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CEYLON has about 300,000 acres of coastal brackish-water areas of which about 100,000 acres 
constitute shallow lagoons, tidal flats, mangrove swamps and saline marshes, and the rest deeper 
lagoons and estuaries. While the former represent a vast potential resource with regard to fish 
farming; the latter are the sites of important fisheries. W. H. Schuster (1951) estimated the 
average natural production of our brackish waters to be less than 20 lbs. per acre per annum. 
Since then estimates have been made by the author for a rich lagoon, the Negombo lagoon, 
a poorly productive lagoon, the Batgama lake (Dodanduwa) and studies are in progress of 
some of the other lagoons. The natural production of the Batgama lake was estimated in 1959 
to be 18.5 lbs. per acre per annum while that of Negombo lagoon was estimated in 1960 to be 
6 5  l b s .  per acre per annum.

I t  is reasonable to estimate the average production of Ceylon’s brackish-waters to be 
25 lbs. per acre per annum. Thus the total production is about 8,350 tons per annum. Consider
ing the fact that the Island’s present total production is 90,000 tons per annum, the 
brackish-waters contribute 3.7 per cent, of it. Schuster 11951) further states that the natural 
production in the brackish-waters of other countries is around 80 lbs. per acre per annum. 
In order to increase our average natural production to this value it would seem necessary to 
consider the nature, biology and fish resources of the brackish-waters and draw some conclusions 
with regard to their proper exploitation.

Brackish-Water. Definition and Classification
H. C. Bedeke in 1922 defined brackish-waters as those which result from the mixing of 

fresh waters with marine waters. Although there is a tendency in some classifications of brackish- 
waters to include all waters from the fresh to the highly saline inland lakes, the final resolution 
at a Symposium on the classification of brackish-waters held in Venice in 1958 restricted it to 
Bodeke’s definition, i.e., “ those littoral marine waters which become diluted because of the 
inflow of continental fresh waters.” Thus all our brackish-waters come within the scope of 
Bedeke’s definition. They consist of the river estuaries, lagoons, estuarine bays, and saline 
lakes (salt Iewayas).

Bedeke (1922) proposed the following classification of brackish-waters according to 
chlorinitv content:

GM orinity Content 
(g r . fL .)

Oligohaline brackish-w ater . . . . 0 1 — 10
M esohaline b rack ish-w ater . . •• 1 • O'— 10-0
Polyhaline  b rack ish-w ater . .  . . 10-0—

Subsequently, G. Brunelli (1933), I. Valikangas (1933) and others adopted and elaborated 
on Bedeke’s system. However, a serious objection to their system was that they referred to 
static conditions of salinity, whereas in reality they are subject to fluctuations of a daily nature 
in respect of the tides, of a seasonal nature in respect of the rains (and thawing office in spring 
or evaporation in summer), and of a spatial nature. In  the latter ease, a layer of fresh water 
can flow out to the sea over a layer of denser sea water which ocillates underneath in relation 
to the tides, as in-ease of an estuary, 
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Hence the 1958 Venice Symposium on brackish-waters adopted the following classification 
with) approximate salinity ranges for universal application: —

Zone
H yperhaline
E uhaline
M ixohaline
M ixoeuhaline
M ixohaline (Mixo-) polyhaline 

(Mixo-j m esohaline 
(Mixo-) oligohaline

Linnetio (fresh w ater) . .

Salin ity  %0 
40

-  40------ 30
(~ 40) « 3 0 -0 -5

>  30 b u t< a d ja e e n t  euhaline sea.
-  30—  18
„ 18—  5
-  5—  0-5

<-* 0-5

The Salt Lewayas of Hambantota are examples of hyperhaline waters. The constituents 
of hyperhaline waters are in the same proportion as those of sea water, although the total 
concentration of salts in the former is higher. The inland salt lakes which are found in other 
countries are, on the otfuer hand, different owing to their higher carbonate content and different 
Ga: Mg ratios.

Physiological adaptation of species
Brackish-water organisms are primarily affected by the salinities prevailing in their 

environment and their concomitant osmotic and ionic properties. A logical result is that a 
given species occupies a range of salinity that it is physiologically adapted to tolerate. This 
is not merely the maintenance of body fluids at a certain osmotic pressure or composition. 
L. C. Beadle and others have shown that for proper functioning of nervous and muscular 
tissues a certain difference in the internal and external concentration of certain ions has to be 
maintained in those cells. The adaptation of brackish-water species to different salinities, there
fore, involves the maintenance of normal functioning tissues in a fluctuating and/or unfavourable 
environment.

