pseudomonas Group I, Group
II, Group III and Group IV) based on further evidences like presence of
fluorescent pigment.

Three of the isolates were showing green fluorescent pigment. It is
well known that the fluorescent pigment production property is unstable
and is dependent on the nature of the medium for its manifestation,
which was found to be enhanced by the addition of dipotassium hydrogen
phosphate to the medium.

Six of the cultures (46.15%) were found to produce hydrogen sulphide
in cysteine medium. Out of the 13 cultures 38.46% exhibited moderate
growth as well as poor growth. 15.38% exhibited no growth at all. Poor
growth in 5°C indicated P. fluorescens, P. putida and P. anguillisceptica.
Growth at 37°C was there for P.fluorescens and P.putida. But
P.anguillisceptica was unable to grow at 37°C. Inspite of these results it
is seen that temperature alone cannot be used for the polarly flagellated
gram negative rods because of their normally wide temperature range.

Most of the isolates were found to be growing well in peptone glucose
medium without sodium chloride and in media containing 5%NaCl.
Higher concentrations of sodium chloride (7% and 10%) did not support
the growth of bacteria. Another feature was the absence of fluorescence
in the medium. At 7% NaCl concentration only one isolate was showing
good growth, which was identified as Alteromonas piscicida. Isolates
incapable of growing at higher concentrations of NaCl were designated
as P. anguillisceptica.

Proteolytic and amylolytic activity of the isolates were tested and
the results showed that 53.84% of the isolates liquefied gelatin and 76.92%
fermented arginine. Amylolytic activity of the isolates was poor since
only one isolate hydrolysed starch.

The utilization of citrate as sole carbon source also formed important
criterion in identifying the species. 69.73% were capable of using citrate.

Species level identification is given in the Table 2.
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Table 2 - Species identification tests for identification of Pseudomonas spp.

Culture Growth at different Gelatin Fluore Case- Starch Argi- Citrate Identified

No. concentrations of liquefa- scence in hydro- nine as genera
Sodium Chloride ction lysis carbon
source

at 0% at 5% at 7% at 10%
NaC!  NaCl NaCl NaCl

1 + + - - - - - - + +  Pseudomonas
putida
3 + + - - - - - - + + Pseudomonas
putida
4 - - - - - - - - + - Pseudomonas
putida
5 ++ o+ - - - + + + + + Pseudomonas
Sluorescens
6 - - - - - - - - - - Alcaligenes
faecalis
7 ++ o+ - - - - - - + + Pseudomonas
putida
8 + ++ - - - - + - + - Pseudomonas
" fluorescens
9 ++ O+ - - - - + - - + Pseudomonas
anguillisceptica
18 + + - - - - + + - - Alteromonas
piscida
25 ++ o+ - - - + + - + + Pseudomonas
fluorescens
26 + - - - - - - - + + Pseudomonas
putida
28 ++ O+ - - - - + - + + Pseudomonas
Sfluorescens
29 + + - - - - - - + + Pseudomonas
fluorescens

Utilization of nitrogenous compounds: After the incubation period,
nitrate reduction as tested and ammonia production was the dominating
reaction, which is at its maximum in inorganic substances like
ammonium chloride and ammonium oxalate (100% in both). The nitrate
reduction capability was recorded high when ammonium chloride was
used as a substrate. These results indicated that the involvement and
importance of Pseudomonas spp. in the nitrogen cycle. Although
denitrifiers are usually distributed in the aquatic environment as pure
cultures, only 5% of the bacterial species are endowed with the ability to
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liberate free nitrogen from nitrate or nitrite in the presence of abundance
of organic matter (Zobell, 1946). Most of the Bacillus, Alealigenes,
Pseudomonas , Serratia and Vibrio were found to be extremely active nitrate
reducers. Ammonification and peptonisation are mainly done by
Pseudomonadales and Eubacteriales. Chandrika (1984), reported that
Pseudomonas, the veteran degrader of organic matter in the marine
ecosystem dominated the pre monsoon during 1974-75.

Antibiotic sensitivity tests: Sensitivity studies with three antibiotics
showed that all isolates were resistant to penicillin and ampicillin while
46.15% were sensitive to kanamycin. It can be inferred that the
predominant flora of bacteria comprising Psendomonos spp. were quite
resistant to antibiotics.

Antagonistic activity studies: By the well plate studies it was found
that 38.73% of the isolates were actively inhibiting Vibrio anguilarum and
53.84% were inhibiting Cytophaga, the test pathogens. 96.15% of the
isolates were found to be inhibiting both Edwardsiella and Mycobacterium
(Table 3). Also well plate method was found to be giving gobd results
compared to cross streak method. It appears that Pseudomonas is a natural
competitor, which can be use to control other pathogens. Padilla (1990)
has reported that the bacteriocin of Pseudomonas spp. strain R10 was
active in vitro against several enteropathogenic bacteria.

Table 3 Antagonistic activity of selected Pseudomonas spp on some test
pathogens (well plate method)

Organism v Test pathogens
Vibrio Cyto- Edwa- Mycob-
angui- phaga rdsiella acter-
larum ium
Pseudomonas putida + + + +
Pseudomonas putida + + + +
Pseudomonas putida - - + -
Pseudomonas fluorescens - + - +
Alcaligenes faecalis - - - -
Pseudomonas putida - - - -
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Pseudomonas anguillisceptica - - - -

Alteromonas piscicida -(+ in one well) - - -
Pseudomonas fluorescens - - + -
Pseudomonas putida + + + +
Pseudomonas fluorescens Slight - - -
growth in
one well
Pseudomonas fluorescens Slight + + +
growth
in wells
Pseudomonas fluorescens + + + +

Most number of isolates occurred in surface water compared to
sediment and it was found that the selective medium gave more number
of Pseudomonas isolates. The presence of fluorescence under U-V light
was anguillisceptica important character in identifying isolates, in the
present study. Another important observation was that bacterial
denitrification is one of the important functions of pseudomonadales and
inorganic nitrogenous compounds were found to be degraded more quickly
when compared to organic compounds. Also, the pathogenic Pseudomonas
were found to be mesophilic in nature and proteolytic activity was more
compared to amylolytic activity. In the present study, it was seen that,
most isolates were quite resistant to antibiotics like penicillin and
ampicillin. Inhibitory activity was well demonstrated against some
important test pathogens like Vibrio, Cytophaga, Edwardsiella, and
Mycobacterium.
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ABSTRACT

Fish mycobacteriosis is a
problem to which more than 150
species of fish are susceptible. In
order to isolate non-pathogenic and
fish pathogenic mycobacterial
species from environmental
samples, three different methods
were evaluated. Shaking and
membrane filtration methods were
adopted to retrieve maximum acid-
Sfast strains from fish and
environmental samples.
Decontamination with 4% sodium
hydroxide facilitated the isolation
of acid-fast bacteria in the selective
media, killing all the contaminants

like heterotrophs and saprophytes.
Centrifugation procedure at 4000
r.p.m for 20 minutes eliminated the
contaminants from the sample and

“allowed only acid-fast bacilli to

grow in the selective media.
Centrifugation was carried out
twice with distilled water. Peizer
TB and LJ slopes worked well for
selective isolation ~of fish
pathogenic Mycobacteria from the
centrifugated samples. It is
believed that all the three sample
preparation methods will be useful
tool to study the fastidious fish
pathogenic Mycobacteria from
environmental samples.

— 149 —



Perspectives in Mariculture

Introduction

Studies on opportunistic pathogenic bacteria were carried out
extensively in Cochin backwaters and aquaculture ponds. But studies
on acid-fast Mycobacteria from environmental samples are very few.
Mycobacteria are ubiquitous in nature and are isolated with relative ease
from fishes (Kubota et. al., 1970; Land and Abernathy, 1978; Kusuda et.
al., 1987) from soil, stream beds, and cattle drinking troughs (Donoghue
et. al., 1997) and from water (Ivanainen et. al., 1997; Neumann et. al,,
1997; Dailloux et. al., 1992) has not been reported from water and
sediments of aquaculture ponds.

The objective of the present study was to find out a standardised
and short-cut procedure for the maximum retrieval of environmental
Mycobacteria species from water, sediment and fish samples collected
from perennial aquaculture ponds.

The normal cell morphology and bio-chemical potential of
Muycobacteria spp. was also examined to distinguish non-pathogenic and
pathogenic species especially based on lipid hydrolysis as all lipolytic
forms are considered-virulent. Virulence in turn is influenced by
season and geographic ‘niche’ in which these pathogens are found.
Therefore, a seasonal examination is needed on the three criteria to
find out non-pathogenic and pathogenic strains of Mycobacteria studied,
(1) pleomorphism exhibited by the stains (2) the presence of mycolic
acid (3) the hydrolysis of Tween ‘80 ie. lipolytic strains, The above
morphological and bio-chemical potential factors vary in pathogenic
and non-pathogenic stains of environmental Mycobacteria which is
suggested.

Materials and methods

In the present study, the fish, water and sediment samples were
collected from perennial aquaculture ponds which were above 6 kms apart
and along 9°55' - 10°10’'N and 76°20'E. The perennial pond was located
at Krishi Vigyan Kendra, Narakkal and other is a polyculture pond of
Valappu.
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Monthly sampling was carried out from the two stations for the period
from October to December 1999. The sample was brought to the CMFRI
bacteriology laboratory in asceptic condition within 2 hrs for the
bacteriological investigation. Fish (Tilapia - Oreochromis niloticus)
sediment and water samples were brought to the laboratory in an ice-box
(+4°C). Sediment, water as well as skin, gill, stomach, intestinal samples
of fish were taken for isolation of Mycobacteria to know the occurrence,
distribution and percentage composition of Mycobacteria in these samples.

In this study, the retrieval of Mycobacterium spp. from various
samples has been standardised by incorporating methods like membrance
filtration, mechanical shaking, decontamination and centrifugation
procedures. The above procedures were carried out as the Mycobacteria
are highly fastidious and won't occur easily in synthetic media. The two
synthetic media recommended for isolation of Mycobacteria are
Loewenstein - Jensen's and Peizer TB media. In the present study total
heterotrophs (TPC) was also monitored using Nutrient agar to know the
percentage of Mycobacteria in these sample. Flowchart -1 shows the
general procedure followed for isolation.

I. Membrane filtration: About 500 m! of water sample was membrane
filtered (Whatman) using 0.4um filters in sterile condition and TPC of
heterotrophs was taken before and after the membrane filtration.,

The membrane filtration technique was followed by mechanical
shaking in water samples. Mechanical shaking will dismantle the adhered
bacteria from the organic particles into the suspension thereby increasing
the incidence of Mycobacteria. The decontamination procedure may vary
according to the microbiologist and one of the simplest method is adopted
in the present study due to its ease in its application.

II. Mechanical shaking: Fish and sediment samples were smashed well
(1 gm each) placed in 10ml and 99 ml aged, presterilised sea water and
was kept for shaking in a mechanical shaker at 150 rpm for 30 mts. The
membrane filter used for the filtration of water sample was also subjected
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Flow chart -1
Procedure Followed to Isolate Mycobacteria

\@

[Fish]

500ml. memberane filtered

Kin U L
Skin tissue — in 0.4 ¢ membnerane filter

Gill tissue [*7|

Incorporate in aged
Stomach |« sterilised sea water

Intestine ~—
[Shake mechanically for 30 mts at 150 rpm)|

l

Decontaminate - add equal quantity of
4% NaOH and keep for 15 mts

[Centrifuge at 4000 rpm for 20 mts |

[Decant supernatant |

[Centrifuge with sterile distilled water]

L

[Decant supernatant|

[[Add 4ml of sterile normal saline |

[Inoculate on LJ and Peizer TB slopes |

[Incubate at RT in darkness |

1

ﬁ:xamine after 5 days upto 3 monthsJ

Fsolate acid-fast strains and maintain on LJ slope
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to shaking. The data on TPC was also collected to compare the difference
in total plate count before and after mechanical shaking.

III. Decontamination procedure: The decontamination method adopted by
Marks and Thomas (1958) was followed and according to the method, 4%
NaOH was poured in equal quantity of the shaken sample, mixed well
and kept for 15 mts. Only the suspension was used for further procedure.
The total plate count of the acid-fast bacteria are also taken before and
after the decontamination procedure to understand the effect of the
decontamination procedure.

IV. Centrifugation: The speed of cetrifugation was 3000 rpm for 20 mts.
The supernatant was discarded and the centrifugation was repeated in
the same speed with distilled water.

V. Inoculation: The supernatant of the centrifugate samples are decanted
and added with 4ml of normal saline into each tube and shaken well.
Duplicates of LJ and Piszer TB slopes were inoculated with 0.1 ml (for
fish and sediment samples) and 0.2 ml (for water sample) of the samples.

VL. Incubation: Incubation was done at RT (28+2°C) and in complete
darkness because some species of Mycobacteria were showing
photoactivation capacity which was helpful for the classification by
considering, the colour of the pigment produced after one hours’ exposure
to light. The slopes were kept in slanting portion for the first 24 hours so
that the bacterial propagules may get absorbed on the slope and then
kept straight, for the rest of the incubation period. In 3-5 days, colonies
started to appear on slopes. The general TPC with or without NaOH
procedure is also done in the same way with nutrient agar. The
mycobacterial colonies on the slopes and plates are stained by Ziehl -
Nelson's staining technique. Acid-fast ones were isolated for further
bio-chemical and physiological studies. )

Results
Membrance filtration

Mycobacteria spp. ‘are sparsely distributed in surface water, hence
sample preparation methods are suggested to retrieve maximum of them
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on selective media. The membrane filtration method was adopted as an
additional sample preparation method for surface pond water. The total
plate count before and after membrane filtration, the TPC of aerobic
hetrotrophic bacteria in two stations from October to December 99 is
given in Table 1 and 2. In KVK (Table 1) the highest count obtained was
during November 99 the count being 200 x 103, and the lowest TPC
encountered during October and December 1999 the count being 10 x 105.
Compared to this the TPC obtained without membrane filtration was much
lower, the count ranging from 2 x 105 at the month of October to 45 x 10
3 at the month of November.

Total Heterotrophs (TPC) encountered in Valappu is given in Table
2. In this station, after membrane-filtration the highest and lowest values
obtained were during November, the count being 36 x 10®* and 10 x 10*
respectively. The lowest cou..t encountered without membrane filtration
was 2 x 10%in the post-monsoon month of October 1999,

There is every possibility of obtaining more Mycobacterium by sample
preparation methods and the incidence of Mycobacteria will be more in
fish and environmental sample after membrance - filtration. This study
will highlight the importance of these sample preparation methods in
obtaining the highly fastidious Mycobacteria in synthetic organic media.

Table 1. Effect of membrane filtration on general TPC from water samples of
KVK aquaculture pond

Months / Procedure With filtration Without filtration
October 10x 105 ’ 15x 103

83x 103 2x 105
November 200x 103 45x 108

34x 105 3x10°
December 28 x 103 8x103

10x 103 4x10%
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Table 2. Effect of membrance filtration on general TPC from water samples of
Valappu aquaculture pond.

Months / Procedure With filtration Without filtration
October 23x 103 9x 103

18 x10° 2x10°
November 36x 103 11x103

10x 10+# 3x10*
December 21x103 13x 103

28 x 10° 6x 105
Mechanical shaking

Table 3 and Table 4 shows the count obtained before and after the
mechanical shaking procedure at 150 rpm for 30 mts. The procedure
was found to be effective in increasing the TPC of heterotrophic bacteria.
During the sample preparation method, all the samples are subjected to
this procedure and considerable difference in bacterial count was obtained
in water samples.

The total heterotrophs (TPC) encountered was very high in Valappu
and recorded upto 176 x 102 during the month of November. The TPC in
the same month was only 11 x 10%/ml without the shaking procedure.
In all the three months, the TPC was recorded high in which the lowest
count recorded as 24 x 10*/ml in the month of November. The lowest
TPC count was recorded 1 x 10%/ml without mechanical shaking
procedure during the month of December.

Table 3. Effect of mechanical shaking on general TPC from water sample of
Valappu aquaculture pond.

Months / Procedure After shaking Before shaking

water sample water sample
October 96x 103 16x 103

27 x 105 2x 108
November 176 x 103 111 x103

24 x 104 7x 104
December . 39x 10° 1x103°

43x 108 12x 102
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Table 4. Effect of mechanical shaking on general TPC from water samples of
KVK aquaculture pond.

Months / Procedure After shaking Before shaking
water sample water sample
October 122 x 103 31x103
22x10° 2x10°
November 210x 103 42 x 103
40x10° 8x 10°
Dcember 27x103 3x103
6x10° 11x103

Table 4, illustrates TPC of KVK, the highest count encountered was
during November (210 x 10*/ml) and lowest during December (6 x 109).
In October, highest count obtained was 122 x 10%/ml, but the highest
count before shaking was 42 x 10-*/ml and the lowest being 2 x 10°/ml
in October.

From this account, it is clear that there is defenite enhanced
occurrence of growth in TPC and Mycobacteria after the shaking procedure.
So it is concluded that the sample preparation methods are essential for
the maximum number of Mycobacterial spp. retrieval from environmental
samples.

Decontamination procedure

This is considered to be the most important sample preparation
method as it is making the isolation of Mycobacteria more easy by
selectively enhancing only the occurrence of Mycobacteria as 4% NaOH
will permit only the bacteria having myecollic acid in their cell wall to
grow.

