R GIR) 74— 17

REPORT OF THE RESEARCH
BN
THE POSSIBILITY OF MARICULTURE
IN
SRI LANKA

JAPAN INTERNATIONAL COOPERATION AGENCY

Tokyo, Japan
March, 1975



JEA. LiBRARY

[

026941£3]



REPORT OF THE RESEARCH
- N |
“THE POSSIBILITY OF MARICULTURE

IN
SRI LANKA

JAPAN INTERNATIONAL COOPERATION AGENCY

Tokyo, Japan
March, 1975



FORRERRRPRIE ROTIVES TS L bttt s

REIZYNES

.,.a.),-\mmmw—-——— i s
AW 84, 3. 27 {"“@9‘”

A4ENo. 020{,8

EX




IForeword

The Japan International Cooperation Agency has the pleasure of presenting the
rveport of research on the possibility of marieulture in Sri Lanka, by Prof. Yutaka Uao
and Dr. Ryogo Yuki who were dispatched under the Colombo Plan to Sri Lanka by the
Overscas Technical Cooperation Agency (the present Japan International Cooperation

Agency) at the reguesl of lhe Govemriri' bt of Sri Lanka to the Government of Japan,

The experts stayed in Sri Lanka from March 14 to March 31, 1974 and sucess-
fully completed lhe resecarch on fisheries in lagoons and possibility of mariculiure in
these waters in the country, including discussions and interviews with the authorities
concerned, and collection of informalion and data with whole-hearted cooperation of

the counterpart personnel of the Gavernmeat of Sri Lanka,

Finally, on behalf of the Japan International Ceoperation Agency, I wish lo
express my sincere gratitude to the Governiment of Sri Lanka for the generous

coaperation and assistance rendered to the experts during their stay in the country,

March, 1975

%ﬁgﬂarz& l_{/—%imﬂ-—" A,

Ushimaro Okuno
Direclor, Expert Assignment Department
Japan International Cooperation Agency
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Research on the Possibility of Mariculture

in Sri J.anka

Prof. Yutaka Uno,

Tokyo University of IMisheries

Dr. Ryogo Yuki, Dircctor,

Mariculture Center of [lokkaide, Japan

Preface
Regearch on fisheries business in lagoons in Sei Lanka was undertaken from
March 14 to March 31, 1974, at the request of OTCA, and the possibilily was studied
on the maricﬁlture_ in these water basins, The research was carried oul hy the
foltowing mernbers,
Japan: ;
Professor Yutaka Uno, Tokyo University of Fisheries

Dr, Ryogo Yﬁki, Director, Mariculture Center of llokkaido,

Sri Lanka:
Mr, 18, G, Gunewardena, Secretary of Ministry of Fisheries

Dr, A.S8, Mendis, Fisheries Research Station

Dr, T, P, Gunewardena ditto
Dr, G, H, P, De Bruin ditto
Mp, J.J, Grero ditto

Mr, J. Sripathy, Brackishwater Tisheries Station, Negombo

The research was performed in conformity with the schedule described in Table
1 and Fig, 1 by the guidance of Dr, Gunewardena, Dr. De Bruin, Mr, Grero and
Mr, Sripathy of Sri Lanka, Concerning the previous arrangement with the re-
searchers of S5ri Lanka, fisheries statistics as well as tho fisheries affalrs, many
informations were chitained from Mr, K, Inouwe, fisheries statistician of FAQ, We

express our sincere gratiiude herewith for his kind assistance,

Although the period of research this time was a limited one, the research

covered almost all of lagoons and esfuaries except the south-castern shores of



Table 1,

Research sites n Sri Lanka

ftem

"~

Panadula and
Kalutara

Colomho

Negombo

Chilaw,
Puttalam and
Kalpitiya

Trincomalee

Mullaittive and
Kokkilai

Mannar

Jaffna and
Delft

Kalutara

Matra and

Hambantota

Colombo

.
l.Jocatl_?p ]

Rosearch sile

Lunawa Lagoon, Iolgeda
Lake Lalutara and
Bentota ganga

St, Jobn's Fishmarket

Brackishwater Fisheries
Sin,, Pitipana and
Negombo Lagoon

Chilaw fishmarkef and
Puitalam lagoon

Inner harbour, Koddiyar
Bay and Laoke Tamblegam

Nanlhi Kadal and Kokkilai
Lagoon

Silavatiurai fishing centre
and offshore Kallar

Kalundai salterns,
Cey-Nor Development
Fraject and Delft channel

Bentofa Bridge

Rekawa Kalapuwn
Malala L.ewaya

St, Jolm's fishmarket

Date

Mar, 17, 1974

Mar, 18

Mar. 18

Mar, 19-2Q

Mar,

20-21

Mar, 22

Mar, 23

Mar, 24-26

Mar, 27

Mar, 28

Mar, 30

Remarks

anguilla and prawn
fisherices
sampling

hydrological and
biological
obgervations

sampling and
hydrological obs,

hydrol,, obs, snorkel
diving and sampling

hydrol, , biol, obs, and
prawn fisheries

hydrol, obs, and
snorkel diving

sampling hydrol,, biol,
ohs, snorkel diving

hydrol, obsg, and
diving

hydrol, and biol. obs,

sampling
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Fig. 1, Showing the resecarch sites in Sri Lanka



Srl Lanka., As is stated in Figure 1, rescarch on fishing products at 32 points, as
well ag the measurcment of waler depth, water temperature, salinity, specific
gravity, pll value, dissolved oxygen content was performed, and at the same time,

survey of bottom condition and fauna and flora was effected by means of snorkel
diving,



I. Result
1. Negombo Lagoon (Iig. 2)

This lagoon is one with water area of 32,95 km?, and the deepest portion
thereof is locaied at the l)dttom of lagoon, where the water depth is 6 feel, The
boltomn of the lagoon is, as shown in Ifig, 3, simple in form and, on the whole, il is
a tray~-shaped lagoon, ‘The soil of almost all botiom portions is sandy mud or mud
itsclf except that the enirance part is sand, Research was made at four points shown
on I'ig, 2. St 1 on the open sca at the entrance of lagoon consists of sand bottom
where the sca-weed or other animal or plants are scarce, and only the fish-groups

of Abudelduf saxatilis and Xesurus scalprum may be observed in the piled-up stones

(Fig, 4-1, 2,). 512 on Lthe inner side of ’itipana Bridge consisis of muddy sand bottom,
where Zogtera form vegetations., The area from 5t 1 to St 2 is the entrance chamnel,
and is more shallow than one meter excluding the ceniral part of water channel, In this
shallow area, brushpiles are set as is shown in Fig. 4, and small prawns are caught
{rig. 4-3).

Brush pile is the round shelfer composed of brush and piles, approximately
10 m in diameter, where the juvenile or adolescent Penaeid prawn gathers during the
daytime, Once in a fortnight, this shelter is surrounded with the net to cateh the
prawng, In March, Penacus indicus of 10 em or so in body length are caught, In
St 2 - St 4, the Zostera colonies are spotted, At St 4, Halophylla are the dominant
spacies, exhibiting that it is the waler arca where the influence of fresh water is

predominant, The result of hydrological ohservation is as shown in Table 2,

Table 2, The oceanographical observations on Negombo Lagoon

St Time At.°C | Dp, m | WT.°C | sp, gr. [Salinity | pfl 02 Saturation
S ©=15,0) [%ooCT [ { ppm| %
1 11:35 32,5 5o 31,0 18,75 14, 15 8. 10 6.3 92.1
B2.5 | 30,7 26,80 19,96 18.25 6,3 98. 9
2 12;10 34,1 b} 31.0 1G, 88 12,79 7. 50 5,5 79, 4
B2,5 | 30,7 17,47 13,22 |7.60 6.4 92,4
3 13:30 [ 33,2 5 31.8 14,82 [11.30 |7.70 8.5 92. 3
B1i2 32,1 18, 10 13, 68 7.70 6,5 04, 4
4 1640 | 32.2 s 33.5 12,92 8,78 [5.90 11,0 S5
B1.3 | 33,2 16,24 12,33 6. 10 (12,5 58

% 5, surface; 13, bottom.