The fauna
The fauna of brackish waters could be considered under three categories.

(i) Allochthonous fauna from fresh waters sources.
(ii) Autochthonous fauna, which constitute species which are principally or only found

in brackish waters.
(iii) Allochthonous fauna from the sea.

The following analysis was made from the provisional brackish water faunal list in 
Table I I  furnished at the end of this paper: —

Total N o. N o . edible
Allochthonous fresh water species

Fishes 7 5

Autochthonous fauna  

Fishes 38 30
P raw ns 1 1
Molluscs 5 2
Crabs 1 1

Alloch tl onous fauna from, the sea

Fishes 80 65
P raw ns . . 6 • . . 6 .
Molluscs 3 . . 2

142 112



Out of about 112 edible species found m our braokisb waters, 65 per cent, of them are 
migrants from the sea, 30 per cent, are autochthonous and only 5 per cent, are from fresh 
water sources. On the whole, 70 per cent, are allochthonous i.e.” the bulk of the populations, 
especially of the larger forms, is maintained by continuous migration from the neighbouring sea 
and fresh waters.

Nutrients in water
The quick growth of the fauna in brackish waters and the recruitment of allochthonous 

species depends on the amount of food available. This is to a large extent, determined by the 
fertility of the water. Rivers bring in organic and nitrogenous matter while sea water brings 
in its rich supply of potassium and calcium. Brackish water being a mixture of both is a 
relatively fertile medium for the production of fish: food. The capacity of brackish water for 
yielding fish food, in turn, depends on the quantity of phytoplankton and filamentous algae 
that it can produce. The productivity of fish depends on the presence of fish and other aquatic 
animals which can convert the available plant food into fish protein.

Exploitation of the resources
Besides the several species of fish which are caught by methods ranging from the rod- 

and-line and ciash-net to drag-nets, stationery fish kraals and nylon drift nets, the crustacea, 
molluscs and holothurians form a considerable portion of Ceylon’s brackish water fishery 
resources. There are many species of commercially important prawns, the Negombo, Mullaitivu, 
Batticaloa, Jaffna, Balapitiya and Panadura lagoons being well-known for them. Methods of 
large scale prawn capture range from cast-nets to stationery bamboo kraals (seen in the Panadura, 
Balapitiya and Puttalam lagoons) and staked nets with wings and a cod end as seen in the 
Negombo lagoon. The latter are operated during low tide at nights. The green lagoon crab 
( S c y l l a  s e r r a t a )  is caught in baited traps, and the Puttalam, Negombo, Nilaveli and other lagoons 
are famous for it. The blue crab (P o r t u n u s  p e l a g i c u s ) also occurs in large quantities during 
certain seasons and are caught by various nets.

Beche-de-mer is harvested from the larger high-salinity lagoons and forms one of our 
export products. Among the molluscs, the Window Pane oyster (P l a o u n a  p l a c e n t a )  has been 
the source of much state revenue in past' decades. Although this bivalve is commercially 
important for its shells which are used as window panes in countries such as the Philippines, 
Ceylon’s interest has been from the point of view of the pearls which it produces. The following 
table shows the details of the last window pane oyster fishery which was held during 1953-55: —

Year A nnual value 
of lease 

Rs.

Tota l N o . o f 
oysters gathered

Lesee's f  
share

N o . opened N o . o f  tolas 
o f pearls

1953 . . 35,561 . 2,167,350 . . 1,442,100 . 1,041,000 175-4
1954 . . 35,561 . 4,862,250 . . 3,241,500 . 2,983,400 718-0
1955
1956
1957

. . 35,561 . . 5,139,000 . .  3,436,000 
Beds rested
Beds to ta lly  destroyed  by  1957 floods.