Table 5 and 6 shows the TPC of Mycobacteria at the station of KVK
before and after the decontamination procedure. All the six samples
like skin, gill, stomach, intestirre of tilapia and sediment and water
samples were subjected to decontamination procedure.
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Table 5. Retrieval of Mycobacteria from samples of KVK aquaculture pond before

decontamination.
Months/ Skin Gill Stomach Intestine Sediment Water
Samples
Qctober - - 5x 10* 12.14 x 102 -
- 3.7 x 10*
November 37 x 10€ - 5x 10* 7.69 x 10* - -
17.2 x 10 2.88 x 10° - -
December 0.85x10°€ 1.85x10? 12.5x10* 2.6 x 10* - -
1.85 x 10+

Table 6. Retrieval of Mycobacteria from samples of KVK aquaculture pond after

decontamination.
Month/ Skin Gill Stomach Intestine Sediment Water
Samples
October 0.76 x 103 3 x 10+ 1.66 x 102 2 x 103 4 x 10"
106 x 10° 1.55 x 10°
November - 0.86 x 102 14.6 x 103 0.90 x 10°% 4 x 10*

2.58 x 10* 1.12 x 10 1.8 x 103 18 x 102

December 41.4 x 103 0.94 x 10* 5.35 x 103 21.6 x 10 8.57 x 102 -
57.57 x 10*

Table 3 shows the count of TPC and Mycobacteria obtained in gill,
stomach, intestine, sediment and water samples mycobacterial TPC in
all the three months. Skin sample was showing the absence of
Mycobacteria during November ‘99. The lowest Mycobacterial count was
encountered in skin sample the count being 0.76 x 10%/gm during
October. The skin sample harboured the highest count 37 x 10 and
17.2 x 10* during November ‘99. Water samples in all the three months
before and after decontamination procedure is devoid of Mycobacteria.
During December, the lowest Mycobacterial count observed was 0.85 x 106
from the skin sample.

Table 7 and 8 shows Mycobacteria TPC encounted at Valappu before
and after decontamination procedure respectively. After decontamination,
all the six samples showed mycobacterial occurrence except stomach
during December. In the month of October, skin sample harboured
highest TPC before decontamination procedure the count being 140.4 x
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104/gm and 130.28 x 10°. But the corresponding value after
decontamination was 3.3 x 103/gm and 9.16 x 105/gm. In Table 7 the
lowest TPC was recorded from stomach the count being 0.775 x 10*/gm.
In water samples, Mycobacteria occurred only in the month of December
‘99, the count encountered as 2 x 102/ml. The highest TPC encountered
was 53.68 x 108 in skin during November and lowest was recorded during
December, the count being 0.95 x 102. In all the three months, water
samples were showing mycobacterial representation, the highest count
recorded during October and lowest count during December. The decon-
tamination procedure was effective for the retrieval of Mycobacteria from
sediments as the count obtained after decontamination was more when
compared to the count obtained before decontamination, except during
October’99.

Table 7. Retrieval of Mycobacteria from samples of Valappu aquaculture pond

before decontamination.

Months/ Skin Gill Stomach Intestine Sediment Water
Samples
140.4 x 10* 213 x 10
October - - 775 x 10* 2.4 x 10 -
130.28 x 10° 0.9 x 10
November 1.08 x 10 4.16 x 10* - 2 x 10
December 0.95 x 10¢ 6.9 x 108 - - - 2 x 10

Table 8 - Retrieval of Mycobacteria from samples of Valappu aquaculture pond

after decontamination

Months/ Skin Gill Stomach Intestine Sediment Water
Samples
3.3 x 103 10.8 x 10? 5.5 x 10? 6.9 x 103 2.94 x 102 12 x 102
October 9.16 x 10® 11.6 x 10-5 2 x 10*® 3x10° 16 x 10+
1x10* 1.7 x 10% 12.38 x 10*
November 53.68 x 10% 4 x10? 1.7 x 10 10.6 x 10® 5 x 104 1x10*
4 x 10?
December 2.06 x 10? 0.95 x 10% - 1.8 x 103 32.14 x 10?
2.06 x 10 1.78 x 10* 1x10%
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Discussion

Mycobacteriosis or fish tuberculosis is a serious infectious disease
and a threat to aquaculturists. The causal organism Mycobacterium (the
same genus of bacteria that causes tuberculosis in humans) has been
isolated from different sources. Bacterial tuberculosis had been studied
in yellow tails by Kubota et. al. (1970) and in mountain white fish by Land
and Abernathy (1978). An epizootic of mycobacteriosis had been reported
in yellow tails in 1987 by Kusuda et. al. Some mycobacteria are highly
pathogenic but when isolated from environmental samples most of them
are non-pathogenic. They are simply there as normal flora. Certain
generalisation can be made regarding disease-causing Mycobacteria.

1) Most of them are aerobic.

2) All are acid-fast rod shaped or highly pleomorphic cocco-bacilli in
adverse environmental conditions.

According to Dailloux et. al. (1992), water is the natural habitat of
Mycobacteria, both fresh and salt water. Neumann et. al. (1997) has
isolated Mycobacteria from water and they had incubated the samples on
LJ slopes after enriching by filtration. It the present study, membrane-
filtration procedure was adopted for making the incidence of
Mycobacterium maximum possible. Throughout the study period, water
samples were devoid of Mycobacteria. This may be due to the less number
of mycobacterial cells which is insufficient to grow into the medium.
Surface water showed high TPC in three months the count being 16 x 104/
ml in October. Mechanial shaking was not used by any of the workers
during the isolation procedure, and it is suggested that as it gives
enhanced mycobacterial occurrence it may also be included in the
isolation procedure.

For the decontamination procedure of the various samples, each
laboratory was having their own standardised method of choice. Dalsgaard
et. al. (1992) used the decontamination procedure by Beerwerth et. al.
(1967) given in Procedure I. With this method, it was possible to isolate
the fastidious Mycobacteria. After adding the decontaminant, a mixture
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of 5% oxalic acid and 0.1% malachite green are added to neutralise the
sample. Ivanainen et. al. (1997) tried two decontamination methods to
isolate Mycobacteria from brook waters. The decontaminants used were
: 0.7 mol/litre NaOH followed by 50g/litre oxalic acid and 0.9 mol/litre H
Sub (2) SO Sub (4) combined with 0.5g/litre cycloheximide. The NaOH-
oxalic acid method generally resulted in lower contamination and higher
isolation of mycobacteria. Dalsgaard et. al. (1992) and Ivanainen et. al.
(1997) used oxalic acid to neutralise the mixture. But in the present
study, the neutralisation procedure was not done, the decontaminant
used was 4% NaOH for 15 mts. which gave maximum retrieval of
Mycobacteria spp.

Procedure - I
Beerwerth (1967)
Isolation procedure for Mycobacteria
1) Tissue treated with equal volume of 4% NaOH for 15 mts.
2) Centrifuged at 3000 rpm for 15 mts.
3) ‘Decant supernatant.

4) Neutralise with 5% oxalic acid to which is added 0.1% malachite green
for 15 mts. :

5) Decant supernatant.
6) Suspend sediment in 4 ml physiological saline.
7) Inoculate 0.1 ml of this suspension on to four slants of LJ medium.

Lansdell et. al. (1993) isolated several Mycobacterium species from
marine fish caught in the wild and fresh water ornamental fishes. After
excising the infected tissues, the tissues were homogenized in 10 ml
sterile water and an equal volume of 2-3% NaOH was added as in the
present study. Each sample is mixed in a vortex mixture and allowed to
remain for 15 mts at RT. Samples were centrifuged at 3000 rpm to effect
95% sedimentation rate of all bacilli present. The centrifugate was
neutralised with 2NHcl. In the present observation all these methods
were followed except the neutralisation procedure. Eventhough
neutralisation procedure was not adopted, high counts of several Myco-
bacterium species has been recorded on Nutrient agar, LJ medium and
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Peizer medium slopes.

Twelve methods for the isolation of mycobacterium were compared
by Neumarnn et.al. (1997) from surface and treated waters and in each
method a particular combination of decontaminants, growth medium and
incubation temperature was used. The efficiency of each method was
determined by calculating the positivity rate, negativity rate,
contamination rate, mean number of mycobacterial colonies formed etc.
It was found that 0.005% CPC was found best for treated waters. The
general method adopted in the present study was found to be good for the
maximuim retrieval of Mycobacteria from water.

Isolation of Mycobacteria was very high using 4% NaOH as
decontaminant, in all the six samples of Valappu and KVK except water
sample of KVK during the study period. The absence of Mycobacterium in
water may be due to the pH variation attained during decontamination
procedure. Mycobacteria was absent in skin sample during November
but recorded high during December. Intestine and sediment samples of
KVK also showed higher values than gill and stomach.

Water samples recorded highest TPC in Valappu during the three
months of study, the lowest value being 1x102/ml. Skin sample showed
lowest count during October. Before decontamination the count
encountered is 140.4x10* and 130.28x10°°. The corresponding count after
decontamination is being 3.3x103 and 9.16x105. Sediment in October
also showed high count before decontamination the count being 0.9x104/
gm. After decontamination, the corresponding value is only 2.94x10%2/
gm. The occurrence of highest mycobacterial count in the samples before
decontamination will be quiet accidental. In the present study, both the
stations were showing high mycobacterial count, after decontamination
procedure.

Some of the Mycobacteria from environmental samples require large
incubation period as they are slow-growing forms in synthetic media
despite of their predominance in the environment. Diagnosis is both
difficult and time consuming using conventional methods. All the sample
preparation methods suggested in the present study are efficient in
retrieving mycobateria from water, sediment, faeces, fishes and fish blood
samples and will be useful tool in the study of both pathogenic and non-
pathogenic mycobacteria from environmental samples.
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ABSTRACT

The pineal gland, situated on
the roof of the diencephalon of the
brain in fishes, acts as a
photoneuroendocrine gland which
secretes the hormone melatonin. The
secretion of this hormone is controlled
mainly by photoperiodicity. This
paper is a review of the numerous
works showing the role of this gland
and its hormone, on growth and

Introduction

metabolism of the body by inhibition
of secretion of thyroxin, MSH and
other opioid peptides; in the control
of behavioural thermoregulation;
and on reproduction through
gonadal development and secretion
of GtH-II with other steroids. The
possible use of this knowledge as
a modern tool in manipulating
aquaculture production is also
evaluated.

Aquaculture is a viable means of diversification of fisheries to
increase fish production both for domestic consumption and export, rural
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upliftment, employment and income generation to a large section of people
(Krishnan, 1998). To meet the growing demand for aquaculture products,
modern techniques must come up, which should be cheaper and
convenient. This calls for basic research in functional physiology of the
organisms, the results of which may ultimately help to modernize both
the hatchery as well as culture techniques. The best example is that of
the basic research on pituitary gland which revolutionized the induced
breeding techniques in aquaculture industry and augmented the
aquaculture production.

The pineal gland in fishes arises as a mid-dorsal neuroendodermal
evagination from the roof of the diencephalon (Rasquin, 1958; Kavalier,
1980). It is basically a club-shaped or slightly elongated gland. The
important contributions related to its morphology and histochemistry in
fishes date back to 1905. The ultrastructure studies by electron
microscope are contributed by McNulty (1978a, b, ¢;1979), Ueck et al.
(1978), Falcon (1979a, b), Omura (1979, 1980), Omura and Ali (1980),
McNulty et al. (1988), Gonzalez et al. (1990), Vigh et al. (1991), Wang (1994),
Deng and Daren (1996). Basically the pineal gland consists of three parts
called pineal sac, pineal thalamus and pineal stalk. Some of the workers
(Yadav, 1995) have described it in two parts called pineal sac or end vesicle
which is broad (anterior part) and pineal stalk which is elongated and
narrow {posterior).

The pineal gland is a photoneuroendocrine gland which secretes
the hormone melatonin (Gern et al., 1988) and conveys information to
the brain via neural pathway. Melatonin is an indole amine whose
chemical composition is 5 - methoxy-N-acetyltryptamine described by
several workers, and its precursor is serotonin. The pathway of
biosynthesis and metabolism of melatonin in mammals has been
described by Wesemann (1974) and Harper et al. (1979). In fishes the full
pathway is yet to be studied. It is reported that serotonin- N-
acetyltransferase (acrylalkylamine-N-acetyltransferase, AANAT) may be
the first enzyme in the conversion of serotonin to melatonin which is
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found in fishes like trout and pike (Coon et al., 1999), whereas,
Hydroxyindole-O-methyltransferase (HIOMT) may be catalyzed during the
last step in the melatonin biosynthetic pathway (Falcon et al., 1994).

Melatonin is produced rhythmically and its synthesis is regulated
either directly(by ambient photoperiod in fishes as reported by Falcon
(1984), Gern and Greenhouse (1988), Falcon et al. (1989). Takabatake
and Iga (1991), May and: Menaker (1992), Zachmann et al. (1992),
Thibault et al. (1993), Yanez and Meissel (1995), Okimoto and Stetson
(1995), Balliet et al (1996), Messel and Yanez (1996), Molina et al. (1996),
Popek et al. (1997), ligo et al. (1998), Simonneauk and Pevet (1998), or by
an endogeneous circadian oscillator that is entrained by the photoperiod
which is reported by Kavaliers (1979), McNulty (1981), Kikuchi and Aoki
(1985), Mohapatra et al. (1988), ligo et al. (1991), Radchenko (1993), Randall
et al. (1995) and Okimoto (1998). Temperature is also involved with the
photoperiod which is described by many of the above researchers. During
natural conditions, melatonin is produced at the highest level during
night and the lowest during day.

Portar with his associates in 1995 and 1996 reported that
melatonin levels decrease in pinealectomized fish. It was demonstrated
that the pineal gland was the only organ in fish, résponsible for the
presence of melatonin in the blood and the level oscillated regularly over
24 hours showing low values during day and high over night (Popek et al.,
1997).

It will be noticed at the end that in spite of the fact that, good amounts
of research work has been directed to pineal gland and its secretion in
other countries, very few works are observed in India and these also are
restricted to a few fresh water fishes.

This review paper reveals the role of the pineal gland and its
hormone melatonin on growth, metabolism and reproduction in fishes.
The possible use of this knowledge as a modern tool in manipulating
aquaculture production is also evaluated.
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Function of pineal gland and melatonin

The pineal gland or epiphysis secretes the hormone melatonin
according to photoperiodicity. The receptor cells of melatonin are found
in brain in fishes (Martinoli et al., 1991; Ekstroem and Vanecek, 1992;
Falcon et al., 1996), in heart as in salmonids (Pang et al., 1994}, in retina
as in gold fish (ligo et al, 1997) and controls the growth, metabolic
activities and reproduction. Among them, the reproduction and growth
are the two main aspects in aquaculture production point of view.

Role of pineal gland and melatonin
On reproduction

A pineal control of gonadal maturation has been shown in fishes
either by pinealectomy (Devlaming, 1975; Devlaming and Vodicnic, 1978;
Vodicnic et al. 1978; Vodicnic et al., 1979; Sagi et al., 1983; Garg et al.,
1987, 1989:; Kezuka et al., 1989; Popek et al.,, 1997) or by melatonin
administration (Sakena and Anand, 1977; Reiter, 1977; Keshavanath,
1981; Joy and Agha, 1991; Bromage et al., 1994; Senthilkumaran and
Joy, 1995; Khan and Thomas, 1996} or by both (Joy and Khan, 1991). All
the above authors have reported the relation between pineal gland and
melatonin with reproduction. The pineal gland controls reproduction
through secretion of its hormone melatonin through pineal-hypophysis-
pituitary- gonadal axis. Administration of melatonin inhibits the
stimulatory effect of a long photoperiod and high temperature on the ovary
in early preparatory phase. Treatment with melatonin during preparatory
phase resulted in decreased ovarian weight and arrested ovarian
recrudescence (Sakena and Anand, 1977). When the gold fishes were
pinealectomized in spring and exposed to long photoperiod conditions,
the ovaries regressed and plasma gonadotropin levels were significantely
depressed compared to sham operated animals. Sham operated gold fish
exposed to short photoperiod conditions in spring had regressing ovaries
whereas pinealectomized animals under this regime either spawned or
had ovaries in the late vitellogenic phase (Vodicnic et al., 1978). The
pinealectomized mullet (Liza ramada) exposed to long photoperiod (16L/
8D) for 14 weeks, showed undeveloped ovaries with maximum oocyte
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diameter of 100um, whereas to short photoperiod (8L/16D) for 6 weeks,
the mean diameter of oocyte was 270um (Sagi et al., 1983). In catfish
like Heteropneustes fossilis, pinealectomy had no effect on gonadal activity
during the preparatory, pre-spawning and spawning periods of the
reproductive cycle. However, during the post-spawning period, under long
or short photoperiod at 25° C or at gradually increasing ambient
temperature, pinealectomy accelerated testicular recrudescence and
secretory activity of the seminal vesicle (Garg, 1987). In Channa punctatus,
pinealectomy results in an accelerated growth on the ovary in preparatory
phase, but had no significant effect in pre-spawning or post-spawning
phase (Joy and Khan, 1991). In fish like Heteropneustes fossilis, the
gonadosomatic index (GSI) had decreased significantly by melatonin
during preparatory and pre-spawning seasons, and also the melatonin
administrations arrested vitellogenesis during the gonadal recrudescence
(Joy and Agha, 1991). Khan and Thomas (1996) reported the role of
melatonin in the control of gonadotropin-II (GtH-1I) secretion in Atlantic
croaker (Micropogonias undulatus) during different phases of day night
cycle and seasonal reproductive cycle. Intraperitonial injection of
melatonin during the late-night phase on the day night cycle elicited a
significant elevation of plasma GtH-II levels in croaker with fully
developed gonads. They reported that the stimulatory effect of
melatonin was dose dependent. Melatonin inhibited LHRHa-induced GtH-
II released during mid-dark phase of the day night cycle in a dose
dependent manner. These authors concluded that melatonin can directly
influence the pituitary to stimulate GtH-II release. The pineal gland can
affect one of the phase of gonad maturation cycles in carp, probably through
a stimulating influence of melatonin on estradiol-level in the final phase
of vitellogenesis (Popek et al., 1997).