At the four stations, the watcer temporature changes within the range of

30,7 - 33, 5°C, showing almost no difference between the upper and the lower strata,

-5 .



Fig, 2. Research sites in Negombo
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Fig, 3. Boltom profile of Negombo Lagooﬁ,
Maternity~Amb,

On the contrary, salinity value falls down firom St 1 which is located near the
open sca, to the ianer part of the lagoon, At St 1, a big differcace is seen between the
upper and-lower strata, the former stratum being 14, 15%oc0 CI, and the lower, 19, 96 ©foo
C1, From this fact, it is to be known that, because of the clear presence of salinocline
in even shallow waters of depth of 2, 5 m, no vertical minglirig of water mass is
effected. The difference of salinity in vertical strata exhibits lesser inclination as the
lagoon is reached more inside thereof. In each station, high salinity water occupies
the lower part, .

Asg the species suitable for aguaculture in this lagoon, there are prawns, crab,
milkfish and mugil, OFf these kinds, prawns arc the most productive, embracing

abundant kinds. As for the kinds, there are Penaeus semisuleatus, Penaeus

monodon, Penaeus indicus, Metapenacus dobsoni and Metapenacus elegans;

these kinds have their habitats respectively suited for them, Tt is said that

Penaeus indicus makes the entirc area of lagoon as their habilat; Penaeus monodon,

deep water area; and Penacus semisulcatus, shallow waters; but the details thereof

are not clear,

These prawns move into the open in March ang April after their full growth,
During this period, large adulls are caught with gill net at the mouth areas of
lagoon, ¢ Bruin {1971), on the basis of seasonal change of prawn fishing amount in

lagoen, infers that Metapenaeus dobsoni, Penaeus semisulcatus, Penacus indicus

also move seasonally, With these prawng, similarly as Penaeus japonicus

(Yatsuyanagi et al, 1955}, Penaeus plebejus (Dakin, 1$58), Penaecus duorarum

{tlughes, 1987), Metapenacus macleayi (Ruello, 1973), their hatched larvae oviposited

in the open sea gather in the lagoon or estuary, and after growing in these water area,
again move out inlo open sea, where they grow fully, When considering the production
of prawns in the lagoons of Sri Lanka, the clarification of life history of each kind in

relation to their habitat poses the fundamental problem,

Asg for crab, mud erab {Scylia serrata) is the chief kind, and is caught with

baited traps principally in the lagoon; this kind is large in size and has delieious



taste, Since the growth thereof is considered to be very quick, il is congidered a

ereature suitable for future aquaculture, The clarification of its life history is
indispensable,

As for fish, Chanos chanos and Mugil cephalus arc the major kinds, ‘The

importance of the former was already pointed out by Pillai (1965), IFurther,
Ramanathan (1969) reported that, in the imouth areas of the lagoon, an abuadance
of milkfish fry could he caught in mud pools during March-May. Accordingly, how

to produce in the lagoon on a large scale would be the problem of study in the future,

Although the milkfish live chiefly on algae, it is widely known that they are
the so-called bio-compound, and in such areas as Taiwan and Indonesia, pond
culture of a high standard is cairried out {Ling, 1962}, Therc are many points
which remain unclarified concerning the ecology of parent fish, especially breeding,
migration and feeding habits. According to Kafukuo (1974, personal information),
the‘distributio‘n of parent fish of this kind covers exiremely extensive area such as
Hainan Island; Kagoshima {(Japan), Mexico, Australia, Faiwan, Sri Lanka and Kenya,
Because its fry may be captured in natural water area, and being herbivora and its
growth is fast, it is drawing world-wide attention ag a kind suitable for pond

\
culture,

In Sri Lanka, its fry is caught on Mannar, Puttalam and Negombo lagoons, anag,

as adult fish shown in I"ig. 5 is caught, it is a good location for carrying oui the

fundamental study of its ecology chiefly on the oviposition period,



Underwater photograghs 6f Negombo
1. shelter of crushed rock '

2. wave sand at St 1
3. brush i)i_le shelter for prawns




Fig. 5 Adult of Milk ﬁsh,_%@ chanos at Tita



2. Puttalam Lagoon (IFig. 6)

‘I'his is a large-size lagoon with water surface area of 229, 57 kmz, leading
to Duich Bay (84. 74 Jin?) and Portugal Bay (49, 50 km?) by a channel of which
breadth is 0,2 mile, As is indicated in Fig, 6, observalion was made at 5t §, 7, and

8 (mouth arcas of the lagoon) and at St, 9 (interior of the lagoon)., The result is as

o

35¢C
|

30}
Ty

Sl e

25
35

30

25 -

20|

Fig, 7 Monthly surface temperature and salinity
at three locations on Puttalam L.agoon from
June 1960 to May 1961,

1, 2 and 3 represent Pullalam Lagoon, Duich

Bay and PPortugal Bay towards Pallugaturai,

respectively., (Durairatnam, 1963).
shown in Appendix {. 'The water temperature at those four points changed belween
29,3 - 30, 9°C, with scarcely any difference between the upper and lower strala, 'The
salinity showed difference ranging from 22, 70 - 24, 430/00CL at 5t 6, 7 and 8, wilh
hardly any difference between the upper and lower strala; but at 5t-9 in the innermost
part of bay, sca water of high saline concentration is found to exist in the lower

stratum, Dissolved oxygen content shows saluraled condition at the mouth area of

lagoon, while af the innermosti part of bay, low value is observed
I'he decpest part is 4 to 5 m near 3, 7, and the boltom soil is almost sandy

mud, More vegetation of Zostera is seen in shallow water arcas. Owing to lack of

detailed data on hydrological survey of lagoon, the {fopography of lagoon bollom is not
available, prohibiting the calculation of fundamental movements of lageon waiers by

which the productive potential of lagoon may be inferred.

There is the detailed report by Durairatnam (1963) on the hydrological

conditions of gea areas including Pultalam Fagoon, Dutch Bay and Portugal Bay,

-9 -
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Montialy variation of the temperature and salinity of these sea areas is as shown in
Fig, 7, These 3 sea areas exhibit nearly the same changes, the peak of water temper-
ature in April being 30. 4 - 30, 8°C, and after that, the temperature falls down gradually
until 27,2 - 27, 8°C in the period of October through January, The salinity begins lo
rise in Dutch Bay and Portugal Bay from March-April, showing the maximum value
during May-QOctober of south-west monsoon months, and shows the lowest value during
November to February period which is the north-west monsoon season, I is said thal
the highest value during the period of May and October is because during this secason,
the south~west wind blows violently, the open sea water from the south of Arabian Sea
running into the lagoon, and the evaporation of sea water is the most abundant, ‘T'he
plankton amount shows the maximum value twice, in May-dunc and Ociober, This is
due to the nutrient salts brought from Kal Aru and Pomparippu Aru. Of the phyto-
planktons, diatom which is the prey of hivalves is profusely found, As the result,

many favourable aquaculture grounds for oyster raising are found in this sea area,

Of shellfish, labsters, prawns, and mud crabs live in abundance, and good
fishing ground are found for lobster in Ilanthadiya region, prawns in Serakkuli region
and mud crabs in Palaikkuda region, respectively. The {ry of Chanos chanos may be

caught, in great abundance (Ramanatham, 1969),

Puttalam region is a favourable sea area which may be used as aquaculture
ground, including the occan portion, It is necessary, simullancously with the
ccological survey on the above-mentioned marine animals, to perform the oceano-
graphical survey of the lagoon, thereby lo establish the comprehensive production plan,
Lspecially, in view of the extensive area of this water area as compared with
Negombo region, the production by means of large scale and efficient productive

lechniques, not the existing small scale cultivation, may be expected,

- 11 -



3. Trincomalee Region (Iig. 8)

This region consisls of three waler areas of Inner harbour, Lake Tamblegam

and Koddiyar Bay, and faces the west shores of Sri Lanka Island,

As is slated in Fig. 7, survey was made in Cod Bay (St 10}, Malay Cove
(St 11), Great Sober Is. (St 12), Lake Tawblegam of Periathumunai (5t 14), Gangal

in the inner parl of Koddiyar Bay (St 15) and Coral Cove (St 13) along the shore of the
Indian Qcean.

