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PREFACE

It tt appanent that the even tncneattng human poputatton,techno—

togtcat devetopment and anthnopogentc acttvttiet ane cauttng tentout

ttnett on the tnthone mantne enutnonment wtth a netutttng decneate on

ttt efifiecttue ute. Shattow umtent 05 bayt and ettuantet ate aneat

finequenttg uted fion cutttvatton 05 teuenat tmpontant fitthet and thett

fitthet and ate phone to both tnduttntat and domettte pottutton. Such

pottutton, both man made and natunat fiottent eondtttont that may dtmtntth

the hanvett ofi thete mantne netouncet.

Ettuantet fionm the nunteny gnound fion teuenat fittheé and theft

fitthet.Fhnthen, ettuantet ate the math tounce 05 waten fion coattat aqua

cuttune. That the quattty 05 ettuantne waten can have pnofiound tnfituence

on the gnowth and tunutuat o5 the tpectet cuttuned tn thete tmpoandmentt.

Moneoven, the tnfionmatton on the batettne teuett 06 uantout pottutantt

commonty pnetent tn waten mutt be taken tnto conttdenatton whtte

tuggetttng tuttabte gutdettnet fiat management pnactteet to matntatn

the quattty 05 waten.

Pnawn cuttune tn btachtth waten eanthen pondt tt becomtng

tncneattngty popatan tn necent yeant. Pnawn cuttuntttt have eonttttantty

met wtth teuenat tentoat pnobtemt whtte deuetoptng nettabte techntquet

fion pond management wtth a utew to tncneate pnoduetton.

Hydnogen tutphtde whtch tt commonty pnetent tn the waten and tott

ofi ettuantet have necetved ttttte attentton finom among pottutton netean

cheat. It tt known that hydnogen tutphtde can caute oxygen deptetton



and thuzs Itezsuflit in mazszs momtaiity 05 ecohomicaiiy imporztan/t plzawnzs and

fiizshezs. M0/Leave/1, ihfionmwtéon auaiiabfle on the came and efifiecu 05

hyd/zogen Auliphide on e/stucvzine ecology Me awthen icaxuse. Thu wa2.\

the main guiding p/zihcipie 60/L the initiation 06 the P/‘L9,/.S€Vbt A/fudy which

ceruvzed Mound deuneatéon 05 the efifiect 015 hgdzzogeh xsuiphide on penaeid

pfzawrus .
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1
ACUTE TOXICITY

INTRODUCTION

Hydrogen sulphide (H25) is exceedingly important in the aquatic environ

ment. Its presence and reactions rank with photosynthesis, algal respiration

and the iron cycle. Although hydrogen sulphide is an ubiqutous component

of the soil its importance in polluted and natural waters has been under

estimated in the evaluation of suitable water quality for aquatic organism.

The rapid oxidation of hydrogen sulphide by the dissolved oxygen present

in the water and the depletion of dissolved oxygen due to its high chemical

oxygen demand, the highly toxic nature of un—ionised hydrogen sulphide are

matters of great significance.

Eventhough the presence of hydrogen sulphide and other sulphides in

aquatic environment causes mortality to aquatic organisms, many peopie

assumed that hydrogen sulphide had no direct toxic effect, but that it causes

oxygen depletion and the resulting anoxic condition was the real cause of

mortality. It is true that the presence of hydrogen sulphide causes oxygen

depletion because of its high oxygen demand. But the direct toxic effect

of hydrogen sulphide on aquatic organisms cannot be ignored.

Un-ionised hydrogen sulphide is more toxic to aquatic organisms. The

percentage of un—ionised hydrogen sulphide varies with pH, at pH 5,99% is

in un—ionised form and at pH 9 only 1% is in un—ionised form (Smith dc Oseid.

I974; Boyd, 1939).
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Toxicity is a biological response, which when quantified in terms of

concentration of the toxicant can constitute the basis of bioassay procedure.

Bioassay (toxicity) tests are defined as the estimation of the amount of

biologically active substances by the level of their effect on test organisms

(Chapman and Long, I983).

The effect of H25 has been determined on certain fish and aquatic
organisms (Longwell and Pentelow, I935; Schaut, I939; Cole, 1941; Jones,

19148). Shelford (1917) noted that H25 was more toxic when accompanied

by low oxygen.

Issatchenko (l92ll) has reported the seasonal production of H25 in the

sea of Azov in sufficient intensity to destroy large numaers of fish and other

aquatic animals.

Van Horn e_'C a_1(l9l+9) determined that the minimum lethal dose of

H25 for lake emerald shiners for I20h was lppm.

Haydu 3 _al_ (1952) found that the amount of H25 tolerated without

harm by Chinook Salmon (9-l2cm), Coho Salmon (7.5—llcm) and cutthroat

trout (9.5-l2cm) to be 0.3, 0.7 and 0.5ppm respectively. However, Smith

(1952) found cyprinodont fishes live in water containing 12mg H25/l. Blazka

(I958) could keep carps healthy in sulphide rich waters while the presence

of sulphide in the muscle tissue was demonstrable.

Mckee and Wolf (1963) studied the effect of H25 on channel cat fish.

Ictalurus punctatus. They also reported that H25 dissociates primarily accor

ding to pH and temperature, other factors playing a minor role. Sinise (I965)



mentioned that H25 gas, produced by aerobic bacteria, is harmful to catfish,

but gives no tolerance limits. Bonn and Follis (1967) reported that the poor

production of channel catfish in many acid lakes in North—East Texas is due

to natural production of sulphides. They determined the TLm of un-ionised

H25 for channel catfish at different pH. They also estimated the TLm values

for different sizes of channel catfish. They found that the TLm value in

creases with size.

Colby and Smith (1967) studied the TLm values of dissolved sulphide

for walleye eggs for 48h and llmh. The TLm for walleye sac fry for 24h
and 96h was also determined.

Adelman and Smith (1970) conducted a series of bioassays to study

the effect of H2
lucins.L.) eggs and sac fry.

Smith and Oseid (1970) studied the toxic effects of H25 to eggs of

Walleye (Stizostedion vitreum), rainbow trout (Saimo gairdnerii) and white

sucker (Castostomus commersoni). They also determined the TLm for periods

from 72h to I9 days at different levels of H25 and dissolved oxygen.

Adelman and Smith (1972) conducted bioassays to test the effect of

temperature and oxygen on H25 toxicity to gold fish (Carassius auratus.£.)

and to investigate some factors that influence the bioassay results. Smith

and Oseid (1972) reported 96h TL 0 values for eggs and sac fry of various5

fish species. Oseid and Smith (1972) found that the swimming endurance

of blue gill sunfish was reduced after chronic exposure to low levels (0.4 g/l)

of H25.

5 at two concentrations of oxygen on northern pike (Esox



Barid -_e_t_ _al_ (I973) reported that Breqmacerons nectabanus can tolerate

H25 for a short period.

Smith and Oseid (1974) studied the effect of H S on development and2

survival of 8 species of freshwater fishes.

Boyd (1982) suggested a safe level of H25 for fresh water fish.

Smith and Oseid (1975) demonstrated the toxic effect of the very low

concentrations of H S frequently found over natural organic bottom. They2

studied the chronic effect on four species of fish, brook ttout, blue gill,

fat head minnow and gold fish and an amphipod, Gammarus pseudolinnaeus.

Smith 33 _a_l_ (1976) determined 96h and threshold LC concentrations50

of H25. They also studied the effect of sub-lethal concentration on various

life history stages of the blue gill.

Smith 521 §_l_ (I979) published a review of the literature concerning

toxic effects of sulphide, particularly to mammals and fishes.

Patel and Spencer (1963) reported that Arenicola marina was remarkably

tolerant to sulphide and survived upto 24th in sea water bubbled with H25

and protected from air. Colby and Smith (1967) reported increased sensitivity

of Gammarus pseudolimnaeus to dissolved sulphides with decreased oxygen

concentration. Theede _(ga_l (1969) investigated the resistance of some gastro

pods, polychactes, crustaceans and echinoderms to oxygen deficiency and

presence of H 25.

Oseid and Smith (1971:) studied the factors influencing acute toxicity



estimates of H25 to fresh water invertebrates like isopod Asselus militaris,

two amphipods. Crangomyx richmondensis and Gammarus pseudolimnaeus and

three Ephemeroptera, Bactis vagans, Eiherrera simulans and Hexagenia limibata.

Shick (1976) reported that the LT values for the star fish Ctenodiscus50

crispatus when exposed to hypoxia reduced in the presence of H25.

Groenendaal (1980) determined the tolerance of different height classes

of Arenicola marina to sulphide solutions.

Shummay gt a (I983) studied the tolerance of mactrid clam Mulinia

lateralis to anoxia in the presence and absence of H25.

Chen (I985) recommended a safe level of H25 for Penaeus monodon
culture.

Law (1988) reported that hydrogen sulphide is highly toxic to organisms

such as prawns which disturb the sediment. He recommended a safe level

of H25 for  monodon culture.

Since very little work is carried out on the direct toxic effect of H25

on the cultivable species of penaeid prawns, the present study was undertaken

to get information on the toxicity of hydrogen sulphide to different size

groups of the Indian white prawn Penaeus indicus H. Milne Edwards, a candi

date species for culture and Metapenaeus dobsoni(Meirs), prime species in

the coastal brackishwater extensive farming ponds in Kerala



MATERIAL AND METHODS

Test Organisms

Penaeus indicus and Metapenaeus dobsoni of different size ranges were

used for the assays.  indicus of size ranges 20-25mm, 35-40mm and 85

90mm were used for the 96 h LC5O experiments in sea water of pH 8.1-8.3.

M. dobsoni of size ranges 20-25mm and 35-40mm were also used for the

same experiments. M. dobsoni longer than 35-l+0mm were not used for the

study. To study the effect of pH on Hydrogen sulphide toxicity  indicus

and  dobsoni of size group 20-25mm and 35-40mm were used.

Test animals were collected from the estuary and different size groups

of both the species were seggregated and maintained in separate acclimatisation

tanks for more than 7 days. The animals were well fed in the acclimatisation

tank and maximum care was exercised to avoid injury to the animals. Only

healthy animals were selected. All prawns used for the experiments were in

the intermoult stage

Test Apflratus (Flow—through system)

The experiments were conducted. in a flow—through apparatus (Fig. 1:1).

The flow-through apparatus used was similar to the one described by Adelman

and Smith (1970) with some modifications. It has three main units, made

of plexiglass: the test chamber, reservoir for H25 stock solution and sea
water reservoir.

The test chamber measures 30xl5xl2 cms (5 litre capacity) with an

inlet at one end and an outlet at the other. Three baffles (2 incomplete



and I complete) were provided at the inlet end for proper mixing of the

water. The third baffle (Complete one) has perforations at the top to allow

free flow of water and to prevent the entry of animals into the baffle

chamber. The animal chamber is provided with a wide circular opening at

the top for introducing and removing the animals. The opening is closed

with an air-tight lid.

The reservoir for H25 stock solution is a cylindrical vessel of about
2 litre capacity hung from a stand. The upper end is open and the convex

bottom has an outlet.

The sea water reservoir is an open rectangular tank with a capacity

of 25 litres and is placed at a height of about 50cms above the test chamber.

The outlets from the seawater and H25 reservoir are connected to a 'Y'
tube by plastic tubings which have plastic regulators in the middle. The

tail of the 'Y' tube is connected to the test chamber by a plastic tube.

Sea water and the H25 stock solution from the respective reservoirs, after
mixing in the 'Y' tube enter the test chamber where the baffles ensure

thorough mixing of the sea water with the H25 solution. The regulator on

the H S line could be adjusted to allow the water to flow through the animal2

chamber continuously at a rate of I20 ml/minute.

Test Solution

The H25 stock solution was prepared by dissolving a known quantity

of analar grade Na S, 9H 0 in I litre of oxygen free distilled water and2 2
was siphoned into the reservoir where some liquid paraffin was kept. The

paraffin formed a layer on top of the H25 solution, preventing diffusion oi



air which would oxidise the stock solution. The concentration of H25 in
the water flowing out of the test chamber was monitered every hour and

the desired H 5 level was maintained by adjusting the flow of the stock2

solution through the regulator. By this procedure the H25 concentration
did not deviate from the desired level by more than 5%.

Test Water

Sea water filtered through a 50 micron mesh filter cloth was

stored in a plastic pool and pumped to the sea water reservoir as and when

necessary. During the course of the experiments, the sea water in the reser

voir had a salinity of 32-33ppt, pH of 8.1-8.3 and temperature 28.0—28.5°C.

The water in the reservoir was aerated 'vigourousIy to maintain dissolved

oxygen level of not less than 4 ml/l. H25 concentration and pH of the sea
water flowing out of the animal chamber was determined hourly and the

dissolved oxygen was estimated thrice a day. The out flowing water had

reduced oxygen content ranging from 1.5 to 2 ml/l, the pH ranged from 8.!

to 8.3.

Lethal Toxicity Bioassays

96 h LC50 experiments: To find out the 96 h median lethal concentration

(LC5O) different size groups of Penaeuss indicus and Metapenaeus dobsoni

were expose?/to various concentrations of hydrogen sulphide. Three size
ranges of E. indicus 20-25mm, 35-40mm and 85-90mm were used to have

a better understanding on the size related effect of hydrogen sulphide, whereas

for  dobsoni only two size groups (20—25mm and 35-40mm) were used.



Experiments with each H25 concentration was repeated twice for every

size group. Every experimental run was accompanied by a control run in

which the same number of prawns of the same size were kept through which

H S - free sea water from the same reservoir was made to flow through2

at the same flow rate of I20 ml/mt by adjusting the regulators connected

to the inlet and outlet tubes leading to and from the test apparatus. Both

the experimental and control animals were not fed during the 96 h period

of the experiment.

The behaviour of the prawns in the animal chamber was closely observed

throughout the experimental period (96 h). Animals that lay on the side

and showed no movement of the appendages were considered dead. Dead

animals were removed from the chamber and examined for any discolouration

or damage to gills etc.

From the mortality percentage observed in each H25 level at the 12h,

24h, 36h, 48h, 60h, 72h, 84h 6: 96h the LC 0 value was calculated by weighted5

probit analysis.

Effect of pH on H25 Toxicity

As DH of the medium is known to affect toxicity of HZS to animals,

using the same equipment and procedures described above, the 96h LC50

values for 20-25mm, dz 35 to 440mm prawns of  indicus and  dobsoni were

determined at three different pH levels, viz. 6.0 - 6.3, 7.0 - 7.3 and 8.1 — 8.3

at temperature 28°-28.5°C. For lower pH ranges aged sea water was used.

For each run, controls were also kept in identical pH ranges. No mortality
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was observed in the control chamber for the 96 h duration of the experiments.

The concentrations of H25 for different pH ranges experiments is given in

(Table l:l) the LC” values for 96h at I2h intervals were calculated for
each pH range.

Chemical Analyses

pH of the water was measured using CENTURY 'CP 901' digital pH

meter.

Salinity was estimated by using Mohr titration (Strickland and Parsons,

1968).

Dissolved oxygen was estimated by- Winkler method (Strickland and

Parsons, 1968).

Hydrogen sulphide in the water was estimated colorimetrically (FAO,

I975) using a ECIL Jr. spectrophotometer. At higher concentrations of sul

phides the s ples were diluted with oxygen free distilled water before mea

suring opticzlmdensity. The Hydrogen sulphide concentrations are expressed

in parts per billion (ppb). Three species of hydrogen sulphide exist in sea

water, depending on the pH (Goldhaber and Kaplan, I975) but for the purposes

of these experiments no distinction was made between the species.

Computation and Presentation of Data

The median lethal concentration (LC5O) levels and their 95% confidence

limits were computed using the Computer Software developed by the Institute
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of Inland Water Management and Waste Water Treatment, Netherlands, based

on probit analysis (Finney, 1971). Experiments with each hydrogen sulphide

concentration was repeated twice for every size group, the mean percentage

mortality was calculated and used for computation of the LC” value. The

LC50 levels, ET50 values and toxicity curves were represented graphically

to demonstrate the lethal effects of the test compound (Sprague, 1973).

All the computations involved in the work were carried out by a per

sonal computer (HCL Model Busybee PC/XT).

RESULTS

96 h LC50 Experiments

Results obtained from experiments conducted on three different size

grgups/(85-90mm, 35-40mm and 20-25mm) of Peneaus indicus and two size

groups (35-40mm and 20-25mm) of Metapenaeus dobsoni exposed to various

concentrations of hydrogen sulphide in normal sea water having pH of 8.1-8.3

are presented here. The percentage mortality of different size groups of

B. indicus and  dobsoni exposed to different concentrations are given

Table 1:] to 1:5. In general it was observed that smaller size groups are

more resistent to hydrogen sulphide than larger size groups in both the species

(Table 1:11 and Fig. 1:2).

3. indicus (85-90mm) in sea water

The LC50 value for 96 h, 72 h and 48 h with 95% confidence limit
was calculated and presented in Table 1:6. The values were 144.73 ppb,
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176.03 ppb and 229.78 ppb for 96 h, 72 h and 48 h -respectively. The effective

time for 50% mortality of the test animals in various concentration is given

in Fig. 1:3. At 140 ppb the effective time for 50% mortality was around

72 h whereas at 240 ppb it was 41 h. The ET5O values show that with the

increase in period of exposure the lethal concentration of H25 decreases.

Further it was proved that concentration less than 120 ppb of H25 is not

lethal for this size group of  indicus. Results presented in Fig. |:3c and
d.

3. indicus 35-40mm in sea water

Calculated LC values for 48h, 72h and 96h with 95% confidence limit50

is given in Table - 1:7. The values were 417.95 ppb, 322.14 and 281.81 ppb

respectively. The ET50 of the test animals under various concentrations

of H25 is presented in Fig. l:l+. At 360 ppb, 400 ppb and 440 ppb the ET50

was 60 h, 48 h and 36 h respectively. The nature of Hydrogen sulphide toxi

city is evident from Fig. l:l+c and cl. With increase in exposure time the

LC50 showed a decreasing trend. The ET5O also showed a decreasing trend

with increase in concentration of H25.

P. indicus 20-25mm in sea water

The LC for 48h, 72h and 96h with 95% confidence limit is given50

in Table 1:8. The LC5O for the above mentioned time were 522.02 ppb,
£409.96 ppb and 342.14] ppb respectively. The effective time taken for 50%

mortality of the test animals in H25 concentrations of 400 ppb, 440 ppb

and 480 ppb were 84 h, 60 h and 46 h respectively. The ET5O value also

declined with increase in H25 concentration. None of the animal died at
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concentrations <32O ppb (Fig. 1:5). The progress of mortality of test animals

is clear from Fig. 1:5c and d.

E. dobsoni 35-40mm in sea water

LC values with 95% confidence limit for 96h, 72h and 48h is given50

in Table 1:9 and the values were 340.59 ppb, 377.20 ppb and 482.75 ppb res

pectively. The effective time taken for 50% mortality of the test organism

in different concentration of H25 is given in Fig. 1:6. The ET50 values at
400 ppb, 440 ppb and 480 ppb were 72h, 48h and 36h respectively. The nature

of H25 toxicity to the test animals is evident from Fig. 1:6c and d. With

increase in exposure time the LC50 values declined. The ET5O values in

creased with decrease in exposure time of the test organism to various con

centration of H 5. Below 320 ppb H2 S was not lethal for  dobsoni of2

size 35-40mm.

M. dobsoni 20-25mm in sea water

The calculated LC values for 48h, 72h and 96h with 95% confidence50

limit for M. dobsoni of size 20-25mm were 567.24 ppb, 468.42 ppb and 378.53

ppb respectively. Details given in Table 1:10. The ET5O value for the test

animals at 460 ppb, 500 ppb and 540 ppb were 84 h, 54 h and 39 h res

pectively. This is presented in Fig. 1:7. The LC50 value was found to

increase with decrease in exposure period. The ET5O also showed a similar

trend. Less than 370 ppb H S was not be lethal for this size group of2

dobsoni.
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Effect of pH on H25 toxicity

The percentage mortality of the two different size groups (20-25mm

and 35-40mm) of  indicus and  dobsoni exposed to various concentrations

of H25 at three pH ranges (6.0 6.3, 7.0 - 7.3 and 8.1 - 8.3) are given in
Table 1:1 to l:5 and I:l2 to 1:19. The calculated 96 h LC values for

50

E. indicus and M. dobsoni are given in Table 1:6 to l:10 and 1:22 to 1:27.

It is evident that the LC values decline with decrease in pH, indicating50

that H25 becomes more toxic to both g. indicus and M. dobsoni at lower
pH levels (Fig. l:8 and Table 1:23). In different pH also the sensitivity of

E. indicus to H25 is more compared to M. dobsoni. In other words M. dobsoni

could withstand a higher level of H25 concentration in the medium than F.

indicus. The smaller size groups of  indicus and l\._'1. dobsoni were more

resistant to H25 than larger size groups.

B. indicus 35-40mm at pH 6.0 - 6.3

The calculated LC5O values with 95% confidence limit is given in Table

l:I6 and 48h, 72h and 96h LC values were I20 ppb, 85.31 ppb and 63.14450

ppb respectively. The ET50 under various H25 concentrations is given in

Fig. 1:9. It is evident that when the ET 0 decreases there is a sharp increase5

in the concentrations. The nature of toxicity is evident from the Fig. l:9c

and d. Below 60 ppb H25 was not lethal at the pH 6.0 6.3.

E. indicus 20-25mm pH 6.0 — 6.3

LC for 48h, 72h and 96h with 95% confidence limit is calculated50

and given in Table l:l7. 96 h LC50 was ll7.69 whereas the 72 h and l+8h
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LC were 1116.71 ppb and 167.14 ppb respectively. The ET50 of the test50

animals under various concentrations of H25 is given in Fig. 1:10. At 140

ppb the period of ET50 was between 66 h to 72 h and at 180 ppb it was
36 h. Fig. 1:10c and d depicts the nature of toxicity.

M. dobsoni 35-110mm pH 6.0 - 6.3

Calculated LC5 values for l48h, 72h and 96h is given in Table 1:18.0

The LC decreases with increase of time. At 1+8 h the LC5O was 121.5750

ppb and at 72h it was 97.52 ppb, at 96h it was 47.32 ppb. The ET5O of

the test animals under various concentrations of H25 is given in Fig. 1:11.

The nature of toxicity is also evident from Fig. 1:11c and d.

M. dobsoni 20-25mm pH 6.0 — 6.3

Calculated LC values for 48h, 72h and 96h is given in Table 1:19.50

The LC were 175.85 ppb, 147.48 ppb and 125.07 ppb respectively. The50

values were‘ higher when compared to the previous value of M. dobsoni 35 

40mm exposed to different H25 concentrations. This shows that smaller

size groups are more resistance to H25 than larger size. The ET50 of the

test animals under various concentrations of H25 is given in Fig. 1:12. With

decrease in period of ET5O the toxicity of H25 concentration shows an in

creasing trend. The nature of toxicity is evident from the Fig. 1:12c and
d.

E. indicus 35-40mm pH 7.0 - 7.3

LC for 48h, 72h and 96h is given in Table 1:12. As in previous50

cases the sensitivity of the test animal decreases with increase in the exposure
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time. At 48h the LC were 1l10.91 ppb and 119.06 ppb respectively. The50

effective time to H1] 50% of the test animals under different concentrations

of H25 is given in Fig. 1:13. With the increase in concentration of H25

the ET5O showed decreasing trend. The nature of toxicity is evident from

Fig. 1:13c and d.

E. indicus 20-25mm pH 7.0 — 7.3

l+8h, 72h and 96h LC were calculated and given in Table 1:13. The50

values were 360.55 ppb, 281.69 ppb and 189.12 ppb respectively. The values

were higher when compared with that of the size group 35-40mm of 3. indic-__=..

It is clear that the larger animals are more sensitive to H25 toxicity than
smaller ones. The effective time to kill 50% of the test animals under

different concentrations of H25 is given in Fig. 1:114. At 180 ppb the ET 3u:

was 96h and at 360 ppb it was around 40h. The nature of toxicity is evident

from Fig. 1:1l1C and d.

M. dobsoni 35~40mm pH 7.0 - 7.3

LC for 48h, 72h and 96h are given in Table 1:14. The LC5O decrease-550

with increase in exposure time. The values were 199.145 ppb, 169.73 13;:

and 147.76 ppb at 48h, 72h and 96h respectively. The ET of the test ani50

mals under different concentrations of H S is given in Fig. 1:15. Fig. 1:15:2

and d shows the nature of toxicity to the test organism in the above men

tioned conditions.

M. dobsoni 20-25mm pH 7.0 - 7.3

The 48h, 72h and 96h LC were 14145.02 ppb, 306.117 ppb and 219.8"50
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ppb respectively (Table 1:15). The ET50 of the test animals under different

concentrations of H25 is given in Fig. 1:16. The effective time to kill 50%

of the test animals at 300 ppb and 340 ppb was 78h and 60h respectively.

The nature of toxicity of H25 is evident from the Fig. 1:16c and d. In this

series of experiments also 20-25mm size  dobsoni showed more resistance

than 35-40mm of the same species.

B. indicus 35-40mm pH 8.1 — 8.3

Table 1:7 gives the LC for 48h, 72h and 96h with 95% confidence50

limit. The LC were 417.95 ppb, 322.14 ppb and 281.81 ppb respectively.50

The ET5o of the test animals under different concentrations of H25 is given

in Fig. 1:4. The effective time to kill 50% of the test animals at 360 ppb

and 400 ppb was 60h and 48h respectively. The nature of the toxicity of

H25 is evident from the Fig. 1:4c and d. H25 concentration below 280 ppb
was not lethal.

B. indicus 20-25mm pH 8.1 — 8.3

LC for 48h, 72h and 96h is given in Table 1:8 with 95% confidence50

limit. The LC were 522.02 ppb, 409.96 ppb and 342.41 ppb respectively.50

The ET5O of the test animals is also given in Fig. 1:5. With the increase

in exposure time the I.C5O value was found to decrease. Toxicity nature

is presented in Fig. 1:5 c and d.

In this experiment with 20-25mm and 35-40mm and 85-90mm  indicus

at pH 8.1 8.3 the smaller size group are found more resistant to H25 toxi

city than higher size (Fig. 1:2). The results also showed that with the increase

in pH the LC also increased. At pH 6.0 6.3 the LC50 was lowest and50



Probil Mortal‘-iy

Peruod 0| 1-C50 (M

96

72

48

3:

E
3
2

E
2

Q.

|[,o 150 230259 340 I2 24 36 486072 95
Concentration (ppb) T-me (h)

“"1 ©© 3
O
uh

:3 12

3
D
F.‘ 60
27
Q

48
V

140 130 220260 J40 I40 I80 220260 340
Com:en1roiion(ppD) concentration (pub)

Fig. I:|6 Lethal effect of H25 on M. dobsoni
(Size 20-25mm, pH 7.0-7.3)

a. Progress of mortality against time
b. Progress of mortality against concentration
cdcd. Toxicity curves



18

it increased gradually with increase in pH (Fig-. l':8).

M. dobsoni 35-40mm pH 8.! — 8.3

The calculated LC for 48h, 72h and 96h are given in Table — 1:9.50

The LC were 482.75 ppb, 377.20 ppb and 340.59 ppb respectively.50

The ET5O of the test animals is also given in Fig. 1:6. The effective
time to kill 50% of the test animal was 72h at (+00 ppb and 36h for 480

ppb. Fig. l:6c and d shows the toxicity nature to the test organisms under

the above mentioned experimental condition.

M. dobsoni 20-25mm pH 8.1 — 8.3

Calculated LC for 48h, 72h and 96h are given in Table 1:10. With50

95% confidence limit. The LC5O were 567.21; ppb, 468.42 ppb and 378.53

ppb for 48h, 72h and 96h respectively. The effective time to kill 50% of

the test organism under different concentrations of H25 is given in Fig.

1:7. The ET50 increases with decrease in concentration of H25. The LC50
showed an increasing trend with decrease in exposure time. The nature of

toxicity is clearly shown in Fig. I:7c and d.

The results of the experiment with two different size group (20-25mm

and 35-40mm) of M. dobsoni showed that smaller size groups are more resi

stant to H25 toxicity. However, dobsoni is highly resistant to H25 toxicity

than  indicus.

At lower pH the toxic effect of H25 on prawns is high whereas at
higher pH value it is less. This is obviously due to the fact that at lower



l9

pH‘ values a greater proportion of H25 is present in the un-ionised form which

is more toxic to animals than the ionised form (H5_). No mortality was

observed in the controls in lower pH ranges during 96h experiment period.

General Observations

During the course of this experiment some general observations were

made on the appearance and behaviour of prawns subjected to different con

centrations of H25. In almost all concentrations both  indicus and M.
dobsoni were active for first 20-30h and then the activity of some prawns

became less. They became sluggish and showed restricted movement. Later

some prawns performed occasional shooting movements similar to those of

a sea horse. Some swam on the back with the appendages directed upwards.

The moment they touched the bottom of the tank they showed circular move

ment in the lying down position. All the individuals exposed to H25 concen

trations above 300 ppb showed blackening of gills. The entire gill was black

and could be easily seen through the carapace. The intensity of the black

colour on the gills varied with the concentration of H25 and duration of

exposure. Blackening was apparent on animals exposed to H25 for more
than 48h.

Another observation was that prawns subjected to various H25 concen

tration showed intensification of colour. The body chromatophores were found

fully dispersed and entire body was dark in colour. This was more obvious

in  indicus of size 35-l+0mm. For  dobsoni also the body colour of animal

exposed to H25 was dark when compared to that of the control. The same
phenomenon was noted for smaller size group of both the species.