By taking all the knowledge from different research groups, it is
reported that pineal gland and melatonin are having either stimulatory
or inhibitory effect on the gonadal development and the secretion of GtH-
II with other steroids according to photoperiodicity.

Melatonin is also having the inhibitory effect on PGE (Prostaglandin
E) and PGF (Prostaglandin F) and ovulation in fish like yellow perch (Stacey
and Goetz, 1982). This hormone inhibits gonadal development by reducing
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the sex- steroid production in certain cases (Nayak and Singh, 1987).
Again in 1988 these authors reported that this gland (through
pinealectomy) inhibits these sex- steroids at certain stages in same
species. This is in close conformity with the earlier findings of Fenwick
(1970), DeVlaming et al. (1975), Sunderaraj and Keshavanath (1976),
Sakena and Anand (1977), Borg and Ekstroem (1981), who reported that
gonadal function (wt.and histology) are inhibited with the administration
of melatonin. It appears that pineal gland and melatonin are having
inhibitory effect to thyroid hormone in fishes during gonadal development
and maturation (Nayak and Singh, 1987a, b), which is specially required
for the sex steroidogenesis in the process of reproduction.

A review of the above will reveal the fact that reducing the natural
melatonin production through using of long photoperiod will augment the
gonadal development, thus helping in controlled breeding of fishes.

On metabolic activity and growth

Growth is the main criteria for aquaculture production ultimately,
which mainly rely on metabolic activities. The pineal gland and its
hormone play the role as an intrinsic controller according to
environmental stimuli (photoperiodicity). Metabolism and growth
processes are mainly controlled by the endocrine glands by their hormonal
secretion and some of these hormones are controlled by the pineal gland.
Melatonin has an inhibitory role to the thyroid hormone (Nayak and
Singh, 1987a,b) which acts as one of the main growth inducing hormone
in fishes. Nayak and Singh (1987b) reported from their experiment in
fish Clarias batrachus that melatonin is having the inhibitory role to the
sex steroid in certain doses.

The pineal gland regulates carbohydrate metabolism by altering
insulin responsiveness in the animal like gold fish (Delahunty and
Tomlinson, 1984a). Pinealectomy in this species causes a decrease in
liver glycogen stores and disappearance in plasma glucose. These effects
occur independently of photoperiod acclimation and are seasonal in
nature. The hormone from this gland was observed having a hypoglycemic
effect in the above species (Delahunty and Tomlinson, 1984b). According
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to Soengas et al. (1998), melatonin plays an indirect role, possibly through
alterations in insulin physiology, in the regulation of carbohydrate and
ketone body metabolism in brain of fish like rainbow trout. For the first
time in the teleost like rainbow trout, the above authors reported the
existence of changes in brain carbohydrate and ketone body metabolism
due to melatonin treatment.

Removal of pituitary and epiphysis in young sturgeon, Acipenser
baeri, significantly affects the total lipid content of the liver (Semenkova,
1984). Injection with melatonin changes lipid content in the liver of
epiphysectomised fish. The nature of this change differs depending on
the time of the treatment and duration of the photoperiod. Semenkova
and Sautin (1990) suggested complicated interactions in the system of
epiphysis-hypothalamus-hypophysis-lipid metabolism in liver of
cartilaginous ganoids. Portar et al. (1998) investigated the role of
melatonin and pineal gland as intermediaries in the transfer of photic
information on daily and calender time in the control of the timing of the
par-smolt transformation in the Atlantic salmon (Salmo salar). This is
suggested by Rourke (1994) and Randall et al. (1994). However, the
mechanism of this process is unclear.

Withyachumnarnkul (1992) suggested that the optic lobe of certain
crustacea like Macrobrachium rosenbergii is the source of melatonin and
increased the rate of limb regeneration in both eye stalk-intact and eye
stalk removed groups like in fiddler crab, Uca pugilator (Tilden et al., 1997).
This is contrary to results of regeneration studies in other phyla, in which
similar melatonin concentrations inhibited regeneration. Tilden et al.
(1998) sugested that the crustaceans, however, are an exception in that
melatonin production increased during the day and long photoperiods also
increased the rate of limb regeneration. Therefore, melatonin may be
mediating long-day effects on regeneration and other physiological process
in crustaceans.

Other roles of pineal gland and melatonin

Several authors have reported that this gland and its hormone have
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the role to play in the colour change mechanism in fishes (Bhargava and
Jain, 1978; Fujii and Miyashita, 1978; Nayudu and Hunter, 1979;
Kavaliers 1980; Matsumoto et al., 1982; Iwakiri, 1983;0hta and Ono, 1983;
Kasukawa and Fujii, 1984; Sugimoto et al., 1985; Nishi et al., 1991; Fujii
et al., 1992; Takabatake et al., 1992; Nishi and Fujii, 1992; Visconti and
Castrucci, 1993; Filadelfi and Castrucci, 1994; Maartensson and
Andersson, 1997; Goda and Fujii,1998).There is substantial evidence that
the pineal is involved in determining circadian and seasonal organisation
in teleosts (Kavaliers, 1979a,b,c; 1980a,b,1981a,b; Tabata et al., 1991).
These effects may arise from the pineal photoreceptive functions, the
role in circadian integration, and temporal organisation of hormonal
physiological and behavioural events through CNS modulation. The pineal
gland is involved in the control of behavioral thermoregulation in fishes
(Kavaliers and Ralph, 1980; Xavalier, 1982a,b; Varghese and Pati, 1997).
and Pati, 1997)

The pineal gland in anadromous fish like salmonids may play a role
in the migratory behaviour (Weber and Smith, 1980), and schooling
activity in fish like Chromis viridis (Sparwasser, 1987) .The influence of
the eye and pineal gland on locomotor activity rhythm of channel cat
fish, Ictalurus punctatus, and the extent to which varying light intensity
altered these activity rhythms were evaluated by Goudie et al. (1983).
Pinealectomized fish exhibited nocturnal activity patterns, which
corresponded with the exogenous photoperiod.

Photoperiodicity, control of melatonin production and their role in
aquaculture

The production of melatonin is mainly controlled by the
photoperiodicity of the environment suggesting that the secretion will
be only in scotophase in fishes. This secretion is having mainly
inhibitory role to the other hormones in certain stages and periods, which
are required for somatic as well as gametic growth of the fishes. By
increasing the photoperiodicity at certain stages, the secretion of
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melatonin can be reduced which leads to the secretion of other required
hormones for both gametic as well as somatic growth enhancement, which
is the main objective in scientific aquaculture.

Several workers reported that, in fishes, photoperiodicity along with
temperature play the major role in reproduction (Razani et al.,, 1987;
Richter et al., 1987; Nakari et al., 1987; Walsh, 1987; Fores et al., 1988;
Cantin, 1988; Pavlidis et al., 1989; Jafri, 1989; Adams and Thorpe, 1989;
Micale and Perdichizzi, 1990; Agarwal et al., 1990; Grier, 1991; Srivastava
and Singh, 1991; Aida, 1992; Kumari and Dutt, 1995; Taranger, et al.,
1998), growth (Stefansson et al., 1989; Thorensen and Clarke, 1989; Wright
etal., 1991; Parma-De-Crouk,1996) and metabolism (Boujard and
Leatherland,1993).Therefore through artificial manipulation of
photoperiod, we can quicken the metabolic activity, somatic as well as
gametic growth in fishes and crustaceans. By using artificial
illumination, in combination with temperature regulation, it is now
possible to advance or delay the internal clock of fishes and thereby
manipulate the timing of smolt transfer in case of salmon. By using this
technique at Stirling in conjunction with a series of commercial smolt
producers, Portar et al. (1999) have produced smolts at regular intervals
through the summer, autumn and winter (Fig-1). With such smolt
transfers, sectors of the industries are now producing 3-4 Kg salmon
through out the year. Fig-2 shows the growth profiles achieved from a
series of such O+smolt transfer. They indicate that the plasma melatonin
must be reduced below the threshold level by artificial lighting before
the modified photoperiod is capable of altering the timing of smoltification.
It is important that, fish in open environments are exposed to ambient
light, if the additional artificial illumination is of lower intensity than
natural day-time light level. If this is not done, then plasma melatonin
may remain above critical threshold levels and so the fish will not respond
to the light. Rimmer in Australia achieved reliable spawning in grouper
using environmental control like light with temperature.
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Photoperiod Manipulation
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Fig. 1: All- year round smolt production using photoperiod manipulation.
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Fig. 2: Growth of 0+ and Sl smolts from seawater transfers in November,
December, March, May and October upto harvest weight (3-4 Kg)
Source: Figure 1 and 2, Porter et al., Light manipulation, Melatonin
and the All - Year - Round Supplies of 3 - 4 Kg Salmon. Aquaculture
News, July 1999, pp.31-32.
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Conclusion

A good deal of evidence has been collected suggesting that the pineal
gland, upon receiving light information, directly or indirectly, produces
melatonin, which controls many body functions. So, by using this
technique described above i.e. by the manipulation of photoperiodicity in
certain stages and seasons we can control the secretion of melatonin
and ultimately increase the gametic as well as somatic growth. This is a
simple technique, which may be used to induce maturation and growth
thereby augmenting aquaculture production. For this, intensity of light
and duration is very important. So attention must be given to standardize
the light intensity along with duration. The melatonin secretion may be
reduced chemically in certain stages that will increase the production of
other induced hormones required for growth and reproduction. This is
possible only after understariding the exact metabolic pathway of
melatonin in fishes. So emphasis must be given towards research in
this direction.
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ABSTRACT

Dietary requirement of essential
amino acid threonine for juvenile tiger
shrimp, Penaeus monodon was
determined by feeding semi-purified
test diet containing graded levels of
threonine (0.66, 1.20, 1.73, 2.27 and
2.81 %). Triplicate groups of shrimp

Introduction

(initial weight 1.44 * 0.48 g) were fed
at the rate of 15% of body weight per
day for a period of 30 days. At
termination, the results showed highest
growth and survival and lowest FCR
when fed threonine at 2.27 %. The
results are discussed with reference to
optimal dietary requirement of this
amino acid for best results.

Nutritive value of dietary proteins and its utilization in shrimps

depends upon the amino acid (AA) content and ratios (Wilson and Peo,

1985).

The quantitative requirements of amino acids of the cultured

aquatic species largely depend on the source and profile in the protein,

which should meet the requirements of the animal. Studies have shown

that 10 amino acids are essential for shrimps (Pascual and Kanazawa,
1986) like in all vertebrates for efficient growth and survival. Crustaceans

have been reported to be poor utilisers of free amino acids (EAA) or

hydrolysed protein products present in their diets (Deshimaru, 1982:

Teshima et al., 1992), but efficiently utilize bound amino acids. Hence,
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it is necessary to study the optimal dietary requirement of EAA for shrimps
before formulating practical diets for shrimps. The diétary requirement
studies are done by eliminating a particular amino acid in their test
diets (dose-response curve method) or by estimation of serum or muscle
levels of the amino acid in free form. In shrimps such studies are scanty
- arginine and methonine (Kitabayashi et al., 1971; Gopal et al., 1999},
lysine (Akiyama, 1986; Fox et al., 1992) and arginine (Chen et al., 1992)
to mention a few. Threonine has a major role in osmoregulation
(Hartenstein, 1970) and has been studied in postlarve of P. monodon
(Millamena et al., 1997). In the present study dietary requirement of
threonine for optimum growth and feed efficiency was determined for
juvenile P. monodon.

Material and methods

The study was conducted in 15 nos. of 100 liter capacity FRP tanks
with continuous flow through of seawater (salinity 25.35 + 0.23 ppt; pH
8.32 + 8.32 =, temp. 27.4 £ 0.44°C). Triplicate tanks were stocked with
juvénile P. monodon from single stock (mean weight 1.44 + 0.48 g) @ 10
Nos./tank. The feed residue was collected and fecal matter was siphoned
out daily, followed by 50% water change. The experimental duration was
for 30 days.

Five purified moist diets (isonitrogenous, 40% and isolipidic, 8%)
which contained casein and gelatin (3:1) as the main protein sources
apart from other ingredients, were prepared according to Gopal and
Paulraj, 1990. Crystalline amino acid mixture (in CMC) without threonine
were added to simulate the amino acid profile of shrimp muscle
(Penaflorida, 199 1‘). Graded levels of threonine were incorporated and
adjusted with glutamic acid and aspartic acid in the basal feed to give
isonitrogenous diets (Table 1). The diets were neutralised and stored at
- 20°C. The feeds were thawed prior to feeding. The shrimps were fed in
two instalments at 15% body weight per day.
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Table 1. Composition of synthetic test feeds used for determining the optimal
threonine requirement in P. monodon.

Ingredients Feed Nos.

' I 11 111 v \Y%
Casein 15.00 15.00 15.00 15.00 15.00
Egg albumin 1.65 1.65 1.65 1.65 1.65
Gelatin 5.00 5.00 5.00 5.00 5.00
Dextrose 7.00 7.00 7.00 7.00 7.00
Starch 25.00 25.00 25.00 25.00 25.00
Cholesterol 0.50 0.50 0.50 0.50 0.50
Lecithin 1.40 1.40 1.40 1.40 1.40
Fish oil 3.60 3.60 3.60 3.60 3.60
Sunflower oil 1.40 1.40 1.40 1.40 1.40
Agar agar 2.00 2.00 2.00 2.00 2.00
CMC 1.00 1.00 1.00 1.00 1.00
Minerals & 6.60 6.00 6.00 6.00 6.00
vitamins*
Alpha-cellulose 9.68 9.68 - 9.68 9.68 9.68
Amino acid mix* 15.96 15.96 15.96 15.96 15.96
Threonine 0.00 0.54 1.07 1.61 2.15
Aspartic acid 2.11 1.83 1.57 1.30 1.03
Glutamic acid 2.10 1.84 1.57 1.30 1.03
Total 100.00 100.00 100.00 100.00 100.00

* As per Gopal et al., 1999.
* Amino acids other than threo, asp and glu.

Freeze-dried (VIRTIS bench top freeze dryer) samples of feed and
experimental animals were analysed for proximate composition (AOAC,
1990). The amino acid analysis was done using HPLC. The data were
subjected to ANOVA and Aunean’s multiple range tests (Snedecor and
Cochran, 1967). Percentage values were arcsine % transformed before
statistical analysis.
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Results and discussion

Dietary threonine level significantly affects the percent increase
in length, weight and food conversion ratio but not the survival rate.
The control treatment gave only 20.4% increase in length and 76.2%
increase in weight in 30 days. The growth in length and weight was
28.7% and 99.7%, respectively over the same period when fed 2.27%
threonine, significantly higher than the control (p>0.05). The lowest
FCR was also recorded at this level of total threonine (p>0.05). However,
statistical analysis of data showed no difference (p<0.05) between 1.73%,
2.27% and 2.81% dietary threonine in terms of percent increases in length
and weight as well as food conversion efficiency (Table 2). Therefore
1.73% dietary threonine could be the lower limit for this essential amino
acid, below which the weight increase as well as food conversion
efficiencies get reduced. There were few mortalities in all treatments
as a result of molting and subsequent death/cannibalism. However,
comparing the survival rates at different levels of threonine, there was
a slight upward trend beyond the optimum, Shrimps were able to tolerate
higher level of threonine (2.8 1%) even though there was decline in growth.

Variation of body amino acid level in fishes and crustaceans are
quite marked, as there is differences in their physiology. Studies have
shown that in crustacean muscle the levels of threonine is 30-40% less
compared to fish muscle (Borgstrom, 1962). The reported levels of
threonine in fishes range from 3.84 - 4.5% (Nose, 1979; Santiago and
Lovell, 1988; Borlongan and Coloso, 1993) whereas in crustacean it ranges
from 1.11-1.48% with an optimum of 1.40% in P.monodon of 0.05¢ size
(Millamena et al., 1997). In the present study it was observed that with
increasing levels of threonine, the weight gain in shrimps was observed
upto 2.27% and declines thereafter at higher level.

The decline in growth at 2.81% threonine suggests the possible
toxicity effect of this amino acid on the shrimp. Millamena et al. (1997)
have also reported similarly. The optimum level observed in the present
study is higher than that reported by Millemena et al., (1997} for shrimp
weighing 0.05g. This could be attributed to the differences in the weight
of animal used and the experimental conditions. Water temperatures
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Table 2. Growth, food conversion ratio and survival of juvenile P. monodon fed diets containing graaed levels of

threonine for 30 days.