St 10, St 11 and St 12 arc sca arcas gsituated inside the Inner harbour, where the
inflow of rivers is scarce, the salinity concentration is high and with abundance of
oceanic organisms, The sca-bottom of St 10 {Iig, 9-1} is rock bed where small
rolling siones are scatlered, and where the big colony of sea urchin, Diadema seiosum
ig Tound, On the hottom of rock bed, a greal many oyster shell remains are to'be
seen, and it is considered thal there was a big development of oysier. These areas

and Abudefduf sp, St 11 is located al the entrance of Malay Cove, and is the sea

arca where the shore is deep. The place is attended with sharp slope, where big
rolling stones are abundant; sca bottom where water is more deep than three meters is
the sand boltom, Cragsostrea sp, are sticking profusely to Lthe big size rolling stones.

In this sea area, Yoo fish, Plereis sp. Piana, Spondylus and Lopha and the like are

found in great abundance, and big size lish arc also observed. Divers catch {ish in

this sea area by spear fishing.

St 12 is located at the entrance of Sober Creek, and the sca-bottom is rock,
T'o the rock boltom in the water depth of 4 meters, a great many of Crassostrea sp.
are seltied {(Fig, 9-2, 3), Massive corals, Porites sp, are scaitered on the sea
bottom which is 4 meters or more deep, The French Pags on the west side of Great
Sober Island is the point where it connects with Malay Cove, and because of the
location of water pipe line and causeway, no thoroughfare is offered to vessels.

Therclore, the whole sca area may be available as oyster culture bed .

51 14 is at the mouth aveas of Lake Tamblegam, and its salinity al the time of
survey was 19, 5ojocC1, but the lake was, on the whole, shallow, being 2-3 ft, only.
It is considered that, in the rainy season of October-December, the water therein
will almost entirely become fresh water, When the change of plankton in Kinnyai
Channel at mouth area of this lake is studied qualitatively, green algae increasces
during April and July, reaching the maximum in Avgusgt., It decreases from

October-Pecember, and again begins to increase from Januwary, Accordingly, the

water colour changes from green in April-July, to light blue in October-December,

- 12 -
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In this sea arca, window panc oysler, Placuna placenta was raised profusely, and
from 1953 - 1955, there was a caich of 22 ~ 51 million of them anpually.
According to Pillai (1965}, oyster heds were overwhelmingly devastated by the flood
in 1957, and as the result of inundation, hrown coloured silt covercd the bed, by
which death of population in bulk ocenrred, and there was no spat-fall at all until
1959, At the time of the survey by the authors, no harvest could be made fromn these
oysters, and only the shell remaing of oysters which died in bulk in 1957 were seen
piled on land (Fig. 10), Necdiess to say, this shell is the ligheries resources which
couid be cxported as the material for window pantc in Philippines, and the more
detalled biological survey hereof is required for propagating this speciecs, and,
first of all, the detailed research of standing erop of population in this sea area

should be commenced,

The bottom area (St 18) of Koddiyar Bay is the major production area of

Gracilaria confervoides which is the material of agar-agar, The ecological survey

of this sca-weed in this sea arca is performed by Durairatnam {1968), Tn casc of

this specics, sca-wecd bed is loeated at sand bank as far as 4 feet of water depth and
usually, grows more luxuriantly over 1,5 fm or more, lis tertility scason s from
June-August, and duriog this period, tetrasporangia and carposorangia are formu-
1ated, The September-October period witnesses the maximun growth rate, and
plants are cither buried in the sand, or obliterated during north-east mensoon period,
Thase cast Upen the shore during this season are gathered and dried, Of the material
collccted during June-October red ones are of superior quality as the material for
agar-agar, The months during which maximum yield of agar-agar from plants is

seen is from Sepltember to Gcetober,

Since Appu Aru, Koddiyar Aru and Valvachar Arue empty themselves into
Koddiyar Bay, the nulrient salts are included in abundance and this cauges the
seaweeds to grow well., “Though the sea area with water depih of 4 meters ov less is
considered favourable ground for oyster culiure heds as well, more detailed survey
is deemed necessary because of possible damage which may be inflicted upon

facilities for cultivation in north-east monsoan period,

The sea area fronting to the Indian Gcean outside Trincomalee Bay has high
transparency, wilh full salinity all the year round, St 13, Coral Cove presents its

representalive seaboltom gspectacle of the open sea character, and there live

Acanthurus, Lutianus, Cryptolomus, Pomacentridae and many other rock fish

(Fig. 9B),

- 14 -



Fig. A  Undeiwater photographs in Trincomalee region

1 Colony of sea-urchin Diadema setosum on the bottom
at 5t 10, 2, 3 and Crassostrea $p at 5t12



Fig. 9B = Underwater photographs in trinco'malee region
4 School of fish Acanthurus triostegus and Caesio sp 7

5 Caesio sp and Abudefduf sexatilis



Fig. 10 Shell remains of window pane oyster Placuna placenta during the buik



4. Sanctuary Lagoon Region ([ig, 11)

As is shown in Fig, 11, survey was made on Nantﬁi Kadal and Kokkilai lagoons.
Nanthi Kadal lagoon connecig with the open scﬁ at Arichael district in the rainy season
only. There is a bridge, shown in Fig, 12, on lagoon side of mouth aveas, and at
the point, the water depth is very shallow being .1 - 2 feet, and the flowing of sall
water into the lagoon ig cxtremely small, As the result, the water inside of the lake.
tends to become fresh water, and Telapla is increasing, while marine préwns are
decreasing, lake Kokkilai Lagoon, on the contrary, is connccted with the open sea
by a chamnel of 2, 5 m in depth, 80 cm in width, and because sea waler flows into the
lagoon throughout the year, high salinily conceniration of 17.89%00C1 is obscrved even
at the center of the lagoon (St 19), During the monsoon period and also at the time
of flood tide, silt suspends on the lagoen surface, and the water colour turns into
brown, RBxcepl the monsoon season, the lagoon water is agitated and looks brown in
eolour only at the time of flood tide, The bottom soil consists of sand at the mouth
of lagoon (5t 17), rock at 5t 18, and mud at the center (St 19), On the rock bottom
into this lagoon all the year around, and the lagoon water is well agitated, As shown
in Fig, 13-1, small fish of brackish water and sea water origin live there in multi-
tudes, and also the producitivity of crabs and prawns that live in them is considera-
ble. Migrant fishermen gather theve for fishing during February and October,
the number thereof being approximately 300, consisting of 175 households, Outside
the iagoon, they fish tunas and dolphins, chicfly by means of gill net, Inside the
lagoon, lhey fish during night penaeid prawns chiefly by such meansg as small size
skated nets with wings and a cod end, cast net or by grabbivg with fingers, This
year, there was especially great many catch of prawns, The most favourable cateh
amounts to 100 1bg/day/person or thereabouts, As about 100 fishermen are engaged in
fishing cach night, it is estimated that there is 10, 000 1bs of catch one night during

the best prosperous season, but no detailed staiistical data thereen are available,

In thig district, there is Naathi Kadal lagoon which scarcely opens to the open
sea all the year round, and Kokkilai lagoon which opens to the opon sea throughout
the year, and the latter is the area of high productivity, Considering the life history
of prawns, the fact that lagoon is connected with the open sea always has a significant
meaning, Generally speaking, penacid prawn spawns in the open sea, and the hatched
larvae move to lagoon area where salinily concentration is low, and after growing
into juvenile, adolescent, subadult in the lagoon, again go out into open sea,

Become adult, and when fully grown-up, spawn (Burkenroad, 1934; Yatsuyanagi ei

al, 1955; Idyll et al, 1964; Kurata, 1972}
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The free connection of lagoon with the open sea insures the population recrit-
ment of prawns. On the other hand, tidal current, through agitating the water
mass in the lagoon, improves the physio-chemical environmental conditions of
prawns, giving them their habifats of favourable conditions, Ag the terms of
raising the produclivily of prawns in a lagoon, it is important to fix the mouth part
of the tagoon, thoreby enabling the flowing of the open sea water thercinto, and at
the same time, to construct a creek within the lagoon, thereby to introduce sea
water into the recess of the lagoon. It ig considered that this is the fundamental

problem for the development of prawn [isheries in lagoons of Sri l.anka.