TABLE — lzl

Cumulative percentage mortality of 85-90mm E. indicus exposed to different
concentrations of Hydrogen sulphide at pH 8.| 8.3 (Sea Water)

Time (h) 12 24 36 48 60 72 84 96
Concentration

(ppb)

Control 0 O 0 0 0 O 0 O80 O O O 0 10 I0 10 20100 O 0 I0 10 10 20 30 30I20 0 0 IO 20 30 30 40 40I40 0 0 I0 20 30 40 50 60200 0 IO 20 1+0 50 60 60 70220 O 20 30 40 70 80 80 80240 0 20 #0 60 80 80 90 90

TABLE - 1:2

Cumulative percentage mortality of 35-40mm  indicus exposed to different
Concentrations of Hydrogen sulphide at pH 8.1 8.3 (sea water).

Time (h) I2 24 36 48 60 72 84 96
Concentration

lppb)

Control 0 0 O 0 0 O 0 O200 0 0 l0 I0 20 20240 0 0 10 20 20 30230 0 0 I0 20 30 30 40 50320 0 I0 20 20 30 50 60 60360 I0 29 30 40 50 70 70 70400 10 20 #0 50 60 70 70 80440 I0 20 50 50 70 80 90 I00



TABLE — 1:3

Cumulative percentage mortality of 20-25mm  indicus exposed to different
concentrations of Hydrogen sulphide at pH 8.] 8.3 (sea water).

Time (h) 12 24 36 #8 60 72 81+ 96
Concentration

(ppb)

Control 0 O O 0 0 0 O 0240 O 0 O 10 10 I O 10 20280 0 O O 10 I 0 I0 20 30
320 10 I O I 0 I 0 I0 20 20 1+0360 I 0 I0 I 0 10 30 40 40 50#00 IO 20 20 30 40 40 50 60MO 10 20 20 30 50 60 70 80480 20 20 30 #0 60 80 80 90

TABLE - l:’+

Cumulative percentage mortality of 35-40mm  dobsoni exposed to different
concentrations of Hydrogen sulphide at pH 8.] 8.3 (sea water).

Time (h) 12 21+ 36 #8 60 72 84 96
Concentration

(mob)

Control 0 0 0 0 0 O 02140 0 0 0 10 20 20 20280 O 0 0 IO 20 20 30320 O 0 IO 10 I O 20 30 40360 0 10 I0 20 40 #0 50 50400 10 I0 20 20 30 50 60 60
440 I0 30 1+0 1+0 60 70 80 80
480 I O 30 50 60__ 70 80 90 90



TABLE — 1:5

Cumulative percentage mortality of 20-25mm M. dobsoni exposed to different
concentrations of Hydrogen sulphide at pH 8.1 8.3 (sea water).

Time (h) 12 24 36 48 60 72 84 96
Concentration

(ppb)

Control 0 0 0 0 0 0 0 0300 0 O 0 10 I0 10 10 20340 0 0 O 10 10 10 20 30380 0 0 10 10 10 20 30 50420 10 I0 10 10 20 30 50 60460 I0 10 10 20 30 40 60 80500 I0 10 20 30 50 70 80 90540 20 20 20 30 60 80 90 100

TABLE - l:6

LC50 and 95% confidence limit in ppb of 85-90mm E. indicus exposed to
different concentrations of H25 as a function of time, at pH 8.1 - 8.3.

Time (h) LC5O(ppb) 95% confidence
12.0 240.0024.0 316.68 248.36 - 403.81
36.0 260.27 224.30 — 302.0248.0 229.78 204.52 258.1760.0 189.86 171.49 - 210.2072.0 176.03 158.64 195.3384.0 146.84 130.66 - 165.03
96.0 144.73 128.52 — 163.00



TABLE — 1:7

LC5O and 95% confidence limit in ppb of 35 - 40mm  indicus exposed
to different concentrations of H25 as a function of time at pH 8.1 8.3.

Time (h) LC50(ppb) 95% confidence
12.0 689.20 473.0824.0 558.02 427.15 728.9836.0 445.48 373.02 532.0348.0 417.95 356.34 490.2160.0 361.67 320.84 407.6872.0 322.14 287.78 - 360.6184.0 301.51 267.85 339.4096.0 281.81 248.10 320.10

TABLE - 1:8

LC50 and 95% confidence limit in ppb of 20-25mm  indicus exposed to
different concentrations of H25 as a function of time at pH 8.1 8.3.

Time (h) LC50(ppb) 95% confidence
12.0 645.00 480.38 - 866.0424.0 597.37 462.47 771.6236.0 578.44 455.11 735.1948.0 522.02 433.45 628.6860.0 447.17 394.55 506.7972.0 409.96 366.11 - 459.06
84.0 389.66 349.02 — 435.0396.0 342.41 305.74 383.49



TABLE — 1:9

LC5O and 95% confidence limit in ppb of 35-40mm  dobsoni exposed to
different concentrations of H25 as a function of time at pH 8.1 8.3.

Time (h) 1.C50(ppb) 95% confidence
12.0 714.92 506.35 24.0 573.47 457.39 719.0036.0 503.76 424.65 597.6148.0 482.75 413.18 564.0260.0 418.68 373.23 469.67
72.0 377.20 340.42 — 417.9684.0 350.77 316.28 389.0196.0 340.59 306.35 378.67

TABLE — 1:10

LC5O and 95% confidence limit in ppb of 20-25mm  dobsoni exposed to
different concentrations of H25 as a function of time at pH 8.1 8.3.

Time (h) LC50(ppb) 95% confidence
12.0 663.28 542.61 810.77
24.0 663.28 542.61 — 810.7736.0 625.79 528.21 741.4048.0 567.24 497.43 646.8560.0 513.05 462.15 569.5672.0 468.42 428.97 511.5084.0 424.14 391.03 460.0596.0 378.53 346.87 - 413.09



TABLE - l:l I

96 h LC50
exposed to different concentrations of Hydrogen sulphide at pH 8.1 — 8.3

values (ppb) for different size groups of  indicus and M. dobscn;

(sea water) and the un-ionised Hydrogen sulphide for the respective LC‘.
concentrations.

_E. indicus un-ionised M. dobsoni un-ionisedSize Range LC H 5 LC H 5(mm) 50 2 50 2(ppb) (ppb) (ppb) (ppb)
85 — 90 ll+l+.73 32.56 —
35 1+0 231.81 70.45 340.54 85.13

378.53 914.6320 25 342.41 85.50



TABLE — l:l2

Cumulative percentage mortality of 35-40mm  indicus exposed to different
concentrations of Hydrogen sulphide at pH 7.0 7.3.

Time (h) 12 24 36 /+8 60 72 31+ 96
Concentration

(ppb)

Control 0 0 O O 0 0 O O60 0 O 0 O 10 I O 10 20100 0 0 I0 10 I O 20 30 30120 O 0 IO 20 30 30 #0 140I40 0 0 I0 30 30 40 50 60160 0 IO 20 40 50 60 60 70I80 0 20 30 40 70 80 80 80200 O 20 140 60 80 80 90 90

TABLE - l:l3

Cumulative percentage mortality of 20-25mm  indicus exposed to different
concentrations of Hydrogen sulphide at pH 7.0 — 7.3.

Time (h) 12 21+ 36 48 60 72 8# 96
Concentration

(ppb)

Control 0 O O O 0 O 0 0140 0 O I 0 I0 10 IO 20I60 0 0 I0 20 20 20 30I80 0 O 20 20 30 30 40 50240 O O 20 20 30 30 1+0 50280 O O 30 30 1+0 50 50 70320 O O 30 (+0 50 50 70 80360 0 0 40 60 80 80 90 100



TABLE — l:llI

Cumulative percentage mortality of 35-40mm M. dobsoni exposed to different
concentrations of Hydrogen sulphide at pH 7.0 — 7.3.

Time (h) 12 21+ 36 #8 60 72 84 96
Concentration

(ppb)

Control 0 0 O O O 0 080 O O 0 0 10 I0 10120 O O 0 IO 10 20 30MO 0 O O 20 20 30 30 40180 O O 20 30 30 40 50 50200 O 20 30 40 1+0 50 60 70220 O 30 30 50 50 70 70 80240 O 30 50 60 70 80 90 90

TABLE — l:l5

Cumulative percentage mortality of 35-40mm M. dobsoni exposed to different
concentrations of Hydrogen sulphide at pH 7.0 — 7.3.

Time (h) 12 21+ 36 48 60 72 81+ 96
Concentration

(ppb)

Control 0 0 O 0 O 0 O 0MO 0 O 0 I0 I O 20 20 20180 O 0 O I 0 IO 20 30 30220 O O 0 IO 20 30 30 1+0260 0 0 IO 20 30 30 1+0 50300 0 0 T0 20 30 #0 60 70340 O O 20 30 50 60 70 80380 O O 30 40 60 70 80 90



TABLE — l:l6

Cumulative percentage mortality of 35-40mm  indicus exposed to different
concentrations of Hydrogen sulphide at pH 6.0 - 6.3.

Time (h) I 2 21+ 36 1+8 60 72 81+ 96
Concentration

(ppb)

Control 0 O O 0 0 O 0O20 O O 0 0 IO 10 20 20
O

O

40 0 I0 10 I0 20 30 3060 IO 10 20 20 30 30 4080 0 IO 20 20 30 40 50 60I00 10 20 30 30 40 60 60 70I20 IO 30 30 50 60 70 30 80I40 10 30 50 50 60 80 90 90

TABLE — l:l7

Cumulative percentage mortality of 20-25mm  indicus exposed to different
concentrations of Hydrogen sulphide at pH 6.0 - 6.3.

Time (h) 12 24 36 48 60 72 84 96
Concentration

(ppb)

Control 0 O 0 0 O 060 0 I O I 0 I O 20 2080 O 0 I O I O 10 20 20I00 0 I0 20 20 20 20 30 30
I20 IO 20 20 20 30 30 1:0 1+0140 10 20 30 30 30 40 60 60I60 10 30 1+0 50 60 70 70 80180 I0 30 40 60 70 70 90 90



TABLE - l:I8

Cumulative percentage mortality of 35-140mm  dobsoni exposed to different
concentrations of Hydrogen sulphide at pH 6.0 6.3.

Tinie (h) 12 24 36 as so 72 34 96
Concentration

(ppb)

(Iontrol 0 0 o o 0 o 020 0 0 0 IO :0 10 I0 10no 0 0 0 10 10 IO 20 20so 0 0 10 10 IO 20 2o 3030 0 IO 20 20 30 30 30 40I00 10 20 30 30 no 50 50 60120 20 30 50 60 60 70 80 so140 20 30 40 so so 80 9o 90160 30 30 so 70 70 so 90 100

TABLE — l:l9

Cumulative percentage mortality of 20-25mm _M_. dobsoni exposed to different
concentrations of Hydrogen sulphide at pH 6.0 - 6.3.

Time (h) 12 24 36 48 60 72 84 96
Concentration

(ppb)

Control 0 O O O 0 O O 080 O O O 0 I0 10 20 20I00 0 O O I O I O 20 20 30I20 0 IO 10 10 20 20 30 40I40 I 0 I0 I 0 20 20 1+0 40 50l6O 10 20 40 50 60 60 70 70I80 20 30 50 60 60 70 70 80
200 20 1+0 50 60 70 80 80 I00



LC
50

TABLE 1:20

and 95% confidence limit in ppb of 35-40mm _l?_. indicus exposed to

different concentrations of H25 as a function of time, at pH 7.0 - 7.3.

Time (h) LC50(ppb) 95% confidence
12.0 200.0024.0 335.38 208.11 - 540.4836.0 239.49 175.90 - 326.0648.0 189.55 154.51 232.5260.0 155.31 130.89 184.2972.0 140.91 119.23 166.5484.0 127.91 107.95 151.5696.0 119.06 99.70 - 142.19

TABLE - 1:21

LC

different concentrations of H
50 and 95% confidence limit in ppb of 20-25mm  indicus exposed to

S as a function of time, at pH 7.0 — 7.3.2

Time (h) LC50(ppb) 95% confidence12.0 360.00 24.0 360.00 36.0 432.95 316.09 593.0048.0 360.55 291.03 - 446.5960.0 290.14 250.84 - 335.6172.0 281.69 243.04 - 326.4984.0 242.38 200.80 292.5796.0 189.12 152.15 235.08



TABLE - 1:22

LC5O and 95% confidence limit in ppb of 35-40mm M. dobsoni exposed to
different concentrations of H S as a function of time at pH 7.0 — 7.3.2

Time (h) LC50(ppb) 95% confidence
12.0 220.0024.0 269.04 209.62 - 345.3136.0 232.12 192.06 280.5548.0 199.45 172.55 230.5660.0 192.09 167.49 230.3072.0 169.73 150.29 191.6784.0 158.43 140.27 178.9396.0 147.76 130.05 167.88

TABLE — 1:23

LC50 and 95% confidence limit in ppb of 20-25mm  dobsoni exposed to
different concentrations of H S as a function at time at pH 7.0 - 7.3.2

Time (h) LC5O(ppb) 95% confidence
12.0 380.0024.0 380.0036.0 613.14 366.45 48.0 445.02 325.61 608.2260.0 359.13 283.79 454.4772.0 306.47 251.35 373.6684.0 256.60 213.26 308.7596.0 219.81 179.72 268.83



TABLE - 1:24

LC5O and 95% confidence limit in ppb of 35-40mm  indicus exposed to
different concentrations of H S as a function of time at pH 6.0 6.3.2

Time (h) LC50(ppb) 95% confidence
12.0 217.26 150.20 - 314.2524 0 165.85 131.10 209.8136.0 140.00 116.89 167.6848.0 120.00 102.52 140.4660.0 109.54 94.69 126.7272.0 85.31 74.77 97.3484.0 72.54 63.48 - 82.9096.0 63.44 54.56 73.75

TABLE — 1:25

1.C5O and 95% confidence limit in ppb of 20-25mm  indicus exposed to
different concentrations of H25 as a function of time at pH 6.0 - 6.3.

Time (h) LC50(ppb) 95% confidence
12.0 328.67 192.18 562.1224.0 222.71 165.12 — 300.3736.0 193.83 155.20 - 242.0748.5 167.14 141.43 - 197.5360.0 154.29 132.23 180.0572.0 146.71 126.10 170.6884.0 120.50 102.21 142.0796.0 117.69 99.36 139.39



TABLE — 1:26

LC5O a_nd 95% confidence limit in ppb of 35-40mm  dobsoni exposed to
different concentrations of H25 as a function of time at pH 6.0 6.3.

Time (h) 1.C5O(ppb) 95% confidence
12.0 224.28 151.33 332.3924.0 186.88 137.46 254.0536.0 143.79 115.16 179.5448.0 121.57 99.86 148.0060.0 108.89 89.64 132.2872.0 97.52 80.74 117.7884.0 87.07 72.09 105.1796.0 77.32 63.18 94.62

TABLE — 1:27

LC50 and 95% confidence limit in ppb of 20-25mm  dobsoni exposed to
different concentrations of H S as a function of time at pH 6.0 — 6.3.2

Time (h) LC50(ppb) 95% confidence
12.0 272.90 198.09 375.9724.0 226.39 178.96 286.4036.0 197.42 164.31 - 237.20
48.0 175.85 151.34 — 204.3460.0 162.12 141.69 - 185.4872.0 147.48 129.86 167.4884.0 139.65 123.02 158.5296.0 125.07 109.12 143.35



TABLE — 1:28

96h LC5O value (ppb) for different size ranges (35—40mm dc 20-25mm) of
E. indicus and M. dobsoni exposed to different concentrations of Hydrogen
sulphide at three pH ranges viz. 8.1 8.3, 7.0- 7.3 and 6.0 6.3 and the
un-ionised Hydrogen sulphide for the respective 1.C5O concentrations.

_P. indicus un-ionised _M_; dobsoni un-ionised
pH Range LCSO value H25 (ppb) LC5O value H25 (ppb)(ppb) (ppb)

35- 20- 35- 20- 35- 20- 35- 20
40mm 25mm 40mm 25mm 40mm 25mm 40mm 25mm

8.1-8.3 281.81 342.41 70.45 85.50 340.54 378.53 85.13 94.63

7.0 7.3 119.06 189.12 51.79 82.27 147.76 219.81 64.27 94.50

6.0-6.3 63.44 117.69 41.24 76.50 77.32 125.07 50.26 81.30



It was also noticed that the experimental  indicus of 35-40mm size

taken from the flow through chamber after 96h exposure to different concen

trations of H25 felt flabby to touch (soft) in contrast to the healthy turgid

"feel" of the control prawns of the same size. However,  dobsoni exposed

to different concentrations of H25 was not soft like  indicus. This flabbi—

ness was observed in some prawns which succumbed to H25 toxicity and also

those survived beyond 96h in concentrations above 240 ppb.

DISCUSSION

Hydrogen sulphide may occur naturally in many lakes during summer

(Hutchenson, I957; Bonn and Folis, 1967) and at the sediment-water interphases

in the marshes (Adelman, 1969). In nature it is produced by anaerobic decom

position of organic materials like animal and plant remains in the sediments.

Hydrogen sulphide is also produced by the decomposition of organic effluents

from city sewage and many industries particularly wood fibre sludge from

pulp mill (Colby and Smith, 1967; Ziebell e_t._£1., 1970; Van Horn e_tal_., 1949)

oil refineries (Dorris _e_t_ 511., 1960); and from chemical manufactures (Ellis,

I937).

The importance of H25 in polluted and natural waters has been over

looked in the evaluation of water quality for the culture of aquatic organisms.

H25 often occurs near the sediment-water interface where organic material

is undergoing decomposition and where the early life stages are spent by

many shellfish and other related aquatic animals. Because of the short ha-f

life of H25 in the presence of oxygen it has not been detected in many en

vironmental situations. However, the direct toxic effect of H25 on aquatic
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organisms cannot be ignored.

While the effect of H25 has been determined on certain fishes and
invertebrates no much work has been done especially on prawns which is

a benthic form. Shigueno (I972) has briefed that Penaeus japonicus lost equi

librium when exposed to H25 at 0.1 2.0 ppm. Chen (I985) recommended

a safe level of 0.33 mg/l H25 for Penaeus monodon culture whereas Law

(1988) suggested 0.005 mg/l H S as the safe level of the same species.2

In the present investigation the acute toxicity of H25 to  indicus
and  dobsoni have been studied. The results obtained are discussed below
with the available results of fishes and other invertebrates.

The H25 toxicity bioassays conducted with different size groups ofq _P. indicus and M. dobsoni in sea water have shown that the 96h LC” declined

with increase in size of the prawns. The LC50 of  indicus exposed to

various concentrations of H25 in sea water having pH 8.1 - 8.3 showed signi

ficant variation between different size groups. 85-90mm size group was

highly sensitive followed by 35-40mm size group and 20-25mm size group.

The LC were 144.73 ppb, 281.81 ppb and 342.4] ppb respectively. Similarly50

for M. dobsoni the LC between 35-40mm and 20-25mm also showed varia50

tion. The former size group was more sensitive to H25 than the latter.
For 35-40mm size the LC was 340.54 ppb and 378.53 ppb for 20~25mrn50

size. A comparison of the 96h LC50 values show that the larger sized
animals (85-90mm) were more sensitive than the smaller size groups and

the sensitivity could be as high as four fold. This indicates that though

there is considerable difference between the LC50 of the post larvae and
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juveniles, it‘was not so high between post larvae and adult prawns.

The sensitivity of H25 also varies with species. E. indicus is more

sensitive to H25 than  dobsoni. It is also evident that smaller size groups

of prawns are more tolerant to H25 toxicity than larger groups. In this
context the work of Shigueno (I972) is worth mentioning. He reported that

adult Penaeus iaponicus lost equilibrium when exposed to hydrogen sulphide

at 0.1-2.0 ppm and instantly succumbed to a concentration of 4.0 ppm, which

seems to indicate that the adult penaeids are in fact more sensitive to H25
than their juveniles and post larvae as observed in the present study.

It is interesting to note that Groenendal (1980) worked on the poly

chaete, Arenicola marina and Bonn and Follis (I967) on the channel catfish.

lctalurus punctatus found that in those two animals which live in the sulphide

rich environment, tolerance to H25 increased with increase in size. The

present study on prawns also showed similar tolerance to H25.

The LC50 given includes both ionised and un—ionised/un-dissociated H25.

It is important to note that the toxicity of H25 is highly influenced by the

pH of the medium. The lower the pH the higher the toxicity. This is because

of the presence of greater proportion of un-ionised H25 at low pH.

The marked reduction in LC50 at lower pH levels recorded during the

present experiments is in agreement with the results obtained by earlier

workers (Longwell and Pentelow, I935; Jacques 1936; Jones 19148; Bonn and

Follis I967; Colby and Smith I967; Groenendal, 1981) who attributed the

greater toxicity of sulphides at lower pH to the fact that total hydrogen

sulphide (dissolved sulphides) at low pH levels exist mainly as un-ionised H25
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which is more toxic to animals than the ionised forms; H5‘ and '5“. These

ionised forms can penetrate cell membranes only with diffculty because of

their electric charge while, un-ionised H25 can move freely across the mem

branes (Jacques, l936). At pH 9 only 1% exists as un-ionised H25 while

at pH 5, 99% are present as un-ionised H25 (Smith and Oseid, I974). How

ever, the rate of entry to the tissue so as to result in enhanced toxicity

could be expected only if the internal pH of the tissues involved in the uptake

of H25 is congineal for H25 entry. This is a factor so far not studied by
any researchers.

In the present study the sea water used for the experiment was having

a pH of 8.1 - 8.3, at which almost 25% H25 was in the un-ionised form.
Thus the 96h LC determined during the present study for the 20-25mm,50

35-40mm and 85-90mm size groups of 3. indicus if expressed in terms of

un-ionised H25 will be approximately 85.50 ppb, 70.5 ppb and 32.6 ppb. Simi

larly for 20-25mm and 35-40mm size groups of E. dobsoni the concentration

of un-ionised H25 will be 94.6 and 85.0 ppb.

Similarly in the experiment at pH 6.0 6.3 about 65% H25 was in
the un-ionised form. Thus 96h LC for post larvae (20-25mm) and juveniles50

(35—40mm) of  indicus, if expressed in terms of un-ionised H25 will be
approximately 76.5 ppb and 41.2 ppb whereas for the same size group of

M. dobsoni the un-ionised H 5 will be 81.3 ppb (20-25mm post larvae) and2

77.3 ppb (35-40mm juveniles).

It is clear that there are comparabilities between the overall lethal

toxicity of different size groups with respect to un-ionised H25. It is also

clear that the low pH increases the toxicity of H25 to prawns. But even
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at low pH the smaller size groups are more resistant than the bigger size

groups. There is also prominent variation in the tolerance levels between

the two species of penaeid prawns. At all pH levels tried in the present

experiments, _l:. indicus was found to be more sensitive to H25 than M. dobsoni.

Shelford (I917), Colby and Smith (I967) and Adelman and Smith (1970) found

that the toxicity of sulphide increased in fishes (Salmon) with the lowering

of oxygen levels from 6 ppm to 2 ppm. In the present study for all the

experiments the dissolved oxygen level in the test water was maintained

at 1.5 to 2 ml/l.  indicus and M. dobsoni being oxyconformers the dissolved

oxygen level is not reported lethal (Kripa, I984; Kuttyamma, 1980). So in

the present study the influence of low dissolved oxygen on the toxicity cannot

be considered, as the amount of dissolved oxygen present was within the

safe level.

Oseid and Smith (19741), estimated 96h LC of hydrogen sulphide for50

Gammarus gveudolimnaeus as 0.059 mg/1. This value is much lower than

the LC5O observed for prawns in the present study. On the other hand the

LC5o for peaneid prawns were lower than that of the LC5o for isopod Assellus

militaris. The LC for Assellus militaris was 1.07 mg/l (Oseid and Smith,50

I974). They also determined the 96h l.C5o of amphipod Crangony richmon

densis laurentianus to H25 (0.84 mg/l) which showed a higher value than that

of the prawns. Some species of Ephemeroptera, Ephemera simulans and

Hexagenia limbata, showed H25 toxicity as similar to that of prawns.

From these observations it is evident that the benthic groups are more

tolerant to hydrogen sulphide toxicity than other non—benthic forms. Among

the benthic groups like polychaetes, isopods, amphipods and decapods, the
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prawns are less resistant or in otherwords less tolerant to H25. It may be

noted that species of polychaetes, isopods and amphipods which are highly

resistant to H25 usually live in habitats with higher sulphide concentrations.

Though the 96h LC5O and influence of pH on the toxicity of H25 agrees

with the findings of earlier workers, there are some major points where more

information is still required. As there is only limited references available

regarding the toxicity studies of hydrogen sulphide on various invertebrates

the results cannot be properly compared and discussed. In prawns, this is

a pioneering work on the toxicity of H25. Much more work in this line has

to be carried out to have more understanding of aspects like bio-accumulation,

enzyme activity, physiological disorders etc. The present study offers a better

understanding of the significance of hydrogen sulphide in prawn culture.



2
INFLUENCE OF HYDROGEN SULPHIDE

ON THE ECOLOGY OF EST UARV

INTRODUCTION

Sulphur is the tenth most abundant element in the universe and 8th

and 14th most abundant element in the solar atmosphere and the earth's

crust, respectively (Kaplan, 1972). It is a major element essential to all

life on the earth's surface. This element occurs in the biosphere, lithosphere,

atmosphere, hydrosphere and pedosphere.

Sulphur is essential for the growth of plants and is utilized partly as

sulphide by most of them. Animals obtain their requirement largely from

plants, other animals or bacteria. Sulphur is liberated from the remains

of animals and plants by bacteria, almost exclusively as H25. All bacteria

are not able to liberate hydrogen sulphide from sulphur containing organic

matter. However, those which are endowed with this ability are wide spread

in the aquatic environment.

Hydrogen sulphide often occurs near the sediment water interface

where organic material is undergoing decomposition and where early life stages

of many fish, shell fish and other aquatic animals are passed. Under anaerobic

conditions, certain heterotrophic bacteria can use sulphate and other oxidised

sulphur compounds as terminal electron acceptors in metabolism and excrete

sulphide (Boyd, 1982). Sulphide is an ionization product of hydrogen sulphide

and precipitates.
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With the increase in population, the human intrerference is increasing

which in turn increase the pollution problems, such as industrial, domestic,

urban and other chemical pollution which leads to the production and liberation

of hydrogen sulphide and other toxic compounds. These pollutants deplete

the quality of water and leave this area unsuitable for the aquatic animals

to grow.

As a developing country India is still depending mainly on natural source

of water. So the pond fertility depends on the fertility of the estuarine

surroundings. Moreover it has been established that estuaries form the nursery

ground of several economically important species of penaeid prawns (Kuttuhn,

I966; Mohammed and Rao, I971; George, I973; Wicken, I976).

Kerala is famous for its long stretches of backwaters spread along

the coast line. The total brackish water area is estimated to be around

2,142,000 ha (Anon, I990).

Kayamkulam lake one among the largest estuarine system in the west

coast of India provide the nursery grounds for several marine prawns

(Kuttyamma, 1980a; Gopakumar, 1987).

Domestic sewage, agriculture run off, the effluents from the retting

grounds and some industries are the main source of pollutants in this area.

Apart from the natural production of hydrogen sulphide by anaerobic decompo

sition, the effluents from retting ground form the major source of hydrogen

sulphide.

Only few studies have been carried out on the hydrography and sedi

mentology of Kayamkulam lake. Mary John (1958) conducted a priliminary
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survey of the estuary. Sivankutty Nair (I971) studied the hydrography of

the estuary. Kuttyamma (l980a) and Gopakumar (1987) studied the distribution

of prawn larvae and hydrography of the Kayamkulam lake. Apart from the

above said work no further work has been done to study the nutrient cycle,

sedimentology and other parameters in the estuary.

The hydrography and biology of many of the estuaries of the west

coast of India have been the subject of studies for many years, Rao and

George (1959), Ramamirtham and Jayaraman (I963), Qasim and Reddy (I967),

Sankaranarayanan and Qasim (I969), Murthy and Veerayya (I972), Rajan (I972),

Kurian (1974), Manikoth and Salih (|97l+), Kurian Eta (1975), Silas and Pillai

(1975), Balakrishnan and Shynamma (I976), Sankaranarayanan and Panam

punnayil (I976), Pillai (I977, I973), Haridas e_t gl_ (I980), Nair Q Q (1987),

Pillai and Ravindran (1988).

However, investigations on organic pollution and ecology of retting

grounds have been carried out in the estuaries of Kerala.

Unnithan e_T_fl (I975) studied the organic pollution in Cochin backwaters.

Vijayan e_t if (1976) studied the effect of organic pollution on some hydro

graphic features. The pollution in Cochin backwaters with reference to

indicator bacteria was reported by Georgegi (1979). Studies on the effect

of pollution with special reference to benthos was done by Remani (I979).

Remani _e_tfl(l983) also studied the indicator organism of pollution for Cochin

backwaters.

Though numerous studies on the process of retting were done since

I920 the pioneering work on the ecology of coconut husk retting grounds
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of Kerala was done by Azis and Nair (I976, I978, I983). Remani e_t §_l_

(I981, I983) carried out studies on the sediments or retting yard and the

indicator species of pollution of the retting zone.

Ajithkumar and Alagarswami (I986) studied the effect of pollution

due to coconut husk retting on reproductive potential of green mussel Perna

viridis.

Eventhough the marked features associated with retting are the

depletion of oxygen and increase in levels of hydrogen sulphide the importance

of H25 is under estimated in many ecological studies.