‘Threonine levels Initial size (Mean + SD) $ Final size (Mean + SD} % size increase (Mean + SD} FCR % Survival
in diet (g/100g)

Supp. Total Length (mm) . Weight ® Length (mm) Weight (g) Length (mm) Weight (g)

0.00 0.66 61.67+7.524 1.85:0.734 74.22+9.024 3.251.20* 20.39+4.538 76.21£7.99° 5.51+0.40% 86.68+5.77*
0.54 1.20 56.17+2.014 1.28+0.724 67.86.12.924 2.27+1.16* 26.38+1.4748 81.35+11.66° 5.48:1.03* 76.67+11.554
1.07 1.73 58.47+6.40% 1.46+0.42* 71.21£5.324 2.76£0.73* 22.15.53% 88.62+8.51%2 4.64+1.03% 76.67+5.772
1.61 2.27 55.90+4.25% 1.38+0.20% 71.85+3.86* 2.76+0.46* 28.70+3.95% 99.68+r.49* 3.68+0.088 83.33+11.55*
2.15 2.81 55.13+4.674 1.24+0.37% 69.71+6.25% 2.47+0.77* 22.43+2.25% 98.40+3.644 3.89+0.68° 90.00+10.00*

$ Values with same superscripts in each column are not significantly different (p<0.05).
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could have also influenced the variation in either study. Fishes generally
require higher levels of dietary proteins at warmer temperatures (Delong
et al., 1958). Comparison of the amino acid profile of shrimp fed
increasing levels of threonine with the initial did not show any differ-
ences in case of essential amino acids. However non-EAA levels were
higher in shrimp fed 2.27% threonine feed.

Conclusion

The dietary threonine requirements for juvenile Penaeus monodon
for good growth and food conversion efficiencies are a minimum of 1.73%,
with a possible upper limit of 2.27% in feed.
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ABSTRACT

Increasing chemical fertilisers
beyond certain limits is undesirable
in aquaculture and their quantity
should be reduced by supplementing
with organic manures. Manures and
Sfertilisers were tried singly and in
combination in yard experiment in
order to study the enhancement of
natural productivity and impact on
environment. Organic manures such
as cattle manure and poultry
(chicken) manure @ 1 % and 0.3 % of
soil weight and fertilisers viz., urea
and single superphosphate @ 50 and
30 kg/ha, respectively and
combination treatment of manures
and fertilisers were applied to
brackishwater in cement tanks of 1
ton capacity with 10 cm layer of

saline soil at the bottom. Manure
plus fertiliser combination treatment
registered maximum primary
production and plankton density as
compared to control and other
treatments before stocking of shrimp
larvae and during culture period.
Treatment of urea + single
superphosphate registered higher
concentration of nutrients and lower
amount of metabolites before
stocking. The concentration of
metabolites and nutrients after
stocking of shrimp larvae and at the
time of harvest did not show any
negative impact on the environment.
Manures plus fertilisers combination
resulted in higher shrimp yield as
compared to control, cattle manure,
poultry manure and urea + single
superphosphate in 120 days.
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Introduction

Nutrients play a vital role in the biological productivity of water
bodies (Das and Jana, 1996). The traditional shrimp farming highly relies
on natural productivity of ponds with minimum use of inputs and
consequently the production is generally low. The primary objective of
fertilisation is to maintain optimum nutrient condition for sustained
biological production. The significance of the use of manures and
fertilisers in increasing the productivity of brackishwater ponds has been
emphasised by many research workers (Bhimachar and Tripathy, 1966;
Lin, 1968; Chen, 1972). Organic and chemical fertilisers have been found
necessary to increase the pond productivity at a stocking density greater
than 2000 fry/ha (Apud et al., 1981). The food organisms growing in such
enriched ponds vary with pond condition and location.

Shrimp farmers world wide use inorganic fertilisers to promote
primary productivity. The addition of organic matter to natural water
stimulates microbial biomass and productivity (Schroeder, 1978; Moriatry,
1986). The fertilisation of the ponds to stimulate the production of natural
food is used extensively in pond based aquaculture partly to reduce the
requirement for expensive supplementary diets. Even though pond
fertilisation and feeding are the two important measures for increasing
production, the latter due to its high cost is not popular among poor
traditional shrimp farmers. Information on shrimp growth in fertiliser
ponds without feed is limited.

The importance of fertilisation of ponds well in advance of stocking
to allow the communities of natural food organisms has not been
adequately documented. Relationships among fertilisation rates of
brackishwater, primary productivity and shrimp production is not well
known. Information regarding changes in physico-chemical and biological
properties of soil and water after fertilisation in brackishater ponds are

meager.
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Materials and methods

Yard experiments were conducted at Muttukadu experimental
station of Central Institute of Brackishwater Aquaculture, using one ton
capacity circular cement tanks. The tanks were packed at the bottom to
a height of 10 cm with dried saline clay loam soil (sand-49%, silt-15%,
clay-36%, pH-8.1, electrical conductivity- 5.5 dS/m, organic carbon-
0.12%, total nitrogen-0.036%), collected from the shrimp ponds near
Mahabalipuram, Tamil Nadu. '

In the present experiment manures and fertilisers, singly and in
combination were tried without feed on enhancement of natural
productivity, shrimp production and impact on environment comprising
of soil and water. The treatments are 1. Cattle manure (CM) @ 1 % of
soil weight 2. Poultry (chicken) manure (PM) @ 0.3 % of soil weight 3.
Urea (U) @ 50 Kg/ha + single superphosphate (SSP) @ 30 Kg/ha 4.
Combination of manures and fertilisers @ half of the dose when applied
singly (i.e., cattle manure and poultry manure @ 0.5 and 0.15 % of soil
weight and urea and SSP @ 25 and 15 Kg/ha, respectively) and 5. Control.
The tanks were filled with fresh filtered seawater upto 20 cm, followed by
treatment on the following day. The water level was raised slowly upto 80
cm and allowed to remain for a period of 29 days for the development of
the algal bloom:.

Penaeus monodon larvae (average weight 0.281g, average length 3.5
cm) obtained from shrimp hatchery of Central Institute of Brackishwater
Aquaculture were stocked in cement tanks @ 8 nos./tank after 29 days
of the treatment. The duration of the experiment (culture period) was
120 days. No water exchange was done and the water level was maintained
constant throughout the course of the experiment by the addition of
filtered seawater. Urea and superphosphate @ 10 kg/ha each were applied
once in a month in all treatment tanks as a booster dose. At the end of
the experiment shrimps were recovered and growth measured as weight
was recorded.

— 195 —



Perspectives in Mariculture

Soil and water samples from experimental tanks were collected at
weekly intervals throughout the expériment till harvest. Primary
productivity was estimated once in every 15 days throughout the culture
period using the light and dark bottle method (Strickland and Parsons,
1972). Total plankton was enumerated (APHA, 1989). Salinity, pH,
turbidity, ammonia nitrogen (NH, -N), nitrite nitrogen (NO,-N), Phosphate
(PO,}), chemical oxygen demand (COD) and biochemical oxygen demand
(BOD,) were estimated by standard methods (APHA, 1989; Strickland and
Parsons, 1972). The soil samples were measured immediately for
oxidation-reduction potential (E,) using a platinum electrode. The soil
samples were dried and crushed to pass through 2 mm sieve and analysed
for pH and electrical conductivity (EC) in 1:2.5 soil water ratio and organic
carbon, total nitrogen and soil texture according to the methodologies
given by Piper (1966) and Jackson (1967).

The experiment had a completely randomised design with three
replicates. ANOVA and Duncan’s multiple range tests were used to
determine differences in treatment means (Gomez and Gomez, 1984).

Results and discussion
Water, soil and biological features before stocking shrimp

The weekly recorded primary production and plankton number before
stocking shrimp is presented in Fig.1A. A significant difference between
treatments and control was observed in enhancing primary production
and plankton number. The manure plus fertiliser combination was
significantly superior (p<0.05) over other treatments. The plankton
number per liter ranged from 2000-2800 in manure and fertiliser
combination followed by 1200-1900, 1600-2000, 1300-1600 and 450-550
with cattle manure, poultry manure, urea + SSP and control, respectively.
High average primary production of 211.2 mg C/m?3/h was registered with
manure plus fertiliser treatment followed by 164 mg C/m3/h with urea +
SSP. Chemical fertilisation is effective in inducing primary productivity
because nutrients are rapidly incorporated by autotrophic organisms.
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Manures contain undigested organic feed stuffs, liquid nitrogenous
wastes and microbial cells that might have helped in increasing primary
productivity. The results are in conformity with the findings of Moore
(1986) with the addition of manures and Tacon (1990) with the addition
of urea and superphosphate. Weekly depicted primary production values
showed a decreasing trend after third week, when manures and fertilisers
applied singly. Addition of chemical fertilisers might have helped in the
slow mineralisation of nutrients from manures which inturn resulted in
continuous increase of primary production with manure plus fertiliser
treatment.

The average values of weekly-analysed turbidity and nitrate nitrogen
(NO,-N) and ammonia N and chemical oxygen demand (COD) before
stocking shrimp larvae are presented in Figs. 1B and 1C. Water pH values
did not vary significantly among the treatments. Initially higher turbidity
values have been found with manures as compared to fertiliser and
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control treatments. Among manures high turbidity values were observed
with cattle manure obviously due to high amount of cattle manure applied
than poultry manure.

Nutrient concentration (NO,-N and phosphate) has been observed
more with fertiliser treatment as compared to control which, might be
due to immediate release of nutrients from fertiliser. A steady increase
in nutrient concentration has been recorded with progress of time. There
were not many differences in metabolite (NH,-N and N O,-N) concentration.
Higher COD and BOD, values have been observed with poultry manure
treatment.

Weekly changes in soil redox potential (E,) have been depicted in
Fig.1D. E, values ranged from positive (oxidised condition) before starting
experiment to negative (rediiced condition) immediately after imposing
treatments with the progress of time. The E, values ranged from +10 to -
120 during prestocking period with all the treatments. Soil reaction (pH)
and electrical conductivity (EC) values did not vary among treatments.
Organic carbon content was more in manure treatments as compared to

fertiliser and control treatments.

Water, soil and biological features during culture period

The range and average values of biological production, water and
soil quality parameters along with standard error and significance are
presented in Table 1. The weekly changes in important water and soil
quality parameters are depicted in Figs. 2,3 and 4.

Primary production and plankton number were significantly more
in manure plus fertiliser combination as compared to other treatments.
There was no significant difference between manures and fertilisers in
influencing primary production when applied singly. The primary
production decreased after stocking shrimp compared to pre-stocking in
all the treatments except control. A high average primary production of
99.67 mg C /m3/h and plankton number of 2530/litre were observed with
manure plus fertiliser treatment (Table 1). Higher natural productivity
values can be attributed to high plankton population. Similar findings
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Table 1. Effect of treatments on biological production and water and soil quality parameters.

Treatment Cattle Manure {CM) [Poultry Manure (PM) Urea + Single super (CM + PM) Control
phosphate (SSP) (Urea + SSP)
Biological Production
Plankton (No./L) 1200 - 3000 1200 - 3000 800 - 2000 2800 - 4200 600 - 900
(1600 + 110.52)2 (1593 = 103.97)* (1431 = 80.04)2 (2530 = 161.69)® (783.3 + 51.63)¢
Primary production 67.6 - 93.7 62.5 - 109.3 62.5 - 93.3 83.3 - 109.3 62.5 - 88.5
(mg C/m3/hr) (81.96 = 15.39)° (85.43 = 16.42) {80.0 + 13.45)* (99.67 = 19.21)° (74.2 = 6.12)°
Water parameters
NO, - N (ppm) 0.003 - 0.04 0.0027 - 0.038 0.0038 - 0.036 0.003 - 0.031 0.002 - 0.019
(0.012 + 0.004)* (0.0117 = 0.002)2 (0.0089 = 0.002)° (0.0083 + 0.002)° (0.004 + 0.001)¢
Phosphate (ppm) 0.018 - 0.045 0.014 - 0.042 0.026 - 0.036 0.018 - 0.044 0.004 - 0.024
(0.037 + 0.002)* (0.029 = 0.002)* {0.03 + 0.001) (0.031 = 0.002)* (0.015 = 0.002)¢
TAN (ppm) 0.018 - 0.075 0.016 - 0.08 0.016 - 0.075 0.014 - 0.088 0.01 - 0.08
(0.036 = 0.004)* (0.035 = 0.005)* (0.03 = 0.004)* (0.031 = 0.006)* (0.032 = 0.006)*
Nitrite - N (ppm) 0.007 - 0.08 0.0069 - 0.06 0.003 - 0.05 0.005 - 0.085 0.006 - 0.058
(0.0227 + 0.005)* (0.0193 + 0.004)° (0.0157 = 0.003)¢ {0.0221 = 0.004)* (0.015 = 0.004)¢
COD (ppm) 18 - 46 16.2 - 45 8.5 - 45 14.8 - 385 4.8 - 39.5
(32.59 = 2.15)* {32.12 = 2.34)* (27.44 = 2.74)° (30.57 = 2.09)2 (22.52 = 2.77)
BOD,(ppm) 6 - 16.5 5.8 - 16.0 2.5 - 16.1 4.9 - 14.2 2-14
(11.55 + 0.834) (11.56 + 0.837)* (10.51 + 0.999)= (9.92 + 0.740)° (8.37 + 0.878)¢
Soil parameters
E, (mV) -100 to - 165 -80 to - 180 -60 to - 170 -65 to - 175 -60 to -150
(-136 = 4.987)* (-134 + 6.679)2 (-118 = 6.669)° (-125 + 7.441)° (-91 + 6.239)¢
p! (1:2.5) 7.61 - 8.69 7.74 - 8.9 - 7.68 - 8.53 7.7 - 8.65 8.10 - 8.56
(8.12 + 0.069)= (8.10 = 0.076p (8.17 + 0.062)2 (8.18 = 0.065) (8.18 + 0.064)*
EC (dS/m) 8.22 - 13.8 8.24 - 12.64 9.11-12.45 9.1 - 13.8 7.7 - 12.04
(10.64 + 0.372)* (10.96 + 0.289)2 (11.03 = 0.246)2 (10.51 = 0.353)* (10/21 + 0.313)2
Organic carbon (%) 0.18 - 0.4 0.22 - 0.35 0.16 - 0.3 0.21 -0.36 0.14 - 0.25
(0.255 = 0.014)* (0.245 = .011)* (0.22 = 0.010) * (0.282 = 0.009)® (0.20 + 0.008)4

Total Nitrogen (%)

(0.0273 = 0.012)®

(0.0278 = 0.011)®

(0.297 = 0.015)*

%
(0.0307 + 0.017)®

*
(0.033 = 0.016)

The values in parentheses are average of 3 replicates with standard error.
The average values with same alphabet as superscript are not significant (p>0.05).
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Fig. 2. Weekly changes in water quality parameters during culture period

have been observed by research workers (Rao et al., 1982; Singh and
Sharma, 1999) with the application of manures. Ayyapan et al. (1991)
reported low primary production as the ponds did not receive any external
nutrient input.

Water pH did not vary widely among the treatments after stocking
shrimp during whole culture period (Fig. 2A). Subosa and Bautista (1991)
observed no change in water pH in the experiment with manures and
fertilisers. The turbidity in water (Fig. 2B) did not show a definite
increasing or decreasing trend with progress of time. Nitrate nitrogen
concentration was significantly more in treatments wherever chemical
fertiliser was applied. Average nitrate N values of 0.0083 to 0.0089 ppm
were observed with chemical fertilisers as compared to 0.0012 ppm with
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manure treatments (Fig. 2C). Poultry manure rich in nutrient
concentration, fertiliser and manure plus fertiliser combination
treatments were significantly superior over cattle manure in increasing
phosphate concentration (Fig.2D).

One of the major water quality problems in intensive aquaculture
systems is the accumulation of the inorganic N species (NH,* -N and
NO, -N) in water. Ammonia N values did not vary among the treatments.
All the treatments showed an increasing trend after 10 weeks (Fig.3A).
The lack of significance may be attributed to the uniform application of
urea and SSP to all the tanks every month as a booster dose. Nitrite-N

concentration was more in poultry manure and fertiliser tanks as
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Fig. 3. Weekly changes in metabolites concentration during culture period
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compared to cattle manure and manure plus fertiliser treatments. An
increasing trend was observed after 13 weeks (Fig.3B). Chemical oxygen
demand (COD) was significantly more in treatments, wherever manures
were applied. Increase in COD was recorded upto 10 -13 weeks with all
the treatments (Fig.3C). Manure plus fertiliser combination treatment
registered low biochemical oxygen demand (BOD,) values of 9.92 ppm as
compared to other treatments. BOD, values showed an increasing trend
upto 13 weeks and then more or less same with the progress of time
(Fig.3D). BOD, value being an indicator of organic pollution indicates that
manure treatments exert maximum load. All the water quality
parameters during experiment are within normal range. The
environment comprising of soil and water quality parameters in the
experiment with manures and fertilisers are in normal range (Mohan et
al., 1995).

Manures when applied alone were superior in making soil more
reduced. The decomposition of organic matter can lead to anaerobic
conditions in pond soil. Anaerobic zones in soils have low redox potential.
Average E, values of -134 mV and -136 mV have been observed with cattle
manure and poultry manure treatments, respectively. More reduced soil
condition has been observed during harvest time (Fig.4A). Soil pH and
electrical conductivity did not vary among the treatments. Manures and
fertilisers combination treatment registered more average organic carbon
(Fig.4B). Total nitrogen content in soil was more or less same with all

the treatments.
Shrimp growth and production

Manure plus fertiliser combination followed by poultry manure
registered more mean increase in shrimp weight of 4.82 and 4.42 g,
respectively (Fig.5), which resulted in extrapolated shrimp production of
366 and 333 kg/ha (at 95% survival rate). It has been observed from
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Fig. 5. Effect of manures and fertilisers on increase in shrimp growth and
production.