5. Mannar Region (Fig.14)

As is shown in Fig. 14, rescarch was made al 2 points in Kal Arv estuary
(St 20 and St 21) as well as offshore Kondachehi {5t 22). ‘I'he areas of S5t 20 and St
21 arc the estuary where Kal Aru flows info, and, similarky as the botiom arcas of

Koddiyar Bay, Gracilaria lichenoides grow richly there (Durairatnam et al 1954;

Fig, 15-1) and the arcas also abound in spiny lobsters (Panulirus sp.). St 20 and 21
are sandy bottom mixed with shell remains as is shown in Fig, 15-1. and is

dolied with rocks, Off the coast of Kondachehi, coral reef grows in profusion,

and Montipara sp. is predominant (Fig, 15-2.3). St 22 is a coral reef which is

nearest to the beach, where Yive Porites sp., Acropora and Montipora, This sea

area has high transparency, and nutrient salts arc not so prevalent as in the case
of shallow water. To the contrary, shallow water from Kallar to Silavatturai is rich in
planktons, and, as slated beflore, sca-weeds grow luxuriantly there, Il is con-

sidered that the location will serve as favourable nursery beds for pearl and oyster.

As for pearl oyster, Pinctada vulgaris, there has been good fish grounds from
olden times around Gulf of Mannar, which had world-wide reputation, Unfortunately,
we could not make a survey this time, but could study the samples kept at the
Pisheries Research Station; it is a kind with cloge aflinity with Japanesc pearl

oyster, Pinctada mariensi in its size and morphology. U is considercd that, using

il ag a material, application of Japanese peavrl culture techniques may be possible.
In regard to the population of this species, there are a number of reports, As for
recent stndies, there is a report by Sivalingam in 1961, This species had been
caught in great abundanee until 1925, In 1908, wheu the fishing there was at its
height, as many as 125 boats gathered in these waters and caught oysters. With
1925 as the last year, pearl oyster fishing ceased to be engaged owing to the
decrease of population, On the basis of population survey in 1955, such amount of
populalion as to justify fishing was estimated, and in 1958, 4,5 million pieces of

pearl oysters were caught by dredge fishery,
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Fig. 18 Underwater photographs of Kal_.A_ru estuary {st.21} and
« offshore Kondachehi {st.23). .
1. Gracilaria lichenoides on the sand hottom of 5t.21

2. Coral bottom ofy_ontjggﬁ and Acropora, oftshore Kondachchi

3. Montipora and Porites




In future, this fighing will continue by fishing management; but, on the other
hand, 1t is considercd necessary to introduce Japan's high technique of pearl oyster
culture for pearl préduction, in order to efficiently make use of this population,
It is a plan having enough possibility to catch sced oyster for pearl culture in Mannar
fishing ground, and to use the shallow waters from Kallar to Silvalturai as nursery beds,
On such an occasion, consideration should be paid that the bivalve to be used as sced
oyster should not be those caught by means of dredge fishery, but those caught by
more careful method of catching, for example, to calch by the use of divers, Afler
all, the detailed survey of resources and lshing ground development, not for fishery

but for cultivation, is desirable,

6. Jaffna Region (IFig.16)
As is shown in Fig, 16, research was made at 4 points around Delft Channel,

St 24 is situated off the coast of Karaitivy, where water is 4 m deep, and
bottom soil is sand. The transparcncy is extremely low, and no macro bottom fauna
was colleclable, St 25 is located at the iniermediate point of Nayinativa and
Analaitivu, with water depth of 5 m, and sand-mu(_i boltom, At this point also,

ag in the case of S 24, no benthos was collectable, St 26 is located cutside the port

be observed,

In this sea areua, the remains of coral are scaltered, as is seen in Fig, 16, and
also Tegula {Gastropoda) live in great abundance, 5t 27 is located off the coast of
Pearl Bed, where sand bottormn continues from the point of water depth of 3 m to the

beach, Upon the remains of coral, colenies of new Acropora and Montipora arve

scaitered, There also live Crassostrea sp., Turbo, Tegula, etc. In peoint of fish,

Abudefdn!, Acanthurus and Thalassoma were observed,

St 28 and 27 are in the Delft C}mnnel; where tidal currents are fast and sea weeds,
Gasiropoda and nutrient salt are rich, FPunkativu, Pearl Bed and the sea avea of Delft
channel which faces Delft Is, are considercd to he favorable as nmursery beds for
aquaculture, ‘‘he annual variation of salinity concentration and temperature at surface
water of Jaffua lagoon is as shown in Fig, 18 {Sachithananthan, 1969), Minimum
temperature of Palk Bay is observed in February, and maximum temperature in May,
The temperature changes within the range of 24, 0 and 36, 0°C, As in the case of other
points in Jaffna Lagoon, maximum temperature of Kayts channel is observed in
April and minimum in December, Salinity is, generally speaking, very high from May
to August and low from October to December, Salinity changes very much with the

range of 13, 04 ~38, 6%00Cl in the Kayts channel of the lagoon entrance and in the
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Fig. 17 . Underwater photographs of corals on the ofd coral reef
' offshore Pearl Bed, Jaffna S
1. Leptoriasp - 2. Massive coral Polites 3. Acropora



lagoon, On the contrary, salinity of Palk Bay off Myliddy which is on the outside of

the lagoon changes less with the range of 28, 39 ~ 386, 06%00 CI.

In the lagoon water arecain Sri Lanka, the change in sallnity is considerable
owing to the influence by the iwo mongoons {the North-Fast monsoon and the South-
Fast monsoon}), Especially in the case of North-East monsoon, which begins in mid-
Qctober, is attended by violent rain, The rainfall value is the greatest during
November - December, and a great quaniity of fresh water flows into the lagoon,
Rainfall becomes the least during January~March, It again increases from
April, and fr-esh. waler begins to flow into the lagoon. [f is on account of this that

the change of precipitation amount has big influence on the salinity fluetuation,

Jaffna Lagoon which shows low salinity concentralion in rainy season, also
registers high salinity in dry season, and because of exceedingly great range of change

latitude, it is not a favourable area for nursery ground of oyster which is originally

©foo |

PATK BAY 1867/1968
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40|

30}
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Fig, 18 Seasonal varviation of the lemperature and
salinity of the sea surface in the Jaffua

{.agoon (Sachithananthan, 19560).
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euryhaline animal, not to mention pearl oyster adapicd for open sci. In view of

these pofnts il may he said that the sea area which hag less change of salinity con-
cenlration and temperature and rich in hutrient galta, namely the sca area including
Palk Bay, especlally the waters in Delft Channel, may be said as combining the

favourable conditions. Attention should be paid here that the sclection of sea area

should be to Tingd out the arca where the cultivation facilities arc well protected from
damage in monsoon SCASON sspecially during south~west monsoon period,
T Jaffna sea area, the chank, {Gastropoda} Xancus pyrum, is caught in a

Iis shells are exported Lo Bangladesh as matevial for shell works,
in dried form {Fig, 19

great quantity,
while sea cucuinbers are exporied to fong Kong, clc.,
These creatures are commercially important animals, and more deiziled survey on
their biology and ccology is required. The dricd sea cucumber, when valued in