Hydrogen sulphide may occur naturally in many lakes during the

summer (Hutchinson, I957, Bonn and Follis, 1967), in ice-covered lakes

(Seidmore, 1957) and at the sediment water interface in the marshes

(Adelman, 1969). In these instances it is produced by anaerobic decomposition

of organic material in the sediments. H25 is also produced by the decompo

sition of organic effluents from municipal sewage and many industries parti

cularly wood fibre sludge from pulp mill (Colby and Smith, I967; Ziebell

e_t al_, 1970). It may also be released directly in industrial effluents from

pulp mills (Van Horn e_t a_L, 1949) from oil refineries (Dorris e_t a_l, 1960)

and from chemical manufactures (Ellis, I937).

In the bottom deposits from the Clyde sea, Ellis (1932) demonstrated

10,000 to 3,000,000 saprophytes per gram, nine tenths of which liberated

hydrogen sulphide from albuminons material. Zobell (I938a) found from 10,000

to 1,000,000 hydrogen sulphide producing bacteria per gram of bottom sedi

ments from the Pacific Ocean off the coast of California.



30

Although sulphide concentration was used as a sediment parameter

in ecological studies (Thamdrup, I935; Fenchel and Riedl, I970; Wharfe, I977),

little is known about the distribution of hydrogen sulphide in the marine

environment. The hydrogen sulphide concentrations in the marine environment

are influenced by complex processes of synthesis, transport, oxidation and

precipitation and cannot be easily predicted on theoritical grounds.

Ziebell E a_l (1970) reported high levels of hydrogen sulphide in a

variety of fish habitats. Higher concentrations were reported in polluted
areas.

Smith and Oseid (1971, 1972) indicated that concentrations of hydrogen

sulphide usually not measured or overlooked as unimportant can be extremely

toxic to fish or have more subtle chronic effects which reduce potential

production in fish population, Adelman and Smith (I972) indicated that

hydrogen sulphide is present in both polluted and natural ecosystems at levels

that are detrimental to fish and invertebrates. They also pointed out that

even trace amounts of hydrogen sulphide have chronic effects.

Bell E 3 (I972) have shown higher levels of hydrogen sulphide near

the bottom in many fish habitats during the spawning period.

Schindler e_ta_l(l972) investigated the seasonal variation of temperature,

water transparancy, pH, dissolved oxygen, nutrients, ammonia, hydrogen sulphide

methane, primary productivity and phytoplankton in a small eutrophic lake

at Minnesota over a period of several years.

Jorgensen and Fenchel (l97#) studied the sulphur cycle of a marine
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sediment model system and estimated the maximum mean rate as about

80 nMs/cm’/day.

Cammen (I975) analysed the core samples in a salt marsh sediment

for organic carbon content.

Aston and Hewitt (1977) determined the total phosphorus and organic

carbon contents of the sediments in the polluted coastal environment at

Walton backwaters, England. Berner (1977) studied the release of nutrients

by microbial activity in the anoxic sediments of Long Island sound and

presented stoichiometric models.

Cohen e_t _ai (1977) worked on the occurence of sulphur phototrophic

bacteria, their distribution in relation to hydrogen sulphide concentration

and light intensities and the primary production of the solar lake.

Jogensen and Cohen (1977) observed the sulphur cycle of the benthic

cyanobacterial mats in the coastal hypersaline solar lake and found only 1.5%

of the sulphide produced was trapped within the sediment in reduced form

and the remaining 98.5% diffused to the surface where it was oxidised.

Bagander and Niemisto (I978) evaluated the use of reduction - oxidation

measurements for characterising the sediments in the Baltic sea and the
Gulf of Bothnia.

Hansen E Q (1978) analysed the mechanism of the hydrogen sulphide

release from a small, shallow, anoxic, sedimented Aggersund Area in Limf

jorden and a small lagoon Kalo Vig in the coastal area of Denmark.
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Rashid and Reinson (1979) found a correlation between the nitrogen,

organic carbon and the particle size of the estuarine sediments in Miramichi

estuary, Canada.

Krom and Berner (1980) worked on the adsorption of phosphate in anoxic

marine sediments of Long Island sound.

Rosenberg (1980) reviewed the number of species, their abundance,

biomass and macrobenthic faunal composition reactions to the oxygen

deficiency due to organic enrichment and/or Geomorphological conditions

in ten fjords and estuaries in northern Europe.

Welsh (1980) estimated the velatine magnitudes of nutrient activity

and diel cycle of nutrients of the marsh mudflat ecosystems of Branford

River Estuary on the north shore of Long Island Sound.

Vander Loeff e_t a_l (I981) analysed the sediment water exchange of

nitrate, silica, ammonia, phosphate and oxygen on the tidal flats in the Ems

Dollard estuary.

Callender and Hammond (1982) investigated on the C N ratio, macro

invertebrate population including polychaete worms, molluscs and amphipods,

sulphide, organic carbon, nitrogen and phosphorus, N P ratio and the average

benthic flux across the sediment water interface in the Potomac river estuary.

Fisher e_t Q (1982) worked on the phosphate, nitrate and ammonium

regeneration from the sediment, in three north Carolina estuaries.

Nedwell (I982) experimented on the exchange of nitrate and the products

of bacterial nitrate reduction between sea water and sediment in a salt marsh
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and found that the rate by removal of nitrate from water column increased

with the steady state concentrations of nitrate. Silas (I985) while studying

ecology of a salt water lagoon mentioned the importance of hydrogen sulphide.

In this view a study was conducted in the Kayamkulam estuary for

a period of two years to understand the hydrography and biology of Kayam

kulam estuary as well as to understand the importance of hydrogen sulphide

in the ecology of the estuary. The results of the present observation is

discussed with the results obtained from the estuaries and water bodies else

where.

MATERIAL AND METHODS

Descrigtion of the Study Area

Location

The Kayamkulam lake is a narrow stretch of back water lying between

9°2' and 9°16‘ latitudes and 76°32'E. longitudes. It runs almost parallel to

the coast (Fig. 2:1).

Nature of the Estuarine System

The sandy bar of the Kayamkulam estuary is situated almost midway

between the northern and southern ends. In front of the barmouth the estuary

is about 2.5 Km wide, from the barmouth the width decreases both towards

the north and south. The southern half of the estuary is very narrow, the

average width not exceeding 0.14 Km. From the region opposite the barmouth

an arm of the estuary extends to the Kayamkulam town in the north easterly
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direction. The estuary is connected at the north by three canals, which

discharge flood water from the Pampa and Achankoil rivers during the monsoon

period. In the south the estuary merges with 'Vattakayal' which forms a

sort of reservoir for the flood waters brought down from the adjoining lands

and canals during the monsoon. The barmouth closes sometime between March

and April and then onwards the water in the estuary is almost stagnant till

the middle of June when the flood water accumulates and the bar is cut

open to allow the egress of flood water into the sea.

Description of Stations

Four stations were selected in the estuary to conduct the study

(Fig. 2:!) trail samples, both water and sediments were collected from

different points of the estuary and analysed to know about the presence of

hydrogen sulphide. Area where hydrogen sulphide was present and not present

were located. Two stations, station I and station I] were fixed in hydrogen

sulphide free area (clear area) and another two stations, station III and IV

in area where hydrogen sulphide was present (polluted area).

Sampling Method and Frequency

Regular fortnightly sampling was carried out from all the four stations

for a period of two years (February 1987 to January I989).

Water Samples

Surface water sampling was done using a I000 ml plastic bottle. Before

sampling, the bottles were throughly washed using the ambient water.

Sampling was done by carefully dipping the bottle in the water and taking
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caution to avoid the entry of air bubbles. Sub-samples were siphoned into

I00 ml bottles from the main sample and kept intact in an ice box till the

analyses were carried out.

Bottom water sampling was done slowly by wadeing into the water

and the 500 ml plastic bottle was carefully dipped into the water. The water

samples were collected from just above the soil surface by gently opening

the lid of the bottle after keeping it just above the soil surface. When the

bottle was full, it was stoppered there itself and taken out. Immediately

after taking out from the water the temperature was noted.

For the estimation of hydrogen sulphide and dissolved oxygen separate

sampling was done by giving more care to avoid any air bubbles getting

trapped in the bottle. As soon as the sampling was over Winkler A and

B solutions were added for estimation of dissolved oxygen and N — I - N

dimethyl ethelene diamine hydrochloride and ferric chloride for hydrogen

sulphide estimation.

Soil Sampling

Soil samples were collected using a Van Veen grab of 225 cm’ gape.

As soon as the grab sediment was taken out of the water column sediment

sample was filled in 100 ml wide mouth plastic bottles with minimum aeration

and closed air tight. At the same time temperature of the sediment also

was noted. For estimation of total sulphide the sediment was transferred

into I00 ml wide mouth plastic bottle and I ml of 2 N zinc acetate solution

was added as quickly as possible. The bottle was shaken well after closing

and‘ the samples were carefully kept in ice box. Sample for grain size
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analysis was taken in a polythene bag and tightly closed by using a rubber

band. These samples were collected regularly from the second year of study

(February 1988 to January 1989) and stored. The dried samples collected

during February, March, and May were mixed together and the soil texture

was analysed. The results are given for season ie Pre-monsoon, Monsoon

and Post—monsoon.

The following parameters were observed during the study.

I) Water temperature (surface and bottom)

2) Sediment temperature

3) Water pH (surface and bottom)

4) Sediment pH

5) Water salinity (surface and bottom)

6) Dissolved oxygen content in water (surface and bottom)

7) Nitrite nitrogen in water (surface and bottom)

8) Nitrate nitrogen in water (surface and bottom)

9) Reactive phosphorus in water (surface and bottom)

10) Hydrogen sulphide in water (surface and bottom)

ll) Available phosphorus in sediment

12) Available nitrate in sediment

I3) Eh (Redox potential) in sediment

14) Organic carbon in sediment

15) Total sulphide in sediment.
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AnalJses of Hydrographical Parameters

Temperature

Temperature was measured with ordinary thermometer of range 0

50°C each division being 0.l°C.

pH

pH was measured using digital ‘Century’ pH meter. The pH meter

was standardised with pH 4 and pH 9 buffer solution during every set of

analysis.

Salinity

Salinity was estimated by Mohr's titration method (Strickland and Parsons

I 968).

Dissolved Oxygen

Traditional Winkler method was used to determine the dissolved oxygen

content (FAO, I975).

Nitrite—Nitrogen

Nitrite Nitrogen was estimated by Shinh method modified by Bendsneider

and Robinson (Strickland and Parsons, 1968). The reagents used were acidic

sulphanilamide and NNED. The absorbance was measured in a colorimeter

at 530 nm.

Nitrate-Nitrogen

Nitrate Nitrogen was determined by Morris and Reley method (Strickland



38

and Parsons, 1968). Water samples after keeping for reduction using copper

sulphate and hydrazine sulphate for 20 hours in darkness, was treated with

the sulphanilamide and NNED and the absorbance was measured at 530 nm

using photoelectric colorimeter.

Reactive Phosphorus

For estimating Reactive phosphorus Murphy and Reley method (Strick

land and Parsons, 1968) was used. Water was allowed to react with ammonium

molybdate and potassium antimony tartrate in an acid medium (Sulphuric

acid and Ascorbic acid). A blue complex was formed. The absorbance was

measured in a colorimeter using red filter of 620 nm, using photoelectric

colorimeter.

Hydrogen Sulphide

The method by which hydrogen sulphide was determined, is based on

the following principle: the acidified sample is allowed to react with

dimethyl P — Phenylene diamine dihydrochloride, with ferric - ions as

catalyst. A complex oxidation and substitution takes place resulting in the

quantitative incorporation of any sulphide - sulphur present, into a hetero

cyclic dye called Methylene blue. The absorption of light by the sample

is measured against the blank at 670 nm (Carlberg, I975).

The outline of the method followed (FAO, 1975) is given below. Imme

diately after sampling, using long tipped pippettes, I ml. of N — I N

dimethyl P — Phenylene diamine dihydrochloride prepared by dissolving I g

in about 6 N hydrochloric acid to 500 ml, and I ml of ferric chloride prepared

by dissolving 8 g in about 6 N hydrochloric acid to 500 ml, were added to
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the sample and the bottle was stoppered avoiding air bubbles getting in.

The sample was shaken well and the blue colour that developed was read

in the laboratory against the blank. The colour intensity was constant for

atleast 21: h.

Analyses of Sedimentological Parameters

Temperature

As soon as the grab was removed from the water surface, a thermo

meter of O 50°C precision was inserted immediately in the sediment and

the reading was recorded.

pH

pH was measured using 'Century' pH meter. The pH meter was

standardised with pH 1+ and pH 9 buffer solution during every set of analysis.

Eh (Redox Potential)

Eh of the sediment was estimated using the same pH meter but with

a platinum electrode.

Organic Carbon

The method of Walkley and Black (19314) was used to determine the

organic carbon content of the sediment. In this method, hot chromic acid

was used to oxidise any organic carbon present and the excess acid not

reduced by the organic matter was determined volumetrically with ferrous

salt.
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Available Nitrate in Sediment

Available nitrate was estimated from the extract of sediment prepared

with distilled water. The extract was evaporated and treated with phenol

disulphonic acid and ammonium hydroxide (Mackereth, I957). The yellow

colour developed was measured as absorbance using 420 nm in photo electric

colorimeter.

Available Phosphorus in Sediment

Available phosphorus in air dried soil was extracted using sodium

bicarbonate of 8.5 pH. This extract was treated with acidic ammonium moly

bdate, potassium antimony tartrate and freshly weighed ascorbic acid (Olsen;

1954). The blue colour developed between 30 and 40 minutes was measured

using red filter of 620 nm in photoelectric colorimeter.

Total Sulphide

The sulphide estimation was done following the standard method

(American Public Health Association, I960). The principle of the method

being sulphides are stripped off from the acidified sample with an inert gas

and collected in zinc acetate solution. Excess iodine solution was added

to the zinc sulphide suspension which react with sulphide under acidic condi

tions. Thiosulphate was used to measure unreacted iodine to indicate the

quantity of iodine consumed by sulphide.

Grain Size Analysis

The representative samples of air dried soil was taken and analysed
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for grain size by the seive and pippette method of Krumbein and Pettijohn

(I938). The soil type was named according to Shepard (I954).

Benthic Macrofauna

A hand operated grab of 225 cm’ gape was used to collect the mud

samples. At each station, for each sampling the grab was operated five

times thereby covering an area of 0.1125 m’. The sediment sample was

brought to the shore where it was sieved through 0.5 mm sieve. Sieved

samples were preserved in 5% buffered formalin to which I g of rose bengal

per litre was added. In the laboratory, the animals were sorted out by hand

picking, and identified the important taxonomical groups (Fauvel, 1953).

The results are presented as nos/0.1 m’.

Distribution of Prawn Post Larvae/Seed

Distribution of penaeid prawn post larvae in the four stations was noted

by collecting fortnightly post larval samples using drag net. 2 m x I "m size

velon screen was used as drag net. The net was operated in shallow waters

in all the stations. Two persons operated the net by holding on two sides

and draging in water for a period of 5 mts. Five such trail samplings were

done and the average number/haul was calculated. The samples were preserved

in |0% formalin. In the laboratory, the post larvae were sorted out and

identified (Mohammed 3 a_l, I963). The results were presented as number/
haul.

Statistical Analysis

All the statistical analyses were carried out according to Snedecor
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and Cochran (I967). Monthly mean and standard deviations were calculated

for all the parameters. Correlation between all the hydrographical and

sedimentological parameters were computed and the correlation matrices

for all the stations are given in the tables and discussed. Occurance of

benthic organisms and prawn larvae in different stations were statistically

tested (Al\'OVA) to find any significant difference in the distribution.

RESULTS

The data on different hydrographical and sedimentological parameters

were collected from four stations in the study area for a period of two years.

The period of observation extended from February 1987 to January 1989.

In order to present the data, the period from February 1987 to Janaury 1988

has been considered as the "first year" and February 1988 to January 1989

as the "second year".

Graphs were drawn with monthly mean values. The monthly mean

and standard deviation values of all the hydrographical and sedimentological

parameters at each station studied during the present investigations are given

in Table 221 to 2:23. In order to evaluate the nature of relationship between

different parameters studied, the data were analysed for estimating the

correlation coefficient (r) values.

Rainfall

Monthly total rainfall as reported by the Meterological Department

of CPCRI Kayamkulam from Feb. 1987 to Jan. I989 is plotted in Fig. 2:2 to
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have an idea of the total rainfall received in Kayamkulam area during the

study period. The rain water from Kayamkulam town and other nearby places

flow into the estuary and this influences the salinity of the estuary to a

considerable extent. There was no significant difference between the monsoons

of 1987 and 1988. In 1987 there was rain throughout the year. In I988

January no rain was recorded. Except January there was moderate rain

throughout. In the first year of observation maximum rainfall was recorded

on June I987 (575.5 mm) followed by 5l+6.8 mm in October 1987. Where

as in the second year maximum rainfall was recorded in September I988

(658.6) followed by 588.2 mm in July 1988 (Table 2:28).

In the first year, bar mouth was closed during the third week of April

I987 and opened on June 1987. In the second year, bar mouth was closed

on the second week of April 1988 and opened on the second week of July

I988.

Station I

Hydrography

Temperature

Both surface and bottom water temperature showed a similar trend.

The bottom water temperature was lower than surface water temperature.

In the first year (1987-88) maximum surface water temperature was recorded

during April-May (30.5°C). Lowest temperature (28.0°C) was observed in

August and December. Highest bottom water temperature was observed in

March and May (29.5°C) and the lowest value was noted in December (27.3°C)

(Fig. 2:3).
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Water temperature in the second year (1988-89) also showed a similar

pattern as the previous year. Highest and lowest surface water temperature

were recorded during April (3l.0°C) and September (28.0°C) respectively.

Highest bottom water temperature was recorded in April '88 and May (29.5°C).

Lowest values 27.5°C was noted in August, September and December.

Salinity

Both surface water and bottom water salinities were recorded for two

years (Fig. 2:7). In almost all the months bottom water salinity was more

than the surface water salinity. In the first year highest surface water

salinity was recorded in April (34.0 ppt). Lowest value was noted in July

(l0.25 ppt). Similarly highest bottom water salinity was recorded in April

(314.5 ppt) and lowest in July (ll+.5 ppt). The trend was almost same during

the second year's observation also. Highest surface water salinity was

observed in April (33.00 ppt) and lowest in July (10.00 ppt). In the case

of bottom water the highest value was recorded in March (34.05 ppt). Both

the surface and bottom water salinity showed a sharp and study decrease

from June onwards.

Dissolved Oxygen

Surface water and bottom water dissolved oxygen were recorded for

two years and plotted in Fig. 2:11. Bottom water dissolved oxygen values

were lower than surface water dissolved oxygen values. During the first

year observations highest value of surface water dissolved oxygen was recorded

in July (4.60 ml/1), the lowest value was recorded in the month of May

(3.10 ml/l). Bottom water dissolved oxygen was high in December (3.98 ml/l)
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lowest value of 2.74 ml/l was in May.

In the second year of study highest surface water dissolved oxygen

was observed in the month of July (5.04 ml/1) and the lowest value in the

month of May (3.12 ml/1). For bottom water the maximum dissolved oxygen

was recorded in August (4.014 ml/l) and the minimum was observed in May

(2.77 ml/l).

pH

Surface and bottom water pH were observed during the study period

of two years. The trend was almost same for both the years. Surface water

pH were higher compared to bottom water pH in almost all the stations.

Surface water pH was more or less constant within the range of 8.0 to 8.14.

In the first year maximum surface water pH value was recorded December

(8.36) and the minimum was in May (7.9). In the case of bottom water pH

the highest value was in October (8.214) and the lowest value in May (7.78).

In the second year also the trend is similar as in the first year. High surface

water pH value was recorded in the month of August (8.l+0) and low value

in May (8.10) where as in bottom water pH value was high in September

(7 30) and low in April (7.87) (Fig. 2:15). In general though there is no much

fluctuation in the pH values lower values were observed during the pre

monsoon period when compared to monsoon and P%st—monsoon.

Nitrate - Nitrogen

Nitrate—Nitrogen in surface and bottom water was observed for two

years (Fig. 2:19). In the first year nitrate content was in its peak in the
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surface water in July (39.07 pg — at N03 N/l) and low in May (3.85 pg 

at N03 - N/l). A sharp increase in the nitrate value was observed from
June onwards similarly the nitrate value strated decreasing from December

onwards.

Bottom water nitrate value also showed a similar trend as surface water

nitrate. The nitrate value was lowest in May (3-.32 pg at N03 - N/l).
After May the value sharply increased and a highest value of 42.53 pg at —

NO N/l was recorded in July. From July onwards the values showed a3

decreasing trend.

In the second year of observation surface water nitrate content was

maximum in July (39-72 pg at NO3- N/1) and lowest in May (3.44 pg at

N03 N/1.). With the onset of monsoon the nitrate value started showing

increased value, and after the monsoon it showed a decreasing trend. In

bottom water also the trend was same. High nitrate value was noted in

July (39.72 ug at NO N/l) and low in May (3.62 ug ~ at NO — N/1).3 3
Nitrite — Nitrogen

Surface water and bottom water nitrite was recorded for a period of

two years from February 87 to January 89 and is given in Fig. 2:23. In

the first year nitrite values showed a peak of occurance in July (5.88 pg

- at NO N/1) in the surface water and in bottom water also the peak2
period was same with a concentration of 6.72 pg at NO — N/l. The lowest2

value was observed in April in surface and bottom water. The concentration

was 0.25 at NO - N/l and 0.34 at NO — N/l res ectively.Pg 2 Pg 2 P
The nitrite values of surface and bottom water showed a similar trend.
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From May onwards the values started showing a sharp increase and the peak

was in July. After that a same trend of decrease in value was observed.

In the second year of observation also the trend was more or less same.

Values were high during monsoon. Lowest nitrite values was observed for

both surface and bottom water in the month of April. The values were

0.43 pg - at N02 - N/l and 0.47 ug at N02 N/l respectively.

Reactive Phosphorus

Reactive phosphorus in surface and bottom water were estimated and

ploted in Fig. 2:27. There was pronounced difference in the concentrations

of POLL P during pre—monsoon, monsoon and post-monsoon. High values

were observed during the monsoon period and lowest values were observed

during pre-monsoon. In the first year for both surface and bottom water

peak of occurance was in August (l6.2 pg at PO!‘ - P/l surface water and

2.72 pg - at P04 — P/1 in bottom water).

In the second year also the trend of phosphate was similar to that

of the first year. Phosphate values showed high variation between seasons.

Highest value for both surface and bottom water was recorded in August

(15.86 pg at PO‘; — P/l in surface water and 15.92 pg at P04 - P/l in bottom

water). Lowest values were recorded in April (2.814 pg - at P04 - P/l in
both surface and bottom water).

Hydrogen Sulphide

Hydrogen sulphide was not present in the surface and bottom

waters during the period of the study.
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Sedimentology

Temperature

During both the years the much variation was not recorded in the

temperature of the sediment. In the first year maximum temperature was

recorded in April (29.5°C) and the minimum was in August (27.l5°C) where

as in the second year of study highest temperature was noted in May (29.5°C)

and lowest in September, November, December (27.5°C) (Fig. 2:3).

pH

pH of the soil showed more or less constant trend. Though there was

slight fluctuation the range varied from 7.5 to 7.8. In the first year maximum

pH of 7.79 was observed in the month of November and minimum 7.50 in

the month of May. During the second year highest pH (7.77) was recorded

in the month of November the lowest pH 7.50 was again recorded in the

month of May (Fig. 2:15).

Eh

Eh of the soil showed fluctuation. Highly reduced values were observed

during pre-monsoon period and the condition slightly improved by post—monsoon.

In the first year highly reduced value of Eh (-86 mv) was recorded in the

month of April and the minimum reduced value -30 mv was recorded in July.

During the second years observation maximum reduced value -82 mv was

recorded in the month of May and the minimum reduced value in July

(~26 mv) (Fig. 2:32).
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Organic Carbon

There was slight fluctuation in the organic carbon of the soil in different

seasons. Low values were observed in monsoon season in both the years.

High values were recorded in pre-monsoon season. In the first year high

organic carbon (3.0l+%) was observed in May and the lowest 2.10% was noted

in July. In the second year also the trend was same highest 3.12% in May

and lowest 2.02% in July (Fig. 2:33).

Available Phosphorus

Phosphate distribution was more or less constant. In the first year

highest value of 1.60 pg at P04 P/g was observed in July and lowest

in January (0.92 pg at POAL - P/g). During the second year the highest

value was observed in June (1.56 pg - at P04- P/g) and lowest in September

(0.95 pg at P01‘ -P/g) (Fig. 2:27). In general phosphate values were higher

during monsoon period and slightly decreased towards post-monsoon period.

Available Nitrate

Nitrate in the sediment showed fluctuation. In the first year maximum

nitrate value was observed in June (2.l+0 pg — at N03 — N/g) and minimum

in August (0.81 pg — atNO3 - N/g). During the second year maximum nitrate

value was observed in June (2.43 pg at - N03 - N/g) and minimum 0.74 pg

at N03 - N/gwas observed in January (Fig. 2:19).

Total Sulphide

Total sulphide in the soil was estimated for both years. In most of

the time during monsoon and post-monsoon total sulphide was not present
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in the soil. Sulphide was mainly present in the soil during pre-monsson period.

In both the years high sulphide was observed in April (0.92 pg at H25 - S/g,

1.06 pg at H25 - S/g) (Fig. 2:37).

Station II

Hydrography

Temperature

Both surface and bottom temperature showed a similar trend. Maximum

temperature was recorded in May in both the years (3l.5°C, 30.0°C) and

minimum surface temperature was observed in December (28.25°C) in the

first year. In the second year minimum temperature were recorded in July

and December (28.5°C) (Fig. 2:4).

In the first year high bottom water temperature of 29.5°C was observed

in March, April, May and low in July, September (28.0°C). A similar trend

was observed in the second year also. Highest temperature was observed

in May (29.75°C) and lowest (27.75°C) in December in the second year.

Salinity

Salinity in the estuary showed wide fluctuation from almost fresh water

condition to high saline water. The trend was same for both surface and

bottom water salinity (Fig. 2:8). During the pre-monsoon period the salinity

was high almost nearing sea water salinity. With the onset of monsoon there

was a steep drop in salinity. In the first year of the study maximum surface

water salinity was recorded in March, April (30.0 ppt) and the minimum in
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November (4.25 ppt) whereas in the second year maximum salinity of the

surface water was recorded in April (29.5 ppt) minimum in September

(2.15 ppt). Salinity of the bottom water also showed a same trend as surface

water. In almost all months bottom salinity was more than surface water

salinity. In the first year maximum bottom water salinity was recorded in

March-April (30 ppt) and minimum was observed in August (5.5 ppt). During

the second year highest salinity of bottom water was observed in the month

of April (30.0 ppt) and lowest in September (4.3 ppt).

Dissolved Oxygen

Wide fluctuation in dissolved oxygen was observed in the surface water

and bottom water. With the onset of monsoon the dissolved oxygen values

showed a gradual increase (Fig. 2:12). In surface water low values of dissolved

oxygen was recorded in the month of May 1987 (3.94 ml/l) and 4.0 ml/1 in

May 1988. From June onwards in both the year the dissolved oxygen values

strated increasing and the highest dissolved oxygen value was recorded in

the month of August 1987 (5.114 ml/1) and 5.18 ml/1 in November 1988. In

bottom water the dissolved oxygen values were comparatively lower than

the surface water values but the trend was same as that of the surface water.

During both the years high dissolved oxygen values were reported in post

monsoon period (August 87, 5.01 ml/l, November 88, 4.96 ml/1).

pH

pH of the surface water and bottom water showed less fluctuation.

The values were more or less constant with very slight fluctuation. In the

first year high pH value was recorded in July (8.45) and the lowest 8.0 in
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September. In the second year's observation highest pH value was recorded

in November (8.3#) and lowest in May (8.19).

Bottom water pH also showed the same trend as surface water. In

the first year high value of 8.38 was recorded in July and lowest in May

(7.93) (Fig. 2:16).

In the second year study period maximum pH value was recorded in

the month of August and September (8.24) and minimum in July (7.96).

Nitrate — Nitrogen

In the first year high nitrate value was observed in the month of August

(29.96 ug at N03 - N/l) in the surface water and low in May (3.25 pg at

N03 N/I). In the same period the nitrate content in the bottom water

also showed its maximum in the month of August (30.75 ug at N03 - N/I)

and minimum in May (3.53 pg at NO N/l) (Fig. 2:20). During the second3

year also the nitrate value showed a similar trend as in the first year. In

the second year highest nitrate value. in surface and bottom water was

recorded in the month of August (32.76 pg at NO - N/I) and (33.1 pg at3

NO - N/I) and lowest in May (3.32 pg at NO, — N/I).3

In general the nitrate content in the water was high during the monsoon

period and low during the pre-monsoon period. The lowest value was recorded

in the month of May, after that the nitrate value sharply increased and the

trend continuous upto July, August. After August there was a sudden drop

in the value and it was still lower in the subsequent months.
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Nitrite — Nitrogen

Nitrite content also showed drastic fluctuation. High values were shown

in the monsoon period. The values were low in March, April during both

the years of study. After May the values showed a sudden increase and

from September onwards the values strated decreasing. In the first year

high values were found in July in surface water (32.4l+ pg - at N02 - N/l)
and in bottom water the maximum nitrite value recorded in July (32.44 pg

at N02 N/I) and low value observed in March (4.2! pg at NO2- N/I). During
the second year study period high nitrite values in surface water was observed

in July (30.24 pg at NO - N/1) low in January (2.32 pg at NO - N/l) whereas2 2
in bottom water the high nitrite value was recorded in July (30.l+l: pg at

N02 - N/l) and low in January (2.46 pg at NO2- N/I) (Fig. 2:24).