Fig.5 that chemical fertiliser treatment registered low shrimp production
(176 Kg/ha) next to control (100 kg/ha). Subosa and Bautista (1991)
reported more mean increase in shrimp body weight at harvest in
fertilised ponds along with manure. Fertilisation in some cases may have
desired effect of increasing primary productivity, but shrimp production
may not likewise affected (Teichert Coddington and Rodriguez, 1994).
Maclean et al. (1994) observed similar findings.

Generally the productivity of water bodies like confined ponds
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has been observed less where inputs are not supplemented. The
application of manures plus fertilisers in combination gave high shrimp
production in the present experiment. Manures and fertilisers either
singly or in combination did not pose any negative impact on environment
comprising of soil and water quality.
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ABSTRACT

In order to introduce natural
drugs and pesticides, instead of
synthetic ones, the antimicrobial
properties of custard apple (Annona
squamosa) was tested against
shrimp pathogenic bacteria and
probionts. The oil extracted from
custard apple seeds using hexane
solvent was tested against
pathogens and probionts by Kirby-
Bauer method. Three different
concentrations of custard apple oil
in hexane solvent, were applied on

Introduction

bacteria. At the end of incubation
period the diameter of zone of
inhibition was measured and the
results were recorded. Only Vibrio
alginolyticus was found to be
susceptible up to 20 ul of mixture of
custard apple oil and hexane (1:3)
while other pathogens i.e. Vibrio
harveyi, Vibrio anguillarum and
Aeromonas hydrophilla and
probionts such as Bacillus subtillus
and Pseudomonas sp. were
resistant to the oil at different
concentrations used in the
experiment.

Intensification of culture systems has led to increased health re-
lated problems. (Lightner, 1983 ; Krishnani et al.,, 1997). There have
been heavy mortalities of shrimp either in growout farms or in hatcher-
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ies. Bacterial infection caused by Vibrio species is one of the major prob-
lems (Lightner, 1988). There is also concern that the use of persistent
antibiotics and other chemicals in the aquatic environment may not only
cause adverse effects on the ecosystem (Jacobsen and Berglind, 1988; .
Kumar and Chauhan, 1991) but also resistance among microbial popula-
tion. (Jones, 1986; Bjorklund et al., 1991; Shome and Shome, 1999). To
escape the hazards of synthetic drugs and pesticides use, considerable
investigations are being carried out to develop safer sources of disease
control, notably from plant sources (Deshmukh et al., 1982 ; Kumar and
Chauhan, 1991 ; Raman et al,, 1997). It has been reported that leaf
extract of custard apple (Annona squamosa), a common tropical plant
exhibited bactericidal activity(Annapurna et al., 1989). In this study, an
attempt has been made to find out the antibacterial properties of custard
apple seed oil against shrimp pathogenic bacteria and probionts. Oil
extracted from custard apple seeds was tested against shrimp pathogenic
bacteria i.e. Vibrio alginolyticus, Vibrio harveyi, Vibrio anguillarum and
Aeromonas hydrophilla and probionts ie. Bacillus subtillus and Pseudomo-
nas species.

Materials and methods

Custard apple oil was extracted from custard apple seeds using hex-
ane solvent. Shrimp pathogenic bacteria ie. Vibrio alginolyticus, Vibrio
harveyi, Vibrio anguillarum and Aeromonas hydrophilla and probionts ie.
Bacillus subtillus and Pseudomonas species were used for assaying anti-
microbial activity. The bactericidal activity was assayed by Kirby-Bauer
method (Baeur et al., 1966). Different concentrations of custard apple oil
in hexane solvent (1:3), ranging from 10 gl to 30 ul were applied on the
sterile discs and were placed on agar medium already spread with test
organism. They were subsequently incubated at room temperature for 1
day. At the end of incubation period, the diameter of zone of inhibition
was measured.
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Results and discussion

The results of the experiment with custard apple oil against differ-
ent bacteria are presented in Table-1. From this, it is evident that only
Vibrio alginolyticus was susceptible up to 20 ul of mixture of custard apple
oil and hexane (1:3). In further dilution it became resistant. However,
probionts such as Bacillus subtillus and Pseudomonas were found to be
resistant to the oil at all different concentrations used in this experi-
ment.

Table 1. Antibacterial activity of custard apple oil against shrimp pathogenic

bacteria and probionts

Test organism Diameter of inhibition zone in mm
Control pl of oil : hexane (1:3)
(Hexane)
(20u) 30 20 10
Pathogens
V. alginolyticus R 12 11 R
V. harveyi R R R R
V. anguillarum R R R R
A. hydrophilla R R R R
Probionts
Bacillus subtillus R R R R
Pseudomonas sp. R R R R

R - Resistant

The control of bacterial infection in aquaculture with natural plant
extracts has been reported earlier. In our previous study (Krishnani et
al., 1998), neem oil was used as such and it was found to be active against
only Vibrio alginolyticus. Neem oil extract which was prepared by parti-

tioning the neem oil between hexane and methanol was effective against
Vibrio alginolyticus and Vibrio anguillarum (Krishnani et al., 2000).Aque-
ous extract of green leaves of neem and turmeric rhizomes (Curcuma longa)
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was used to control bacterial infection in African catfishes (Clarias
gariepinus) (Chakraborty and Chattopadhayay, 1998). Neem was also
used to control infection of Macrobachium malcolmsonii by Aeromonas
hydrophilla (Behera et al, 1997).

Conclusion

Antibiotic resistance has been shown to occur more frequently in
certain bacterial species. This deserve attention for appropriate health
care to make aquaculture activity successful. The use of chemicals and
commercial products has not been recommended for sustainable shrimp
culture (Boyd, 1995). Conversely, the use of herbal products and medici-
nal plants is eco-friendly, economical and effective alternative to antibac-
terial drugs and chemicals.
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ABSTRACT

Laboratory experiment was
conducted with cattle manure @ 1%
and 2% and chicken manure @ 0.3 %
and 0.6%, respectively to study the
changes in nutrient concentration in
soil and water phase at different
salinity levels for 37 days. Higher
amounts of carbondioxide were
registered with cattle manure 1% and
2% at all salinity levels. All manure
treatments resulted in depletion of
dissolved oxygen after application.
Ammoniacal nitrogen content in water
was higher than nitrate nitrogen on

Introduction

all days of incubation and salinity
levels. Available nitrogen in water
increased substantially with the
progress of incubation. Chicken
manure @ 0.6% resulted in higher
amounts of available nitrogen and
phosphorus release into water at 20
and 10 ppt, respectively. Manure
treatments registered increase in
organic carbon, available nitrogen
and phosphorus as compared to
initial values. Lower dose of
manures (cattle manure 1% and
chicken manure 0.3%) also resulted
in favourable soil and water
characteristics.

The importance of organic matter in bottom soil of brackishwater
ponds has been emphasized by many workers (Tang and Chen, 1967:
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Mandal and Chattopadhyay, 1979). Lack of adequate fish food organisms
is found to be one of the major causes of low productivity of brackishwater
ponds (Bhimachar and Tripathi, 1966) and application of manures and
fertilisers is suggested as a measure to increase their production (Lin,
1968; Djajadiredja and Poernoma, 1972). There is increasing awareness
that bottom soil plays an important ecological role in fish ponds.
Transformation of applied nutrient elements in brackishwater pond soil
depends considerably on the widely fluctuating water salinities (Johnson
and Guenzi, 1963; Chattopadhyay, 1978). Though some literature was
available on the decomposition of cattle and chicken manures, still
poultry droppings rich in manurial constituents than cowdung are less
utilised as pond manures. Little information was available on the rate
of decomposition of manures at different salinity levels. Hence, in the
present investigation, decomposition of cattle and chicken manures have
been studied at three salinity levels for 37 days and nutrients release
from soil to water phase were also investigated which enhances the

productivity of water and augment fish/shrimp production.
Material and methods

The surface saline soil collected from Mahabalipuram (Chengulpet
district, Tamil Nadu) was air dried and powdered. The soil was passed
initially through 2 mm and then through an 80 mesh sieve.
Physico-chemical characteristics of experimental soil are presented in
Table 1. The soil samples thus prepared were made into five equal portions
for the purpose of treatment. The treatments are 1. Control (untreated)
9. Cattle manure @ 1% 3. Cattle manure @ 2% 4. Chicken manure @
0.3% and 5. Chicken manure @ 0.6%. The manures were dried, powdered
and applied based on soil weight. One Kg of soil under each treatment
was placed separately in tall glass cylinders upto 10 cm height and

submerged with different saline waters (30 cm water column).
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Table 1. Physico-chemical characteristics of experimental soil

Sand (%) 51.0
Silt (%) 13.0
Clay (%) 36.0
pH (1:2.5) 7.8
Electrical conductivity (mmhos/cm) 13.2
CaCo, (%) 1.0
Organic carbon (%) 0.12
Available nitrogen (mg/100 g) 3.0
Available phosphorus (mg/100 g 18.8

Saline water levels (10, 20 and 30 ppt) were prepared from clear
seawater after filtering through a plankton net of bolting silk (No. 25) by
mixing with required quantity of distilled water. The glass cylinders after
filling with soil and water were kept in darkness to avoid the growth of
photosynthetic organisms. The concentration of nutrients in water along
with other hydrological characteristics was analysed upto 37 days (3, 6,
9, 12, 15, 22, 29 and 37 days). Soil condition and nutrient changes in
soil were analysed at the end of experiment.

Water parameters have been determined following standard methods
of water analysis (A.P.H.A, 1989). Soil characteristics were analysed
following standard procedures given by Piper (1966) and Jackson (1967).
The experiment was replicated thrice in completely randomised design.

Results and discussion
Hydrological characteristics

Average values of water temperature (28.0 - 30.6°C) did not show
any significant changes during incubation period. The average free
carbondioxide (CO,) in control was nil under all salinity levels (Table 2).
Cattle manure resulted in comparatively higher amount of CO, obviously
due to large amount applied as compared to poultry manure in order to
keep the same level of nitrogen under all manurial treatments. A
maximum amount of 32 ppm free CO, was registered with 2% cattle
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manure at 30 ppt saline water level (22 days). Maximum mean free CO,
content of 14.25, 11.69, 10.75 and 8.88 ppm were observed with cattle
manure 2% (30 ppt), cattle manure 1% (30 ppt). chicken manure 0.3%
(10 ppt) and chicken manure 0.6% (10 ppt), respectively (Fig.14),
indicating a decreasing trend with increase in salinity level under
chicken manure treatment. Chattopadhyay and Mandal (1980) also
observed depression effect of higher salinity on the decomposition of
poultry manure. Cattle and chicken manure treatments showed an
increase in carbondioxide content till 22 and 15 days of incubation,
respectively and becomes nil at the end of experiment (Fig. 2A}). Three
way interaction, manure dose X salinity level X days of incubation (M X S
X D) and two way interactions manure dose X salinity level (M X S},
manure dose X days of incubation (M X D) and salinity level X days of
incubation (S X D) are significant in influencing CO, content. Application
of organic manures caused a decrease in the concentration of dissolved
oxygen (DO), the magnitude of decrease being generally more in cattle
manure treated series (Table 3). The DO concentration decreased in all
the treatments with days of incubation and becomes nil with cattle and
chicken manures during 15 to 22 and 9 to 15 days of incubation,
respectively (Fig. 2B). Three way interaction M X S X D and two way
interactions M X S (Fig. 1B) and M X D were significant in influencing
DO concentration. The heterotrophic microorganisms, which are
responsible for the decomposition of organic matter, consumed oxygen
from water environment causing a depletion of oxygen in the water phase.

Manure treatments showed a slight decrease in average pH values
as compared to control probably due to the formation of free carbondioxide
and organic acids from the decomposition of added organic manures. M
X D interaction effect was significant in influencing water pH (Fig. 2C).
Less variation in pH with salinity level may be attributed to buffering
capacity of brackishwater (Reid, 1961).

Nutrient changes in water phase

The amount of available nitrogen (NH,*-N + NO; -N) in water
increased significantly with the progress of incubation at all salinity
levels. Among the interaction effects only M X S interaction was
significant in increasing available nitrogen (Table 4). Ammoniacal
nitrogen (NH,*-N}-concentration in water was always higher than nitrate
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Table 2. Changes in free carbondioxide in water as affected by manure dose, salinity level and days of incubation -

Carbondioxide (ppm)*

Days' Control Cattle manure 1%  Cattle manure 2% Chicken manure 0.3% Chicken manure 0.6%
Salinity level Salinity level Salinity level Salinity level Salinity level
10 20 30 10 20 30 10 2 30 10 20 30 10 20 30
ppt ppt ppt ppt ppt ppt ppt ppt ppt ppt ppt ppt | ppt ppt PPt,#
3 Nil Nil Nil Nil 20 20 Nil 20 20 20 20 20 20 20 2.0
6 Nil Nil Nil 90 90 90 100 100 10.0 100 80 70 11.0 100 90
9 Nil Nil Nil 16,0 16.0 16.3 20.0 120 16.0 16.0 140 120 140 14.0 11.0
12 Nil Nil Nil 18.0 180 182 20.0 16.0 18.0 180 160 16.0 20.0 15.0 14.0
15 Nil Nil Nil 20.0 20.0 20.0 22.0 180 20.0 20.0 19.0 18.0 20.00 20.0 19.0
22 Nil Nil Nil 28.0 28.0 28.0 20.0 28.0 320 160 3.0 3.0 40 30 3.0
29 Nil Nil Nil Nil Nil Nil 16.0 20.0 40 Nil Nil Nil Nil  Nil Nil
37 Nil Nil Nil Nil * Nil Nil Nil Nil Nil Nil Nil Nil Nil  Nil Nil
® Average value of three replicates
Treatments (T) Manure (M) Salinity (S) Days of Incubatiorll (D) MXS MXD MXDXS
CDat5% 3.18 0.649 0.503 0.821 1.124 1.836 3.180



Perspectives in Mariculture

A.Carbondioxide B.Digsolved oxygen

Carpondioxide {ppm) s Dissolved oxygen (ppm)
8

2
, :
0 2 10 ppt 20 ppt 30 ppt
10 opt 20 pot 30 pot Sailnity lovel
Satinity level W control Catte marure 18 [ Gattte marurs 2%
W conivot Catite manure 1% £ Cattle manure 28 B Chick. maours 0.9% [E3 Chick. manwe 0.6% v

B cnick. manvre 0.3% [EZ] Cnick. manure 0.6%

C.Ammoniacal nitrogen

Ammonlacal nitragen (ppm}
]

10 ppt 20 ppt 30 ppt
Satinlty tevet
M Conuol Cattie manwe 1% (1 Carvte manure 2%

Chick. manwers 0.3%ED Chick. manure 0.0%
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Table 3. Changes in dissolved oxygen in water as affected by manure doses, salinity level and days of incubation

Carbondioxide (ppm)*

Days Col Cattle manure 1%  Cattle manure 2% Chicken manure 0.3% Chicken manure 0.6%
Salinity level Salinity level Salinity level Salinity level Salinity level
10 20 30 100 20 30 10 20 30 10 20 30 10 20 30
ppt ppt ppt  ppt ppt  ppt ppt  ppt  ppt ppt  ppt  ppt ppt  ppt  ppt
3 56 50 50 6.0 6.0 60 60 60 60 60 60 6.0 6.0 6.4 6.0
6 46 42 40 1.0 08 08 08 06 06 04 04 04 0.4 0.4 0.4
9 43 40 38 04 04 04 04 04 02 02 02 02 Nil Nil Nil
12 40 40 3.0 Nil 02 02 0.2 Nil Nil Nil Nil  Nil Nil Nil Nil
15 30 3.0 Nil Nil Nil Nil Nil Nil  Nil Nil Nil  Nil Nil Nil Nil
22 48 46 42 Nil Nil Nil Nil Nil  Nil 20 20 20 1.8 1.6 1.8
29 49 47 50 40 08 08 12 08 1.2 40 40 40 2.0 24 24
37 60 58 50 40 40 32 20 20 32 56 60 6.0 4.8 4.0 4.8

®Average value of three replicates

Treatments(I} Manure(M) Salinity(S) Days of Incubation{D) MXD MXS SXD MXDXS

CDat5%  0.352 0.072 0.056 0.091 0.203 0.125 0.158  0.352

amunw pup 12a3] Anunps fo 10afJq
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nitrogen. The maximum release of ammoniacal nitrogen at all salinities
has been observed on 29" day. Higher water salinity level found to
maintain slightly higher amount of NH_*-N in water. The results are in
conformity with the observations of Mandal (1962) and Chattopadhyay
and Mandal {1980). Chicken manure 0.6% registered highest amount of
ammoniacal nitrogen (5.8 ppm) at 30 ppt salinity level. M X S interaction
effect was significant in increasing the amount of NH *-N (Fig.1C).