. 1,692,000 720-0

A survey conducted by the author in 1959 showed that a fairly extensive oyster bed 
which) remained after the 1955 fishery was totally destroyed by the major floods of 1957. A 
thick layer of brown silt covered the bed of oysters and no successful spatfall had taken place 
up to 1959.*

Rational exploitation and increase of production
Quite often brackish water fishermen complain about poor fish catches these days as 

compared with those of earlier times. One reason for this is that, with the general rise in 
population, there has been an increase in the number of fishermen in brackish) waters. Together 
with these there has also been an improvement of some of the fishing methods. Consequently 
there has been a drop in the catch per unit of effort. This has to be expected in lagoons' and

*A thorough survey conducted by the authour in May 1966 showed that no successful spatfall had yet taken place. Not even' one 
live oyster eould be collected by- the several experienced divers who helped in the survey.
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estuaries since, by virtue of their size and the nature of the fauna, they can sustain only a 
limited natural population. Many of them are at present being over-exploited while their connec
tions with the sea are seasonally or completely closed, or while artificial barriers such as traps 
prevent the recruitment of fauna from the sea.

With regard to over-exploitation, E. S. Russel’s (1931) algebraic expression shown below 
is worthy of consideration:

S2 =  S, +  (A +  G) -  (C +  M)

S2 =  w t. o f fishable stock a t  the  end of th e  year.
Sj =  w t. o f fishable stock a t  the  beginning of th e  year.
A  =  A ddition  of fishable individuals from  younger recru its growing up during  th e  year.
G =  Increase  in  weight by  grow th of' b o th  and  A afte r th e  la tte r  has en tered  th e  fishery.
C =  w eight fished during  th e  year.
M  =  w eight o f dead fish due to  n a tu ra l and  o ther causes.

In  totally unexploited or virgin grounds S2 = + (A +  G) = M. Since there is a limit
to the amount of . food that a limited body of water can produce S2 should be equal, to S, on 
virgin grounds. Hence (A -(- G) should be equal to M. When fishing is carried out up to a point, 
there is addition and growth of individuals to replace those caught. If.this is overdone, the result 
would be over-fishing and damage to the fishery. “ Rational fishing is fishing at the optimal 
intensity ” (A. C. Hardy, 1959). This would mean that a rational fishery tends to maintain 
S3 =  S,.

In  the context of our brackish water fisheries, a sure way of increasing the production of 
the brackish waters is to increase A. This could be achieved by (i) removing sand bars which are 
always or seasonally formed at the mouths of lagoons and estuaries; (ii) deepening and widening 
the connections between such brackish water bodies and the sea; (iii) prohibiting the erection of 
traps, kraals and nets which prevent or hinder the entry of marine recruits; (iv) providing 
sanctuaries for autochthonous breeding populations and (v) introduction of suitable species of 
fish into waters which are cut off from the sea always or during a greater part of the year. 
In the latter case milkfish (C h a n o s ) and Grey mullet (M u g i l ) fry and fingerlings which are abun
dantly available during their breeding seasons are suitable. Other non-carnivorous species which 
could be similarly stocked are E t r o p l u s  s u r a t e n s i s  and T i l a p ia  m o s s a m b i c a .  The latter may 
have to be avoided where other important fisheries exist, owing to its prolific breeding habits 
and potentialities for crowding out, by sheer force of numbers, other important brackish water 
species.

Increase of fish production can also be achieved by avoiding the capture of fingerlings 
and other undersized stages of fish. Regulation of the mesh sizes of nets and traps used in 
brackish waters would be necessary.

Culture operations
Brackish water fish production can also be considerably increased by culturing suitable 

species. In  terms of Russel’s expression, fish culture involves techniques of rearing suitable 
species in ponds in such a way that the weight harvested at the end of the growing period or 
year (S2) is equal to the weight of fish (SJ stocked at the beginning of the growing period, 
plus the weight of other individuals (A) entering the ponds accidentally through the sluice 
screens, plus the weight added on by growth (G) of both S, and A, minus the weight of fish 
caught during the growing period (C) either intentionally by the farmer or due to poaching by 
others, and minus the weight of fish dying (M) due to natural causes or unfavourable food 
and water conditions prevailing in the ponds.