Japan, may not be called high-class product, it is necessarvy to study the processing

method in fulure,

In Karalnagar, there are the facilities of Cey-Nor Development Project estab-
lished by the Norway Charity Fund, where the prawns and labsters are pro-
cessed by quick-freewing, Although this freezing facility is a modern establishment
{Fig, 20}, it requires some hours for conveyance from catch to works, and their
freshness somewhat lost, and the vesulf is that, though the {reezing process is
excellent, productiion of refrigerated items possessing superior qualily sulficient
for export may not be secured, B order to guarantee their good quality, high class
aguatic products fo be exporfed as raw fish should be produced by freezing process,

preserving freshness by use ol ehill cars,

7. Kalutara Region

Survey was made on the spot near Dentota bridge where oysilers live, but
after ohservation by means of sperkel diving for 30 minutes, no oyster could be
caught, According to Pillai {1865), Bentota oystor is reported as edible oyster and
attention thereon paid, but as yel theve is na detailed vreporl. U is said that in rivers
within this region, glass eels (elva or transparent eecl juvenile) go up the siream,

but similarly as the case of oyster, no report thereon is available, Macrobrachium

rogenbergi, fresh water prawns are caught in rivers of Ialutara region, but unfortu-
nately the authors had no opportunity to obtain the materizls, This species is one of
the higgest freshwater and brackishwaler prawn in the world, and study on mass
production of seed prawn and eultivation are being advanced in such countries as
Japan, Malaysin, Thailand, India, Yvance, U,5 A, , and England, and the technigue

of mass production is being esilablished, 'The study of the ecology for aquaculiure of
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Fig. 19 The process for beche-de-mer at Jaffna region

burying under the ground for 24hrs after st hoiling

dried materials with caléareous powder alter 2nd boiling
last dry after 3rd boiling .
grades by size: a lst, b 2nd, ¢ 3rd, d 4th, ¢ 5th, f 6ih class

B owoN -

Fig. 20 A processing prawns for freezing at the factory,

Cey-Nor Development Project, Jaffna



this species should be carrvied out in Sri Lanka,

8. Matra and Hambantota Region (Fig.21)

As shown on Fig, 21, 3 points were surveyed in Rekawa Kalapuwa and Karagan
Lewaya, Rekawa Kalapuwa (Fig, 21 A) is the lagoon with water area of 3, 24 km?2, the
deepest part thereof being 5 feet, As the kinds of caitch, there are prawns

{Penacug monodon and Penaeus indicus), milkfisk, Chanos chanos, 8 inches in body

length, Ieicgnathus sp., Caranx sp,, Telepia mossambica, Iiroplus suratenis,

Mugil cephalus, Anguilla sp. and so on, The major product is prawn, which is

caoght during the rainy season of June - July. Principal fishing implements arc

cast-nels, and hasg elficiency of 5 lbs/man/day during the best scason.

Karagan Lewaya, the mouth of which is made narrower by road construction, is
connected with the open sea by a tube of onty 50 cm in diameter, and in the dry
season, ii is driced up. Accordingly, the flowing of sea water decreases, and

the productivity thercin has deelined,

Malala Lewaya (Fig. 21 B) connects with the open sea by opening its mouth
3-4 times during rainy season, Prawns and mugil are caught, but the increasc in
catch thereat may not he expected unless the introduction of open sca water is

realized,

I1. Consideration and Conclusion

Survey was made for 3 weeks on the shallow waicrs and brackishwalers
along the shores of Sri lanka Island, especially around the lagoons, From the point
of view of survey period, it was a pre-suvvey, bul the result showed the presence of
creatures of agquacullural possibility, such as prawns, pearl oyster, milkfish and
mangrove crab., It is considered fundamental that, these creatures should be
produced more increasingly by the extensive utilization of spacious lagoon water arca,
rather than to apply intensive culture methad such as pond culture and cage~net

culture as in Japan,

Discussion will be made as to the point on which attention should be concen~
trated for the above purpose, It may be generally said that shallow water zone of
Sri Lanka, especially lagoon and mangrove areas has abundant nulrieni salts carvied
from the rivers, and ihe plankton and small ereatures to be the feed of above-
mentioned commercially imporiant species, is richly found, and therefore, is the
area suitable for the breeding, growth, and survival of these edible fish and shell-
fish, This fact may be understood by the study of the temperature, salinity

concentration and planktion in respective lagoon and shallow waters eifected by
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Durairatnam (1963), Durairainam et al (1964) and Cosla et al {1969}, but there is no
such detailed rescarch on Inorganic phosphate, organic phosphorous, nitrite,
nitrate, silicate, chlorophyll, plankton as the recent study which deals chiefly on
nutrient salts such as the research on Vellar-Coleroon Bstuarine by Krishnamurihy
et al (1973), Moreover, the envirommental conditions fowards the creatures in
lagoons and estuaries are closcly related with the meteorologicat conditions, H is
necegsary therefore, in atlempting the aquacultural devetopment, to clarify the

characteristics far environmental conditions for respective lagoons.

The fact that the production in lagoons is closely related with rainfall is as
stated hy Huello (1973), The information on the meteorological conditions in Sri

Lanka, especially rainfall, is available in detail.

According to Ekanayake (1972), as is shown in Table 3, I"ig. 22-23, the
annual rainfall variation in Negombo, Colombo, Kalutara, Galle, Hambantoia and
Tangalla locaied in south-west to south part of Sri Lanka Isiand represenis a
bimodal curve, There are two peaks of rainfall during April-June and Sepicmber-
December, On the other hand, for Jafina, Mullaitlive, Trincomalec and Batticaloa,
the curve is one in which there is a peak during Scptember-~December, ven in the
case of lagoons with nearly the same amount of precipitation, the above-mentioned
environmental conditions differ according to the sizc¢ of rivers llowing thereinlo, and

the violence of monsoon, giving each iagoon ils own characteristics,

The movement of water in the lagoon conkaining the inflow of the open Sea
water in lagoon affects the productivity therein considerably. As stated before, the
lagoon with high productivily of commercially important fish has the well-established
mouth enabling the flowing-in of open sea water all the year round, The movement
of waier mass from open sea in the agoon is predeminanily delermined on the basis
of bottom topography of the lagoon, flowing-in of open sca water, tidal range, the
amount of flowing-in of fresh waler, etc. ‘Fhe delails of hydrolegical survey in
the lageons in Sri Lanka are hardiy available except the Negombo Lagoon, U may
be said that the foundation for discussing the water cxchange in lagoon and for
est'abiishing the constraction plan fo improve the exchange is totally non-existent,
At any rate, il is clear lhat the fisheries productivity in lagoon connecting with the
open sea all the year round is high, and that the produclivity of lagoon connecting only
in rainy season is low. H i5 considered important for the increase of production of
living marine resources, to establish the opening pari of lagoon, thercby to make it
opening all the year around and to enforce the construction work to improve the
exchange of water as seen from the poind of view of hydraulic cagineering., On the
other hand, it has been already meationed from the poinl of biology, that the flowing-in

of water serves to inerease the production of prawns, and it is importanl lo clarify the
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life higtory of Penacus monodon and Penacus indicus, which are the commercially

important prawns, in the lagoons in Sri lLanka, In the case of these prawns, similarly

as Penacus japonicus, iheir adults grow into maturity in the open sca and spawa,  ‘The
hatehed larvac move and gather ag they grow into lagoon and esluary areas, and

passing cach stage of juvenile — adolescenl — subaduli, go ont again into the open sea
where they grow into adull, Tn cach siage, they have their particular habitals, bul no
survey is obtainable in the case of lagoon in Sri Lanka thercon. I is imporiant to

clarify at ieast the details for breeding scason, life eycle relating to habitats, migration,