Table 4. Interaction effect of manure dose and salinity level on changes in available

nitrogen.
Available Nitrogen (ppm) »

Salinity Control Cattle Cattle Chicken Chicken
level manure 1% manure 2% manure 0.3% manure 0.6%
10 ppt 0.29 1.59 2.10 3.12 3.14
20 ppt 0.41 1.86 2.37 3.66 3.90
30 ppt 0.41 1.98 2.42 4.25 4.83

Manure dose (M) Salinity level (S) MXS
C.D at 5% 0.319 0.247 0.552

Nitrate nitrogen NO;-N concentration was less than ammoniacal
nitrogen obviously due to prevailing anaerobic conditions which are not
favourable for the microbial transformation of NH, *N to NO,-N. In
waterlogged soils mineralisation ceases at the ammonium level and
nitrification is very slow because of lack of oxygen supply (Goswami and
Sahrawat, 1982; Laskar et al., 1991; Senapati et al., 1992). Changes in
nitrate nitrogen did not show a definite trend and treatments registered
a significant increase as compared to control. No interaction effect was
significant in influencing nitrate nitrogen content. The irregular rate of
release of nitrate N obtained with mineralisation of manures may be
due to non-uniformity in the rate of nitrification (Sinha and Sharma,
1961; Banerjee et al., 1979).

Available phosphorus in water increased in all the treatments as
compared to control and the magnitude of increase was more with chicken
manure at all salinity levels. A slight decrease in available phosphorus
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was observed with the increase in salinity water level which may be
attributed to the reason that at high salt concentration some of the
available phosphorous might be fixed. The maximum release of
phosphorus into water was noticed on 12% day with all the manure
treatments at all salinity levels (Fig. 2D). Among the interactions only
MXD interaction effect was significant.

Changes in soil nutrients

The changes in soil characteristics at the end of incubation period
are presented in Table 5. A slight decrease in soil pH with all the
treatments including control was observed as compared to initial value.
Russel (1975) described the zeta potential of soil colloids to decrease with
increase in salt concentration, which might result in low pH value under
high saline conditions.

Manure treatments recorded a significant increase in organic
carbon per cent from initial value and the magnitude of increase was
more with cattle manure 2% (0.38% at 30 ppt). Higher dose of manures
registered more organic carbon due to higher dose applied and slower
rate of decomposition (Chattopadhyay and Mandal, 1980).

Available nitrogen content in soil increased significantly with all
the manure treatments as compared to control at all salinity levels which
might be due to mineralisation of organic nitrogen. Maximum amount
of 36.2 mg/100 g was observed with chicken manure 0.6% at 20 ppt saline
water level, obviously due to more per cent of nitrogen in chicken manure.
Increased salinity after 20 ppt had some depressing effect on the release
of N from organic manures, possibly due to adverse effect of higher
salinity on microbial population responsible for the process of
mineralisation (Paliwal, 1972).

Available phosphorus in soil increased in all the treatments including
control and the increasing trend was more with chicken manure at all
salinity levels. A slight decrease in available phosphorus being observed
with the increase in saline water level, which might be due to fixation of
available phosphorus at higher salinities.
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Table 5 . Soil condition and amount of organic carbon, available nitrogen and phosphorus as affected by salinity level and
manure dose at the end of incubation period

Soil Parameters

Treatment Soil pH (1:2.5) Organic carbon (%)  Available nitrogen Available phosphorus
(mg/100 g) (mg/100 g)

Salinity level Salinity level Salinity level Salinity level

10 20 30 10 20 30 10 20 30 10 20 30

ppt ppt  ppt ppt ppt ppt ppt  ppt ppt ppt  ppt  ppt
Control 75 75 7.5 0.10 0.10 0.09 172 162 169 3.35 332 334
Cattle manure 1% 75 76 7.6 029 032 029 23.6 242 238 330 330 328
Cattle manure 2% 76 73 7.5 036 0.30 0.38 245 290 256 3.56 348 3.37
Chicken manure 0.3% 7.6 7.2 7.4 0.16 0.17 0.18 289 317 310 400 350 3.60
Chicken manure 0.6% 7.5 7.1 7.4 021 022 024 30.7 362 354 432 420 4.00
C.D at 5%
Manure (M} NS 0.38 1.773 NS
Salinity level (S) NS NS 1.373 NS

MXS NS NS NS NS

2.MIMOoLI Ul Saaoads.1ad
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ABSTRACT

Water stability of prawn feed
depends on the type of binder
used. Amongst different available
conventional and non-conventional
binders, guar gum assumes a
prominence use in shrimp feed
industry. This binder is having
more binding capacity and is
widely available at a nominal cost.
In the present study guar gum was
used at different levels (0, 1, 2 and

Introduction

3%) along with different starches
(tapioca, wheat flour, corn flour, rice
flour and maida). Stability of the
feed was evaluated by the
nephelometric method (turbidity) and
percentage loss in weight of the feed.
The results indicated that guar gum
at 2% level was able to keep the feed
intact in water for more than 7 hours .
when used with any of the tested
starches. Amongst the starches -
wheat flour and tapioca in
combination with guar gum gave the
best results.

There is an urgent need to develop shrimp feeds that are water stable
so as to minimize disintegration and loss of nutrients upon exposure to
water for which binders are used. The feed particles should be of high
durability to withstand handling, transportation and longer shelf life.
When introduced in water, the feed pellets should be stable for longer
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duration till the shrimp consume its ration. Shrimp are supposed to be
selective and slow eaters, so under such condition shrimp compounded
feed should be well bound to withstand feed manipulation, minimize feed
wastage and maintain good water stability. All these factors can be
achieved provided the physical quality of pellet is maintained which de-
pends on the composition of the feed mixture, moisture content, process-
ing method adopted (Hastings, 1971) and extent of gelatinization during
steam conditioning (Stivers, 1970). A number of binding agents are added
to the formulae to reduce the amount of residual fine particles and im-
prove the water stability of the pellets (Dominy and Lim, 1991). Some of
these binders are of nutritional value and some effect feed consumption
and growth in shrimps.

Several studies and reports on the evaluation of different types of
natural, modified or synthetic sulsstances as binding agents in shrimp
feeds have been reported (Meyers and Zein-Eldin, 1972; Balazs et al.,
1973; Lim and Destajo, 1979; Castille and Lawrence, 1988; Huang, 1989;
Dominy and Lim, 1991; Meyers, 1991). In addition to these, use of phos-
pholipids have been shown to increase water stability (Briggs et al., 1988)
besides influencing growth (Chen and Jenn, 1992).

The binding potential of different binders reported are based on re-
sults of water stability tests using different formulations and preparation
under laboratory conditions. Sometimes the feed processing conditions
employed may not be optimum to activate some binders. Thus, the re-
sults expressed may sometimes be misleading. However, the effective-
ness of different binders is expressed as percentage dry matter retained
after 8 hours of immersion in fresh or sea water as the case may be.
Number of methods have been adopted for evaluation of water stability of
aquatic feeds.

The present study of use of natural binders in different concentra-
tion levels had been envisaged to evaluate the water stability of feeds for
use in prawn Peneaus monodon culture. The evaluation was done based
on the turbidity method and loss in weight on hourly basis.
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Material and methods

Formulation and preparation : A basal feed was formulated using vari-
ous plant and animal sources in addition to vitamin and minerals (Table
1). All dry ingredients were obtained fresh from local market, grounded
and sieved through 200 micron mesh before mixing. All ingredients were
mixed as per the formulation with different starches and levels of guar
gum separately. The starch level were maintained constant and the guar
gum levels ranged from O, 1, 2 and 3% in the feed formulation. The
vitamin and mineral mixtures were prepared in the laboratory using pure
chemicals (AR grade) and were mixed along with yeast, cholesterol and
Spirulina separately before adding to the basal mixture.

Table 1. Feed formulation and proximate composition of pelleted feed for testing
water stability using different guar gum levels.

Ingredients g/100¢g of diet
Fish meal 30.0
Squilla meal 5.0
Squid meal 5.0
Prawn head meal 5.0
Soyabean meal 25.0
Fish oil 2.7
Sunflower oil 1.2
Lecithin 1.2
Cholesterol 0.5
Vitamin - mineral mix 3.3
Yeast 1.0
Spirulina 0.2
Guar gum 0-3
a- Cellulose 4-1
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Starches g/100g diet
Tapioca 15.9
Wheat flour 15.9
Corn flour 15.9
Rice flour 15.9
Maida ‘ 15.9
Proximate composition % (Range)
Moisture 9.2 -10.6
Crude protein 39.8 - 40.1
Crude lipid 6.6 -7.8
Crude fibre 2.8-3.1
Ash 18.9 - 19.9
NFE 27.7 - 28.8

The basal feed was kneaded well manually adding sufficient water
(1.0 : 0.35}) to each of the feed formulation and later all were steam cooked
for 10 mins. After cooling the mixture of vitamin and others were added
and kneaded again. Using a hand pelletizer with 2.0 mm dia. the noodles
were drawn and dried at 50°C for 48 hours till the moisture content of the
feed was less than 10%. The dried noodles were then manually broken
into 5-10 mm length pellets and packed in polyethylene bags till further
use.

Proximate composition : The formulated dry feeds were analysed for
their proximate composition (Table 1). The moisture content was deter-
mined by heating the sample at 60°C for 24 hrs till constant weight was
obtained. Total nitrogen was estimated using microkjeldahl method
(AOAC, 1975) and the crude protein was calculated by multiplying N,
content in the sample with factor 6.25. The crude fat content was esti-
mated by extraction with petroleum either (BP 60-80°C) for 8 hrs in a
Soxhlet apparatus. Crude fibre was estimated by the modified method of
De Silva (1985). Ash content was determined by burning the sample at
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550°C for 8 hrs in muffle furnace. The NFE was found out by the differ-
ence method (Hastings, 1976).

Water stability test : The pelleted diets were tested for water stability
following turbiditometry method. A series of beakers (250 ml cap.) were
arranged serially with 200 ml seawater. In each of the beaker 2g of the
pellet feed of uniform size (5 mm length) were put. The beakers were
moderately stirred at intervals with a glass rod. At the end of 1, 2, 3, 4,
5, 6. 7 and 24 hrs the tubidity of the water was recorded using turbidity
meter. The turbidity was expressed in nephlons. In additions to this the
condition of the pellet and loss in weight was also recorded. The sample
was filtered through a filter paper and dried overnight at 60°C. The dif-
ference in weight was loss in weight of feed at that particular hour.

Statistical analysis: Difference in water stability of the formulated feeds
based on the nephelometric and percentage loss in weight were tested for
significance by ANOVA (Snedecor and Cochran, 1975) for the effect of
guar gum levels on starches for different hours of immersion in seawater,

Results and discussion

When guar gum was not added along with the starches, feeds
showed poor water stability in water. The nephelometric values at differ-
ent percent guar gum levels ranged from 4- >100 nephlons and the per-
centage loss in weight ranged from 21.75 - 86.0% at different hours in
various starches. The turbidity and percent loss in weight values showed
positive correlation (Fig. 1 and 2) and exhibited similar trends.

The hourly readings of turbidity and percent loss in weight for all
starches with and without guar gum showed that there was a steady rise
in mean nephlons and percent loss in weight upto 24 hrs. Amongst the
starches, corn flour with and without guar gum showed high nephlons
and percent loss in weight at different hours (1-7, 24 hrs). This means
corn flour is a poor starch and usc of guar gum does not influence its
water stability in feeds. Rice flour showed comparatively lower nephlons
but high percent loss in weight from first hour onwards with and without
guar gum. The low nephlons values could be due to heaviness of par-
ticles which tend to settle faster compared to other starches. The high
percent loss in weight shows the insufficiency of rice flour to function as
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good starch in improving the water stability in feeds. Thus, both corn
flour and rice flour were poor starches and the influence of guar gum to
improve the water stability of feed was negligible.

Comparing the other starches - tapioca, wheat flour and maida, these
starches showed lower nephlons and percent loss in weight with and
without guar gum in the feed. The nephlons for tapioca (7.75-93.25),
wheat flour (5.45-90.63) and maida (6.0-83.55) were showing similar trends
when compared to percent loss in weight (23.73-38.06%; 21.94-44.88%
and 22.60-48.56%, respectively) and it was observed that amongst these,
wheat flour and tapioca starches are more water stable. Statistical analysis
shows that in first three hours, significant variation (p>0.05) was ob-
served irrespective if starches with and without guar gum use in the feed.
Beyond the third hour, the feeds showed no significance. So, the use of
guar gum and the type of starch significantly affects the water stability in
feeds.

Comparing the level of guar gum influence on various starches in
providing better water stability to feeds showed that corn flour and rice
flour had no influence of guar gum at different levels in providing good
water stability. Corn flour and rice flour even after usage of 3% guar gum
(50.4/45.5% loss in weight) could not give good water stability to feeds.
Compared to these starches - tapioca, wheat flour and maida had the
effect of guar gum level in feed in improving the water stability. This
improvement of water stability by these starches along with guar gum
was because, these starches have more ability to gelatinize and bind
(Stivers, 1970; Hastings, 1971) during feed processing,.

Thus, the comparative study of different starches and guar gum lev-
els suggests that tapioca and wheat flour are best starches which can be
used in shrimp feeds along with 1-2% guar gum for good water stable
feeds.
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ABSTRACT

Live feeds play an important
role in aquaculture operation. Pres-
ently, the groups of live feeds em-
ployed in the culture systems are
limited to a_few species of phyto and
zooplankters. Dunaliella salina,
(greenmicroalga), a member of
Chlorophyceae, is an unconven-
tional live feed. The culture of this
species is presently limited to labo-
ratory experimental stage only.

In view of the paucity of stud-
ies on the culture and utilization of
Dunaliella salina, the present inves-
tigation was undertaken to explore
and estimate the potential use of this
species. The results of rearing of ju-
venile clams with Dunaliella as live
feeds are presented and discussed.




Perspectives in Mariculture

Introduction

In aquaculture systems, several live feeds are used presently such
as Chaetoceros, Isochrysis, Skeletonema, etc. The hatchery rearing of
prawn/ mollusc larvae is dependent on these live feeds. There are innu-
merable species of phytoplankton in our waters; but only very few of them
are used as live feeds in aquaculture. In view of this, the present study
was undertaken to evaluate the culture possibilities of Dunaliella salina
and to study its effect on the growth, survival rate and performance in
juvenile clams.

Dunaliella salina is a member of Chlorophyceae; a green halotolerant
(le., thrives in media with a very board range of salt concentrations)
microalga. The dominant pigment - chlorophyll, is masked by the pres-
ence of a pigment - haematochrome. It accumulates large amounts of
commercially valuable chemicals - glycerol b and - carotene. Dunaliella
is cultured in coastal ocean areas in large outdoor ponds in regions of
high solar radiation and moderate temperatures. An attempt has been
made in this brief work to evaluate the performance of Dunaliella salina
in laboratory / hatchery conditions.

Materials and methods

Four live feeds viz, Dunaliella, Chaetoceros, Tetraselmis and
Nanochloropsis were cultured in laboratory conditions using Walne's me-
dium in sterilized seawater at 30 = 2ppt salinity.

Juvenile clam of Villorita cyprinoides (7.52g average initial weight)
were brought from a local farm off Cochin and reared in 8-10 ppt salinity
under labouratory conditions. The clams were acclimatized for rearing
in 8-10 ppt salinity under laboratory conditions. The clams were accli-
matized to the rearing conditions for over a period of one week. Prior to
starting of the experiment, the clams were starved for 48 hrs. The clams
were then grouped into four goups; each group containing 10 animals
(Table 1). Each group was fed on separate feeds to study the comparative
efficiency of Dunaliella with respect to the other conventional live feeds.
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Table 1. Groups, feeds and feeding rate used in the experiment

Groups Feeds Feeding rate
Group 1 Dunaliella 500-700 cells/ml
Group II ' Chaetoceros -do-
Group III Tetraselmis -do-
Group IV Nanochloeopsis -do-

The animals were maintanined in separate tubs with 3 1 of filtered
seawater. The feed ration was divided into two and given at intervals of
8hrs. 100% water exchange was done every day. The feeding rate (inges-
tion rate) was determinded as : ’

Feeding rate or ingestion rate = Cl-C2 xVx 60
nt

where, C1 - initial cell concentration (cells/ml)
C2 - final cell concentration (cells/ml)

V _ Volume of water (1)

t _ duration of the experiment

n _ no. of animals.

The animals were reared with the respective feeds for a period of 15
days. At the end of the experiment, the animals were sacrificed and their
biochemical composition estimated. Growth and survival rate was also
studied. Biochemical assays were carried out to estimate the protein,
carbohydrate and lipid contents.

- Protein was estimated following the procedure of Lowry et al. (1951).
The values were obtained by comparing with standard graph.

- Carbohydrate was estimated using Glucose as standard.

- Fat (lipid) was determined using gravimetric method.

Simultaneously a group of 10 clams were maintained as cdntrol for
the same length of period as that of the experimental only. All conditions
were the same for this group also, except that they were not fed any feed.
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Culture of Dunaliella : The candidate species, Dunaliella salina, was cul-
tured in three different media for a period of 15 days at 30 ppt salinity
and 24°C.

Medium 1 - Walne's medium
Medium II - Miquel's medium
Medium IIT - Enriched seawater medium (modified ‘F’ medium).

20 ml of Dunaliella salina was inoculated into 500 ml of filtered and
sterilised seawater containing the respective medium. The culture was
carried out in triplicates. (1 ml of inoculum contains approximately 500
cells/ml).