Reactive Phosphorus

In the second year the reactive phosphorus in the surface water was

lowest during March 2.60 pg at P04- p/1 and highest during July l3.36 pg

at P04/l for bottom water also the lowest value recorded was during March

2.6 pg - at PO4- P/1 and highest in July 13.52 pg — at PO# - P/l. In general

it was observed that phosphate availability in the water was very low during

pre-monsoon. It increased gradually and reached a peak in monsoon followed

by reduced values in post-monsson (Fig. 2:28).

Hydrogen Sulphide

Hydrogen sulphide was not present in the bottom and surface water

during the period of study.
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Sedimentology

Temperature

Not much variation was observed in the temperature of the sediment.

During the first and second years the minimum temperature recorded was

in December, 27.5°C and 27.0°C respectively. High values of the range

29.0°C 29.5°C was observed during the pre-monsoon period during the both

the years (Fig. 2:l+).

pH

Variation in the pH values were not pronounced during period of study.

The minimum values were observed in April during both the years, 7.42 and

7.43 respectively.

In first year the highest value (7.82 was noted in September whereas

in second year, the maximum value 7.83 was observed in November (Fig. 2:8).

Eh

Marked variation in the Eh value was noted throughout year. Highly

reduced values were recorded in April during both the years, -115 mv and

-105 mv respectively. The minimum reduced values, -40 mv in the first

year and -42 mv in the second year was recorded in July. In general it

was observed that the Eh values were low during premonsoon and high during

monsoon (Fig. 2:32).

Organic Carbon

The organic carbon content was highest (3.20%) during January and
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lowest (2.55%) in December in 1987-88. However, during the second year,

(1988-89) maximum (3.04%) organic content was observed during June — July

and minimum (2.04%) in December. There was not much variation in the

organic carbon content of the soil during the entire period of study (Fig. 2:34)

Available Phosphorus

Phosphate in the sediment was highest 1.l2 pg at P04 — P/g during

October in the first year and 1.21 pg at POLL P/g during March in the second

year. The lowest values recorded were 0.86 pg at P04 — P/g in December

1987 and 0.76 pg at PO14 P/g in November 1988. However the variation
in phosphate values was almost negligible (Fig. 2:28).

Available Nitrate

The nitrate values fluctuated between 0.90 pg at N03 N/g (January)

to 1.7 pg at NO N/g(July) during first year. In the second year the lowest3

value recorded was the same as that of the previous year. The maximum

value recorded l.9l+ pg at N03 N/g was in July for the second year also
(Fig. 2:20).

Total Sulphide

Total sulphide was noted throughout the pre—monsoon period, in the

beginning of monsoon (June only) and in the end of (in January only) post

monsoon during both the years (Fig. 2:37). Maximum value recorded was

6.2 pg at H S — S/g and 5.1+ ug at H S — S/g in April during the first and2 2
second years respectively. The minimum values were 1.9 ug at H25 — S/g

in June and 2.2 pg at H25 S/g in January respectively for the first and
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second years. In both the years no total sulphide was detected in the soil

during the period July - December.

Station 111

Hydrography

Temperature

The temperature of the bottom water ranged from 27.0°C (January)

to 29.5 (April May) during the first year and between 27.75°C (December)

and 29.75°C (April — May) during the second year (Fig. 2:5). The highest

temperature recorded for the surface water was 30.5°C in April and lowest,

28.25°C in August during the first year. In the second year the maximum

temperature (30.25°C) of the surface water was recorded in April and the

minimum, 28.0°C in January.

Salinity

The bottom water salinity was maximum, 31.0 ppt and 30.5 ppt in April

1987 and '88 respectively. The minimum values were 9.5 ppt (November)

and 9.65 ppt (August) for during the first and second years respectively.

The surface water temperature was highest (31.0 ppt) in April and lowest

(9.5 ppt) in November 1987. During the second year the maximum salinity

30 ppt was recorded in February as well as April and the minimum 8.0 ppt

in August (Fig. 2:9).

Dissolved Oxygen

There was not much fluctuation in the dissolved oxygen content of
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bottom and surface water (Fig. 2:13). The minimum value observed in bottom

water was 2.42 ml/l and 2.21 ml/l in April of the first and second years.

For surface water also the lowest. value was recorded in April (2.94 ml/l)

and 2.82 ml/l respectively during 1987 and I988. The maximum value noted

for the bottom water was 3.17 ml/l (I987) and 3.34 ml/1 (I988) respectively

in the month August. The dissolved oxygen content of the surface was highest

(3.52 ml/l and 3.38 ml/1) in August for both the years.

pH

The bottom water pH was highest 7.34 and 7.30 during November 1987

and I988 respectively. The lowest values in pH were 6.90 and 6.94 in April

of the first and second years respectively. The variation in surface water

pH was negligible. It showed a minimum 7.14 (March) and 7.11 (April) in

the first and second years respectively. The maximum values recorded were

7.52 (November 1987) and 7.54 (October — November 1988) (Fig. 2:17).

Nitrate — Nitrogen

The variation in the nitrate nitrogen of both the bottom and surface

water was pro—nounced. In both the years the lowest amount 2.95 pg at

N03 N/l and 3.17 pg at N03 - N/l was recorded in the surface water during

May. The maximum nitrate nitrogen was 42.77 pg at NO N/J and 44.823

pg at NO N/l in July during the first and second years respectively. The3

minimum nitrate value recorded in the bottom water was 4.5] ug at N03 
N/l during November and July 1987 respectively. For the second year also

the same trend was noticed. The lowest 5.10 pg at No N/] and the highest3

45.96 pg at N03 N/1 was observed in November and July respectively.
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In general the nitrate nitrogen was high during monsoon and remarkably

low during pre—monsoon (Fig. 2:21).

Nitrite — Nitrogen

For both, surface and bottom water the nitrite values were low during

pre—monsoon and high during monsoon. The lowest nitrite value recorded

in the bottom water was 0.72 pg at NO N/l in November I987 and 0.822

pg at N02 - N/1 in March 1988. The highest values were 6.24 and 5.30 pg
at NO - N/1 during July I987 and 1988 respectively. The minimum nitrite2

values recorded in the surface water were 0.82 pg at NO N/l in March2

1987 and 0.86 pg at NO N/1 November 1988. The maximum values were2

6.3 and 5.24 pg at NO - N/l during the first and second years respectively2

(Fig. 2:25).

Reactive Phosphorus

The phosphate availability was recorded and it was noted that the

maximum phosphate availability was during pre-monsoon. The bottom water

the highest value recorded were 9.45 and 8.72 pg at PO P/l during April4

1987 and I988 respectively. In the surface water also it was in April (i.e.

pre—monsoon) that the peak values were noted. A maximum of 8.96 and

8.42 pg at PO - P/l was noted in April and a minimum of 0.96 and 0.984

pg at PO!‘ — P/l. during August of the first and second years respectively
(Fig. 2:29).

Hydrogen Sulphide

Hydrogen sulphide was observed in the surface water only during the
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25 - S/l and 3.6 pg at H25 

S/l during April I987 and I988 respectively. The minimum value recorded

period March — May. lt was highest 4.0 pg at H

were 2.8 pg at H25 S/l (March) 1987 and 2.4 pg at H25 - S/l (March) I983.

However, H25 was detected in the bottom water in all the seasons except
in the month of July and August. The highest value recorded was (414.0 and

38.0 pg at H S — 5/1 in April 1987 and 1988 respectively. It was observed2

that the H25 content of the bottom water was notably high during the pre
monsoon (Fig. 2:3la).

Sedimentology

Temperature

The sediment temperature varied from 27.5°C (January) to 29.5°C (April

May) in the first year and from 27°C (Jan, Nov—Dec) to 29.0°C (April/May)

in the second year. The variation in temperature was not very pronounced

(Fig. 2:5).

pH

During the first year the pH of the sediment ranged from 6.38 (April)

to 6.83 in August. In the second year slightly higher pH was noted 7.0!)

was the maximum and 6.40 the minimum pH recorded during the second year

of study. The fluctuation in pH is not worth mentioning (Fig. 2:17).

Eh

The Eh of the sediment showed a maximum reduced value 295 -mv

in April and a minimum reduced value of I36 -mv in November in the first

year. During the second year the highly reduced value, 282 -mv was noted
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in April and the less reduced value, 144 -mv in August. The Eh values were

low during the pre-monsoon period and increased with the onset of monsoon

(Fig. 2:32).

Organic Carbon

The variation in organic content of the soil was not well marked.

The maximum 3.511% and 3.77% were recorded during September 1987 and

November 1988 respectively (Fig. 2:35). The minimum values recorded are

2.73% and 2.76% in April 1987 and 1988. The organic content of the soil

was found to increase with the onset of monsoon.

Available Phosphorus

The phosphate available in the soil was recorded for both the years

and it was observed that the availability of phosphate was high during pre

monsoon than in the other seasons. The maximum values observed were

2.76 and 3.32 pg at PO P/g during April 1987 and 1988 respectively. The4

minimum values noted were 0.81 and 0.82 pg at P04 — P/g during August

1987 and November 1988 respectively (Fig. 2:29).

Available Nitrate

Nitrate in the sediment showed slight fluctuation. During the first

year the peak value observed was 1.16 pg at NO - N/g in September and3

the lowest 0.57 pg at NO N/g in April. In the second year the maximum3

observed value was 1.142 pg at No N/g in July and the minimum 0.59 pg3

at N03 — N/g in April (Fig. 2:21).
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Total Sulphide

Total sulphide was detected in the sediment from January July in

the first year and throughout the year during the second year study. In

the first year maximum value recorded was 3128.9 pg at H25 S/g (April).

The following year, the peak value was again noticed in April, 3238.6 pg

at H25 S/g. Thereafter it started declining with the onset of monsoon

and reached the lowest 116.2 pg at H25 S/g in October (Fig. 2:37).

Station IV

Hydrography

Temperature

For both the surface and bottom water the temperature was compara

tively high during the pre-monsoon period. The maximum values recorded

for the surface water were 30.5°C and 30.0°C during April - May 1987 and

March — May 1988 respectively. For surface water minimum temperature

recorded was 28.5°C during October — December 1987 and in December 1988.

The maximum bottom water temperature 30.5°C and 30.0°C was recorded

in May 1987 and March - May 1988 respectively. The minimum temperature

recorded for bottom water was 28.5°C, during October — December 1987

and in December 1988 (Fig. 2:6).

Salinity

For both bottom and surface water the salinity was high during pre

monsoon period and low during monsoon (Fig. 2:10). In the first year the

minimum salinity recorded for bottom water was 6.3 ppt in August and for
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surface water 5.5 ppt during the same month. In the second year the minimum

salinity recorded was 4.5 ppt for August for both surface and bottom water.

The maximum salinity recorded for bottom water was 30.0 ppt and 29.0 ppt

during April 1987 and 1988 respectively. For surface water also the salinity

was at its peak in April in both the years, 29.5 ppt and 28.5 ppt respectively.

Dissolved Oxygen

The dissolved oxygen content of the surface water was minimum 1.76

ml/l and 1.68 ml/l in May during both the years. The maximum values

recorded were 3.99 ml/1 (November) and 3.72 ml/1 (December) for the first

and second years respectively. Comparatively the dissolved oxygen content

of the bottom was low (Fig. 2:14). It was minimum 1.02 ml/l and 1.03 ml/l

during May 1987 and 1988. Maximum values recorded were 2.214 ml/l and

2.18 ml/l in August during both the years.

pH

pH of the surface water varied form a minimum of 6.72 (April) to

a maximum of 7.5l+ (August) in 1987 and from 6.73 (May) to 7.50 (October)

during 1988. The bottom water pH showed very little fluctuation. The

minimum values of 6.50 (April 87) and 6.51 (April 88) and maximum values

of 6.81 (September 87) and 6.92 (September 88) were recorded (Fig. 2:18).

Nitrate — Nitrogen

During the pre—monsoon very low values of nitrate were in the bottom

water. Minimum of 0.76 pg at NO - N/1 and 0.82 ug at No N/1 was3 3
observed during April 1987 and 1988 respectively. The maximum values
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recercied for nitrate in bottom water were 20.6 pg at NO N/1 and 27.753

pg at NO - N/1 during July of the first and second years. In the surface3

water the lowest value recorded in 1-12 pg at No _ N/1 during April in3

botr. the years. The maximum nitrate value in surface water was 29.7 and

27.75 pg at NO — N/l in July for the first and second years of the study.3

In general it can be seen that the nitrate values were low during pre—monsoon

anc n_gh during monsoon (Fig. 2:22).

Nitrite - Nitrogen

The minimum nitrite content in the surface water recorded was 0.75

pg E‘. N02 N/I during April for both the first and second years of the study.

The maximum values recorded were #.32 pg at NO N/1 and 3.87 pg at2

NO - N/1 during July 1987 and August 1988 respectively. For bottom water2

a minimum of 0.68 and 0.76 pg at NO - N/l was observed during April 19872

and ‘SS and a maximum of 5.614 and 3.89 pg at No .. N/1 during July and2

August of the first and second years were recorded. The fluctuation followed

a general pattern of low values during pre—monsoon followed by high nitrite

values in monsoon (Fig. 2:26).

Reactive Phosphorus

The reactive phosphorus in the surface water was highest, 16.00 and

16.72 pg at PO - P/l during April 1987 and 1988 and lowest, 1.03 and Augustll

1988 respectively. In the bottom water the highest values for reactive

phosphorus was noted in monsoon, 17.73 and 18.00 pg at P04 — P/l during

April 1987 and 1988 respectively. With the onset of monsoon the phosphate

content started declining and a minimum of 1.12 and 1.75 pg at PO P/l4
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was noted in September 1987 and August 1988 (Fig. 2:30).

Hydrogen Sulphide

Hydrogen sulphide was observed in the bottom water throughout the

year (Fig. 2:3lb). The maximum values were 150.114 and 161.2 pg at H25

5/l during April of both the years and the minimum content of H25 in the

bottom water 4.86 pg at H25 5/1 and 3.1% pg at H25 - 5/1 in the month

of August for the first and second year. H25 was not present in the surface

water during the period July - December of both the years. The peak values,

42.0 and 146.0 pg at H25 5/] and minimum values, 6.7 and 12.82 pg at H25

5/1 was noted in April and June of 1987 and I988 respectively.

Sedimentology

Temperature

The temperature recorded a maximum 29.5°C (April — May) and minimum

27.5°C (December) in 1987. In the second year the maximum value recorded

was the same (29.5°C) as in the previous year, but the minimum was 27.0

(December). However the fluctuation in temperature is not very prominent

(Fig. 2:6).

pH

The variation in sediment pH was not pronounced. During the entire

period of study the lowest value, 6.22 was recorded in April 1987 and the

highest 6.58 in November I987 and December I988 (Fig. 2:18).
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Eh

The maximum reduced values 340 —mv and 3145 —mv were recorded

in April 1987 and I988 respectively. The minimum reduced valuesl8O -mV

and I97 —mv were observed in November of the first and second year

respectively. Very highly reduced values were observed during pre-monsoon

during the period of study (Fig. 2:32).

Organic Carbon

The highest values recorded in the first year of study was during the

post monsoon period. A maximum of 14.21% of organic carbon was noted

in November and a minimum of 2.52% in May 1987. However in I988 the

peak record of organic content was 14.06% in December and the lowest 2.82%

in May. In general the organic content of the soil was found to be low during

late pre-monsoon and early post-monsoon (Fig. 2:36).

Available Phosphorus

The phosphate content of the soil was observed to be low during the

monsoon season and high during the pre-monsoon period. The maximum values

recorded were 3.19 pg at P04 - P/g and 3.24 pg at P04 - P/g in April during
the first and second year of the study. The minimum values were 0.98 and

1.25 pg at PO“ — P/g in November of the both the years (Fig. 2:30).

Available Nitrate

The fluctuation in the nitrate content of the soil was not very pro

nounced during the entire period of study (Fig. 2:22)._ During the first year,
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the maximum value recorded was 0.96 pg at No - N/g (August) and the3

minimum 0.3] pg at No N/g. (April). However in the following year a3

slight increase was noted in the maximum value. 1.06 pg at N03 - N/g was

the peak value and 0.42 pg at N03 - N/g was the peak value and 0.42 pg

at N03 N/g was the lowest value recorded in the second year.

Total Sulphide

Throughout the year total sulphide was detected in the sediment. How

ever a well marked variation in the quantity was noticed between the season.

Very high values were recorded during pre-monsoon. During the first year

the maximum value recorded was l+2l+l+.7 ug at H25 S/g in April and the

minimum 311.5 pg at H25 — 5/g in November. The same trend was observed

in the following year also (Fig. 2:37).

The peak value recorded in the second year was 43414.9 pg at H25

5/g in April and the minimum values, 510.0 pg at H25 5/g in November.

Correlation

In order to evaluate the nature of relationship between different hydro

graphical and sedimentological parameters and also to understand the relation

ship between hydrogen sulphide in the water and total sulphide in the sediment

to other ecological parameters, the two years data (1987 to 1989) were ploted

and analysed for estimating the correlation coefficient (‘r’) values. The

results obtained at Station I, II, III and IV are presented in Table 2:24 to

2:27. In the ensuing account the 'r‘ values given within the brackets for

the corresponding stations ar_e first. is surface water value and second is bottom
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water value respectively.

In Station I (St. I) and Station 11 (St. II) hydrogen sulphide was not

found in the surface and bottom water whereas hydrogen sulphide was present

in surface water and bottom water of Station III (St. 111) and Station IV

(St. IV). In the case of sediment, total sulphide was present in all the stations

either throughout the year or during some part of the year. In St. I and

St. II total sulphide in the sediment was mainly observed during January to

June only that too in very less quantity. Total sulphide in the sediment

was high and found throughout the year in St. 111 and St. IV.

Total sulphide of the sediment was positively correlated to temperature

of water (St I, r = 0.703, 0.563; St. II, r = 0.804, 0.478, St. III, r : 0.501,

0.797, St. IV, r = 0.570, 0.590), salinity (st. I, r = 0.468, 0.413; St. II r =

0.959, 0.936; St. III, r : 0.509, 0.542; St. IV, r : 0.401, 0.631) available

phosphorus of sediment (St. I, r : 0.479, St. II, r = 0.432; St. III, r = 0.763,

St. IV, r : 0.612), reactive phosphorus of water (St. III, r = 0.673, 0.786;

St. IV, r : 0.830, 0.803).

Total sulphide_of sediment showed negative correlation to Nitrate 

Nitrogen of water (St. 11 r = -0.617, -0.509; St. III r = -0.641, -0.699; St. IV

r = -0.697, -0.638), nitrite of water (St. II r = -0.539, -598; St. III r =

-0.519, -0.430; St. IV r = -0.638, -0.573), reactive phosphorus of water (St. II

r : -0.570, -0.534), available nitrate of sediment (St. III r = -0.439; St. IV

r -0.529) dissolved oxygen of water (St. I r = -0.521, 0.672; St. II r : —0.9|9,

-0.877; St. Ill r = -0.515, -0.642; St. IV r = -0.458, -0.861), pH of water

(St. I r = -0.76, -0.491; St. II r : -0.618, -0.449; St. III r = -0.524, -0.780;
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St. IV r = -0.556, -0.792), Eh of sediment (St. I r = -0.554; St. 11 4 -0.671,

St. 111 r = -0.645, St. IV r = -0.765).

H25 of surface water was positively correlated to temperature of water
(St. III r = 0.662, 0.756; St. IV r : 0.810, 0.714), salinity (St. III r = 0.650,

0.658; St. IV r 11 0.910, 0.900), reactive phosphorus of water (St. III r = 0.847

0.363; St. IV r 0.965, 0.961), H25 of bottom water (St. 111 r = 0.814; St. 1v

r : 0.526) temperature of sediment (St. 111 r = .750; St. IV r : 0.804) available

phosphorus of sediment (St. III r = 0.830, St. IV r = 0.875) total sulphide

of the sediment (St. III r = 0.803, St. IV r : 0.768), H25 of surface water

was negatively correlated to dissolved oxygen (St. III r : -0.644, -0.736; St. [V

r = -0.867, -0.363), pH of water (St. III r : -0.741, —0.0783; St. IV r = -0.847,

-0.767) nitrate of water (St. III r = -0.429, -0.438; St. IV r = -0.562, -0.623)

nitrite of water (St. III r : -0.437, -0.406; St. IV r = -0.840, -0.781) pH of

sediment (St. III r = -0.823, St. IV r : -0.861) Eh of sediment (St. 111 r =

-0.783, St. IV r : -0.823) organic carbon of sediment (St. III r : -0.712; St. IV

r : -0.563), available nitrate of sediment (St. III r : -0.640; St. IV r =

-0.876).

H S of bottom water was positively correlated to temperature of water2

(St. 111 r = -0.761, 0.776; St. IV r = 0.687, 0.682) salinity (St. III r = 0.811,

0.796; St. IV r : 0.642, 0.616), reactive phosphorus of water (St. III r = 0.833;

St. IV r = 0.498, 0.466) H S of surface water (St. III r : 0.814; St. IV r :2

0.526) temperature of sediment (St. III r = 0.751, St. IV r = 0.514) available

phosphorus of sediment (St. III r = 0.832, St. IV r = 0.594) total sulphide

of sediment (St. III r : 0.816; St. IV r = 821). H25 of bottom water was
negatively correlated. Dissolved oxygen (St. III r =- -0.761, -0.806; St. IV
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r = -0.555, -0.687) pH of water (St. III r -0.650, -0.729; St. [V r -0.475,

-0.571), nitrate of water (St. III r = -0.417, -0.430; St. IV r = -0.561, -0.567)

nitrite of water (St. III r : -0.510, -0.512; St. IV r : -0.588, -0.582) pH of

sediment (St. III r = -0.838; St. [V r = -0.642), Eh of sediment (St. III r :

-0.709, St. IV r = -0.805), organic carbon of sediment (St. III r = -0.675,

St. IV r : -0.702) available nitrite of sediment (St. III r : -0.785, St. IV r

: -0.617).

Temperature of surface water was positively correlated to temperature

of bottom water (St. I r 2 0.8070; St. II r : 0.468; St. III r = 0.714; St.

I\' r = 0.808), temperature of sediment (St. I r = 0.855; St. II r = 0.704;

St. III r = 0.672; St. IV 1‘ : 0.824), salinity (St. I r = 0.804, 0.784; St. II

r = 0.747, 0.765; St. III r = 0.641, 0.624; St. IV r = 0.839, 0.848), reactive

phosphorus of water (St. III r = 0.662, 0.692; St. IV r = 0.834, 0.843) available

phosphorus of sediment (St. III 1' = 0.618, St. IV r = 0.850), reactive phosphorus

of water (St. 111 r = 0.662, 0.696; St. Iv r = 0.334, 0.343), total sulphide of

sediment (St. I r = 0.703; St. II r = 0.364; St. III r : 0.501; St. IV r : 0.570),

hydrogen sulphide of water (St. III 1‘ = 0.662, 0.761; St. IV r : 0.810, 0.687)

and negative correlation was found with dissolved oxygen (St. I r = -0.828,

-0.881; St. II r = -0.807, -0.697; St. III r = -0.550, -0.624; St. IV r = -0.901,

-0.845), pH of water (St. I r = -0.764, -0.470; St. II r = -0.497, -0.432; St. III

r : -0.454, -0.441; St. IV r : -0.766, -0.603), reactive nitrate of water (St. I

r = -0.558, -0.577, St. I] r = -0.533, -0.503), available nitrite of water (St. I

r = -0.426, -0.418; St. 11 r = -0.478, -0.503), available phosphorus of water

(St. I r : -0.671, -0.686; St. II r = -0.548, -0.556), pH of sediment (St. I

r = -0.826; St. 11 r = -0.791; St. 111 r = .0734; St. IV r = .0732), Eh of
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sediment (St. I r = -0.793; St. II r = -0.425; St. III r = -0.686; St. [V r =

-(3.694).

Temperature of bottom water was positively correlated to sediment

temperature (St. I r = 0.850; St. II r = 0.541; St. III r = 0.674; St. IV r =

0.792), salinity (St. I r = 0.834, 0.817; St. II r = 0.547, 0.508; St. III r = 0.449,

0.'—’—:0; St. IV = 0.714, 0.701), total sulphide of the sediment (St. I r = 0.563;

5:. Ii r 0.478; St. III r = 0.561; St. IV r = 0.570), hydrogen sulphide of

the water (St. III r 0.756, 0.776; St. [V ‘r : 0.702, 0.682), reactive phosphorus

of water (St. III r : 0.671, 0.630; St. [V r : 0.702, 0.705), and negative corre

lation was found with dissolved oxygen (St. I r : -0.840, -0.858; St. II r :

-C.574, -0.613; St. III r = -0.485, -0.603; St. IV r = -0.829, -0.757), pH of

water (St. I r : -0.628, -0.446; St. II r = -0.694, -0.561; St. III r : -0.521,

-5.510; St. IV r = -0.531, -0.443), nitrate of water (St. I r = -0.477, -0.496),

pH of sediment (St. I r : -0.689, St. II r = -0.582, St. III r = -0.661, St.

IV r = -0.718) Eh of sediment (St. I r : —0.737; St. II r = -0.531; St. III r =

-C.613; St. IV r = -0.707) organic carbon of sediment (St. III r = -0.534; St. IV

r : -0.620) available nitrate of sediment (St. III r = -0.456; St. IV r = -0.568).

Temperature of sediment was positively correlated to water temperature

(St. I r : 0.855, 0.850; St. 11 r = 0.704, 0.541; St. III r = 0.672, 0.674; St. IV

r = 0.824, 0.792), salinity (St. I r : 0.827, 0.830; St. 11 r = 0.733, 0.735;

St. III r = 0.465, 0.458; St. IV r = 0.792, 0.792), total sulphide of sediment

(St. I r : 0.583; St. II r = 0.669, St. III r = 0.670; St. IV 1' = 0.552), hydrogen

suiphide of water (St. III r = 0.751; St. IV r = 0.514), reactive phosphorus

of water (St. III r : 0.702, 0.698; St. IV r 0.762, 0.755), available phosphorus

of sediment (St. 111 r : 0.618; St. IV r :' 0.839) and negatively correlated
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to dissolved oxygen (St. I r = -0.850, -0.855; St. II r = -0.620, -0.509; St. III

r -0.57]; St. IV r : -0.885, -0.353), pH of water St. I r = -0.568, -0.472;

St. II r = -0.564, -0.443; 51:. III r = -0.644, -0.508; 51:. IV r = -0.709, -0.62I),

nitrate of water (St. I r = -0.424, -0.440; St. [I r = -0.462, -0.439) reactive

phosphorus of water (St. I r : -0.424, -0.440; St. II r : -0.462, -0.439) reactive

phosphorus of water (St. I r -0.616, -0.624; St. 11 r : -0.483, -0.472), pH

of sediment (St. I r : -0.813; St. II r : -0.536; St. III r : -0.683; St. [V r

-0.807), Eh of sediment (St. I r = -0.857; St. [I r : -0.482; St. III r

-0.724; St. IV r = -0.654), nitrite of sediment (St. III r = -0.452; St. IV r

= -0.773), organic carbon (St. III r = -0.738; St. IV r = -0.544).

Salinity of surface water was positively correlated to temperature

of water (St. I r : 0.804, 0.834; St. 11 r : 0.797, 0.542; St. III r = 0.641,

0.449; St. IV r = 0.839, 0.703), temperature of sediment (St. I r = 0.827;

St. II r : 0.733; St. III r = 0.465; St. IV r : 0.792), bottom water salinity

(St. I r 0.987; St. II 1‘ : 0.986; St. III r = 0.997; St. IV r = 0.991), total

sulphide of sediment (St. I r = 0.468; St. II r = 0.959; St. III r = 0.509; St.

IV r = 0.401), hydrogen sulphide of water (St. III r = 0.650, 0.811; St. IV

r : 0.910, 0.642) and negatively correlated to dissolved oxygen (St. I r :

-0.9115, -0.945, -0.903; St. 11 r = -0.917, -0.936; St. 111 r = -0.869, -0.720;

St. IV r = -0.918, -0.959) pH of water (St. I r = -0.549, -0.448; St. II r :

-0.472, -0.455; St. 111 r = -0.691, -0.713; St. IV r = -0.882, -0.731), nitrate

of water (St. I r = -0.652, -0.656; St. 11 r = -0.670, -0.642; St. 111 r = -0.429,

St. IV r : -0.644, -0.743) nitrate of water (St. I r = -0.531, -0.537; St. II

r : -0.635, -0.652; St. III r -0.471, -0.466), pH of sediment (St. I r = -0.305;

St. II r = -0.898; St. III r -0.845; St. IV r : -0.751), Eh of sediment (St. I

r = -0.901; 51:. II r : -0.480; St. III r : -0.809; St. IV r : -0.856).
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Salinity of bottom water was positively correlated to temperature of

water (St. I 1" = 0.784, 0.817; St II r = 0.765, 0.508; St. III r = 0.624, 0.440;

St. IV r = 0.848, 0.701) temperature of sediment (St. I r : 0.830; St. 11 r

= 0.735; St. III r 0.458; St. IV r = 0.792), surface water salinity (St. I r

= 0.987; St. II r = 0.986; St. III r : 0.997; St- IV r = 0.991), total sulphide

of sediment (St. I r : 0.418; St. I r = 0.478; St. III r : 0.542; St. Iv r =

0.631), hydrogen sulphide of water (St. III r = 0.658, 0.796; St. IV r 0.900,

0.616), available phosphorus of sediment (St III r = 0.858; St. IV r = 0.904)

and negatively correlated to dissolved oxygen (St. I r = -0.959, -0.882; St.