ctc,, concerning Penacus mondon, Penacuos indicus, Melapenacus mouoceros,

Metapenacus elegans and Melapenacus dobsoni,

According to Berg (1971}, the survey resuit is oblained that wmuch population of
prawns in the sea area in Sri lanka is found on the coasi of Palk Bay, Mullaitiivu,
Balticaloa regilons, I is therefore necessary io clarify, first of all, their ceological
characteristics in lagoons, chieflly in lagoons of Negombo, Putlalam, Mullaittivu, by

means of the above-mentioned ecological siudy,

For aguacultural exploitation of penaeid prawns in Sri Lanka, as is staled
above, it is better to apply the extensive method, It is thought preferable, through
securing tagoon mouth as well as improving the movement of lagoon water by irrigation
works, thereby elevating the productivity of the lagoon as a whole, to increase the
population and then {o catch, The hydrographical survey and ccological research to
enable these will become indispensable. When the growth and survival inside lagoon
as well as the population recruitment of prawns from the open sea is made known,
and whea the variation in population is available, still higher stage of production, for
example, the establishment of prawn haichery will be made, and will make mass
production of juveniles, and afler stocking lagoons with them, catch them on a fixed
plan, that is, in other words, the system of recruiling resources crealures artificially
and then to harvest, the so-called "sea-farming" will be considered in future. The
system such as this will be more possible in the lagoon which is a semi-closed sea
area. Recently, the possibility of sca-farming is becoming apparent by stocking the

1973).

Good examples of extensive culture of prawns are seen mostly in various south-
castern countries of Asia, The cxample of pond culture in Singapore (Hall, 1962),
shrimp farming in Thailand (Teinsongrusmee, 1970), paddy field prawn fishory in
India (Menon, 1954; Gopinah, 1956) are these. "Thesc examples make efficient use of
water areas, availing themselves of the ecology of the seed prawns which gather in

estuary, mangrove area and lagoon, and may be called an efficient extensive culiure,
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For the populalion of pearl oysier Pipclada vulgaris, since sufficient amount for use
of pearl culture may be obiained as referred to already, because ils nursery bed
exists, it is necessary lo plan in detail how to introduce peari culture technique of
Japan,

As for oyster, il has been confirmed that there is a geod abundance of adult

and gpats in Negombo and Kokkilai lageons, These have been agssumed as

Crassogirea cuculiatia or a similar specics, and it is considered thal spai

collection in the natlure may be possible, For this purpose, il is indispensable to
perform the ccological research such as the spawning season of oyster in Sri Lanka,
and the distribution of larvac in the open sea. Tor the lime being, it may be possible
to introduce the spais of Japanese oyster, Cragsostrea gigas, As a cultivation
method, it is degirable to adopt the rack method guited for shallow waters, and to
begin with any one of the Negombo, Puttalam, Kokkilai lagoons, or of Palk Bay,
shallow waters of Mannar, Duich Bay, Portugal Bay, Kokkiyar Bay, Trincomalee
Bay, ete, As for milkfish, cxperiment thereon has already been made in Negombo
Brackishwater TMisherics Station, and its bright future is known {op. c¢it.). In future,
production planning should be established upon full deliberation of the future demand

for this fish,

The suitable locations for ereatures mentioned above arc stated in the

following iable,

Table 4. Shallow waters and lagoons suitable for

sea farming in Sri Lanka

Area |IPeagible -

I.J < i S i [2 4 « * 3
ocality an2)  larca (km?) uitable species Remarks
Negombo L. 32,95 15 Oyster, prawns, milk- § The entrance open

fish througheout the year
Puttalam 229,587 80 Prawns, oyster, milk- Ditto
fish
Puteh Bay 84,74 20 Oyster -
Portugal Bay 43, 50 15 Cyster -
Mannhar coast 386, 45 200 Pearl oyster, oyster -
Delft channel 47,33 10 Pearl oysicr, oysier -
{Puntuativy )
Delft Is 17, 89 15 Pearl oyster, oyster -
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Area  ([Ifcasible . ; R ks
Locali ‘ Suitable species emarks
ocalily km2) {area {(kin?) wu f
Nanthi Kadal 41, 54 5 Prawns Open during wet
season
Koklilai T, 55, 79 20 Prawns, oysicr Open throughout
the year
Batticalao 1. 100, 73 25 Prawns ? ?
French pass 0. 56 20 Oyster -
Bottom of
2 Oyster -
Koddiyar Bay 12.79 8 ysiet
Rekawa . Open throughouwt
Kalapuwa 3. 24 ! Oyster ihe year

In the nexti place, the authors' opinion on the fisherics in Sri Laonka will be

given as follows,

Generally speaking, afier fishing and prescrving freshness with proper means,
fisheries resources which are treated through appropriate processing procedure are
disiribuied to consumers as foodstuff, No need to say that when distributing fresh fish o
conswmers ag food, even when procesging is done, unless the system for keeping fresh-
ness, for example the cold chain system, is established, it will never be a wholesome
product even though the processing faeilities are perfect, This silvation may he well

understood in the above-mentioned case of Cey-Nor Development Project,

The imperfection of facililies for keeping freshness in Sri Lanka may be well
understood by the experience of bad odour in St-Jehn's fish market in Colombo City,
In the case of fishing products, not anly fresh fish, but also when preparing chilled,
cured, frozen and canned items, unless atlention is paid to the preservalion of
freshness, no good products will be prepared {I*ig. 24). What the authors here
want to siress is thal, the development of lagoon fisheries is not timiled to
simply increasing production ihrough the introduction of supcrior cultivation
technique, but it is a comprehensive impravement planning which covers distribution

and management of products,

The coastal fish production of Sri Lanka in recent years is as stated in Table
5. Of the 89, 760 {ons for the year, prawns atlain (o 2,451 lons, The grealer portion
of this amount is considered to be much deteriorated in freshness when i is carried
to the market, Asgsuming that the increase in production may be expected through

the introduction of new techniques in future for the lagoon fishery, the preparation
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of facilitics for preservalion of freshness is a malter of urgeal necessily.

Various prohlems of the lagoon fishery exploitation have been so far

discussed, the summary of which is given as follows:

I, The system of aquaculture in lagoons and shallow walers

a. 1t is desirable lo develop extensive culture in wide and spacious water
arcas where the preductivity is bigh, and to estabtish sea-farming in (he
tuture;

b, As living resources, prawns, oyster, pearl oyster, milkiish may be
counted;

¢. To enforce hydrological survey which will be the foundation of extensive
culture, as well as eceological research which will be necessary for sea-
farming,

. To establish a mouth lo the open sea for the improvement of
envirommential conditions of lagooi;

¢. To establish a systern for distribution and management of [ish products,
especially for the preservalion of freshness, simultancously with the
development of extensive culture, for example, to provide a certain number
of freezing cars, thereby establishing the system to collect fish to a

eertain arca where processing facilities are provided,

iI, Resecareh and Education

There are many superior regearchers in Sri Lanka Itisheries Research Station
who received education in advanced countiries, This fact may be well understood
from the rcports of the Institute. The fact may be known that living marine resources
are deeply studicd from the biological point of view, Unfortunately, siudies from the
point of view of fisheries science which is a sphere of applied science, are extremely
gscarce, The authors werce inforimed that in the near fulure, a research institule
woulkd be newly established, and lhey hope thal an instituie {ilting to promete fisheries
science will he completed.. For the study of shallow waters, the following points
should be considered,

a., Construclion of a research boal sufficienlly cajpable to study fishery and

coastal oceanography in shallow waters;

b, Besides an inslitule which will be a centre of research, to completely equip
branch stations which will enable them to study special features in cach
district. There is an existing station at Negombo, bul the number of staff
and facilities are not satisfactory, In fulnre, at least two branch stalions,
one on ihe east and the other on the west coast, should be established

which will be useful for fishery.