Ressults

Feeding experiment: The performance of each group of clams was moni-
tored. The efficiency of the feed was determined in terms of growth, sur-
vival and biochemical changes of the clams. A summary of the results
obtained is shown in Table 2. No mortality was reported with any of the
feeds. However, the results were discouraging with respect to Dunaliella
fed clams. Clams fed on Dunaliella showed comparatively less protein
and carbohydrate contents. However, they showed better lipid profiles,
as explained elsewhere. The growth rate was more with Dunaliella fed
clams as seen in Table 2; but biochemical estimation gives comparatively
lower values for Dunaliella fed clams.

Table 2. Growth and biochemical composition of the differet groups of clams

Feed Av. initial Av. final % growth Protein Carbohy- Lipid*
Group fed weight(g) weight(g) (/8 drate(/g)
I Dunaliella 8.69 8.86 1.96 21ug 0.55ug 0.249
11 Chaetoceros 11.42 11.45 0.263 30pug 1 ug 0.249
II Tetraselmis 9.73 9.79 0.617 28ug 0.8ug 0.109
v Nanochlor 12.28 12.30 0.163 10pug 0.4pg 0.135

* Expressed as mg lipid/ gm tissue.

Culture of Dunaliella : The performance of each media was determined
taking into consideration the following facts:
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incubation period, ie, the time taken for the culture to start growth. -
exponential period - the duration for which the bloom lasts.

final maximum no. of cells/ml at the time of harvest.

Accordingly, the medium with the least incubation period and high-
est exponential period along with better biochemical results is recom-
mended as the ideal one. The results of culturing Dunaliella with the
different media is given in Table 3.

Table 3. Results of Dunaliella culture with different media

Biochem. compostion

Initialno.  Finalno. of Incubation Exponential = Carbo-
Media of cells/ml cells/ml period period Protein hydrate.  Lipid
(days) (days) ne/e rg/g mg/g
Walne's 500 13x103 3to4 one month 175 14 0.773
Miquel's -do- * two weeks one week - - -
Modifled F  -do- * - - - - -

* not determined as culture did not develop.

In the case of Walne medium blooming started within three to four
days after inoculation. With Miquel's medium, blooming took ten to eleven
days and declined in about two days time. With modified ‘F’ medium,
there was no blooming at all. Since, the amount of sample that could be
obtained from these two media (‘F' and Miquel media) were very less, no
biochemical estimation of these could be carried out. However, biochemical
studies were carried out with Dunaliella cultured in Walne medium.
Discussion

Clams fed with Danaliella showed a higher percentage of growth
(1.96%) compared to the other groups. Also, Dunaliella fed clams showed
an increased lipid content (0.2488 mg/g) compared to other groups. This
is attributed to the high levels of glycerol accumulated by Dunaliella in
culture conditions (Della et al. 1995). Studies on feeding Artemia with Dunaliella
have given large scale mortality. Similarly, with shrimps also mortality
and collapse qf culture has been recorded (C.P. Gopinathan, unpublished).

The results indicate that Dunaliella is not a substitute for the al-
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ready widely used live feeds such as Chaetoceros and Tetraselmis. But, it
can be incorporated as a supplementary live feed in molluscan culture.
The study also indicates that Dunaliella is not toxic to juvenile and adult
calms. The effect of rearing larval molluscs with Dunaliella remains to be
studied. As regards the lower biochemical values obtained with Dunaliella,
it can be mentioned that Dunaliella uses a lot of its energy on -
photoconversion - where the dominant green pigmet is converted into
Xanthophyll. Also the higher lipid values explains the lower protein and
carbohydrate values.

The results indicate that Walne medium is the ideal one for cultur-
ing Dunaliella. With this medium a good bloom of the culture and excel-
lent exponential growth is obtained. -
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ABSTRACT

It is established experimentally
that the inshore areas of the Gulf of
Mannar and Palk Bay bordering
Mandapam Camp can profitably be
used for mother oyster culture and
cultured pearl production.

The depth of the inshore waters
of the Gulf of Mannar is
comparatively deeper where the raft
culture can be adopted from
November to May, whereas, the
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nearshore waters of Palk Bay is
shallow where rack can be used to
farm the oysters from June to
October, thus a continued farming is
possible in all months in a calender
year.

Though the hydrological and
environmental conditions of both the
seas are almost same, it is found

for mother oyster culture as
indicated by the better growth rates
of spat and oysters.

If farming is done properly,
high survival rates of spat, mother
oysters and implanted oysters can
be achieved with an enhanced rate
of production of better quality

that Gulf of Mannar is better suited cultured pearls.

Introduction

Pearl oyster Pinctada facata Gould occur in large numbers on paars
lyeing between Kilakarai and Kanyakumari in the Gulf of Mannar. These
oysters are known for their best qu ility pearl production. CMFRI has
developed technologies for p~arl production in 1973 and Hatchery pro-
duction of seeds in 1982. However, inspite of the technologies readily
available, enterpreneurs are to venture into this industry. In Tamilnadu,
in 1983 a joint venture project between Tamil Nadu Fisheries Dvelopment
Corporation and Southern Petrochemical industries was started and a
pearl culture farm was established in Krusadai Island, Gulf of Mannar.
Except for this no other enterpreneurs had come forward to establish
pearl culture farms for reasons best known to them. Hence an attempt
was made by Mandapam Regional Centre of CMFRI to carry out experi-
mental culture of pearl oyster spat to operatable sized oysters and pro-
duction of cultured pearls in Pinctada fucata in the inshore areas of Gulf
to assess the suitability and redemonstrate the eonomical viability of pearl
culture in the inshore areas of Gulf of Mannar and Palk bay sea during
1996-97. The results of these experiments on rearing spats to mother
oyster size and pearl production was encouraging. The salient features of
the experiments, problems encountered and the need for propagation of
pearl culture in these area were discussed in this paper.

Results
Topography and environmental conditions of the culture sites

Gulf of Mannar : Gulf of Mannar sea is calm during the period
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November to April. The seawater salinity ranged from 29.0 to 36.0 ppt.
temperature from 25.0 to 32.0 C, pH from 8.0 to 8.4 and dissolved oxygen
content from 3.6 to 5.5 ml/1 in general throughout the year. The present
culture site is sandy intermittent with rocks here and there.

Palk Bay : The Palk Bay sea is very shallow and calm during May-
October. The culture site sea bottom is sandy and has abundant seagrass
growth in places. It also has natural bed of pearl oyster Pinctada sugillata
and rock oyster Saccostrea cuculata. Pinctada fucata population in this
bed is very sparse. The sea water temperature ranges from 25.7 to 33.0°C
salinity from 26.9 to 35.6 ppt, pH from 8.0 to 8.8 and dissolved oxygen
from 2.8 to 6.0 ml/1.

Observations on spat rearing

In the present experiments, oyster spats were reared both in the
Gulf of Mannar and Palk Bay inshore waters to assess the suitability of
these areas for pearl culture. Spats produced from the Tuticorin Re-
search Centre hatchery of CMFRI were transported to Mandapam Camp
by adopting "wet’ method, and also spats produced out of the larvae (ve-
liger stage 70y) transported from TRC of CMFRI and subsequently reared
at MRC of CMFRI were used for the culture experiments. The growth rate
were monitored separately upto the oyster reaching operatable size (45mm)
or till the time the oysters had to be transferred to the other sea due to
the inclement sea conditions. The oysters were also allowed to grow in
both the seas by sifting them to access the cumulative growth rates of
pearl oysters in both the inshore areas.

Gulf of Mannar : Experiment no.1. In this experiment laboratory
produced pearl oyster spats transported from TRC of CMFRI was used
(16,500). In July 96 the spats were stocked in conventional box cages of
40x40x10 cm size. Uniform stocking of 1500/cage was maintained and
the cages were suspended from floating rafts made out of the palmyrah
rafters and moored in the inshore area at an average depth of 2 1/2 m.
The rafts hold an average of 80 cages each. Periodical observations were
made on the condition of the cages, condition of oyster spats, fouling and
mortality. The initial size of the oysters spat ranged from 3.2-12.3mm
(Ave.7.2mm). The oysters were periodically thinned as they were grow-
ing. Atthe end of the sixth month the spats had grown to operatable size
of 34.6-51.6mm(44.9mm). The monthly growth rate worked out was
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6.3mm. The survival percentage of the oysters under culture was 50 %
(Table 1).

Experiment no. 2. In the second experiment a total of 50,000 spats
of size ranging from 7.7 to 21.8mm (16.6mm) were used. The average
stocking density per cage was 1500 nos initially. The culture was carried
out for only 1 1/2 months as the sea has become rough. The thinning
was carried out and the density of the oysters had grown to 15.2-34.5
mm (24.9mm) registering an average growth rate of 5.5. mm/month. The
survival rate at the time of shifting it to the Palk Bay was 80% (Table 1).

Palk Bay : Experiment no. 1. In the experiment a total of 14,000
laboratory produced spats were used. As the Palk Bay sea is very shallow
a rack was constructed using casurina poles. The size of the rack was
30sq m. The average depth of the sea in the area was 11/2-2 m. The
density of the spats maintained in each cage was 1000 nos. The initial
size of the spat were from 6.1 to 10.4 mm (8.0m). These spats were
regularly moniotored for their growth, fouling and periodical thinning
was also carried out. At the end of the five month culture period each
cage had 400 nos after the periodical thinning. The oysters had grown to
the size ranging from 27.0-39.1mm(31.0mm) showing average growth of
4.6mm/month. The percentage survival was observed to be very high
(92.0%). Subsequently the oysters had to be shifted to the Gulf of Mannar
due to rough weather. The details of the experiments are presented in
Table 1.

Table 1. Growth of pearl oyster (Pinctada fucata) spat in cages at the Gulf of
Mannar and Palk Bay 1996-1997.

Experiment no/ Initial size/ Final size/ Growth/ Duration % Remarks

location (Ave) mm  (Ave) mm month (Month) Survival

Gulf of Mannar

Experiment 1 3.2-12.3 34.6-51.8 6.3 6 50 Moderate
(7.2) (44.9) fouling

Experiment 2 7.7-21.8 15.2-34.5 5.5 1% 80 “
(16.6) (24.9)

Palk bay

Experiment 1 6.1-10.4 27.0-39.0 4.6 5 92 Less
(8.0) (31.0) fouling
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Gulf of Mannar and Palk Bay : Experiment no 1. Under this experi-
ment the oysters were allowed to continuously grow in both the seas by
shifting the oysters as and when required. The oysters shifted to Palk
Bay during June ‘97 had the size range of 15. 2-34. 9. (24.9mm) and were
reared up to middle of October ‘97 and had reached a size of 29.3-40,0
mm (34.3mm) showing an average monthly growth rate of 2. lmm. Sub-
sequently they were shifted to the Gulf of Mannar and reared, the oysters
reached operatable size of 36.2-40.3mm during December 97 by register-
ing a monthly average growth rate of 4.0mm. However, the cumulative
average growth rate of oysters in these seas was found to below 2.6mm/
month. The collective survival rate of the oysters in general was high.
The details are given in Table 2,

Table 2. Observations on the growth rate of pearl oyster Pinctada fucata reared con-
tinuously in the Gulf of Mannar and Palk Bay.

Location/Date Initial Final size Growth/ Duration % Cumulative

size (Ave) (Ave) mm month Month  survival growth{mm)
(mm)

Palk bay

June 97 to 15.2-34.5 29.2-40.0 2.1 4.5 High

October 97 (24.9) (34.3) : 2.6

Gulf of Mannar

October 97 to 29.3-40.0 36.2-45.5 4.0 1.5 High

December 97 (34.3) (40.3)

Results of the nucleus implantation and pearl production

Experiments were conducted in Pinctada facata for nucleus implan-
tation and pearl production at the Gulf of Mannar during 1997. A total of
4350 oysters were nucleated during July-December 97 (Table 3). The
nucleus used were 3-5mm depending upon the size of the oysters. The
nucleated oysters were placed in netlon trays and suspended in an one
ton FRP tank where a mild flow of sea water was ensured. The oysters
were kept in the tank for a period of 3 days for observation in the post
operative convalescence, rejection of nuclei and mortality. Later, the oys-
ters were placed in box type cages and were suspended in the Gulf of
Mannar at 2 m depth. The average depth of the culture area was about
2.5m. The stocking density of the oysters ranged from 60-85 nos/box/
cage of 40x40x10 cm size. Inititally to observe the rejection, a fine mesh
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velon netting was provided in the cage. Periodical monitoring of the oys-
ters were carried out and the health of the oysters, mortality, predation
and damage to the cages were noted. Nucleus rejection was observed
upto a period of 2 months from the implantation. To enhance free flow of
water the velon netting was removed after a period of 1 month and the
culture was continued. After a post operative culture period ranging from
6-9 months, the oysters were brought to the laboratory and the pearls
were retrieved by teasing out from the gonad of the oyster. The harvested
oysters were placed in cages and once again transfered to new cages and
taken to farm for the healing of the incision wound. Out of 4350 oysters
monitored, about 2950 survived at the end of the harvest accounting for
67.8% of the initial stock. Of this 2034 oysters were found to retain the
nucleus implanted (68.9%). The harvest yielded a total of 1809 pearls
comprising different grades of pearls accounting for 61.3% pearl forma-
tion in the surving oysters. Among the pearls, premium quality pearls of
‘A’ grade was 523 (17.7%); ‘B’ grade pearls was 550 (18.6%) and 736 nos
(24.9%) were ‘C’ grades and the rest being the poorly coated pearls of no
commercial value (217 nos; 7.4%).

Table 3. Results of pearl production experiments in the Gulf of Mannar 1996-1977

Particulars July 97 Aug. Sep. Oct. Nov. Dec. Total
No. of oysters operated 549 945 115 380 1202 1159 4350
Nos.surviving at harvest 327 682 85 322 897 637 2950
% survival 59.6 72.2 739 847 74.6 55.0 67.8
Nos. retained nucleus 231 494 64 235 590 420 2034

% retention in surviving
oysters 70.6 72.4 753 729 65.8 659 68.9
No. of quality pearl/ 172 448 61 214 547 367 1809
*percentage 52.6 656 71.7 66.5 60.9 57.6 613
Grade ‘A’ 43 125 21 101 167 66 523
% 13.1 18.3 24.7 314 18.6 104 174
Grade ‘B’ 36 149 20 64 163 118 550
% 11.0 21.8 235 19.9 18.2 18.5 18.6
Grade ‘C _ 93 174 20 49 217 183 736
% 28.4 25.5 235 15.2 242 28.7 249
Ungraded pearls 59 46 3 21 46 42 217
% 18.0 6.7 4.7 6.5 5.1 6.6 7.4

* 0 in terms of surviving oysters.
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Discussion

From the forgoing account it can be seen that the inshore waters of
the Gulf of Mannar and Palk Bay seas offer ideal conditions for farming
pearl oyster in the open sea. Comparatively deep the Gulf of Mannar
offers ample scope for mooring offshore rafts for pearl culture while Palk
Bay being very shallow is ideal for rack construction. Culture can be
taken up at the Gulf of Mannar during November to April and in Palk Bay
from May to October.

Although the physico - chemical characteristics of both the Gulf and
the Bay are almost same, the Gulf of Mannar is more suitable for pearl
culture than Palk bay as indicated by better growth rate in the former
area. (Jeyabaskaran et al.,1983).

In both the farms, predation is found to be negligible. While fouling
on the oysters was moderate in the Gulf of Mannar and it was less in

oysters cultured at Veppalodai. Barnacles, bryozoans, spats of other mol-
luscs Avicula and Crassostrea sp are the dominant foulers and spionid
polychate Polydora sp and the Clionid sponge Cliona cellata were impor-
tant borers.

Mortality in general were observed in the cages which were either
over stocked or those which were not periodically monitored due to logis-
tic problems. Mortality of oysters, in cages where small crabs and preda-
tory molluses have entered, were also observed.

The optimum size of floating rafts and rack could be 3x3 m and 30
sq m which can hold about 80 and 240 cages respectively. A unit of 3
such rafts and one rack can be established in the Gulf of Mannar and
Palk Bay respectively on which year round pearl culture could be suc-
cessfully carried out,

The model unit suggested has a production rate of about 5400 pearls/
6-9 months if exclusively used for rearing nucleated oysters (Table 4).

Table 4. Production potential of a model pearl culture unit.
No. of unit/  Holding Stocking  Total oyster ~ Survival Pearl Production Gross +

size capacity density/  under rearing % formation  (nos) Revenue
cage % (Rs. Lakhs)

One unit of

Threeraftsof 240 75 18,000 60 50 5,400 2.16
3x3 each & cages

arack of 30

sqm.

* Calculation based on the results glven in this paper.

+at average price of Rs.40/ pearl.
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From the experimental result, a good survival rate ranging from 72.2
(Aug) to 84.7% (Oct) was observed. The moderate survival during Decem-
ber and July (55.0 and 59.6%) may be attributed to the health of the
oysters implanted during that period. The overall nucleus retention in
the implanted oysters were good ranging from 66 to 75% in different
months.

The production of premium quality pearls (Grade A) ranged from 10.
4 (Dec) to 31.4% (Oct) and the average was 17.7%; good quality (grade B)
pearls ranged from 11.0 (July) to 23.5% (Sept) and the average being
18.6% of the surviving oysters.