Il r = -0.922, -0.850; St. III r = -0.878, -0.730; St. IV r : -0.917, -0.947),

pH of water (St. I r : -0.520, -0.495; St. II r = -0.436, -0.413; St. III r =

-0.727, -0.736; St. IV r = -0.727, -0.757), nitrate of water (St. I r -0.677,

-0.677; St. II r = -0.643, -0.645; St. IV r = -0.611, -0.711) nitrate of water

(St. I r = -0.566, -0.564; St. II r = -0.650, -0.671; St. III r : -0.437, -0.427;

St. IV r -0.874, -0.799) pH of sediment (St. I r = -0.793; St. II r = -0.866;

St. III r -0.836; St. IV r : -0.748), Eh of sediment (St. I r = -0.893; St. II

r = -0.519; St. III r = -0.696; St. IV r = -0.603), organic carbon of sediment

(St. III r = -0.685; St. IV r : -0.518). Salinity showed positive correlation

to reactive phospherous of water in (St. III r = 0.827, 0.863 and St. IV r

: 0.965, 0.905) and negative correlation in St. I (r = -0.760, -0.741); St. II

(r : -0.607, -0.560).

Dissolved oxygen of surface water was positively correlated to pH of

water (St. I r : 0.642, 0.532; St. II r = 0.476, 0.470; St. III r = 0.648, 0.667;

St. IV r = 0.843, 0.724), nitrate of water (St. I r = 0.574, 0.574; St. [I r

: 0.595, 0.566; St. III r = 0.446; St. IV r = 0.363, 0.512) nitrate of water

(St. I r = 0.435, 0.424; St. II r = 0.483, 0.509; St. III r : 0.493, 0.499; St. IV

r = 0.718, 0.662), bottom dissolved oxygen (St. 1 r = 0.937; St. 11 r = 0.947;
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St. III r : 0.829; 51:. IV r = 0.957), pH Of sediment (St. I r : 0.854; St. II

r : 0.924; St. III r : 0.746; St. IV r : 0.815), Eh of sediment (St. I r = 0.877;

St. II r = 0.406; St. III r = 0.716; St. IV r : 0.746). Dissolved oxygen showed

negative correlation to temperature of water (St. I r = -0.828, -0.840; St.

Ii r = -0.807, -0.468; St. III r = -0.550, St. IV r : -0.901, -0.581), temperature

of sediment (St. I r = -0.850; St. I] r = -620; St. IV r = -0.815), salinity (St.

I r = -0.945, -0.959; 51:. H r = -0.917, -0.912; St. III r : -0.367, -0.873; St.

IV r = -0.918, -0.917), total sulphide of sediment (St. I r = -0.52]; St. Ii

r = -0.9l9; St. [11 r = -0.815; St. IV r : -0.858), hydrogen sulphide of water

(St. III r = -0.664, -0.76]; St. IV r = -0.867, -0.555), available phosphorus

sediment (St. III r : -0.568; St. [V r : -0.969).

Dissolved oxygen of bottom water hear positively correlated to surface

water dissolved oxygen (St. I r = 0.723; St. 11 r : 0.947; St. III r : 0.829;

St. IV r = 0.957), pH of water St. I r = 0.723, 0.458; St. II r = 0.665; St.

III r = 0.753, 0.682; St. IV r = 0.882, 0.767), nitrate of water (St. I r =

0.447, 0.445; St. II r = 0.587, 0.566; St. IV r : 0.564, 0.767), nitrate of water

(St. II r = 0.456, 0.476; St. IV r = 0.806, 0.749) pH of sediment (St. 1 r =

0.858; St. II r = 0.879; St. III r = 0.778; St. IV r = 0.754), Eh of sediment

(St. 1 r = 0.844; St. II r = 0.698; St. III r = 0.868; St. IV r = 0.303) and

negative correlation was observed with hydrogen sulphide of water (St. III

r : -0.763, -0.806; St. IV r : -0.868), water temperature (St. I r = -0.881,

-0.858; St. II r = -0.699, -0.613; St. III r = -0.44], -0.510; St. IV r -0.845,

-0.757), salinity (St. I r = -0.903, -0.882; St. II r = -856, -0.850; St. III r

= -0.720, -0.720, -0.730; St. [V r = -0.959, -0.947), available phosphorus of

sediment (St. I r = -0.442; St. III r - —0.8_69;, St. IV r: -0.939), total sulphide
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of sediment (St. I r : -0.677; St. 11 r = -0.877; St. III r -0.842; St. IV r

= -0.86|).

pH of surface water was positively correlated to pH of bottom water

(St. I r : 0.664; St. II r = 0.663; St. III r = 0.756; St. IV r = 0.882), dissolved

oxygen (St. I r : 0.642, 0.723; St. II r = 0.476, 0.665; St. III r : 0.648, 0.753;

St. IV r = -0.843, -0.882), pH of sediment (St. I r : 0.702; St. II r : 0.629;

St. III r : 0.789; St. IV r = 0.709), Eh of sediment (St. I r = 0.644; St. 11

r = 0.472; St. III r : 0.634; St. IV r = 0.67l) and negatively correlated to

hydrogen sulphide of water (St. III r = -0.741, -0.650; St. IV r = -0.847,

-0.475), salinity (St. I r -0.549, -0.520; St. II I‘ = -0.472, -0.436; St. III

r = -0.691, -0.727; St. IV r = -0.882, -0.877), available phosphorus of sediment

(St. I r = -0.481; St. II r : -0.557; St. III r : -0.853; St. IV r : -0.880), total

sulphide of sediment (St. I r = -0.706; St. II r = -0.618; St. III r : -0.524;

St. IV r : -0.556).

pH of bottom water was positively correlated to surface water pH (St.

I r = 0.664; St. II r = 0.663; St. III r : 0.756; St. IV r : 0.820), Eh of the

sediment (St. I r : 0.409; St. III r = 0.536; St. III r = 0.629; St. Iv r : 0.702),

pH of sediment (St. I r = 0.435; St. II r : 0.473; St. III r : 0.763; St. IV

r : 0.562), available nitrate of sediment (St. II r = 0.478; St. III r 0.649;

St. IV r = 0.838), dissolved oxygen (St. I r = 0.532, 0.458; St. II r : 0.470,

0.477; St. III r = 0.667, 0.682; St. IV r : 0.724, 0.767) and negatively corre

lated to temperature of sediment (St. I r = -0.472; St. II r = -0.443; St.

III r : -0.508; St. IV r = -0.621), salinity (St. I r = -0.448, -495; St. II r :

-0.445, -0.561; St. III r = -0.719, -0.736; St. IV r : -0.744), total sulphide

of sediment (St. I" r ': -0.49]; St. II 2' : -0.499; St. III r : -0.780; St. IV r
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= -0.792), hydrogen sulphide of water (St. 111 r = -0.767, -0.571; St. IV r :

-0.510, -0.729).

Nitrate of surface water was positively correlated to dissolved oxygen

(St. I r = 0.574, 0.447; St. 11 r : 0.595, 0.587; St. III r = 0.467, St. IV

r = -- 0.564), pH of water (St. I r = 0.401, --; St. 11 r = 0.803, 0.728; St.

III r = 0.836, 0.661; St. IV r : 0.816, 0.785), bottom water nitrate (St. I

r = 0.986; St. 11 r = 0.781; St. III r 0.872; St. IV r = 0.785) pH of sediment

(St. 1 r = 0.467; St. II r : 0.567), reactive phosphorus of water (St. I r =

0.809, 0.761; St. I] r : 0.802, 0.800), Eh of sediment (St. I r : 0.639; St.

11 r = 0.488) and negatively correlated to temperature of water (St. I r =

-0.558, -0.477; St. II r : -0.533), temperature of sediment (St. I r = -0.424;

St. II r = -0.462), salinity (St. I r : -0.652, -677; St. 11 r = -0.670, -0.643;

St. III r = -0.429, -0.392; St. Iv r = -0.644, -0.611), hydrogen sulphide of

water (St. III r : -0.429, -0.417; St. IV r : -0.552, -0.522, -0.561), total sul

phide of sediment (St. II r = -0.617; St. III r : -0.641; St. IV r = -0.697).

Nitrate of bottom water was positively correlated to dissolved oxygen

(St. I r : 0.574, 0.445; St. II r : 0.566, 0.566; St. Iv r = 0.512, 0.674), surface

water nitrate (St. I r : 0.986; St. Ii r : 0.998; St. III r = 0.661; St. IV r

= 0.900), nitrate of water (St. I r : 0.916, 0.912; St. II r = 0.781, 0.701;

St. III r = 0.410, 0.503; St. IV r = 0.791, 0.766), pH of sediment (St. I r =

0.491; St. II r = 0.546), Eh of sediment (St. I r : 0.632; St. II r : 0.471)

and negatively correlated to temperature of sediment (St. I r = -0.440; St.

II r = -0.513; St. IV r = -0.471), temperature of water (St. I r = -0.577,

-0.496; St. II r : --; -0.439), salinity (St. I r : -0.656, -0.677; St. U r =

-0.642, -0.615; St. IV r = -0.743, -0.716), hydrogen sulphide of water (St. III
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r -5.438, -0.430; St. IV r : -0.623, -0.567), total sulphide of sediment (St.

II r = -590; St. III r = -0.649; St. IV r = -0.608).

Nitrite of surface water was positively correlated to dissolved oxygen

(St. I r = 0.435, --; St. II r = 0.480, 0.456; St. III r = 0.493, --; St. IV r

= 6.718, 0.806), nitrate of water (St. I r = 0.915, 0.994; St. I! r = 0.803,

0.731: St. III r = 0.836, 0.496; St. IV r = 0.816, 0.791), reactive phosphorus

of water (St. I r : 0.750, 0.709; St. II r : 0.933, 0.982), nitrite of bottom

water (St. I r = 0.994; St. II r = 0.982; St. III r : 0.988; St. IV r = 0.962),

Eh of sediment (St. I r = 0.609; St. II r = 0.445), available nitrate of sediment

(St. II r : 0.511, St. III r : 0.541, St. IV r = 0.763) and negative correlation

was shown with temperature of water (St. I r = -0.426, --; St. II r : -0.478;

St. Iv r = -0.690, -0.570), Eh of sediment (St. III r : -0.597; St. IV r =

-0.670), salinity (St. I r : -0.531, -0.566; St. 11 r = -0.635, -0.650; St. III

r = -5.471, -0.434; St. IV r = -0.883, -0.874), available phosphorus of sediment

(St 11 r = -0.411; St. IV r : -0.708), hydrogen sulphide of water (St. III r

: -0.437, -0.510; St. IV r = -0.840, -0.588), total sulphide of sediment (St.

II r : -0.539, St. III r = -0.519, St. Iv r = -0.633).

Nitrite of bottom water was positively correlated to dissolved oxygen

(St. I r : 0.424, --; St. II r = 0.509, 0.476; St. III r = 0.499, --; St. IV r

= 0.662, 0.749), nitrate of water (St. I r : 0.915, 0.912; St. II r = 0.728,

0.701; St. 111 r = 0.872, 0.503; St. IV r = 0.785, 0.766), nitrite of surface

water (St. I r : 0.994; St. II r = 0.982; St. III r = 0.988; St. Iv r = 0.962),

reactive phosphorus of water (St. I r : 0.722, 0.679; St. 11 r = 0.901, 0.865),

Eh of sediment (St. I r = 0.612; St. II r = 0.453) and negatively correlated

to temperature of water (St. I r‘ : -0.418, --; St. II'r = -0.642, -0.615; St. III
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I’ —0.466, -0.422; St. [V r = -0.814, -0.729), temperature of sediment (St. 11

r -0.461; St. IV r : -0.543), total sulphide of sediment (St. 11 r : -0.548;

St. III r : -0.430; St. IV r = -0.573), available phosphorus of sediment (St.

II r = -0.43]; St. IV 1' = -0.674), hydrogen sulphide of water (St. III r : -0.437,

-0.510; St. IV 1' : -0.840, -0.588).

Reactive- Phosphorus of surface water was positively correlated to

hydrogen sulphide of water (St. III r 0.841, 0.671; St. IV r : 0.965, 0.498),

total sulphide of sediment (St. 111 r 0.673; St. IV r : 0.830). In stations

where hydrogen sulphide was negligible or absent the reactive phosphorus

of surface water showed positive correlation with dissolved oxygen (St. I

r : 0.706, 0.674; St. I] r = 0.574, 0.473), pH of water (St. I r = 0.476,

St. II r : 0.442, --;), nitrate of water (St. I r : 0.809, 0.810, St. II r = 0.802,

0.782), Eh of sediment (St. I r : 0.690; St. II r = 0.593) and stations where

hydrogen sulphide was high phosphorus of surface water exhibited negative

correlation with dissolved oxygen (St. III r : -0.794, -0.853; St. IV r = -0.869,

-0.858), pH of water (St. III r = -0.854, -0.797; St. IV r = -0.895, -0.779),

nitrate of water (St. IV r : -0.510, -0.651), Eh of sediment (St. III r =

-0.840; St. IV r = -0.813).

Reactive Phosphorus of bottom water was positively correlated with

hydrogen sulphide of water (St. III r 0.814, 0.841; St. IV r = 0.526, 0.466),

Ittotal sulphide of sediment (St. III r 0.786; St. IV r : 0.673), temperature

of water (St. II] r = 0.696, 0.630; St. IV r : 0.843, 0.705), temperature of

sediment (St. III r 0.693; St. IV r : 0.755), salinity (St. III r : 0.859, 0.863;

St. IV r : 0.910, 0.905). In stations where presence of hydrogen sulphide

was very less or absent the type of correlation was also different. Available
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phosphorus of bottom water showed negative correlation to temperature

of water in stations I and II, where hydrogen sulphide in the water was absent.

Similarly negative correlation to temperature of sediment (St. I r : -0.620;

St. II r = -0.1472), salinity (St. I r = -0.725, -0.793; St. 11 r = -0.573, -0.560).

pH of sediment was positively correlated to dissolved oxygen (St. I

r 0.854, 0.858; St. II r = 0.924, 0.821;; St. III r = 0.7416, 0.778; St. IV r

= 0.815, 0.7514), pH of water (St. I r: 0.702, 0.1435; St. II r = 0.629, 0.473;

51:. III r : 0.789, 0.763; St. [V r : 0.709, 0.562), reactive phosphorus of water

(St. I r : 5.6611, 0.665; St. 11 r = 0.458, 0.416), organic carbon of sediment

(St. III r 0.823; St. IV r : 0.580), Eh of sediment (St. I r = 0.820, St. 11

r : 0.l+01; St. III r : 0.753; St. IV r = 0.708) and negatively correlated to

hydrogen sulphide of water (St. III r = -0.823, -0.838; St. IV r : -0.861,

-0.6112), available phosphorus of sediment (St. III r : -0.900; St. IV r = -0.762)

temperature of sediment (St. I r = -0.813; St. II r = -0.536; St. III r = -0.683;

St. IV r = -0.807), total sulphide of sediment (St. I r = -0.561; St. II r =

-0.677; St. III r : -0.678; St. IV r = -0.696).

Organic carbon of sediment was positively correlated to Eh of sediment

(St. I r = 0.464; St. 11 r = 0.473; St. 111 r = 0.675; St. 1v r = 0.721), pH of

water (St. III r = 0.882, 0.682; St. IV r _ 0.636, 0.501) and negatively corre

lated to pH of water (St. I r = -0.502, -0.11311; St. II r = -0.480, -0.406),

total sulphide of sediment (St. I r : -0.554; St. I] r = -0.671; St. III r :

-0.605; St. IV r -0.765), hydrogen sulphide of water (St. III r = -0.712,
ll-0.675; St. IV r -0.563, -0.702), reactive phosphorus of water (St. III r

: -0.860, -0.871; St. IV r = -0.621, -0.656).
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Available Phosphorus of sediment was positively correlated to tempe

rature of sediment (St. III r = 0.618; St. IV r = 0.839), hydrogen sulphide

of water (St. III r : 0.959, 0.947; St. [V r = 0.895, 0.886), temperature of

water (St. III r : 0.618, 0.645; St. IV r = 0.850, 0.762), total sulphide of

sediment (St. I r 0.479; St. II r : 0.432; St. III r = 0.763; St. [V r = 0.612)

and negatively correlated to pH of water (St. I r = -0.481, -0.404; St. 11

r -0.557, -0.413; St. III r = -0.853, -0.826; St. 1v r = -0.880, -0.763), Eh

of sediment (St. II r : -0.485; St. III r = -0.488; St. IV r : -0.425), pH of

sediment (St. III r : -0.900; St. IV r = -0.762), available nitrate of sediment

(St. 111 r = -0.800; St. [V r = -0.394).

Available nitrate sediment was positive correlated to organic carbon

of sediment (St. III r = 0.606, St. IV r : 0.474), Eh of sediment (St. III r

= 0.544; St. IV r = 0.687), pH of sediment (St. 111 r = 0.776; St. IV r = 0.679),

nitrate of water (St. III r = 0.508, 0.536; St. IV r : 0.590, 0.732), nitrate

of water (ST. II r = 0.511, 0.495; St. III r = 0.541, 0.546; St. IV r = 0.763,

0.694) and negative correlation to temperature of water (St. III r = -0.532,

-0.450; St. IV r : -0.743, -0.568), reactive phosphorus of water (St. III r

-0.764, -0.807; St. IV r : -0.895, -0.879), hydrogen sulphide of water (St.

III r : -0.640, -0.785; St. IV r = -0.876, -0.617), total sulphide of sediment

(St. III r = -0.439, St. IV r : -0.529), available phosphorus of sediment (St.

III r = -0.735; St. IV r : -0.894).

Distribution of Benthic macrofauna

Benthic macrofauna distribution in the four selected stations were

observed during the study period February I987 to January I989. The results
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of the observation, number per O.l m’ is given in Table 2:29 to 2:32.

The major groups of macro benthic animals collected during the period

of investigation includes Polychaetes, Tanaids, Amphipods, Isopods, Bivalves,

Gastropods and Nematods. Among the different groups of macro benthic

animals polychaetes was the most abundant group in all the stations. In

Station I and II the number of macro benthic groups were much higher than

that of Station III and Station IV. In Station I and II seven groups were

found whereas in Station III only two groups and in Station IV only one group

was observed during the study period.

Station I

Polychaetes, Tanaids, Amphipods, Gastropods and Nematods were observed

in Station I.

Polychaetes were the most dominant group. The maximum number

of Polychaetes I14 nos/O.l m’ was observed during March 1987 (First year)

and 186 nos/0.1 rn‘ in April 88 (Second year). Similarly the minimum number

34 nos/0.1 m’ and 1+4 nos/0.1 m‘ was recorded in August of both first and

second year (Fig. 2:38).

Tanaids was the second prominant group in this station (Fig. 2:39).

Maximum number 42 nos/0.1 m‘ was recorded in the month of December

87 (First year) and 62 nos/O.l m‘ in January 89 (Second year) minimum number

20 nos/0.1 m’ was observed during May 87 (First year) and I2 nos/0.1 m’

in the same month during the second year's observation. In other words

maximum number was found during post-monsoon period.
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Amphipods were found throughout the period of study (Fig. 2:40).

Highest number 43 nos/0.1 m’ was observed in the month of December 87

(First year) and 40 nos/0.1 rn’ in November 88 (Second year). Similarly the

lowest number 5 nos/0.] rn’ and '4 nos/0.1 m’ were recorded in the month

of April during the first year and second year respectively. Amphipods also

were found in less numbers during the pre-monsoon period and more during

post—monsoon period.

lsopods were not found throughout the period of study (Fig. 2:41).

During the first year observation isopods were completely absent in the

Collection during April, August and October. In the second year it was not

present in the samples during March, May and August. Maximum availability

was recorded (I0 nos/0.1 m’) in July and December 87 (First year). During

second years observation highest availability 12 nos/0.! m‘ was observed in

December 88.

Bivalves were found in the collections during most of the months except

September in the first year and August to October in the second year (Fig.

2:142). Maximum number 12 nos/0.1 m2 was observed in January 88 (First

year) and IL! nos/0.1 m‘ in January 89 (Second year).

Gastropods were absent in the collections during most of the months

(Fig. 2:43). 6 nos/0.1 m2 was the maximum which was recorded in the month

of January 88 (First year). In the second year 7 nos/0.1 m2 (highest) was

observed during December 88. Gastropods were present in the collections

only during first year and February, December, January during second year.

Nematods were also found in the benthic collections during February
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to July and December, January (First year) and in the second year it was

observed during February to May and October, December. Maximum number
2M nos/O.l m’ was recorded in March 87 (First year) and H nos/O.I m in

April 88 (Second year) (Fig. 2:44).

Station 11

The distribution of benthic macro fauna was almost same as observed

in Station I. In Station II also polychaetes was the prominant group. Other

groups like Tanaids, Amphipods, lsopods, Bivalves, C-astropods and Nematopods

were also present in this station.

Polychaetes maximum number II4 nos/O.l m‘ and 126 nos/O.l m‘ was

observed during May in the first and second year respectively. Minimum

number 24 nos/0.1 m’ was recorded during September, October (Second year)

and I9 nos/0.1 m’ was observed in September in the first year (Fig. 2:38).

Tanaids were also found throughout the period of observation. The

numbers (6 nos/0.1 rn’) present in May 87 (First year) was the lowest from

May 87 onwards the number started increasing and the highest 45 nos/O.l m’

was recorded in the month of October 87 (First year). The number of Tanaids

slowly decreased in the collection from November 87 onwards (Fig. 2:39).

In the second year the lowest 10 nos/0.1 m’ was recorded during March,

April and May 88 and the from June onwards the number slowly increased

and the highest 40 nos/O.l m’ was observed in October.

Amphipods were found in the collection throughout the period of

observation. Maximum number 21 nos/O.l m‘ was recorded in the month
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2of November 87 (First year) and 29 nos/O.I m in October 88 (Second year).

The minimum number 10 nos/0.1 m‘ was observed during March 87, June

87 (First year) and 9 nos/O.I m’ was found in April 88 (Second year) (Fig.

2:40).

Isopods were observed in all the collection in the first year and in

the second year it was absent in February 88 and November 88 (Fig. 2:41).

Maximum number 8 nos/O.I m2 was observed in July 87 (First year) and I2

nos/O.I m’ in the same month (Second year).

Bivalves were present in the collection throughout the year except

June to September 87 in the first year and June to August 88 in the second

year (Fig. 2:42). Peak occurance 9 nos/O.I m’ was recorded in the month

of March 87 (First year) and 3 nos/O.I m‘ in February and December 88

(Second year).

Gastropods were found in the collections only during February, March,

December, January in the first year's observation and February, March,

November, December, January in the second year. Maximum occurance

8 nos/O.I mz during first year was in January and in the second year the

maximum 15 nos/0.1 m’ was recorded in December (Fig. 2:43).

Nematods were mainly observed during March, April, May, June months

in both year's collection (Fig. 2:44). It was also found in October, December

in the first year and in January in the second year. Maximum occurance

8 nos/O.I m’ was found in March (First year) and II nos/0.1 rn’ in May second

year.
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Station III

In this station only two groups were present, Polychaetes and Tanaids,

Polychaetes were found in more numbers than Tanaids.

Polychaetes were found throughout the period of observation (Fig. 2:38).

The number per unit area was considerably less than that of Station I and

Station 11. Statistical analysis showed that there was significant difference

in the occurrance of polychaetes in this station, compared to station I and

II (Table 2:33). Peak occurance I5 nos/0.1 m’ was recorded in the month

of February '87 (First year) and I9 nos/O.l m’ in December 88 (Second year).

The minimum number 3 nos/0.1 m’ was recorded in August during first year's

observation and 3 nos/0.1 m’ in October 88 in second year.

Tanaids were present in the first year's collection only during December,

January. In the second year it was found only in December 88 (Fig. 2:39).

Station IV

In this station only a single group, Polychaetes was observed throughout

the period of observation. During April in the first year and October in

the second year benthic macro fauna was totally absent.

Polychaetes ranged from 0-13 nos/0.1 m’ in the first year and in the2 2second year it was from 0-15 nos/0.1 m . Peak occurance I3 nos/O.l m
2was found during December 87 (First year) and I2 nos/0.! m in January

89 (Second year) (Fig. 2:38).

The number of polychaetes observed in this station was significantly

lower than what was observed in the other stations (Table 2:33).
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Distribution of Penaeid Prawn Post Larvae/Seed

Two years data on penaeid prawn seed distribution is given in Table

2:314.

Penaeus indicus, Metapenaeus dobsoni, Metapenaeus monocerous were

the important species present in the Kayamkulam estuary.  indicus was

the dominant species followed by  dobsoni and M. monocerous in Station

I and II whereas in station Ill and IV __N_I_. dobsoni was the major species.

Among the four stations the availability of prawn seeds was more in station

I followed by station II whereas in station III and station IV the degree of

abundance was considerably low. In station III and station IV, where hydrogen

sulphide in the water and total sulphide in sediment was comparitively higher,

the abundance of prawn larvae was very less. In station III and IV  indicus

was almost absent throughout the year.  dobsoni and M. monocerous were

present only during certain months of the years.

Penaeus indicus

Station I

E. indicus was found more in this station than in other stations. There

was significant difference in the abundance of prawn seed between stations

(Table 2:35). Peak occurance of E. indicus was in March during both the

years. The maximum number/haul was 40 nos/haul in March I987 (First year)

and 51 nos/haul in March 1988 (Second year).

Station II

In station II maximum abundance 20 nos/haul was noticed in April 1987



86

(First year). In the second year the peak was recorded in February I988

(34 nos/haul). ln ooth the years from April onwards the number/haul slowly

reduced.

Station III

E. indicus xaas present during July, October, November, and December

in both first and second years observations. Apart from these  indicus

was not present in the collection.

Station IV

In station I\' during the first year's observation  indicus was not

found throughout the year. In the second year it was present only during

August and November.

Statistical analysis (ANOVA) showed that there was no significant diffe

rence in the occurance of  indicus seeds between station I and II where

hydrogen sulphide was not present. On the other hand significant difference

in the occurance of  indicus seeds between station I, II and station III,

IV, where hydrogen sulphide was present. On the other hand significant diffe

rence in the occurance was noticed between stations I, II and station III,

IV where hydrogen sulphide was present.

MetaEnaeus dobsoni

M. dobsoni was the second prominant species after  indicus. It was

present throughout the year in station I and II.
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Station 1

Maximum number All nos/haul was found during November 87 (First

year) and 31+ nos/haul during February 1988 (Second year).

Station 11

First year's peak occurance was in March 87, 11+ nos/haul. In the second

year highest collection 15 nos/haul was recorded during March 88.

Station III

In this station occurance of M. dobsoni in the collection was from March

to December 87 in the first year and from March 88 to August 88 and

October 88 to January 89, in the second year.  dobsoni was observed

more than the other species.

Station IV

M. dobsoni the dominant species in this station was observed in the

collection during June 87 to January 88 (First year) and from June 88 to

December 88 in the second year. During rest of the months M. dobsoni

was not present in the collection. Maximum number 5 nos/haul was recorded

in the month of December 87 (First year) and 6 nos/haul in September 88

(Second year).

There was significant difference in the occurance of M. dobsoni between

stations (Table 2:36).
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Metapenaeus monoceros

Station 1

Maximum number 7 nos/haul was recorded during February 87 and June

87 (First year) and I2 nos/haul in the month of February 88 (Second year).

In the first year M. monoceros was absent in the August collection and

in the second year it was not observed in the September collection.

Station [I

In this station also the number of M. monoceros was very less compared

to  indicus and  dobsoni. Peak period of occurance was in April (4 nos/

haul) in the first year and 5 nos/haul in March (Second year).

Station III

M. monoceros was observed from March 87 to January 88 in the first

year and during rest of the months it was absent in the collection. In the

second year M. monoceros_ was found in the collection during June, July

and from October 88 to January 89.

Station IV

In the first year  monoceros was found in the collection during

June, July and from October to December whereas in the second year it

was found in June and from August to December.

There was significant difference in the occurance of M. monoceros

species between stations (Table 2:37).
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Grain Size

The details of the texture of the sediments in the four stations are

given in table 2:38.

Soil samples for grain size analyses were collected only during the

second year of investigation from February 1988 to January I989. The results

are given season wise ie. Pre-monsoon (February to May), Monsoon (June

to September) and Post-monsoon (October to January). The composition of

the sediment 01' the estuary was found to vary from station to station.

Station I

The soil was sandy during all the seasons percentage composition of

sand, silt and clay varied slightly with season. Sand percentage was less

during post—monsoon period (78.3%) and high during monsoon (90.56%). Simi

larly silt and clay percentage was high during post-monsoon (13% and 8.7%)

and low in monsoon 5.lil+% and 4.00%.

Station I]

The soil composition of station 11 was more as less similar to that

of station I. The type of soil was sandy. Percentage of sand varied from

71.6% to 87.0%. Highest sand percentage was found during monsoon period

(87.0%) and lowest in post-monsoon (71.0%). High silt and clay percentage

were recorded during post—monsoon.