- 34 -



Fig. 24 The processing of salted dry fish at Puttalam region
1. Landing fresh fish 2. pre-treatment for dry 3. salted dry goods



Education
It is 2 matler of rejoicing to know that in Sri Lanka, the projeet of

establishing a fisheries high school system is under way, The fisheries

e¢ducation and rescarch in Japan date back Lo 80 years ago. In the early
stage, research and education were advanced in a body, This is because
development of new teclmiques by means of rescarch demanded new talents,

The present status in Sri Lanka is considered to resemble the early period

of Japan in which the development of fishery activity was followed by the

education, At any rate, the authors would like to propose the following
items for education to promote production,

a) To send senior fishery researchers to advanced countries where they
study empirical fishery technique for one year at least, by limiting
research themes,

b)  As themes of research, the following may be mentioned.

1} Coastal oceanographical research technique
2} Prawn culiure and sea {avming

3) Oyster sea-Tarming

4) Pearl culture

5) Fish farming

¢} To dispatch junior researchers to universities or high-grade
laboratories, At preseni, there are two ways in Japan, One is a
technical cooperation program of the Government of Japan under the
Colomho Plan which is a comparatively shortl period and the other is
Japanesc Government scholarship by which foreign research students

can study in Japanese universities for one or two years.

- 358 -



Literature

tions and the possibilities for

Berg, 5, E,, 1071, Investigations on ihe bottom condi .

marine prawn and fish trawling on the north and east coast of Ceylon.
Fish, Res, Sin., 22 {1 & 2} 53-88,

1934, The Peonacidae of Louigiana; with a discussion of their

Burkenroad, M, D,,
Amer, Mus. Nat., Hist,, Bull, 68 (2} §1-144,

world relationships,

Costa, I, IL and 8. 8, De Silva, 1969, [lydrobiology of Colombo {Beira) Lake, L
Biurnal variations in temperature, hydrochemical factors and zooplankton.

RBull, Migh. Res, Stn., 20 (2) 141-149,

Dakin, W, J., 1938, "The habits and life history of a Penaeid prawn (Penacus
plebejus), Proc, Zool. Soc, Lond., Ser, A 108 (2) 163-183,

De Bruin, G. B, P., 1971, IMluctvuation in gpecies composition of Penacid prawns
in estuarics, Ibid 19 (1 & 2) 47-51,

Delmendo, M, N, and [1, R, Rabanal, 1956, Cultivation of "Sugpo” (Fumbo tiger
shrimp) Penacus monodon Fabricius, in the Philippines. Indo~Pacific TFish,

Coune. Proec, § (II-II1) 424-431,

Durairatnam, M. and Medcof, J, C,, 1954, Ceylon's red seaweed resources,
Ceylon Trade Jour,, 19 (4) 16,

Durairatnam, M., 1963, Studies on the scasonal cycle of sea surface temperatures,
salinitics and phytoplankton in Puttalam lagoon, Dutch Bay and Portugal Bay
along the west coast, Ceylon, Bull, Fish, Res, Sta., Ceylon 16 (1) 2-24,

Durairatnam, M., 1865, The ccology of Gracilaria verrucosa {{Tudson) Papenfuss

18 (1) 29-34,

Durairalnam, M., T, Vickneshwara and L., M, Emmanucl, 1969, Studies on the
phytoplankton of inshore and offshore waters off Colombo and some data on
the hydrological conditions of these waters. Tbhid 20 (2) 159-167,

Gopinah, K,, 1956, Prawn culture in the rice field of Travancore-Cochin, India,
Indo-Pacific Fish, Counc. Proe, 6 {If & 11} 415424,

Hall, D, N, ., 1962, Obscrvations on the Taxonomy and biology of some Indo-West
Pacific Penaeidae, Fisheries Publications 17 1-230,

Hagegawa, A,, 1973, Releasing of seedlings and its effect on the fishing yield in
case of the Kuruma prawn farming fishery, Rep, Res, Invest. Sci, Wigh,
Agen,, Japan Govern, 15 1-31 (In Japanese with English summary),

Hughes, D, A, 1967, On the mechanisms underlying tide associated movemenis of
Penacus ducrarum, Contr. {0 FAO World Conf, on the Diology and Culture of
Shrimp and Prawns, Mexico City, 1967,

Idyll, C. P, and A, C, Jones, 1264, Abuandance and distribulion of pink shrimp
larvae and postlarvac in Southwest Florida waters. U. 3. TFish, Wild. Ser,
Circ, 230 25-2%,

- 36 -



Kr'isht?amm‘lhy, K, and V, Sundm‘m‘aj, 1993, A survey of environmenial features
I a section of the Vellar -Coleroon estuarine system, Soulh India, Mavine
biology 23, 229.239,

Kurata, fl,, 1972, Certain principles perlaining to the penaeid shrimp scedling and
sceding for the farming in the sea, Bull, Nansci Reg. Fish, Res, Tab,, 5,
33-75 (In Japanese with Bnglish swamary),

Lin, S, ¥,, 1968, Milktish farming in Taiwan, A review of practice and preblems,
Fish calture rep,, Taiwan Fish, Res, Inst.

Menon, M, K., 1954, Ou the paddy ficld prawn fishery of Travincore-Cochin and
an cxperiment in prawn culture, Troc, Indo-Pacific [Pish, Coun,, § (IT & IIT}L

Pillai, T, G,, 1865, Brackish-waler fishery resources, Bull, Fish. Res. Sto.,
Ceoylon, 18 {2}, 75-86,

Remanathon, 5,, 1969, A preliminary report on Chanos fry surveys carried out in
the brackish water areas of Mannar, Puttalam and Negombo, Ibid, 20, 79-85,

Ruello, N, V., 1973, The influence of rainfall on the distribution and abundance of
the school prawn Metapenacus macleayi in the Munter River region (Australia),
Marine Biology, 23, 221-228,

Sachilhananthan, K, 1989. Salinity and lemperature variations of the surface waters
in the Jaffna lagoon. DBuli, Pish, Res, Stn., Ceylon, 20 (i), §7-99,

Sivalingam, 5, 1961. The 1858 pearl oyster fishery, Gulf of Mannar, Fish, Hes,
Stn,, Dpt, IMish,, Ceylon Bull, No, 11, 1.28,

Teinsoagresmee, B,, 1970, A present status of shrimp farming in Thailand. Cont,
Invertebrate Fish, Inv, Mar, I'ish, Lah, WNo. 18, 1-34,

Yatsuyanagi, K. and K, Mackawa, 1955, Studies on the commercial mporlant
animals in Seto Inland Sea, Yamaguchi Pre,, Japan, 8- The ecology of
Ruruma shrimp I, japenicus, Rep, Yamaguchi Pre, Fish, Res, Stn. 7 {1},
1-15 {in Japanesel,