Alagarsamy (1974) reported 55.8 to 62.8% pearl formation in the
Veppalodal farm and the results obtained in this experiments (52.6 to
71,7%} are faiﬂy comparable with his observations and an average of
50% of pearl formation out of the total implanted oysters is quite possible
in the inshore areas of this region.
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ABSTRACT

The onshore marine pearl
culture technology developed by
CMFRI at Visakhapatnam has been
taken up on a commercial scale in the
vicinity of Visakhapatnam.
Hatcheries for the pearl oyster
Pinctada fucata have been
established. The pearl oysters were
grown in cement tanks of 75t capacity
JSrom 5 mm to 50 mm DVM. The growth
rates of pearl oysters fed with
different of diet
Chaetoceros, Nanochloropsis and
different cell
showed

species

Isochrysis at
concentration wide
variations. The growth rate of oysters
reared at a density of 100 nos./sq.m

is better compared to that at higher

densities. The depth of seawater and
rate of water exchange per day have
been standardized. Raw seawater
Jiltered through a specially designed
slow sand filter is being used in
hatchery and culture tanks. The
Jiltered seawater is directly used for
all purposes without any treatment
with chemicals or antibiotics. Usage
of chemicals is undesirable even for
cleaning purposes. The algal cell
concentration up to 1.2 million/ml
was achieved on a sustained basis
in outdoor mass culture tanks. Use
of only live feed and avoiding
chemicals make this technology
ecofriendly. Several factors related to
growth and maintenance of hygiene
of pearl oysters in onshore culture
tanks are discussed.

— 259 —



Perspectives in Mariculture

Introduction

The marine pearl culture is one of the oldest sustained mariculture
technologies. The Japanese are practicing this in shallow sheltered
areas. Due to the use of the same site continuously over a prolonged
period, there have been reports of some problems associated with the
accumulation of waste matter in these grounds. There are no efficient
mechanisms to completely eliminate this, resulting in shifting of the
rafts to new culture sites. The problem has also affected the growth of
oysters and quality of pearls (Matsui, 1958; Algarswami, 1970;
Algarswami, 1983).

It has been mentioned by Daniel (1993) that none of the locations
in the Indian main land are suitable for raft culture. Some of the suitable
locations are Lakshadweep Islands and Andaman and Nicobar Islands,
while Gulf of Mannar is partially suitable. This is one of the main reasons
for the country lagging behind in the establishment of commercial pearl
culture industry, inspite of the availability of technology, for the past two
decades. Onshore marine pearl culture technology recently developed by
Rao and Devaraj (1996) is mostly free from pollution problems. The
technology with particular reference to its eco-friendly nature and
associated advantages are presented and discussed here.

Materials and methods

The pearl oysteré Pinctada fucata were originally transported from
Tuticorin. They were reared in the CMFRI laboratories, in private shrimp
hatcheries and two private onshore (pearl) culture farms. The rearing
tanks varied in size from one tonne FRP tanks to 120 t cement tanks.
The pearl oysters were specially reared for maturation and used as
broodstock for further propagation. Thus continuous availability of pearl
oyster spat became possible and they were reared to adult size in onshore
tanks. The salinity and temperature are measured on daily basis with
the help of a refractometer and thermometer respectively. For the
hatchery rearing, the methodology developed by Algarswami et.al.(1983)
is being adopted. The microalgal feed required for feeding is produced at
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the rearing sites by following the standard phytoplankton culture methods,
with suitable local modifications.

Technology

The seawater is drawn from a clean location near the shore by laying
a pipeline of suitable length and diameter. At the sea end the pipeline is
connected to a filter buried in the sand. Thus semi-filtered seawater is
pumped to the culture site. Seawater outlet is also connected to slow
sand filter. Here the filtration rate is regulated by the second chamber
(coal chamber) where the filtered seawater travels upwards before
entering the storage chamber. The filtered water is mainly utilized for
phytoplankton culture and hatchery operations, without any chemical or
antibiotic treatments.

Feed production: The ciliate free inocculum of the required
phytoplankton species are maintained in sterile, filtered water. From
the inocculum level, the cultures are enhanced to desired levels up to
10 t tanks through different stages. The filtered seawater is enriched
with Conway medium (Walne, 1974). This gives a concentration of about
1.2 million cells/ml on a sustained basis throughout the year, in outdoor
conditions in about 48 hours.

Onshore tank: The onshore cement tanks size varies from 20 t
onwards, depending on the culture site. It has a sloppy bottom and side
walls of 1.2 m height. At 1 metre level all the walls are provided with
ventilator holes to flush out hot air. The tanks are provided with aeration
facility. The seawater intake system is connected to each tank, so that
raw seawater can be let into tanks at any time. The tanks are totally
covered with black covering to avoid growth of filamentous algae and
blooming of unwanted phytoplankton. 10% of seawater from the tank is
replaced daily.

Oyster stock: The pearl oyster Pinctada fucata are stocked at suitable
densities from 500 to 75/sq.m depending on the size. Granite stones are
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keft at the bottom of the tank and the pearl oysters will attach themselves
to the stones. The stones are adjusted to desired density of oysters at
regular intervals. The growth rate recorded at 100 no./sq.m. of 30 mm
DVM is better compared to higher densities. Each tank is connected to a
feed tank from which phytoplankton feed drips throughout the day,
ensuring constant supply of feed. The flow rate is adjusted in such a way
so as to ensure the maintenance of cell concentration at desired level in
relation to the size of the pearl oysters.

Feed species: Several species of phytoplankters were tried as feed,
individually and in combination. The species are Chaetoceros calcitrans,
Chaetoceros sp., Skeletonema sp., Tetraselmis sp., Chlorella sp., Isochrysis
galbana and Nanochloropsis salina. Among them, a combination of
Chaetoceros cdlcitrans, Nanochloropsis salina and Isochrysis galbana gave
the best growth rates in terms of length and weight of pearl oysters. A
concentration of 20000 to 80,000 cells/ml is being maintained to get
better results depending on the size and density of pearl oysters.

Growth : Under the prevailing temperature and salinity conditions
(Fig.1) 5 mm pearl oyster spat will attain a dorsoventral measurement of
50 mm and a weight of 10-12 grams, in about 6-8 months. This may be
considered as a proper size for the first implantation with 3-4 mm nuclei.
It takes about 6 months for the pearl formation. A minimum of 25 %
pearl harvest can be achieved from the implanted oysters.

Survival: The mortalities from 5 mm to 50 mm in about 6 to 8
months is low and will be less than 10 %. Under the onshore conditions
post implantation mortalities are also least and are less than 10 %. The
tanks and stones need to be cleaned occasionally with salt. Cleaning
with detergents and chemicals is totally avoided. As there is no significant
- settlement of fouling and boring organisms like algae or epifauna in
onshore system the oysters need to be cleaned rarely. Only ascidians
are occasionally found over the pearl oysters, which can easily be
removed.
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Fig. 1. Salinity and temperature profile of pearl oyster culture tanks.

Discussion

According to Dharmaraj et al. (1987), fouling is a major problem in
the sea based pearl culture operations. The foulers also adversely affect
the growth of pearl oysters and pearls (Nishi, 1961). The near absence of
foulers, borers and predators is a very good advantage in onshore pearl
culture, which will enhance the growth rates. Chellam (1987) and Daniel
and Durairaj (1993) recorded high adult pearl oyster mortalities of about
45% in the sea due to various problems. The minimum mortalities
occurring in onshore culture from spat to pearl production stage will
enhance the rate of gross pearl production and adds to economic
sustainability. Better growth of pearl oysters in onshore system than in
inshore culture is achieved by the constant availability of live feed species
at desired concentrations throughout the period and maintenance of
hygiene in the culture tanks. Thus the use of untreated seawater,
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nonuse of chemicals, darkening of the tank and use of only live feed
makes onshore pearl culture ecofriendly, resulting in much better growth
and low mortality.
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Mariculture in India -
an opportunity as vast
as the sea
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ABSTRACT

The magnitude of the Indian
Ocean with its distribution of over
7,40,00,000 sq.kms. an average
depth of 4000 meters and an 8000
km perimeter along India's coastline,
underlines its importance. What is
even more important is the fact that
while fishery catches and
productivity have collapsed in all the
major oceans, the Indian  Ocean
has been indicating an increase.
Unbalanced strategies of
exploitation have reduced numerous
fish populations to levels of
extinction apart from destabilising
marine ecosysterns and impoverising
coastal communities. What has been
overlooked is that since wild fish
reproduce at rates determined by
nature, attempts at increasing
market supply will eventually run into
limits.




Perspectives in Mariculture

~In addition, fishermen
inadvertently capture numerous forms
of marine life collectively known as
bycatch, most of which is discarded.
Thus one out of every four animals
taken from the sea is unwanted. The
United Nations has estimated that in
1990 the high sea drift nets entangled
42 million animals that were not
targeted, including diving sea birds
and marine mammals.

The biospheres in the Bay of
Bengal, Indian Ocean and the
Arabian Sea need to be seen for the
treasure trove they are, as the
biodiversity in this entire area is
unmatched for its potential. The fact
is that since fishery and other marine
resources in these areas remain
under exploited, there is yet time to
institute a proper strategy for

sustainable exploitation underlined
by the need for conservation.

Under-utilised opportunities
include ocean based mariculture of
finfish, fattening of marine
organisms, pond based aquaculture
of penaeids and finfish, microbial
metabolites, ornamental fisheries
and macroalgal derivatives.

Since the focus of this paper is
restricted to mariculture technologies
for the open seas, the content will
provide an insight into the equipment,
systems, processes, problems and
potential of open sea mariculture of
food finfish. The objective will
therefore be to evolve a strategy for
seafarming as a credible and
sustainable option to fill the huge
deficit in demand and supply for food
fish.

Commercial mariculture today - the Indian scenario

In India, the principal maricultured organism has been the

penaeid shrimp Penaeus monodon, accounting for over Rs.2000 crores
of foreign currency earnings to the country last year. However,
excepting this species, there is no production of any other marine
Of late, there are

some stray efforts to produce cultured pearl oysters with limited

species on a commercial scale in this country.

success. However on the whole, India ranks second in global

aquaculture production due to its efforts with fresh water fish i.e.
approximately 850000 MT of carp.

With around 1.5 lakh hectares utilised out of an estimated 1.2
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million hectares available for coastal aquaculture, India still has
about 90% of its culture potential left fallow. Considering that the
principal species cultured is the black tiger shrimp, due to the
problems and risks associated with coastal aquaculture, expansion of
this industry will be considerably slower than required. While it has
been proved worldwide that scientific and properly managed shrimp
culture activity has a limited impact on coastal eco systems, the
impact of polluted coastal waters on the aquaculture industry is far
more serious. With its coastline of over 8000 kms and the dire need
to establish diversified products in aquaculture, it is perhaps time

we looked seriously at sea cage mariculture.
Marine resources and opportunities

The biospheres in the Bay of Bengal, Indian Ocean and the
Arabian Sea need to be seen for the treasure trove they are, as the
bio-diversity in this entire area is unmatched for its potential. The
fact is that since fishery and other marine resources in these areas
remain under exploited, there is yet time to institute a proper strategy

for sustainable exploitation underlined by the need for conservation.
Under-utilised opportunities include :
1) Ocean based mariculture of finfish and other organisms

It is indeed tragic that India does not produce any edible finfish
through mariculture. Considering the limitations in the economics
of pond based mariculture and the attendant problems with
environment and disease, it has been found that seafarming of finfish
in open cages is the better option. We have a number of excellent
candidate species including breams, bass, groupers, snappers, etc.,
apart from brackishwater options like milkfish, mullet and Etroplus.

Also rope and tray/cage culture of mulluscs are yet other viable
options.
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2) Fattening of marine organisms

This is particularly i clevant for those organisms whose breeding
methodologies in captivity are still under various stages of
development. Considering FAO's estimates that around 25% of fishery
catches are untargetted, mainlv due to the fact that sizes captured
are too small for market viability, it would perhaps be more advanta-
geous to stock finfish and other juveniles from this by catch, in cages
for rearing upto adulthood.

3) Pond based culture/fattening of other crustaceans and finfishes

Organisms like crabs, I bsters, non-penaeid shrimp and fish like
Etroplus, tilapia, milkfish, mullet, etc., are excellent candidates for
product diversification in presen: shrimp farms.

4) Microbial metabolites

These include micro algal, fungal and zooplanktonic bio-diversity
which has dramatic potential in nutrition, pharmacutical, cosmetic
and industrial applications. With the right kind of research, products
including vitamins, polyunsaturated fatty acids, biopolymers,
antifoulants, sterols, bactericides, antifungals, antivirals, anticancer

products, pigments and such others can be commercially exploited.
5) Ornamental fisheries

This industry worldwide has a market of around $ 2.5 billion per
annum. There already exists a thriving illegal ornamental fishery in
India for exports. However, India’s contribution is marginal. If capture
can be replaced by culture, this could provide a high return business
for most families along the coast.

6) Macroalgal derivatives

The seaweed collection industry along the Gulf of Mannar has
become a preserve of women, where they dive without any gear and
harvest seagrasses at random. However this activity has irrepaiably
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damaged the seaweed beds leading to further destruction of other
marine life forms. These industrially important species of seaweed
can be cultivated along the seashore and can offer immense
employment opportunities for women in coastal communities. Inspite
of around 45000 MT of seaweed harvested per year and around 13
units manufacturing alginates, it is tragic that the agar and alginates
produced in this country are classified as third grade. Of the
approximately Rs.50 crores worth of carrageenan used in India
annually, not one gram is produced locally.

This paper focuses at mariculture technologies for the open seas,
with an insight into the equipment, systems, processes, problems and
potential of open sea mariculture of food finfish.

The seafarming industry

Systems : As in agriculture and coastal aquaculture, principles of
seafarming follow the life cycle of the organisms to be cultured. This
process begins with healthy parent selection and maintenance. Due
to the often seen problems of bacterial and viral disease infestation
in densely packed populations, disease resistant and immunised
parent stock are the foundation of a successful seafarming industry.
Thus the salmon industry in Europe works with a number of
indigenously developed strains which exhibit specific characteristics
in growth rates, colour, body weight, texture, immunity and
maturation. These strains then become the first input into the land
based hatchery modules.

The hatchery : Due to the need for controlled environmental standards
in reproduction and captive breeding programmes, it is necessary to
establish hatchery facilities on land, near the sea. Once broodstock
have been selected and acclimatised, the process of induced
maturation using either specifically developed photoperiod
methodologies, hormonal induction or a mixture of the two are
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instituted. In most cases roe or eggs are mahually removed from
mature females and milt from males. Fertilisation is done in vitro
and the eggs are hatched in a separate section. From here, the larvae
are reared indoors in tanks with treated recirculated water and
automated batch feeding systems. The recycling also provides a con-
tinuous laminar flow in the tank, essential for proper larval growth.
Quality maintenance is on the basis of a statistical control exercise
with specimens being evaluated constantly by histopathologists. On
achieving a certain size, depending on the species cultured, the larvae
are moved into nursery tanks outside to acclimatise them to open
conditions. They are now grown from larval to smolt or fingerling
size before being shifted to the cages for culture. The growth of larvae
to smolts can also be controlled by photo regulation so as to ensure
that fingerlings are available throughout the year for culture. These
hatcheries follow strict sanitation and quarantine conditions so as to
minimise infections or stress to the animals. Larval nutrition is an
extremely important area where dietary requirements are strictly
followed and ensured by a combination of phytoplankton and
zooplankton and formulated diets. In addition, these fingelings are
vaccinated against a variety of bacterial and viral diseases to ensure
required immunity levels and survivals during culture. These
fingerlings are now transported to sea cages for stocking and rearing.

The sea cage system : The principle behind design of sea cage systems
is to provide natural marine conditions while ensuring sufficient
stocking densities that make culture viable. This is principally
achieved by the concept of a floating bag or net in the sea where the
cultured organism is held captive even while experiencing the quality
of natural sea water. Technology has advanced to such an extent
that while achievable biomass in shrimp and fish in Indian ponds
range around 800 gms to one kg per cubic meter, sea cage systems
offer productivity between 25-100 kg per cubic meter. However as in
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the case of over doing anything, it has been found that production
levels exceeding 25 kg per cubic meter, in Europe, tend to create
environmental and other problems. Thus sustainability has been
ensured by the introduction of a law that prohibits production levels
exceeding 25 kg per cubic meter for salmon.

The cage facility essentially consists of square or round frames
made of galvanised steel or polymer from which nets are hung up to a
depth of 30-50 m depending on the conditions of the sea. These frames
are suitably ballasted by floats specially designed for the sea. The
structure and construction are normally designed to cater to tidal
amplitudes and conditions in the sea. Adequate walk ways are also
provided for easy movement between cages and to facilitate transport
of personnel and material. Cages are linked through a system of
hinges that move with the wave motions of the water. These floating
cages have an attached housing unit to provide sufficient
infrastructure for technical personnel assigned to the sea cage system.
This is absolutely essential as a sea farming system requires constant
monitoring and response. Animals need to be constantly inspected
for disease, stress and growth rates. Also water quality at different
levels in the cage needs to be tested on a daily basis to ensure that
flushing of water through tidal action is effective. Other
infrastructural requirements include boats as well as a radio
telephone facility.

Feeding of these fish is either done manually or by automated
feeding systems. Due to the higher densities stocked, sea cage
farmers find formulated diets a better and coast effective feeding
alternative. On occasion, fish are transferred from one cage to
another depending on the problems noticed. Also if necessary, these
fish are vaccinated again to ensure necessary immunity levels. Due
to the large biomass handled, these fish are normally transferred or
harvested using large fish pumps. Sometimes, processing facilities
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