Station III

Soil type was different from that of station 1 and II. The soil was
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Monthly mean values of surface water temperature (°C) in the four stations,
standard deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-39)

STATIONS STATIONS
Month 1 — 11 111 IV 1 11 111 IV
Feb 29.5 29.5 29.0 29.5 29.5 30.0 29.0 29.75

(0 05) (0.51) (0 25) (0.31) (0.37) (0.23) (0.30) (0.51)
Mar 30.0 30 0 30.0 30.5 30.5 30.5 30 0 30.0

(0.56) (0 07) (0.20) (0.33) (0 01) (0.35) (0 27) (0.52)

Apr 30.5 30.0 30.5 30.0 31.0 30.0 29.6 30.0
(0.37) (0.34) (0.27) (0.41) (0.30) (0.22) (0.211) (0.23)

May 30.5 31.5 31.0 30.5 30.5 30.0 31.0 30.5
(0.42) (0.43) (0.18) (0.20) (0.36) (0.28) (0.26) (0.32)

Jun 29.5 29.0 29.5 29.5 29.5 29 5 28 75 29.5
(0 35) (0 37) (0 211) (0 34) (0.29) (0 31) (0 31) (0.311)

July 28.25 28.5 28.5 29.0 28.75 28.5 28.50 29.5
(0.37) (0.26) (0.31) (0.26) (0.36) (0.22) (0.37) (0.29)

Aug 28.0 29.0 28.25 28.75 28.5 29.5 28.5 29.0
(0.29) (0.10) (0.21) (0.19) (0.21) (0.20) (0.38) (0.31)

Sep 28.25 28.5 29.0 29.0 28.0 29.0 28.5 29.0
(0.36) (0.30) (0.17) (0.23) (0.20) (0.27) (0.32) (0.33)

Oct 28.5 29.0 29.5 28.5 29 0 29.5 29.5 29 5
(0.20) (0.32) (0.26) (0.20) (0 30) (0.25) (0.29) (0 37)

Nov 29.0 29.0 28.5 28.5 29.0 29.0 29.0 29.0
(0.01) (0.51) (0.17) (0.26) (0.31) (0.30) (0.22) (0.29)

Dec 28.0 28.25 28.5 28.5 28.5 28.5 29.0 28.5
(0.32) (0.06) (0.20) (0.31) (0.27) (0.33) (0.27) (0.26)

Jan 29.25 29.5 28.5 29.5 29.5 30.0 28.0 29.5
(0.20) (0.31) (0.37) (0.32) (0.17) (0.01) (0.30) (0.23)



2:2TABLE 

Monthly mean values of bottom water temperature (°C) in the four stations,
standard deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

STATIONS STATIONS

1_\Tonth -1- 11 m 111 IV " 1 11 H 111 miv
Feb 29.0 29.0 23.0 29.0 29.25 29.0 23.25 29.20

(0.26) (0.15) (0.25) (0.20) (0.10) (0.15) (0.30) (0.27)
Mar 29.5 29.5 29.0 29.5 29.00 29.5 29.0 29.0

(0.10) (0.10) (0.33) (0.12) (0.20) (0.20) (0.15) (0.35)

Apr 29.0 29.5 29.5 29.0 29.5 29.00 29.00 29.00
(0.10) (0.13) (0.42) (0.35) (0.27) (0.13) (0.13) (0.25)

May 29.5 29.5 29.5 29.5 29.5 29.75 29.75 30.0
(0.24) (0.05) (0.50) (0.30) (0.30) (0.311) (0.20) (0.51)

Jun 29.0 23.25 29.0 23.75 29.0 23.5 23.5 29.0
(0.26) (0.12) (0.15) (0.33) (0.35) (0.45) (0.35) (0.35)

July 23.0 23.0 23.0 23.5 23.5 23.25 23.0 23.5
(0.26) (0.25) (0.23) (0.30) (0.25) (0.31) (0.32) (0.42)

Aug 27.5 23.5 23.0 23.72 27.5 29.0 23.0 23.5
(0.05) (0.20) (0.20) (0.15) (0.23) (0.23) (0.23) (0.30)

Sep 27.75 23.0 23.25 23.5 27.5 23.5 23.2 23.5
(0.35) (0.17) (0.15) (0.26) (0.20) (0.25) (0.15) (0.15)

Oct 23.25 23.5 23.75 23.25 23.5 29.0 29.0 23.70
(0.25) (0.05) (0.20) (0.35) (0.17) (0.15) (0.10) (0.20)

Nov 23.50 23.5 27.5 27.75 23.5 23.5 23.5 23.5
(0.26) (0.25) (0.15) (0.23) (0.30) (0.15) (0.10) (0.27)

Dec 27.30 27.5 27.5 27.0 27.5 27.75 23.5 23.0
(0.05) (0.15) (0.17) (0.20) (0.15) (0.05) (0.13) (0.13)

Jan 29.0 29.0 27.0 29.0 29.0 29.5 27.5 29.0
(0.35) (0.17) (0.25) (0.15) (0.05) (0.20) (0.27) (0.15)
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TABLE —

Monthly mean values of surface water salinity (ppt) in the four stations,
standard deviation is given in parentheses.

FIRST YEAR (37-33)

STATIONS

SECOND YEAR (38-89)

STATIONS

0615.’)? """" '3 """ ‘E1’ """ "{1} """ "EV """"" ‘I """ ‘II """ "13"" w

Feb 32.05 24.25 30.0 25.0 30.5 22.5 30.50 24.5
(0.49) (0.51) (2.36) (0.92) (0.52) (0.32) (1.44) (1.27)

.\.‘1ar 33.25 30.0 30.0 29.0 32.5 23.5 23.00 27.0
(0.52) (0.61) (1.01) (1.03) (0.31) (6.06) (1.22) (6.07)

Apr 34.0 30.0 31.0 29.5 33.00 29.5 30.00 23.5
(0.6 ) (0.72) (2.13) (0.74) (0.22) (0.93) (1.25) (1.22)

May 29.0 25.5 30.5 23.0 29.0 24.5 29.00 23.0
(0.37) (2.16) (0.32) (2.31) (0.94) (1.66) (2.71) (6.47)

Jun 26.0 16.5 23.25 17.5 26.5 17.42 20.45 16.5
(0.92) (4.32) (3.14) (3.32) (2.34) (3.46) (3.77) (3.02)

301 10.25 3.4 12.0 9.7 10.00 4.30 10.15 3.5
(3.12) (2.5) (4.35) (3.14) (3.12) (2.96) (3.32) (3.94)

Aug 14.55 3.36 10.5 5.5 12.00 5.0 3.0 4.5
(4.25) (0.33) (5.33) (2.13) (1.35) (0.74) (3.64) (1.37)

Sep 17.55 10.32 16.4 6.4 13.00 2.15 12.45 3.4
(5.4) (2.41) (2.34) (1.36) (2.23) (0.67) (2.32) (2.53)

Oct 17.0 11.34 16.5 10.6 19.00 7.43 16.70 12.4
(1.53) (2.70) (2.20) (2.39) (1.71) (2.31) (2.44) (2.42)

Nov 14.0 4.25 9.5 7.5 16.5 5.0 10.15 5.2
(1.92) (1.14) (3.17) (3.17) (1.03) (2.42) (3.06) (2.36)

Dec 13.75 6.32 20.5 10.6 13.5 6.0 20.50 12.6
(2.24) (1.77) (1.32) (2.32) (2.12) (0.88) (2.86) (1.23)

Jan 23.5 22.5 25.5 14.0 23.0 20.0 25.75 22.5
(2.44) (4.31) (3.34) (3.31) (3.71) (1.42) (2.06) (2.34)



TABLE — 2:11

Monthly mean values of bottom water salinity (ppt) in the four stations,
standard deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

STATIONS mu - STATIONS
Month " 1 11 111 [V 1 ---- "11 111 IV
Feb 33.5 28.5 30.0 25.25 32.55 28.0 30.25 24.0

(0.43) (0.52) (0.42) (0.57) (0.33) (0.45) (0.37) (0.36)
Mar 34.0 30.0 30.5 29.50 34.05 29.5 29.65 27.5

(0 33) (0.31) (0.35) (0.44) (0.42) (0.32) (0.24) (0.37)

Apr 34.5 30.0 31.0 30.00 34.00 30.0 30.50 29.0
(0.25) (0.25) (0.36) (0.23) (0.21) (0.27) (0.37) (0.34)

May 29.5 26.0 30.5 29.0 29.75 26.5 29.85 28.0
(0.32) (0.72) (0.39) (0.97) (0.66) (0.92) (0.25) (0.22)

June 26.25 20.0 23.25 19.5 27.00 19.5 21.05 17.0
(0 72) (1.27) (1 37) (2.14) (0.71) (2.34) (0.82) (2.71)

July 14.5 9.0 14.0 10.25 12.00 8.5 12.36 9.75
(2.16) (4.32) (3.76) (2.58) (5.76) (4.15) (3.77) (3.23)

Aug 17.0 5.5 11.5 6.3 15.55 7.25 9.65 4.5
(0.96) (2.14) (0.84) (4.53) (2.31) (3.43) (3.54) (3.74)

Sep 21.0 11.5 17.0 9.4 18.75 4.3 14.50 8.0
(1.57) (1.85) (2.31) (3.36) (3.15) (2.17) (2.92) (2.84)

Oct 20.5 12.5 16.8 11.7 19.00 10.0 16.70 13.0
(0.76) (0 76) (0 43) (4.05) (2.71) (1.78) (3.02) (2.71)

Nov 19.75 5.5 9.5 3 4 17.85 5.0 10.75 5.5
(0.82) (1 32) (2.14) (2 76) (2.06) (2.03) (3.76) (2.67)

Dec 18.75 10.25 21.00 12.5 16.50 6.85 20.35 13.0
(0.46) (2.35) (1.72) (2.09) (1.89) (1.72) (2.17) (2.14)

Jan 29.0 25.5 26.5 24.0 29.5 25.0 26.85 22.0
(1.23) (0.77) (2.54) (2.84) (1.76) (2.44) (2.82) (2.56)
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2:5TABLE

Monthly mean values of surface water dissolved oxygen (ml/I) in the four
stations, standard deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

STATIONS STATIONS

IVMonth IIIII

Feb

M a r

3.20 4.03 2.94 2.06
(0.32) (0.26) (0.31) (0.13)

Apr

May

3.15 2.73
(0.31) (0.28)

Jun

Jul

Aug

£1.76 4.93 3.30 3.55
(0.42) (0.17) (0.21) (0.59)

Sep

Oct

Nov

3.36 3.82
(0.44) (0.31)

4.72Dec 4.48
(0.32) (0.41)

Jan



2:6TABLE

Monthly mean values of bottom water dissolved oxygen (ml/I) in the four
stations, standard deviation is given in parentheses.

FIRST YEAR (87-38) SECOND YEAR (88-89)

STATIONSSTATIONS

IIIIIIIIIIMonth

2.72 1.14
(0.15) (0.15)

1.164.23 2.68
(0.27) (0.10)

Feb 3.20
(0.17) (0.31)

Mar

3.85 2.42 1.111
(0.14) (0.27) (0.18)

2.76
(0.41)

Apr

2.77 3.36 2.26
(0.13) (0.31) (0.17)

1.02
(0.21)

May

3.04 4.12 2.37
(0.21) (0.32) (0.18)

Jun

Jul

4.04 11.76
(0.42) (0.27)

Aug

Sep

Oct

32

Nov

Dec

Jan
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2:7TABLE

Monthly mean values of surface water pH in the four stations, standard
deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

STATIONSSTATIONS

IVIIIMonth

7.32 6.92
(0.07) (0.11)

Feb

7.12 6.34
(0.11) (0.09)

Mar

7000(

3.19 3.22 7.11
(0.07) (0.11) (0.10)

Apr

May

Jun

Jul

7.33 7.32
(0.15) (0.11)

3.40 3.32
(0.03) (0.07)

3.42 7.36 7.54
(0.21) (0.11) (0.04)

Aug

Sep

Oct

Nov

Dec

Jan



2:8TABLE

Monthly mean values of bottom water pH in the four stations, standard
deviation is given in parentheses.

SECOND YEAR (88-80FIRST YEAR (87-88)

STATIONSSTATIONS

IIIMonth

Feb

Mar

Apr

7.08 6.57
(0.08) (0.21)

May

Jun

Jul

Aug

Sep

Oct

8.06 7.30 6.66
(0.114) (0.2!) (0.10)

Nov

Dec

8.10 8.21
(0.2!) (0.10)

Jan
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TABLE — 2:9

Monthly mean value of Nitrate-Nitrogen (pg at N03-N/L) in the surface water
of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

STATI(3l-\1S STATION—S
Month I 11“ 111 IV ____ n 1 11 111 IV
Feb 7.70 7.6 7.22 1.30 7.69 6.33 7.32 1.32

(1.65) (0.93) (1.11) (0.33) (0.53) (1.71) (0.92) (0.62)
Mar 6.75 5.23 6.30 1.20 6.52 4.04 6.72 1.13

(1.20) (1.32) (1.23) (0.42) (0.97) (1.00) (1.02) (0.51)

Apr 4.05 4.21 5.04 1.12 4.0 3.71 6.05 1.12
(1.32) (2.12) (2.06) (0.45) (1.06) (1.32) (0.99) (0.04)

May 3.35 3.25 3.95 3.24 3.44 3.32 3.17 3.14
(0.93) (1.32) (0.71) (1.03) (2.32) (1.04) (1.12) (0.31)

Jun 20.52 14.65 29.3 11.36 25.42 16.75 30.14 11.42
(2.43) (7.52) (3.32) (3.07) (3.75) (2.32) (3.21) (0.93)

J01 39.07 23.77 42.77 29.7 39.72 23.33 44.32 27.75
(3.92) (9.76) (7.14) (6.14) (3.46) (5.41) (1.32) (1.76)

Aug 27.32 29.96 30.36 22.4 25.66 32.76 32.41 22.53
(9.31) (3.22) (10.32) (3.70) (7.32) (7.14) (12.54) (6.14)

Sep 16.44 20.0 18.62 12.01 15.32 17.54 17.63 10.72
((4.37) (3.93) (5.71) (3.14) (3.14) (3.20) (3.06) (2.32)

Oct 12.50 10.23 7.91 6.32 12.50 11.64 7.34 6.11
(3.14) (3.24) (2.32) (2.11) (1.03) (2.17) (2.31) (0.96)

Nov 9.25 6.5 3.92 4.23 7.36 7.42 4.04 3 72
(1.72) (1.72) (1.92) (0.96) (0.93) (1.44) (1.30) (1:07)

Dec 10.30 7.6 5.4 4.25 9.44 3.77 5.72 4.32
(1.31) (2.34) (1.34) (1.71) (1.22) (1.21) (1.96) (1.31)

Jan 8.33 8.31 10.32 1.27 8.38 9.17 9.110 1.25
(1.26) (3.62) (1.98) (0.52) (2.30) (2.54) (2.90) (0.90)



TABLE — 2:10

Monthly mean values of Nitrate — Nitrogen (pg at N03-N/1) in the bottom
water of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

- _  —STATI(5l_\J_S  nu STATIONS. -
Month 1 - 11 111 IV 1 11 111 IV
Feb 7.02 7.95 7.43 1.0 7.72 6.6 3.52 1.12

(1.46) (1.54) (1.22) (0.96) (0.71) (1.51) (0.32) (0.99)
Mar 6.49 5.53 6.41 0.94 6.36 5.21 7.33 0.96

(0.93) (1.71) (1.40) (0.32) (1.32) (1.21) (0.96) (1.03)

Apr 4.06 4.24 5.32 0.76 4.52 4.6 6.24 0.32
(0.36) (1.03) (1.53) (0.43) (0.94) (1.76) (1.03) (0.72)

May 3.32 3.53 4.91 . 6 3.62 3.36 2.03 1.02
(1.23) (0.97) (1.01) (0.52) (1.47) (0.93) (0.97) (0.34)

Jun 23.75 15.0 32.2 2.32 26.72 13.23 36.21 2.23
(3.42) (2.31) (3.03) (0.64) (2.92) (1.91) (3.06) (0.44)

Jul 42.53 22.72 44.77 20.6 39.72 23.0 45.96 27.75
(3.57) (3.43) (4.61) (3.41) (7.43) (4.76) (7.56) (2.56)

Aug 30.92 30.75 32.01 16.32 27.94 33.1 33.41 22.00
(4.03) (5.21) (4.32) (4.05) (3.14) (7.03) (3.54) (0.36)

Sep 21.45 20.13 19.41 16.63 16.44 17.62 19.66 10.53
(2.71) (2.76) (3.09) (3.91) (5.26) (4.14) (4.07) (3.75)

Oct 16.32 10.32 9.34 12.45 12.55 12.52 3.34 6.16
(3.30) (3.54) (2.14) (2.76) (2.06) (2.06) (2.30) (0.37)

Nov 10.52 5.25 4.51 7.95 9.04 7.46 5.10 4.0
(2.05) (1.70) (1.10) (3.41) (0.93) (1.32) (2.14) (0.97)

Dec 12.31 7.66 6.43 4.26 9.0 3.03 6.73 4.3
(2.14) (2.03) (1.14) (0.93) (1.10) (1.01) (1.24) (1.123)

Jan 3.03 3.74 10.32 3.0 9 21 9.331.1 . 1.2
(1.36) (1.93) (1.12) (0.76) (1.32) (1.71) (1.36) (0.37)
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TABLE — 2:Il

Monthly mean values of Nitrite-Nitrogen (pg at N02-N/l) in the surface water
stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

------------ " STATIONS STATIONS —
Month F "-1 11 111 _ 1v " 1 11 111 IV
Feb 1.0 3.02 1.00 1 12 1.45 3.04 0.99 1.16

(0.03) (0.14) (0.02) (0 31) (0.09) (0.12) (0.12) (0.31)
Mar 0 7 4.20 0.32 0 92 0.32 3.86 0.37 0.93

(0.02) (0 22) (0.06) (0 07) (0.06) (0 37) (0.17) (0.03)

Apr 0.25 5.32 0.90 0.75 0.43 4.77 0.93 0.75
(0.00) (0.97) (0.04) (0.12) (0.10) (0 24) (0.01) (0.00)

May 1.75 9.45 1.0 1.1 0.32 5.21 1.04 0.96
(0.15) (1.02) (0.03) (0.10) (0.07) (0.92) (0.32) (0.03)

Jun 4 0 13.50 2.35 3.0 3.22 16.3 2.35 2.16
(0 24) (0.93) (0 32) (0.17) (0.13) (1.93) (1.02) (0.37)

Jul 5 33 32.44 4.32 4.75 30.24 5.24 3.12
(0 76) (6.05) (1 04) (0.39) (0.55) (3 14) (1.14) (0.32)

Aug 4.35 25.66 2.5 3.14 4.20 22 67 2.03 3.37
(0.32) (2.76) (0.15) (0 41) (0.62) (2 03) (0.43) (0.91)

Sep 2 02 10.36 1 3 3.02 2.06 9.76 1.43 3.16
(0 51) (0.34) 14) (0.19) (0.31) (0.72) (0.65) (0.93)

Oct 0 50 3.21 0.34 2.14 1.02 7.31 0.92 2.21
(0 03) (0.12) (0.22) (0.20) (0.12) (0.31) (0.07) (0.76)

Nov 1.27 19.50 0.90 2.96 1.36 12.34 0.86 2.57
(0.41) (0.71) (0.31) (0.13) (0.14) (1.00) (0.09) (10.92)

Dec 0.75 7.0 1.06 2.4 0 32 6.33 1 0 2.13
(0.09) (0.32) (0.41) (0.36) (0 06) (0.97) (0 00) 2

Jan 1 3 2.51 1 15 2.04 1 6 2.32 1 16 1 34
(0 02) (0 31) 21) (0 40) (0 10) (0.93) 43)



TABLE — 2:12

Monthly mean values of Nitrite - Nitrogen (pg at N02-N/1) in the bottom
water of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

""" "§%'){}'{o'§§""  ' siimows
Month 1 11 111 — 1v 1 II 111 IV
Feb 1.06 3.16 0.92 0.32 1.45 3.20 0.36 1.04

(0.02) (0.17) (0.12) (0.42) (0.12) (0.22) (0.06) (0.21)
Mar 0 76 4.21 0.79 0 75 0.30 3.36 0.32 0.34

(0 02) (0.21) (0.05) (0 06) (0 14) (0.14) (0.03) (0.26)

Apr 0.34 6.25 0.37 0.63 0.47 4.92 0.91 0.76
(0.01) (0.32) (0.01) (0.03) (0 14) (0.33) (0.14) (0.13)

May 1.33 10.62 1.24 1.26 0.96 5.36 1.0 0.35
(0.17) (1.24) (0.42) (0.20) (0.17) (0.91) (0.61) (0.31)

Jun 4 0 20.51 2.95 3 14 3.45 16.35 2.15 2.15
(0 20) (0 93) (1.04) (0 13) (0.32) (1.03) (0.32) (0.42)

Jul 6.72 32.44 6.24 5.64 4.36 30.44 5.30 3.14
(0 54) (1.06) (1.72) (0 29) (0.76) (0.92) (0 97) (1.30)

Aug 4.35 26.75 2.60 2.32 4.15 23.04 2.3 3.39
(1.32) (0.32) (0.76) (0.47) (0.32) (0.36) (0.93) (0.96)

Sep 1.35 11.42 1.35 3.44 2.12 9.32 1.45 3.20
(0.57) (1.26) (0.34) (0.56) (0.56) (1.04) (1.03) (1.16)

Oct 0.55 7.56 0.96 2.67 1 0 7.44 0.90 2.24
(0 34) (2.32) (0.32) (0.32) (0 51) (0.92) (0.76) (0.32)

Nov 1.62 23.52 0.72 1.37 14.31 0.92 2.60
.93) (0.36) (0.54) (0 14) (0.76) (0.76) (0 35) (0.45)

Dec 1.04 3.72 1.34 2.45 0 34 7 2 1.23 2 16
(0.06) (0.71) (0.30) (0.39) (0 73) (0 32) (0.32) (0 37)

Jan 1.96 2.39 1.26 1.31 1.72 2.46 1.27 1 3
.32) (0.54) .16) (0.32) (0.44) (0.94) 47) (0 91)
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TABLE — 2:13

Monthly mean values of reactive phosphorus (pg at Pol‘-P/.L in the surface
water of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YE.-\R (33-39)

— STATIONS _ STATICN5
Month 1 11 111 IV 1 11 111 IV
Feb 3.65 2.36 11.20 6.6 11.23 2.67 5.211 10.511

(0.96) (0.31) (0.53) (1.12) (0.63) (0.71) (1.31) (0.06)
Mar 3.110 2.75 5.25 111.611 3.56 2.60 6.36 12.311

(0.37) (0.911) (0.77) (2.56) (0.72) (0.62) (1.09) (1.11)

Apr 2.211 2.30 8.96 16.00 2.311 2.311 3.112 16.72
(0.76) (0.76) (1.113) (1.93) (0.51) (0.71) 11.73) (2.31)

May 3.02 3.72 3.011 10.32 3.66 3.011 3.15 12.311
(0.92) (0.32) (0.92) (0.911) (0.113) (0.93) (1.07) (1.76)

Jun 11.7 7.53 11.211 7.7 3.32 3.62 5.911 9.30
(0.66) (0.52) (0.37) (0.76) (0.97) (0.311) (1.21) (0.93)

Jul 13.0 12.211 3.02 3.0 13.110 13.36 2.21 2.7
(2.03) (2.13) (0.79) (0.1111) (3.09) (2.96) (0.311) (0.72)

Aug 16.2 7.3 0.96 2.0 15.36 3.2 0.93 1.23
(1.72) (0.69) (0.23) (0.17) (2.311) (1.27) 13.72) (0.32)

Sep 13.51 6.66 1.211 1.03 10.06 5.32 1.13 1.311
(1.63) (0.96) (0 32) (0 62) (3.23) (0.95) 10.011) (0.71)

Oct 3.01 11.26 1.12 1.011 9.21 11.33 1.32 1.63
(0.32) (0.53) (0.111) (0.32) (1.111) (1.22) 13.111) (0.26)

Nov 7.60 7.65 1.02 1.96 6.31 6.21 1.111 2.06
(1.311) (0.97) (0.23) (0.21) (0.97) (1.17) (0.15) (0.19)

Dec 3.91 3.75 1.75 2.111 11.0 3.211 1.112 11.63
(0.77) (0.32) (0.31) (0.311) (1.211) (0.711) (0.09) (1.20)

Jan 11.25 11.33 3.111 5.3 11.70 11.0 3.10 7.21
(0.37) (0.72) (0.77) (0.112) (1.03) (0.92) (3.31) (1.03)



TABLE — 2:11:

Monthly mean values of reactive phosphorus (pg at P04-P/1) in the bottom
water of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

am STA-T-1oNS  ‘ STATIONS _
Month 1 11 M 111 1v 1- 11 111 IV
Feb 3.32 2.92 5.93 6.30 4.27 2.76 5.40 11.55

(0.36) (0.77) (1.06) (1.32) (0.45) (0.61) (0.32) (0.37)
Mar 3.42 3.0 6.24 15.24 3.90 2.6 6.92 14.56

(0.47) (0.57) (0.93) (1.06) (0.57) (0.72) (0.66) (0.79)

Apr 2.72 3.40 9.45 17.73 2.34 2.64 3.72 13.00
(0.73) (0.92) (1.26) (0.93) (0.61) (0.62) (0.57) (0.72)

May 3.52 3.25 3.16 12.64 3.71 3.04 3.50 13.33
(0.66) (0.73) (0.37) (2.43) (0.53) (0.54) (0.94) (0.44)

Jun 4.74 10.32 4.27 3.74 3.40 9.77 5.04 10.45
(0.96) (1.03) (0.32) (1.46) (1.23) (0.32) (1.23) (0.93)

Jul 12.32 12.52 3.72 3.02 11.33 13.52 2.04 3.72
(1.33) (1.32) (0.77) (1.06) (1.29) (0.76) (0.93) (1.32)

Aug 16.55 3.30 1.95 2.25 15.92 3.26 1.10 1.75
(1.43) (3.53) (1.03) (1.14) (0.74) (1.36) (0.14) (0.93)

Sep 13.71 6.5 2.22 1.12 11.03 5.91 1.23 2.30
(1.26) (1.72) (0.72) (0.93) (0.36) (2.07) (0.32) (0.76)

Oct 3.72 5.53 2.04 2.15 9.22 4.57 1.42 2.73
(2.32) (2.04) (0.94) (1.07) (0.32) (1.32) (0.73) (0.32)

Nov 7.24 5.76 2.15 2.06 6.31 6.34 1.77 2.42
(1.45) (1.33) (0.72) (0.92) (0.71) (0.45) (0.51) (0.51)

Dec 4.32 4.05 3.21 2.42 4.11 3.46 2.36 4.95
(1.23) (1.07) (1.66) (1.02) (1.36) (1.20) (1.03) (0.32)

Jan 4.24 4.0 4.12 5.92 4.32 4.23 3.09 7.9
(1.07) (1.22) (1.72) (1.63) (1.44) (0.97) (1.07) (0.93)
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TABLE — 2: I 5

Monthly mean values of hydrogen sulphide (pg at H25-S/1) in the surface
water of the four stations, standard deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

-H E — ST7&-;"ION-S“_ _" STATIONS
1-\4ont—h_ I II III" IV 1 II III IVFeb 16.3 _ 18.1(4.75) (3.06)Mar - 2.8 30.0 - 2.4 33.4(0.93) (5.32) (0.74) (6.44)
Apr - — 4.0 42.0 3.6 46.0(0.76) (3.76) (0.34) (4.38)
May - 3.0 22 5 - 2.7 29.65(0.33) (7 32) (0.28) (3.45)Jun - - - 6.7 - - 12.82(2.45) (2.26)Jul — - Aug - - — —
Sep - - — - — - —Oct - - - —Nov - - —
Dec — — - - —
Jan — — 14.5 — - 16.8



TABLE - 2:16

Monthly mean values of hydrogen sulphide (pg at H25-S/l) in the bottom water
of the four stations, standard deviation is given in parentheses

FIRST YEAR (37-33) SECOND YEAR (33-39)

STATIONS STATIONS "
Month 1 11 111 IV 1 11 111 IV
Feb 22.0 92.3 20.4 97.4(0 07) (11.32) (0.17) (10.32)
Mar 23.0 146.3 24.3 149.21(0 45) (10.76) (0.73) (14.77)
Apr — 44.0 150.14 33.0 161.2(0 97) (3.34) (1.23) (12.32)
May - — 32 0 102.5 - 30 6 112.45(2 92) (7.62) (3 06) (9.32)
Jun - — 13.0 22.7 - 16.7 31.75(7 23) (12.32) (3.92) (9.33)
Jul — — 0 10.14 — — 0 7.32(6.72) (2.07)
Aug — — 0 4.36 0 3.44(2.46) (1.32)
Sep - — 10.0 16.0 - 8.7 17.40(2.32) (3.99) (2 14) (3.46)
Oct — _ 25.0 13.5 — 21.4 13.25(9.72) (2.03) (2.17)Nov 5.0 10 6 .0 14.55(2.17) (2 72) (1.03) (2 06)Dec - 3.0 16.5 - 6 3 13.55(2.17) (2.72) (2 42) (2.02)
Jan — - 10.0 76.0 — - 9 3 30.20(3 37) (3.71) (2 76) (5.42)



2:17TABLE —

Monthly mean values of sediment temperature (°C) in the four
standard deviation is given in parentheses.

stations,

FIRST YEAR (87-88) SECOND YEAR (38-89)

STATIONS STATIONS
I-\/-1;)-r1th 1 I1~" 111 Ivm 1 11 111 IV
Feb 29.00 29.0 23.0 29.0 29.5 29.5 23.0 29.0

(0.15) (0.12) (0.06) (0.13) (0.12) (0.26) (0.15) (0.20)
Mar 29.00 29.5 29.0 29.0 29.0 29.0 23.5 29.0

(0.05) (0.10) (0.25) (0.22) (0.20) (0.21) (0.20) (0.13)

Apr 29.0 29.5 29.0 29.0 29.0 29.5 29.0 29.5
(0.10) (0.03) (0.23) (0.13) (0.15) (0.24) (0.13) (0.22)

May 29.0 29.5 29.5 29.5 29.5 29.0 29.0 29.0
(0.05) (0.05) (0.15) (0.15) (0.22) (0.13) (0.13) (0.13)

Jun 23.5 23.5 23.5 23.5 23.5 23.0 23.5 23.5
(0.07) (0.10) (0.15) (0.12) (0.23) (0.17) ( 0.20) (0.25)

Jul 23.0 23.2 23.0 23.5 23.0 23.0 23.0 23.5
(0.15) (0.03) (0.13) (0.10) (0.13) (0.15) (0.25) (0.20)

Aug 27.15 29.0 23.0 23.5 23.0 27.5 27.5 23.0
(0.111) (0.10) (0.27) (0.05) (0.15) (0.05) (0.27) (0.20)

Sep 27.5 23.5 23.5 23.5 27.5 23.5 23.0 23.0
(0.20) (0.05) (0.20) (0.03) (0.10) (0.31) (0.16) (0.15)

Oct 23.5 23.0 23.5 23.0 27.75 29.0 23.0 23.0
(0.15) (0.03) (0.13) (0..17) (0.10) (0.30) (0.19) (0.10)

Nov 27.5 23.5 23.5 23.0 27.5 27.5 23.0 27.5
(0.05) (0.15) (0.26) (0.22) (0.12) (0.15) (0.21 ) (0.31)

Dec 27.5 27.5 23.0 27.5 27.5 27.0 27.0 27.0
(0.13) (0.10) (0.22) (0.25) (0.13) (0.05) (0.22) (0.25)

Jan 23.0 23.5 27.5 23.0 29.5 23.0 27.0 23.5
(0.10) (0.20) (0.15) (0.13) (0.20) (0.25) (0.25) (0.15)



2:18TABLE

Monthly mean values of sediment pH in the four stations, standard deviation
is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

STATIONSSTATIONS

IVIIIIIMonth

Feb

7.57 7.52 6.51 6.36
(0.06) 90.114) (0.12) (0.07)

Mar

Apr

May

6.3l+6.537.62 7.614
(0.09) (0.09) (0.08) (0.14)

Jun

7.72 7.7l
(0.114) (0.09)

Jul

Aug

Sep

Oct

Nov

Dec

Jan



TABLE 2:|9

Monthly mean values of sediment Eh (-mv) in the four stations, standard
deviation is given in parentheses.