Since fish farming in ponds generally involves increase of weight of stocked fish in 
limited areas it is imperative that (i) it should, be carried out in ponds constructed on fertile 
soils capable of yielding good fodder for the fish or in ponds whose fertility is improved by 
means of chemical and organic fertilisers. Suitable artificial food could also be introduced into 
the ponds but this would mean a higher cost of production; (ii) M should be reduced to a
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minimum by proper water management, maintaining good food conditions and by minimizing 
predation by carnivorous species of fishes and other animals; (iii) the value of C, by poaching 
or premature capture should also be minimized. It goes without saying that fish farming will 
not be a successful venture unless there is a good caretaker or honest watcher in charge of the 
farms; (iv) finally, the ponds should have optimum stocking values (Si) in relation to the size of the ponds and the food available during the growing period.
R esou rces fo r fish fa n n in g

Ceylon is fortunate in that milkfish breeds in the Gulf of Mannar. There are two fry 
seasons, April to June and October to December. However only four months are suitable for 
large scale fry collection— April, May, June and November. It has been found, after a four year 
survey in the Mannar area, that the average catch per man hour per hectare of tide-pools is 
500 and that a hectare could yield about 4,000 fry per day. The fry potential of the Mannar 
area has been estimated 400,000,000 per annum. Besides milkfish, grey mullet (Mugil) fry 
and fingerlings are available in even greater abundance and throughout a greater part of the 
year. Grey mullet could be farmed either pure or together with milkfish in ponds.

From the point of view of farming fish, suitable land for ponds would also come under 
the scope of resources. As stated earlier there are 100,000 acres of shallow lagoons, tidal flats, 
mangrove swamps and saline marshes in Ceylon. The Ceylon Fisheries Corporation plans to 
develop 25,000 acres of fish farms during a ten year period. Suitable shallows lagoon areas and 
mangrove swamps are available at Kalpitiya (9,000 acres), Mannar (2,000 acres), Elephant Pass 
and Jaffna (10,000 acres), Mullaitivu (5,000 acres), Batticaloa (1,000 acres) and other places. 
The fry requirements for 25,000 acres (at 8,000 fry per acre, taking into consideration mortalities) 
has been estimated at 200,000,000 per annum. A fry farm in Mannar is part of the Corporation’s 
plans. Prawn farming is also envisaged with an experimental and prawn fry survey period of 
three years.
Experiments on milkfish culture

The results of experiments carried out at the Experimental and Demonstration Fish Farm 
at Pitipana indicate that milkfish and grey mullet farming can be carried out successfully in 
Ceylon. Experimental harvests have yielded 1,720 lbs. per acre per harvest. However, 1,200 lbs. 
per acre per annum is taken as a, conservative target for the private fish farmer to strive at. 
According to Hickling (1962) a hectare of fish ponds in Taiwan will produce an average of 800 to 1,200 kg (i.e., approximately 800— 1,200 lbs. per acre) per annum. The production 
in Formosan ponds goes up to 2,000 kg per hectare (1,840 lbs. acre) per annum (Hora and 
Pillay, ,1962).

With regard to the 25,000 acres of fish farms envisaged by the Corporation a statement 
by Hickling (1962) deserves mention. “ It is true that the huge Indonesian pond systems were 
built mainly in days when labour was far less costly than today. But today we have mechanical 
earth m o v in g  equipment able to do the work of armies of hand labourers. To my mind this 
is one of the great potentials for fish production in the world today. So I have read with parti
cular pleasure that it is now proposed to construct 1,000 acres of brackish water ponds in 
British Guiana for the culture of prawns ”.
Other culturable resources

Among the other culturable species in Ceylon’s brackish waters are non-carnivorous fishes 
such as Etroplus suratensis and Siganus vermiculatus, molluscs such as the edible oyster (Ostrea 
species, the Bentota oyster) and the green lipped bivalve (Mytilus spp.j, prawns such as 
Penaeus monodon (Karuvandu issa) and Penaeus indicus (kiri issa) and others. Much experi
mentation and research into the biology and life history of these and other species have to be 
carried out in order to exploit them for farming.

Finally, it could be stated that if the natural production of Ceylon’s brackish waters 
can be stepped up to 80 lbs. per acre per annum (the figure quoted for other countries by 
Schuster, 1951) by the methods outlined above the total production from natural brackish waters 
would be 10 000 tons per annum. This, together with a potential of 15,000 tons from the 25,000 
acres of fish ponds envisaged by the Corporation, would result in stepping up the annual 
production from the present 8,350 tons to 25,000 tons.
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