- 37 -



of Sri Lanka during Mar. 18 to 28, 1974,

Appendix |

Result of the oceanographical observation on the lagoon

Date & | AT | Pp | W {Sp.Gr.|Salinity| . |O2 [Satura- | g ks
51 pil . ot ¢ E
| Time °C m o 15 | ofoo C} ppin |tion %
i} Mar, 18| 32,5 S| 31,0 (18,75 [14,15 | 8,10} 6,3 (921
11:35 2 5R | 30.7 [26.80-{19,96 | 8,25] 6.3 98,9
2| Mar, 18| 34,1 s |3t.0|i6.88 [12.99 | 7.50| 5.5 (79,4 Negombo
12:10 2,51 | 30,7 [17.47 [13.22 | 7.60| 6.4 (92,4 lLagoon
31 Mar, 18| 33.2. s|31,8 14,82 [11,30 | 7.70| 6.5{92.8
13:30 1,213 | 32,1 [18.10 [13.68 | 7,70 6.5 [94. 4
4] Mar, 18| 32,2 S |33.5 12,72 | 9.98 .90 (11,088
16:40 1,31 | 33,2 |16.24 (12,33 | 6.10[12,5 |SS
5| Mar, 19| -- S 31,3 (12,45 | 9.58 | 7.85] 7.0(97.2 Chilaw
11:25 1.813 | 30,8 [16.40 [12.44 | 7.85] 6.1 [87.5 Lagoon
6| Mar, 19| -~ S |30.9 |23.87 (17,85 | 8,00| 7.4 [SS
16:05 1.0B | 30,8 |23,77 |17.78 | 8.00| 7.5|SS
7| Mar, 19 | -- $ | 30,6 [24,43 [18.25 | 8,00 7,8 |SS
16:25 4,03 | 30,2 (24,25 |18,12 | 8,00| 7,255
Puttalam
8| Mar, 19| -- s 30,1 [23.11 [17.30 | 8.00| 8.0SS Tagoon
17:10 3,0 |[30.0 (22 .70 |17.00 | 8.056 7. 9(SS
6.203 | 30,1 |23.28 |17,42 | 8.00| 7.8 |SS
8| Mar, 20| -- S [30.0 |17.01 [12.89 | 6.80| 5.579,4
08:20 1,583 | 29,3 [21,32 |16.01 | 8.40| 5.3 [78,4
10 | Mar, 21| 34,4 S 30,4 26,58 |19.80 | 8,357 7.1]SS
09:30 4,01 | 28,9 [26.55 (19,78 | 8,40 7,435
i1 | Mar. 21| 35.4 S [29.9 |26.35 [19.63 | 8.38| 8.1[s8 Trincomaled
09:55 3.0 |29,1 [26,17 [19.51 | 8. 40| 8. 1|SS Region
6.0B | 28,9 (26,58 [19.80 | 8. 40| 8,2 |58
12 | Mar, 21 | 34.2 S |29.1 [26,54 |19.77 | 8,43 | 8,2 (S8
11:30 3.0 {28,5 [26.58 (19,80 | B.45| 8.5 |SS
8.0B |27.9 [25,84 (19,27 | 8.45) 8.0SS
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Date & AT p W 1Sp, Gr,|Salinity i Q2 [Satura- R o
Time °C | m °C 015 | oo C1| P ppm | tion % cmarks
Mar, 21| 35,4 S| 28,5(26.00 19,38 | 8,30 8,4(S8
12:20 5 5B 27,925,881 |25, 81 8,30 8,3|58
"T'rincomaled
Mar, 21] -« S| 30,2126,28 |19,58 8,00 8,215S Region
1'7:00
Mar, 21| -~ S] 29.2 121,31 16,00 | 6,60 -~ --
18:30
Marp, 22] -- S| 29,9 (26,43 | 19,69 8, 10| 8,2]Ss
17:290 2,48 29,6 (27,27 (20,30 8,15| 8,0|58
Mar, 22| -- S| 31.0(26,27 |19,58 8.20| 9.0]|SS | Sanciuary
17:30 1,483 30.3 [27.93 |20.77 | 8.15] 8.4S8 Lagoon
Mar, 22 S| 31,3 (24,08 |18, 00 3,200 9,3|88
17:45 2,213 30,8 123,904 | 17,89 8,15} 9,488 p
Mar, 23| 33.8 St 30,.6126,43 |19,690 | 8,29 8,038 }
15:08 1.58B] 31,0 126,62 119,83 | 8,25]| 8,285
Mar, 23| -~ 3| 30.5 (27,03 120,12 8.22]| 8.0153 | Mannar
15:25 3. 01 29,9 (26,83 /19,98 8.20| B,0[55 Region
Mar, 23] -~ S| 31.5 (27,39 120, 38 8,16 8.1|SS
16:15 2,083 29,9 |27,.%1 {20.61 8,20 1.68(8S J
e e N |
I
May, 25( 29,0 S| 25,4 |24, 68 | 18, 43 8,29 1.6|88S
10:45 4,013 29,2 24,67 |18, 42 8,35 7.2|8S
Mar, 25| 36,4 S| 30.¢ (25,01 {18,867 8,39 6,9|8S
11:50 5.5 29,1 |24.78 118,50 B.42| 6.0(90,7 Jaffna
Region
Mar, 25| 35,1 S| 31,4 (24,98 {18,465 8.53] 9,5|8S
13:10 3.08B)| 30,8 (24,14 {18, 04 8,46| 8.0]|SS5
Mar, 25| -- S| 31,5 (25,12 |18, 175 8,4110,1]|588
16:20 2.5B| 31,2 |24,36 118,20 3,51 8,7|58
Mar, 27| -~ $|31.3| 3,50 3,11 | 6,85]|~- [~- :;Z:ig?
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g Date & AT Dp WT |[Sp, Gr,|Salinity
‘| Time °C | m o ¢ 15 | oloo CL
291 Mar, 28] -~ 8| 30.3110.88 | 8,44
08:15 1.213] 29.9111,49 | 8.89
30| Mar, 28| -- 5| 30,110, 91 | 8,47
08:45 1,0B| 30,010, 91 | 8,47
32| Mar, 28/ -~ 5] 31,9 5,50 | 4,55

Oz

Satura-

_ R %

pif oam | tton % emarks

8.40| 6,2{851 |

[

8,68] 1.5/20.7 Rekawa
Lagoon

8.48| 5.9(81.¢

8.60| 1,824 -

6511 6.5185.5 ;Vlalala
Lagoon
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18,
19.
20,
21,
22,
23.
24,
25,
26,
21,
28,
29,
30.
31,

32,

Appendix 11

Photographs of marine animals

Xancus pyrum, Chank
Crasgosirea cucullata?
Pinna sp

Diadema sctosum
Temnopleurus sp
Fchinothrix sp
Holothuria sp

Panulirus ornatus
Panulirus penicillatus?
Portunus pelagicus
Scylla serrata
Charybdis sp

Penacus monodon

¥, monodon

Penacus indicus
Metapenseus sp
Metapenaeus sp
Chiloseyllium indicum
Amphotistius imbricatus
Amphotisting sp
Amblygaster sirm
Macrura kelee
Amblygaster clupeoides
Sardinelia albella
Sardinella rnelanura
Dussumieria acuta
Dussumicria hasseliil
Anchoviella commersonii
Nematalosa nasus
Chanos chanos
Chirocentrus nudus
Tachysurus subrostratus
Pseudarius jella
Plotosus canius

Ablennes hians

365,
37,
38,
39,
40.
41,

51,
58,
59,
6o,
61,
62.
63,
64,
65,
66,
67.
68,
69,
70.
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Ahlemes hians
Tylosurusg strongylurus
Hyporhamphus gaimardi
[Exococtus sp
Trichiurus savala
Sphyraena jello

Mugil cephalus
Sphyracena obtusata
Epinephelus bleckeri
Lpinephelus fuscoguitatus
Variola louli
Cephalopholis argus?
Therapon jarbua
Psammoperca waigicnsis
Apogon thermalis
Sillago sihama

Caranx sansum

Caranx carangus
Caranx sansun

Selar kalla

Sclar crumenophthalmus
[saclarius lactarius
Selaroides lepiolepis
Megalaspis cordyla
Choerinernus tol
Cherinemus tala
Kishinoella tonggol?
Indocybium guttatum
Coryphaena hippurus
Rachycentron canadus
Pristipomoides typus
Lutianus fulvillamma

Ly, rvivulatus

L., fulviflamma

.. kasmira



1.
2.
73,
74,
75,
76,
T,

90,

L.ciognathus equualis

Gerres abbreviatus

, Pomadasys maculatos

Scolopsis bimaculatus
Lutianus waigiensis
L. nebulogus
Rhabdosargus sarba
Acanthopagrus berda
Argyrops spinifer

Gaterin schotaf

Paru pencus mac roncmns

Upeneus tragula

U, wvittatus

Drepane punctata
Scatophagus argus
Tilapia mossarmbica

Eiroplus suratensis

Abudefduf sexatilis vaigicnsis

Siganus vermiculatus

S, sp
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91,

100,
101,

Acanthurus gahm?

Cybium commersoni
Futhynnus affinis

Auxis thazard

Psettodes erameld
Pseudorhomhbus arsius
Triacanthus brevirostris
Pseudotriacanthus strigilifer
Lactoria cornula

Nemipterus furcosus

Gnathodentex aurolincatus ?
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