FIRST YEAR (87-88) SECOND YEAR (88-89)

STATIONS STATIONS
1_\8onth -1-“ 11 111  IV 1 11 111 IV -
Feb 72 65 200 300 67 70 2011 310

(41.7) (3.7) (20.3) (26.3) (3.9) (11.5) (21.11) (27.9)
Mar 31 35 2110 330 73 35 232 326

(5.9) (3.6) (18.7) (27.9) (5.7) (5.2) ( 20.3) (22.3)
Apr 36 115 295 3110 80 105 232 3115

(3.7) (7.3) (12.5) (31.2) (11.2) 911.3) (21.2) (28.9)

May 76 90 276 323 32 95 265 336
(2.9) (9.3) (13.2) (110.2) (5.3) (11.9) (13.7) (39.11)

Jun 57 35 270 300 65 37 256 302
(11.5) (3.7) (21.7) (33.9) (7.9) (7.6) (19.3) (111.11)

3111 30 110 172 235 26 112 192 290
(3.2) (5.6) (20.3) (32.11) (3.7) (5.7) (26.7) (30.3)

Aug 111 53 1110 252 32 50 11111 260
(5.6) ( 7.3) (13.7) (31.5) (2.9) (3.3) (27.2) (211.3)

Sep 117 60 170 235 113 62 161 2112
(3.9) (8.3) 26.3) (20.3) (5.3) (6.11) (13.9) (21.11)

Oct 66 63 186 215 56 65 183 210
(11.2) (5.5) (22.11) (29.3) (11.2) (7.3) (17.2) (112.0)

Nov 32 50 136 130 33 53 1511 197
(11. 1) (3.2) (13.9) (30.1) (3.5) (8.2) (30.5) (1111.5)

Dec 110 55 167 205 113 60 175 200
(2.7) (7.6) (17.6) (22.9) (3.7) (9.11) (18.3) (29.6)

Jan 50 70 I80 282 55 75 1711 296
(3.9) (11.5) (21.3) (31.11) (11.9) (8.6) (26.7) (33.7)
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TABLE - 2:20

Monthly mean values of organic carbon (%) in the sediment of the four
stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

____ n "H STATIONS STATIONS
Month 1 - II III IV I II III IV
Feb 2 56 3.14 2 92 3 72 2.11 2.54 3 12 3.76

(0 72) .62) (0 42) (0 32) (0.63) (0.57) (0 57) (0.43)
Mar 2 77 3.07 2.32 3.5 1 93 2 67 2.97 3.24

(0 36) (0 66) (0.57) (0.23) (0 92) (0 43) (0.32) (0.32)

Apr 2.97 2.92 2.73 2.36 2.33 2.72 2.76 2.76
(0.92) (0 73) (0.63) (0.46) (0.14) (0.92) (0.91) (0.23)

May 3.04 3.09 2.33 2.52 3.12 2.97 2.39 2.32
(0.37) (0.31) (0.69) (0.51) (0 32) (0.37) (0.32) (0.93)

Jun 2.92 3.06 2.96 2.57 2.96 3.04 2.93 2.93
(0.73) (0.57) (0.32) (0.32) (0.17) (0.43) (0.37) (0.00)

Jul 2.10 2.37 3.03 3.77 2.02 3 04 3.13 3.13
(0.36) (0.67) (0.57) (0.42) (0.73) (0 53) (0.91) (0.31)

Aug 2.75 2.92 3.36 3.33 2.72 2.71 3 42 3.26
(0.92) 0.32) (0.39) (0.49) (0.32) (0.62) (0.72) (0.30)

Sep 2.79 2.76 3.54 3 33 2.93 2.86 3 59 3.52
(0.76) (0.39) (0.46) (0 31) (0.31) (0.51) (0 33) (0.73)

Oct 2.60 2.66 3.43 3 94 2 62 2.53 3.62 3.73
(0.66) (0.47) (0.35) (0 62) (0 93) (0.33) (0 69) (0.34)

Nov 2.32 2.62 3.42 4.21 2 42 2 10 3.77 3 37
(0.54) (0.67) (0.53) (0.73) (0 77) (0.70) (0 67)

Dec 2.33 2 3 4.06 2.31 2 04 3 44 3
(0.39) (0 32) (0 52) (0.31) (0 76) (0 91) (0 42) (0 52)

Jan 2.44 3.20 3.30 3.86 2.44 2.32 3.64 4.06
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TABLE — 2:21

Monthly mean values of available phosphorus (pg at Pol‘-P/g) in the sediment
of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

_ _ STAi"I(3NS M STAT-I-O-NS
Mon":-1: -1 ------ "11 H _ 111 IV 1 11"-" 111 IV

Feb 1.00 0.93 1.39 2.91 1.02 1.04 2.06 2.32
(0.03) (0.21) (0.13) (0.34) (0.31) (0.33) (0.33) (1.03)

Mar 1.12 0.91 1.93 2.96 1.22 1.21 2.90 2.94
(0.14) (0.26) (0.14) (0.21) (0.21) (0.41) (0.67) (0.37)

Apr 1.14 1.06 2.76 3.19 1.24 1.10 3.32 3.24
(0.00) (0.31) (0.22) (0.13) (0.23) (0.37) (1.13) (1.03)

May 1.34 0.90 2.44 3.01 4 0.90 2.96 3.19
(0.13) (0.12) (0 36) (0.43) (0 32) (0.42) (0.93) (0.93)

Jun 1 52 0.35 1 76 2 65 1.56 1.0 1.33 2 27
(0 22) (0 21) 43) (0 64) (0.23) (0.14) (0.92) (0 93)

301 1.60 0.92 0.92 1.92 1.02 0.36 0.96 1.94
(0.31) (0.31) (0.51) (0.57) (0.34) (0.21) (0.43) (0.67)

Aug 1 41 0.93 0 31 1.62 0.77 0.92 0.35 1.77
(0 22) (0.42) (0 6 (0.31) (0.16) (0.15) (0.13) (0.32)

Sep 1.20 1.05 0.35 1.24 0.95 1.03 0.37 1.49
(0.26) (0.03) (0.20) (0.23) (0.32) (0.31) (0.16) (0.34)

Oct 0.93 1.12 0.90 1.01 1.20 0.94 0.39 1.32
(0 34) (0.41) (0.31) (0.42) (0.29) (0.23) (0.21) (0.52)

Nov 1.06 0.97 0.3 0.93 1.04 0.76 0.32 1.25
(0.71) (0.37) (0.17) (0.39) (0.51) (0.17) (0.31) .76)

Dec 0.96 0.36 0.92 1.52 1.0 0.97 0.91 1.59
(0.33) (0.46) (0.37) (0.71) (0.00) (0.21) (0.1 .32)

Jan 0.92 1.0 1.54 2.72 0.96 1 03 1.64 2 75
(0.46) (0.63) (0.62) (0.31) (0.21) 4) (0.42) (0 65)



TABLE — 2:22

Monthly mean values of available nitrate (pg at N03-N/g) in the sediment
of the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

STATIONS -W -------- n STATIONS 
Month"-_ I ” 11 III Iv I II III Iv
Feb 1.34 1.02 0.60 0.55 1.32 1.02 0.62 0.54

(0.13) (0.17) (0.17) (0.15) (0.21) (0.24) (0.13) (0.19)
Mar 1.26 1.14 0.62 0.40 1.24 1 24 0.65 0.42

(0.17) (0 10) (0.21) (0.14) (0.20) (0 23) (0.14) (0.11)

Apr 1.70 1.35 0.57 0.31 1.72 1 4 0.59 0.39
(0.12) (0.09) (0.13) (0.20) (0.13) (0 13) (0.09) (0.07)

May 1.53 1.45 0.61 0.47 1.55 1.62 0.63 0.53
(0.12) (0.12) (0.07) (0.14) (0.13) (0.29) (0.07) (0.03)

Jun 2.40 1.66 0.79 0.53 2.43 1.73 0.33 0.62
(0.25) (0.21) (0.09) (0.03) (0.22) (0.47) (0.02) (0.07)

Jul 1.67 0.93 0.31 1.77 1.94 1.42 0.93
(0.32) 6) (0.12) (0.12) .47) (0.21) (0.34) (0.04)

Aug 0.31 1.17 1.12 0.96 0 37 0.97 1.02 1.04
(0.45) (0.3 (0.34) (0.10) (0 31) (0.12) (0.12) (0.37)

Sep 1.14 0.92 1.16 0.32 1.24 1.01 0.93 0.96
(0.47) (0.07) (0.21) (0.09) (0.41) (0.32) (0.14) (0.14)

Oct 1.52 1.43 1.03 0.94 1 1.32 0.32 1.06
(0.51) .17) (0.13) (0.07) (0 4) (0.43) (0.23) (0.34)

Nov 1.31 0.94 0.37 1 72 1 1 07 0.92
(0.32) (0 13) (0.46) (0.03) 27) 25) (0 42) (0.09)

Dec 1.79 1.24 0.37 6.72 1.33 1.27 0.95 0.33
(0.49) .04) (0.59) (0.04) (0.33) (0.32) (0.21) (0.13)

Jan 1.96 0.90 0.76 0.44 0.74 0.90
(0.37) (0 10) (0.32) (0 10) (0.43) (0 21) (0 16) (0 19)



TABLE — 2:23

Monthly mean values of total sulphide (pg at H25-S/g) in the sediment of
the four stations, standard deviation is given in parentheses.

FIRST YEAR (37-33) SECOND YEAR (33-39)

— " STATIONS STATIONS "
Month I II III Iv 1 II III Iv
Feb 3.6 1414.2 2316.2 3.4 1320.6 2330.2

(0.93) (12.3) (23.4) (1.22) (14.3) (32.4)
Mar 0.31 4.9 2619.0 4137.4 0.91 4.7 2725.6 3236.3

(0.42) (1.23) (14.5) (32.5) (0.51) (0.93) (41.3) (30.2)

Apr 0.92 6.2 3123.9 4244.7 1.06 5.4 3233.6 4344.9
(0.17) (1.42) (20.3) (36.3) (0.32) (1.42) (52.7) (45.6)

May 0.37 4.4 3027.4 4141.3 0.93 4.2 3127.5 4140.7
(0.32) (0.34) (15.7) (44.5) (0.21) (1.23) (42.3) (40.5)

Jun 0.72 1.9 2910.1 3929.5 0.77 2.3 2312.3 4030.4
(0.41) (0.44) (17.3) (47.3) (0.14) (0.37) (27.1) (35.7)

Jul 337.3 2165.5 — — 913.0 2413.4(41.2) (92.4) (43.3) (41.4)
Aug — 1111.7 — — 215.0 1212.5(21.3) (13.7) (22.3)
Sep — - 670.6 171.3 712.0(13.2) (12.1) (10.6)
Oct — 422.4 — — 116.2 611.3(13.4) (16.3) (11.4)
Nov — 311.5 — 169.7 510.0(17.2) (11.1) (13.5)Dec 512.3 - 296.2 711.4(25.5) (12.3) (9.4)
Jan — 2.0 912.7 1292.3 - 2.2 370.3 12 3.0(0.50) (13.3) (24.9) (10.5) (30.5)
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TABLE - 2:28

Monthly total rainfall (mm) during February 87 to January 89 at Kayamkulam

FIRST YEAR (87-88) SECOND YEAR (88-89)

Month --l'—OTAL RAINFALL (mm) TOTAL RAINFALL lmm) anFeb. 3.0 48.6Mar 4.2 89.0Apr 78.2 144.6May 398.6 317.6June 575.5 339.2July 115.4 588.2Aug 399.3 263.9sep 198.1 658.6Oct 546.8 54.0Nov 136.8 48.9Dec 108.0 23.2Jan Nil lI.0



TABLE — 2:29

DISTRIBUTION OF MACROBENTHIC FAUNA IN STATION I (Nos/0.I rn’

M95331- F M A M J J A s o N D 3
Group

Polychaetes I987 - 88
First Year 86 II4 I20 I2I 68 36 34 48 34 42 70 78
I988 - 89
Second Year I02 I44 I86 I30 90 56 44 60 65 94 66 98

First Year 40 28 26 20 21 22 25 28 39 41 42 38
Tanaids

Second Year 50 I8 I9 I2 I4 20 3| 29 37 36 5| 62
First Year I2 IO 5 II I3 II I8 26 32 37 43 2I

Amphipods Second Year I2 7 4 8 II I0 2| 29 30 40 38 I8
First Year 2 3 0 5 8 I0 0 4 0 9 I0 9

lsopods Second Year 3 0 I 0 2 4 I 9 O 5 I2 7
First Year 6 9 8 3 7 9 I 0 I 3 8 I2

Bivalves Second Year 5 7 4 3 2 7 O 0 O 2 4 I4
First Year 5 I O O O 0 0 O 0 0 4 6

Gastropods Second Year 4 O O 0 O O 0 0 O 0 7 2
First Year I0 I4 I2 IO 5 O O O O O 4 3

Nematods Second Year 8 7 II 9 0 O O 0 2 0 I O



TABLE — 2:30

DISTRIBUTION OF MACROBENTHIC FAUNA [N STATION II (Nos/O.I ml)

—————— -- F M A M J J A S O N D 3
Group

I987 88
First year 92 86 I03 II4 85 52 30 I9 26 37 42 63

Poiychaetes
I988 — 89
Second year I04 I00 I14 I26 I03 75 50 24 24 54 48 60
First Year 24 I5 9 6 II I0 I2 32 45 I8 2| II

Tanaids
Second Year 26 IO IO IO I4 I8 I4 34 40 I9 26 19
First Year I3 I0 ll I2 IO I5 I6 I2 I4 2| I2 I5

Amphipods Second Year I2 II 9 IO II I2 I7 2I 29 20 I4 I7
First Year 3 2 5 4 3 8 3 4 I 2 3 3

Isopods Second Year 0 2 8 9 5 I2 8 4 6 O I 2
First Year 6 9 6 3 0 0 O 0 2 3 5 4

Bivalves Second Year 3 2 2 I 0 O 0 I I 2 3 2
First Year 3 3 0 O 0 O 0 0 0 O 6 8

Gastropods Second Year 2 I 0 0 0 0 O O 0 2 I5 I0
First Year 8 4 7 4 O 0 0 O 3 O I O

Nematods
Second Year 6 7 II 2 0 0 0 O O O O 2



TABLE - 2:31

DISTRIBUTION OF MACROBENTHIC FAUNA IN STATION III (Nos/0.] ml)

First year I5 8 6 5 6 IO 3 5 4 5 I8 I4
Polychaetes

Second year 6 IO 9 8 II 6 4 4 3 12 I9 I7
FirstYear 0 0 O 0 00000690

Tanaids SecondYear O 0 O 0 00000400

TABLE - 2:32

DISTRIBUTION OF MACROBENTHIC FAUNA IN STATION IV (Nos/0.1 m’)

'-‘”—9—"—‘-I1 FMAMJJASONDJ
Group

Firstyear II 6 O 1+ 9 6 5 4 3 At I3 II
Polychaetes Second year I0 9 5 3 8 I4 7 5 O 7 II I2
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TABLE - 2:33

ANOVA

SOURCE DF SS MSS F REMARKS
TREAT 3 137684.800 145894.920 41.10 (HI SIG 1%)
ERROR 92 102727.300 1116.601

MEAN COMPARISONS REMARKSTl T2 N.S.T1 T3 SIG
Tl - T4 SIGT2 T3 SIG
T2 - T3 SIG
T3 T1; N.S.
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TABLE - 2:35

ANOVA

Penaeus indicus

SOURCE DF SUM.SQR MEAN SQR F-VAL REMARKS

TREAT 3 6723.877 22lH.292 35.18 HI SIG (1%)
ERROR 92 536L083 63.707

MEAN COMPARISONS REMARKSTl T2 SIGTl T3 SIGTl T4 SIGT2 T3 SIGT2 Tl; SIGT3 T4 N5.



TABLE — 2:36

ANOVA

Metaaenaeus dobsoni

SCLRCE DF SUNl.SQR MEAN SQR F-VAL REMARKS

TRE.-‘\T 3 2630.583 876.861 31.38 HI - SIG (1%)
ERROR 92 2570.75] 27.l+43

MEAN COMPARISONS REMAKRS

TI - T2 SIG
TI - T3 SIGT1 T4 SIG
T2 — T3 SIG
T2 - T4 SIGT3 T4 N.S



TABLE — 2:37

ANOVA

I\/Ietaienaeus monoceros

SOL'RCE DF SUM.SQR MEAN SQR F-VAL REMARKS

TREAT 3 148.78 49.594 10.41 HI SIG (1%)
ERROR 92 438.208 4.763

MEAN COMPARISONS REMARKS

TI — T2 SIGTl T3 SIGT1 T4 SIG
T2 - T3 N.ST2 T4 N.S
T3 — T4



TABLE — 2:38

DETAILS OF GRAIN SIZE ANALYSIS OF THE FOUR STATIONS

PERCENTAGE OF

STATION MONTH SAND SILT CLAY SOIL TYPE

Feb to May 85.0 7.80 7.20 SANDY SOIL
(Pre-monsoon)

June to Sept. 90.56 5.44 4.00 SANDY SOILI (Monsoon)
Oct. to Jan. 78.30 13.00 8.70 SANDY SOIL
(Post-monsoon)

Feb to May 79.20 12.4 8.4 SANDY SOIL
(Pre—monsoon)

June to Sept. 87.00 10.00 3.00 SANDY SOIL
II (Monsoon)

Oct. to Jan. 71.60 18.80 9.60 SANDY SOIL
(Post-monsoon)

Feb. to May 42.30 12.56 45.14 SANDY CLAY
(Pre-monsoon)

June to Sept. 44.60 11.93 43.47 SANDY CLAY
III (Monsoon)

Oct to Jan. 41.30 15.32 45.38 SANDY CLAY
(Post-monsoon)

Feb to May 27.90 17.63 54.77 SANDY CLAY
(Pre-monsoon)

June to Sept. 34.70 18.53 46.77 SANDY CLAY
IV (Monsoon)

Oct to Jan 33.80 19.82 46.38 SANDY CLAY
(Post—monsoon)
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sandy clay. Percentage of sand varied from 41.3% to 144.6%. Highest sand

percentage was recorded during monsoon season (l+l+.6%) and lowest in post

monsoon. During post-mon_soon percentage of silt and clay was high 15.32%

and l+5.38% respectively.

Station IV

Station Ill and IV showed similarity in the nature of soil. The type

of soil was sandy clay. Sand percentage varied from 27.9% to 311.7% highest

percentage was recorded during monsoon. Clay content was high during pre

monsoon 5l1.l+7% and silt percentage recorded its maximum during post-monsoon

(l9.82%).

DISCUSSION

Hydrographical conditions of the estuary are influenced by the tides

from the sea and the fresh water flow from the rivers and land run off.

The total annual rainfall during 1987-88 and 1988-89 was 27611.9 mm and

2575.8 mm. Though the total rainfall received during 1988-89 was slightly

lesser than that of 1987-88, while comparing the monsoon rainfall the total

monsoon rain was high during 1988-89, (l8148.9 mm) to 1488.3 mm in 1987-88.

Moreover, in Kayamkulam estuary the barmouth will remain closed during

April-May to June-July. 50 during April to July there is not direct connection

with the sea and the estuary is isolated. Seasonal changes in temperature

a characteristic feature of the hydrography of estuaries was well marked

in the study area. During April-May the temperature was high compared

to other months. This is mainly due to low rainfall and water exchange.
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In the monsoon temperature was less. Moreover in all the stations the bottom

temperature was lower than surface temperature a characteristic feature

found in tropical estuaries. In this estuary the sea water influence was more

during January, February and March and that of fresh water during June,

July, August, September. When the estuary is isolated from the water

exchange, evaporation and seepage account for the rise in salinity. High

salinity value of 31+ ppt was recorded during this period near the barmouth

area. High values of 22 to 28 ppt was recorded at the northern and southern

extension of the estuary during this period. This observation does not agree

with that of Mary John (1958) according to whom, the maximum salinity

attained during the pre-monsoon period is only l9.3 ppt. The present obser

vations agrees with that of Sivankutty Nair (1971) and Kuttyamma (I980a).

During monsoon with the rainwater and river discharge the salinity gradually

decreased. It was also found that the bottom water salinity was higher than

surface water salinity. This observation agrees with the salinity condition

discribed by Sivankutty Nair (1971).

Oxygen is one of the crucial environmental factors, indicating the quality

of water. Foehrenbach (I969) observed that the oxygen content can be a

reflection of organic loading, nutrient input and biological activity. The

depletion of oxygen was one of the most remarkable features of hydrogen

sulphide polluted area. As the most reduced form of sulphur, hydrogen

sulphide has a high oxygen demand of 2 mole oxygen per mole of hydrogen

sulphide Fenchel and Riedl (I970). In water it reacts rapidly with dissolved

oxygen and causes oxygen depletion. The decomposition of organic matter‘

have contributed to low values of dissolved oxygen in the sulphide polluted
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area. From the present observation it is evident that in Station 11] and IV

(polluted area) low oxygen was recorded. When the sulphide in the water

and sediment was high. This agrees with the findings of Bass—Becking and

Wood (1955), Berner (I967), Fenchel (I969).

According to Von Brand (19146) critical oxygen concentration are higher

at higher temperature. The present observation also showed that the lowest

oxygen concentration was reached, both in the surface and bottom especially

during pre-monsoon period, when the temperature reached a maximum. The

rate of oxidation of organic matter is influenced by temperature and the

presence of certain bacteria (Hynes, 1966). This can be attributed to the

low clssolved oxygen level in Station III and IV during pre-monsoon. However,

dissolved oxygen content in Station I and II was higher than that of station

Ill and IV in all the months. During monsoon period the dissolved oxygen

values were higher than the pre-monsoon in all the stations. This is due

to the heavy precipitation and river flow diluting the polluted area consi

derab__v.

Bagander and Niemisto (1978) found that pH in oxidised surface sedi

ments may vary between 7.5 and 8.3 and in reduced surface, between 6.9

and ‘.5. The pH value in the anoxic sediment was recorded to range from

6.0 tc 8.5 (Teal and Kanwisher, I966; Cohen _<_et_ail__, 1977; Hansen _e_t_a_l, 1978;

Kaplar‘. e_t a_l, I979; and Krumgalz e_tal_, I980). Brewer and Goldman (1976)

have discussed that the decomposition of marine organic matter essentially

leads to the liberation of nitric acid. Cohen _e_t_ Q (1977) explained that

the decrease in pH is probably caused by the fermentation process of highly

active heterotrophic oxidation of photosynthesic sulphur bacteria and cyano
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bacteria may further enhance the decrease of pH (Cohen £t_al_, 1975). The

reducing environment was responsible for the acidic pH in water and sediment

at the polluted area. Azis and Nair (I983) noticed a decrease in pH due

to retting activity at Edava-Nadayara Paravur backwaters. As hydrogen

sulphide is one of the main pollutant in the retting area the present obser

vation agrees with the observation of Azis and Nair (I933).

The variation of pH noted in the clear area (Station I and II) during

the present study agrees with the observation of Sivankutty Nair (I971).

Hydrogen sulphide content in water seems to increase with increase

in temperature, decrease in oxygen content in water, salinity and pH. It

was also found that the phosphate level also was high with high hydrogen

sulphide in water in polluted area. Sulphide in the sediment also showed

a similar trend as hydrogen sulphide in water. More sulphide in sediment

was observed in highly reduced environment where the Eh value was highly

negative. The organic carbon content of the sediment also showed high values

in sulphide polluted area though the organic carbon value showed a negative

correlation with sulphide.

Hydrogen sulphide was observed more in the water during pre-monsoon

period. It was observed only in the polluted area (Station III and IV). Bottom

water values were considerably higher than surface water. Similarly total

sulphide of sediment was also observed more during pre-monsoon period. Total

sulphide in sediment was positively correlated to hydrogen sulphide in water

such observation was also made earlier by Unnithan g Q (I975); Remani

(I979) in Cochin backwaters and Silas _(l9__85)._ During the pre-monsoon period

hydrogen sulphide values increased to a maximum and with the commencement
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of monsoon a drop in the values were noted at the polluted area (Station

111 and IV). Azis and Nair (1983) reported a range of 0 to 52.46 mg/l for

extensive retting grounds of Edava - Nadayara — Paravur backwaters. Remani

(1979) recorded only a maximum total sulphide value of l+.33 mg/l at Vaduthala

coconut retting ground during pre-monsoon period. During the present obser

vation hydrogen sulphide value in bottom water ranged between 0 to 161.2

pg - at/l which is much less than that reported by Azis and Nair (1983)

and Remani (1979). This can be mainly due to two reasons (1) Earlier workers

have determined the total sulphide present in the water which includes all

forms of sulphide in the water (2) They have carried out the study in retting

area which is intensively polluted with sulphide and other chemicals.

Due to lack of water circulation and the increase in the uptake of

oxygen in the sediment with increased temperature (Nedwell and Flood gate,

1972; Pearson and Rosenberg, I978; Howarth and Teal, 1979 and Rosenberg,

I980) the bottom water becomes anoxic which results in the proliferation

of sulphur reducing bacteria as sulphate is quantitatively the most important

electron acceptor for the oxidation of organic material (Kaplan fla_l, 1963;

and Jorgensen and Fenchel, 1974). This leads to the production of hydrogen

sulphide. Wheatland (19514) recorded the increase of sulphide roughly getting

doubled for each 10°C rise in temperature. Low level of sulphide 4 pg at/l

may act as a source of sulphur for plant growth (Crawford e_t fl,l979) but

higher concentration become highly toxic to animals (Theede e_t a_l,l969).

During the closure of bar mouth tidal flow was stopped and an almost

stagnant condition prevailed during April May. This resulted in the increase

of hydrogen sulphide.and total sulphide due to sulphate reduction. Hetero



95

tropic bacteria can catalyse the sulphate reduction (Tuttle and Janmarch,

I973 and Pfenning and Bieble, I976) and it requires an organic source of

energy and sulphate as a terminal hydrogen acceptor (lvanov, I968; Berner,

I972 and Raman and Bella, I974).

Sulphate reduction by bacteria takes place only in environments with

negative redox—potential (Postgate, I959). This observation clearly justify

the highly reduced values of Eh recorded during the present study. Moreover

total sulphide was recorded maximum when the sediment showed very low

Eh value.

Low value of hydrogen sulphide in the surface water compared to bottom

water can be attributed to the rapid oxidation of hydrogen sulphide in the

surface water (Hansen _e;-ta_l, I978).

In the present study nutrient level was low in sediment and water during

the pre-monsoon period and with the commencement of south west monsoon

the nutrients concentration increased and high values were observed in mon

soon. It was observed elsewhere that fresh water inflow during the monsoon

period brings large quantities of nutrients from the surrounding areas (Sankara

marayamam amd Qasim, I969; Murthy and Verrayya, I972; Ansari and Raja

gopal, I974; Nagarajaiah and Gupta, I983; Subash, I986).

The concentration of phosphorus was high in the polluted area (Station

III and IV) than that of clear area (Station I and II). Phosphorus in water

and sediment was positively correlated to hydrogen sulphide in water and

total sulphide in sediment in Station III and iV. In station I and 11 (clear

area) phosphorus showed negative correlation to temperature whereas in station
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Ill and IV phosphorus showed positively correlation to temperature. The

present investigation also revealed a similar relationship with oxygen in

polluted area.

Phosphorus content in the sediment was low compared to that of

surface and bottom water. In station I and II high phosphorus value in surface

and bottom water was obtained during monsoon whereas in station III and

I\’ the maximum phosphorus value was noticed in pre-monsoon period. The

bottom water phosphorus value was higher compared to surface water value.

The difference in the depth profile is not so well marked. This probably

indicated that phosphorus contribution of the estuary is largely depend upon

external sources such as land drainage and fresh water run off. However

if direct relationship between phosphorus and fresh water discharge does exist

one would except maximum values during monsoon period when the fresh

water ingress is more, that too in the surface water. However from the

data obtained in the present study, indicating that these may be some other

mechanism for phosphorus enrichmet in the estuary. Phosphorus is one of

the elements easily subject to retrogradation in an acidic medium as well

as in a basic one.

Osugi fig (I932), (Sited in Kawaguchi, I950) and Lu and Chung (1964)

have studied the solubities of various phosphate minerals under different pH

values and they observed that solubilities of most phosphates increased under

alkaline condition, such a relation was noted in Station I and II during monsoon

period and also agrees with the observations of Sankaranarayanan and Qasim

(1969) in Cochin backwaters.
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In station Ill and IV phosphorus values were at its peak during pre

monsoon. Similar observation was also made by Nair _e_tfl (1987) in a polluted

area in Ashtamudi lake. The present observation of high phosphorus value

during pre-monsoon when high sulphide content in water and sediment may

be due to the desorption that would occur under extreme conditions of oxygen

depletion (Jitts, 1959) and also possibly in places where hydrogen sulphide

is present (Pomeroy ga_l, I965; Li ga_l, I972, Kufel, 1976; Crawford gt__ai,

1979 and Krom and Berner, I980). Buffer system maintains the phosphate

concentration of water by appropriate desorption and adsorption reactions.

Comin e_ta_l (1983) suggested that low proportion of soluble reactive phosphorus

was related to the abundance of detritic or decomposing organic material.

Mollah e_t a_l (1975) in an investigation of soil and water phosphorus

content in ponds have stated that available phosphorus of water and soil

showed an inverse relationship while in certain other ponds such a relationship

was not observed. The present observation agrees with the observation of

Mollah Q a_l (1975) that in all the stations the sediments phosphorus was

lower than that contained in water. The low values of available phosphorus

in sediment may be mainly due to the presence of stable phosphorus forms

in the sediment which is not available. This is explained by Iron Sulphur

Phosphorus system by Golterman, I967.

Nitrate content was high during monsoon in sediment and water. The

sediment nitrate was comparitively lower than that of water. Surface and

bottom nitrate concentration showed very less variation. The instantaneous

increase in nitrate concentration is seems entirely due to fresh water discharge

from rivers and land run off (Ewins and Spencer, 1967) similar observation
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was also made at Korapuzha estuary (Rao and George, 1959), Cochin estuary

(Sankaranarayanan and Qasim, 1969; Manikoth and Salih, 19714), Ashtamudi

estuary (Rajan, I972; Nair _et_ a_l, 1987) and Paravur estuary (Azis and Nair,

I983).

The minimal values of nitrate in the estuary (Station I and 1]) during

the pre-monsoon period when the conditions are predominantly marine suggest

that the contribution of nitrogen from the sea is very little (Sankaranarayanan

and Qasim, I969). The occurance of high values of nitrate during June to

October suggests that these are associated with the monsoon when the fresh

water influx is maximum. The present observation revealed that in Station

IV the nitrate concentration was very low during pre-monsoon compared to

that of other stations. Such observation was reported by Azis and Nair,

(I983) in Paravur estuary and Nair e_t§1_l_ (1987) in Ashtamudi estuary. Crawfod

_el Q (1979) and Callender and Hammond (1982) opined that low nitrate con

centration was noticed when ammonia concentration was high.

There is notable difference in the values of nitrate and nitrite. The

nitrite values are much lower than those of nitrate. Similar observation

was made by Sankaranarayanan and Qasim (1969) in Cochin back waters and

Nair gt fl (I987) in Ashtamudi estuary. Maximum nitrite value was observed

when the estuary remain fresh water dominated. The lower nitrite content

than nitrate in all the stations is due to denitrification process (Spotte, 1979).

In sulphide polluted area the nitrite depletion is induced by a denitrification

process initiated by bacteria in the absence of dissolved oxygen.

The importance of Redox-Potential (Eh) for the biological and chemical

processes in marine sediments has been discussed earlier by several authors
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(Bass Becking eta_L I960; Berner, I963; Fenchel, I969 and White field, I969).

The sandy clay soil contained maximum level of organic matter with low

Eh values (in polluted area) whereas the case was reverse at sandy soil (in

clear area). Throughout the period of study the Eh values always showed

negative values. In station I and I] (clear area) the Eh values shown were

much higher than that of station III and IV (polluted area). In station I and

II the Eh value ranged from -26 to -90 mv whereas in station Ill and IV the

values ranged from -136 to -345 mv. This clearly indicates that the low

Eh value (-345 mv) was shown in area where sulphate reduction by bacteria

takes place (Postgate, 1959). This also confirms the highly reduced nature

of the sediment coupled with anoxic condition.

Highly reduced condition prevailed during pre-monsoon period when

the salinity, temperature and sulphide in water and sediment was high. It

was also coupled with low pH and low nutrient content in water and sediment.

With the onset of monsoon the Eh value slowly improved as the polluted

area get diluted with the fresh oxygenated water.

Change in Eh has been attributed to the reducing activity of the sedi

mentary sulphur bacteria (Berner, 1963 and Matheron and Baulaigue, I968).

Ramm and Bella (1971:) and Cohen gt Q (I977) noted Eh drop as a result

of sulphide production and the former attributed the pH drop to the production

of carbon dioxide and organic acids.

The percentage of organic carbon in the sediment varies with stations

and seasons. High organic carbon values were observed in Station III and

IV. The seasonal pattern of organic carbon varies with stations. In station

I and II maximum organic carbon content was noted during pre-monsoon period
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whereas in station Ill and IV the maximum values were observed during post

monsoon period. Similar observation was also made by Silas (1985) in Pillai

madam salt water lagoon. The low percentage of organic carbon during post

monsoon period when the water was anoxic and acidic with high sulphide

content in sediment is due to the remineralisationing of organic carbon during

sulphate reduction, 2 moles of organic carbons are oxidised to carbon dioxide

for every mole of sulphate reduced (Richards, I965 and Jorgensen, 1977).

About fifty to ninety percent of the mineralisation of total organic matter

was observed to be through sulphur cycle (Jorgensen and Fenchel, 19714 and

Jorgensen, I977). The carbon dioxide produced during the reaction would

reduce the pH of water. Methanogenesis is a major mechanism in the

anaerobic environment (Strayer and Tiedye, 1978) by which carbon and ele

ctrons leave the sediment (Rudd and Hamilton, 1978) by the reduction of

carbon dioxide or by the fermentation of organic matter especially carbo

hydrates (Deuser, I975). Methane diffuses into the water column and if the

critical concentration for the bubble formation is reached (Klots, 1961) by

ebullition it is lost to the ecosystem at the air water interface. Methane

production is considered the rate limiting step in carbon metabolism (Hungate,

1966 and Toerien and Hattingh, 1969). Devol (T983) suggested that the

methane oxidising agent was sulphate. Here the organic carbon content of

the sediment declined as the system became more anoxic and thus implying

sulphate reduction or methanogenesis.

The sediment of polluted area was black in colour with high percentage

of clay and silt. The sediment also had high sulphide content and organic

carbon whereas the clear area was sandy. The blackening of mud in the

polluted area was due to the local chemical reaction resulting in reduction
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of sulphate into sulphide (Hynes, I966). The present observation is in agree

ment with the observations elsewhere by Unnithan _<e_*c_a_1(1975), Remani (1979),

Azis and Nair (1983) and Nair gt fl (I987). Moreover, the benthic macro

fauna population was abundant in clear area with sandy soil.

It is well established that the quantitative and qualitative distribution

of benthic fauna has a direct relationship with the type of bottom deposits.

The physical nature of the substratum acts as a limiting factor to a great

extent (Thorson, I957; I958; Sanders, 1958; Johnson, 1971). It was observed

that polychaetes, tanaids, amphipods, isopods, bivalves, gastropods and nematods

were the major groups of animals collected from the clear sea (Station I

and II) with sandy substratum. On the other hand in polluted area ie station

III and IV only polychaetes were observed. Though polychaetes were present

in both clear area and polluted area the number per unit area was significantly

lower in polluted area than clear area. If the total number of the animals

were taken into consideration, station I and I] (clear area) recorded the

maximum, whereas the polluted area (station III and IV) recorded the minimum.

It was already reported by many workers ‘based on their studies in Cochin

backwater. Desai and Krishnankutty, I967; Kurian (1972) and Pillai 1979,

that higher biomass is associated with substratum having higher percentage

of fine sand, with small percentage of silt and the minimum biomass found

in clayey bottom. Thus in the present study it is evident that the poor faunal

abundance at the polluted area in comparison with clear area is due to the

effect of hydrogen sulphide. Crustaceans being detritophagus their distribution

and abundance is more related with the availability of the detritus rather

than the physical nature of the bottom. However, in the present study a

complete absence of crustacean fauna was observed in the polluted area,
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though these stations have large quantities of organic detritus. The anoxic

condition created by the decomposition of organic matter and production

of hydrogen sulphide may favour only the most tolerant deposit feeding benthic

animals to survive. More over, the high percentage of organic carbon

observed in the polluted area during post-monsoon period have affected

the distribution and abundance of bottom fauna. Relationship between the

distribution and abundance of benthos and percentage organic carbon have

been studied by many workers (Bader, l95#; Sanders, 1958; Sanders, 1968;

Kurian, 1969 and Ganapathi and Raman, 1973). Kurian (1969) suggested that

high productivity of benthos in the estuary may be due to high percentage

of organic matter and the faunal density showed no direct relationship.

Unnithan e_t§l_ (1975) and Remani (I979) also reported that the accumu

lation of organic material beyond the tolerance level affects the survival

and consequent reduction in the total number of crustaceans at selected areas

in Cochin backwater. Fincham (I969) suggested that the distribution of shallow

water amphipods may be correlated with pollution and related factors such

as low levels of dissolved oxygen. This is well established in the present

study by the complete absence of this group in polluted area with low oxygen

Content. Similarly though the substratum at the polluted area is suitable

for the burrowing polychaetes, their scarcity in the area may be due to the

anaerobic condition and the presence of high sulphide content in the sediment.

Molluscans being suspension feeders generally prefer a substratum with well

sorted fine sand. Though the substratum at polluted area is suitable for

molluscs, they were completely absent there. Perhaps due to the anoxic

condition and presence of high sulphide content. Barder (19510 while studying

the abundance of the bivalves in relation to percentage organic carbon, has
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observed the decrease in population above 3% of organic carbon. He points

out that beyond this concentration products of bacterial decomposition

and decline in the available oxygen becomes limiting factor.

The role of estuary as a nursery ground for many of the commercially

important prawns are well known. This estuary supports an extensive juvenile

prawn fishery for penaeid prawns such as Penaeus indicus, Metyenaeus dobsoni

and  monoceros Studies on the availability and distribution of prawn

seeds in Kayamkulam estuary revealed that  indicus was the dominant group

followed by  dobsoni. A diminishing trend of distribution of prawn seed

from Station I to IV was noted during the present study. If the total number

of prawns of the three species were taken into account. Station I and II

recorded the maximum and in station 111 and IV the total number was mini

mum. The species wise distribution also showed a same trend.  indicus

distribution in the clear area and polluted area showed a significant difference.

Similarly M. dobsoni and M. monoceros distribution was significantly different

in clear area and polluted area. Due to anoxic condition and presence of

hydrogen sulphide the polluted area became unsuitable for prawn seeds to

grow. Azis and Nair (I983) reported the absence of fish seeds in the retting

area. Hynes (I966) also reported that fishes showed less preference to the

low oxygen area. Ambika Devi (I988) also reported the absence of prawn

and fish seeds in the sulphide polluted retting ground in Vaduthala.

From the present study it has become much clear that the presence

of hydrogen sulphide in the water and total sulphide in the sediment reduced

the presence of oxygen in water, pH of water, soil and the soil became highly

reduced with low Eh and heavy organic carbon. This condition also affected
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the benthic macro fauna population.

The absence/scarcity of prawn seeds in the polluted area can be attri

buted to the fact that they avoid the sulphide biome with low oxygen, pH,

highly reduced soil and it is also important that prawns being benthic mainly

depend on the benthic population for their food. So their absence in the

polluted area also affects the presence of prawns in this area. Moreover

M. dobsoni is more resistant to hydrogen sulphide toxicity than  indicus

(Vide Chpater I). This may be the reason for the presence of more number

of Metapenaeus spp in the polluted area than  indicus.
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EFFECT OF HYDROGEN SULPHIDE ON THE GROWTH AND

SUBSTRATUM SELECT WITV 0F Penaews 4'.ndicu/5

INTRODUCTION

Prawns form a prominant export commodity among marine organisms

and its demand in the international market is increasing day by day. New

price levels are being reached every year for this comodity. As the demand

is much higher that what we can supply from the capture fishery the idea

of developing prawn culture is gaining more attention recently. Many coun

tries have developed scientific methods for increasing the pond production

by adopting semi-intensive and intensive culture techniques.

In south—east Asia the culture of prawns and fishes has been practised

for the last several centuries. These include the pond culture practices of

Malaysia and Singapore involving several penaeid species (Tham, 1955, 1968;

Hall, 1962), catching prawns from the extensive tambaks of Indonesia and

from the brackish water ponds in Formosa (Kesteven and Job, 1957), the

Sugpo Culture of the Philippines (Villadolid and Villaluz, I951; Delmendo and

Rabanal, I956; Caces Borja and Rasalan, 1968), the large scale filtration

of prawns in the paddy fields of the Malabar Coast (Gopinath, I956; Panikkar

and Menon, 1956; George e_t a_1., 1968; George and Sebastian, 1970) and the

culture of prawns in the salt water bheries of Sunderbans in the West Bengal

(Hora and Nair, I944; Natarajan, 1985). George (1974) carried out a compa

ritive study of the specieswise yield and economics of the traditionally
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operated seasonal and perennial ponds of the Vypeen Island in Central Kerala.

Chaudhary (I985) has described the present status of prawn culture

in the brackish water areas of Kerala. Suseelan (I975) studied the growth

and feeding habits of Penaeus indicus in the salt pan reservoirs of Manakkudy.

Muthu e_t Q (I981) observed the growth of  indicus in relation to stocking

density for the culture of this species in the fields.

Growth rate of Penaeus indicus in the culture systems and in the natural

systems had been studied by several workers (George, I975; Sultan, I973;

Sampath and Menon, I975; Suseelan I975; Muthu, I978; Mammen g_a_l. I980;

Nair e_t3l_. I982 and Gopalan e_ta_l. I982).

The density of population and availability of space for individual may

have direct impact on the growth of prawns (Kunju, I978).

Many problems have cropped up in the course of developing reliable

techniques of pond management to increase production from ponds. Retar

dation of growth, sudden mortalities due to ecological reasons and incidence

of diseases are some of the problems that have confronted the prawn cultu

rists. The importance of chemical and biological processes taking place in

the pond bottom to the growth and production of prawns stocked in the ponds

is only being realised by the prawn culturists. Although hydrogen sulphide

is an ubiquitous component of the pond soil it has been neglected in most

of the ecological studies of prawn ponds. Shigueno (I972) studied the prawn

culture ponds for the extent of pollution due to accumulation and decompo

sition of organic matter in the bottom sand by measuring the oxidation redu

ction-potential. Sun gal (I987) studied the quality distribution and variation
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of soluble sulphide at different periods and its relation to dissolved oxygen.

He has also noted its effect on prawns and the preparation of new and old

ponds. Hui Yen 3 Q (1987) reported that presence of sulphide in the soil

and low levels of dissolved oxygen in the bottom water leads to growth retard

ment and sluggish shrimp activities.

Prawn culture in ponds is distinguished from all other aquacultures

because of the particular behaviour of prawns which spend a greater part

of the day embedded in the bottom soil. It is clear that the nature of the

pond bottom will greatly influence their growth and survival. It is common

to see the bottom mud blackened by hydrogen sulphide produced by bacterial

activity. Since their natural substratum is predcfminently muddy and the

prawns mostly feed or benthic organisms and detritus the degree of adaptation

to a muddy substratum with reference to their feeding efficiency may be

an important factor governing their growth and survival. Experiments condu

cted by Balasubramanian gt _a_l_ (1979) on Metapenaeus dobsoni have shown

that its preying efficiency decreased with increasing quantities of mud.

Williams (1958) found that the nature of substratum is a factor in shrimp

distribution. Lalithambika Devi e_t a_l_ (1980) studied the preying efficiency

of  indicus in relation to different concentrations of mud in the substratum

and compared with that of M. dobsoni.

Substratum preference for settlement is known for several species of

penaeid prawns (Achuthankutty, I988; Staples DJ, 1980; Achuthankutty and

Nair, l932; Achuthankutty and Nair, I983). Ruello (I973) opined that the

distribution of prawns within the nursery ground may be attributed to their

physiological needs with growth or food preference.
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in view of these the present study was carried out to known the effect

of hydrogen sulphide in the growth of prawns and to study the behaviour

of prawns in hydrogen sulphide containing substratum.

MATERIAL AND METHODS

Experiments were designed to study the effect of hydrogen sulphide

on the growth of Penaeus indicus. For this purpose two ponds were selected

at the Government Fish Farm Ayiramthengu. One of the selected pond was

not regularly used for fish/prawn farming. The area was impounded and

some prawns and fishes get into this area during the high tide. Soil samples

were analysed and found that hydrogen sulphide was present in the interior

of the pond. But the presence of sulphide was not uniform and there were

patches where hydrogen sulphide could not be detected. In this context six

pens of 4 m’ each were erected in the sulphide rich area (POND—A). Similarly

in the second pond where sulphide could not be detected in the soil, six pens

were erected in the sulphide free area as control (POND-B). Pond 'A' and

Pond 'B' were 500 m apart. Water exchange in the ponds was carried out

by tidal flow.

Of the six pens erected in Pond ‘A’ (Experimental pen) three pens

were used for growth experiment without supplementary feeding and remaining

three pens for experiment with supplementary feeding. Similarly in Pond ‘B’

(Control pen) also three pens were used as control without feeding and the

rest with feeding. Tidal water could freely flow in and out of the ponds

through the sluice. The pens were stocked withgug. indicus post larvae on

January 1987 and the experiment continued upto April 1987, a period of 90
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days. The same experiment was repeated again during the next year 1988

from January to April for 90 days.

Construction of Pens

Pens were constructed with velon screen (1 mm mesh size) fixed on

wooden reapers (5 cm x 5 cm size) of 2 m length which were fixed to the

soil 2 m apart so as to get 4 m’ area. 5 cm x 3 cm wooden reapers were

also fixed in between the 5 cm x 5 cm wooden reapers. Veion screen were

attached firmly to the wooden reapers by keeping small 2cm x O.5cm thin

reapers and nailing them from outside. Coir rope was tied firmly to the

lower end of the velon screen and driven into the soil so as to protect the

pen from the entry of other prawns, fishes and crabs. After fixing the pen,

mud from outside pen area was heaped to the four boundaries on the outer

side of the pen to demarkate the bottom velon screen and also to give extra

strength. Water depth in the pen was 85cm to 100cm and the top edges

of the pens were about 30cm above the water level. Six such pens were

constructed in the sulphide area and six in non sulphide area.

Stocking

B. indicus post larvae were used for stocking in the pen. The stocking

density of the seeds were fixed to 5 nos/m‘ (Suseelan, I975; Muthu e_ta_l.,

I981, Thirunavukkarassu, I983).

Prawns of the size range 25-28mm were collected from the estuary.

Stocking was carried out in the early morning hours after recording their

length and weight.
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Supplementary Feeding

Clam meat was used as supplementary feed. Feed was given twice

daily at the rate of 10% of body weight (wet weight).

Growth Study Monitoring

At every 15 days interval the prawns in each pen (Both experimental

and control) were caught by using a small meshed scoop net and their average

length and weight were recorded. After taking the measurements they were

released back to the respective pen. The sides of the pen and the velon

screen were frequently checked for damages and cleaned to avoid clogging

of the mesh.

Harvesting

After completing 90 days from the date of stocking the prawns were

harvested using a scoop net and by hand picking. This was done by entering

into the pen, to ensure complete harvest of the stocked prawns.

Hydrographical and Sedimentological Parameters

To study the fluctuations in the ecological parameters of the culture

pens (both experimental and control) surface water, bottom water and sediment

samples were taken regularly at 15 days interval till the completion of the

experiment.

The following parameters, Temperature, Salinity, pH, Dissolved oxygen,

Hydrogen sulphide, Nitrate—Nitrogen, reactive phosphorus of the surface and

bottom water were estimated. Soil samples were also taken from the pens
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to determine the total sulphide, pH, Redox Potential (Eh) and Organic Carbon.

Samples were taken during the early morning hours, with great care to avoid

diffusion of air.

For water sampling 500 ml plastic bottle was used. Water samples

for hydrogen sulphide and dissolved oxygen estimation were collected using

separate 60 ml bottles. Surface water samples were collected by carefully

dipping the cleaned bottle into the water. Bottom water samples were

collected after getting into the pen at the sampling point. The stoppered

bottle was slowly lowered in a slanting position with the mouth end slightly

up. When the mouth of the bottle was just above the soil-water interface

the stopper was removed. After the bottle was filled with water it was

tapped repeatedly to release any air bubbles sticking to the sides and then

stoppered and brought to the surface. Samples for estimation of hydrogen

sulphide and dissolved oxygen were also collected in the same way. During

sampling care was taken not to disturb the bottom of the pen. Both water

and sediment samples were collected from the same point. Water samples

were taken first and then the sediment samples were collected. Immediately

after sampling winkler A and B were added to oxygen sample and N - I N

dimethyl - P Phenelyne diamine dihydrochloride and ferric chloride solutions

were added to hydrogen sulphide sample. From the main sample in the 500 ml

bottle, sub - samples were siphoned out into I00 ml plastic bottles. The

samples were not exposed to direct sun light and transferred immediately

to the laboratory. The samples for hydrogen sulphide estimation were kept

for colour development and later filtered and colorimetrically estimated.

The colour was retained for 214 h.
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The temperature of the water was recorded using an ordinary thermo

meter with 0 — 50°C graduations as soon as the water was collected.

Sediment samples were taken by a Van Veen grab. Immediately after

removing the grab from the water, sediment samples were transferred into

small sampling bottles (wide mouth plastic bottles) and zinc acetate solution

was added to the total sulphide samples. Similarly soil samples were taken

to determine Eh and pH. The sample bottles were closed and kept intact.

The samples were transferred to laboratory at the earliest.

Chemical Analysis Vide material and methods of Chapter II.

Substratum Selectivity Studies

During the growth study experiment considerable difference in growth

was observed between experiment (Prawns grown in hydrogen sulphide area)

and control (hydrogen sulphide free area) and no pronounced difference in

growth was observed between feeding and non feeding experiments in the

hydrogen sulphide area. In the light of this observation two experiments

were designed and conducted to study the substratum selectivity of two size

groups (#0 - 45mm and 85-90mm) of Penaeus indicus under uniform conditions

in the absence of food and feeding behaviour on different types of substratum.

For substratum selectivity study the following experiment was performed

in an aquarium tank as designed by Williams (1958) with slight modifications.

An aquarium tank (76xl+5x30cms) was incompletely partitioned into 3 compart

ments, by vertical wooden partitions, so that the prawns could move freely

from one compartment to the other. One compartment was provided with

washed sea sand, another with a mixture of sea sand and dry powdered clay
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and the third compartment was provided with wet black hydrogen sulphide

containing soil taken from the sulphide rich area of the ponds. The substratum

was 5cm deep in all the compartments. Filtered estuarine water of 28 ppt

salinity was poured slowly over the sand bottom and was allowed to flow

gently into the other compartments. The water level was gradually increased

to a height of about 18 cm above the surface of the substrates. Water was

allowed to settle for about one day and then total sulphide in the substrates

were estimated by taking sample of soil from each compartment every day.

10 numbers of  indicus were introduced into the aquarium tank. The tanks

were covered with removable velon screens to keep the animals from jumping

out. No attempt was made to regulate the amount of light entering the

tanks. The room was dark at night. Occasionally aeration point was kept

in the sand bottom compartment for 20-30 minutes and the dissolved oxygen

level was maintained not less than 2 ml/l. 50% of the water was changed

daily. The distribution of animals in three compartments of the tank was

noted thrice a day at 10.00 h, 18.00 h and 02.00 h. Duration of the experi

ment was 10 days. Dead animals were replaced by new live ones. Separate

experiments were conducted for both the size groups (40-45mm and 85-90mm).

Fresh animals and substrates were used for each new trail. If no preference

for or avoidance of any substratum was exhibited, prawns would have distri

buted uniformly in all the compartments.

The experiment for both the size groups (#0-45mm and 85-90mm) were

repeated twice in a randomized latin square design which allowed each

bottom type to occur in every position once. The design required three diffe

rent arrangements of substrates as three substrates were used. Distribution

of prawns in the three compartments and all the replicates were compiled
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and mean value was statistically analysed (ANOVA).

Feeding Behaviour on Different Types of Substratum

For the feeding behaviour experiment two size groups (40-45mm and

85-90mm) of prawns,  indicus were used. The experiments for each size

group was conducted separately in three aquarium tanks (76x45x30cm) with

three different substrates. (The experiments were repeated twice for each

size group and the mean value was used for statistical analysis. Of the

three aquarium tanks, one was provided with 5cm thick layer of washed sea

sand, another with sea sand and dry powdered clay (3:1) and third with wet

bottom soil from the culture pond containing H25. In each tank, filtered
brackish water of 30 ppt salinity was added to a depth of 18cm and I0 prawns

of B. indicus were introduced.

First 1+0-145mm size group animals were used for the experiment. After

completion of the experiment next size group (85-90mm) was used. The

animals were fed with frozen squid meat twice daily at 8 AM and 4 PM.

At every feeding time 10 nos. of 3 cm’ squid meat piece were given in each

tank. Left over meat pieces were collected and counted. From this the

number of meat pieces consumed by the animals was noted. The duration

of each set of experiment was 14 days and 25% water from each tank was

exchanged every day.

The estimation of total sulphide in the substratum and the hydrogen

sulphide in the water from each tank were done once a day. No sulphide

could be detected in the sand and clay substratum and sand above substratum

either in water or soil. Sulphide was present in the pond soil substratum
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through out the experiment (3 mg/g 1.2 mg/g of soil) whereas hydrogen sulphide

could not be detected from the water. Aeration was provided for 20-30 minutes

at 3-‘! hours intervals in all the tanks through out the experiment period.

The significance of the difference in feed intake by two size groups of the

prawns in the three different substratum were tested statistically (ANOVA).

RESULTS

Hydrograehy

The data on different hydrographical and sedimentological parameters were

collected from all the experimental and control pens at fifteen days interval

for two growth periods of ninety days each in two successive years 1987 and

1988. In 1987 (First year) the period of the experiment was from llth January

to 10th April and in 1988 (Second year) the period extended from 3rd January

to 3rd April. Mean values of the hydrographical and sedimentological parameters

of the experimental and control pens are presented in Table 3:] and 3:2. Separate

data was collected for feeding and non feeding experiments and the respective

controls.

Temgrature

Experiment — Non Feeding

Temperature showed a variation (Fig. 3:1) from 28.8°C to 29.5°C in the

surface water and 28.5°C to 29.0°C in the bottom water of the first year. In

the second year, temperature showed a similar trend, it ranged between 28.5°C

to 29.5°C in the surface water and 28.0°C to" 29.'O°C in the bottom water
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(Fig. 3:15). Both surface and bottom water temperature showed a gradual increase

from the start of the experiment to the end of 90 days experiment. Surface

water temperature was always higher than bottom water temperature.

Control - Non Feeding

Temperature variation was almost same for both the years (Fig. 3:] and

3:15). Temperature ranged from 28°C to 29.7°C in the surface water and 27.8°C

to 29.2°C in the bottom water during the first year experiment. In the second

year the trend was same as that of the first year. Temperature ranged from
28.I°C to 29.8°C and 27.7°C to 29.2°C in the surface and bottom water res

pectively. Gradual increase in the temperature was noticed from the start to

the end of the experiment in both the years.

Experiment - Feeding

Temperature showed a fluctuation from 28.5°C to 29.5°C and 28.0°C to

29.l°C in the surface and bottom water respectively in the firsst year (Fig. 3:2).

During the second year (Fig. 3:16) it ranged from 28.4°C to 29.7°C and 28.0°C

to 29.3°C in the surface and bottom water respectively. Surface water tempe

rature values were higher than bottom water values.

Control — Feeding

Gradual increase in temperature of surface and bottom water was noted

from the start till the end of the experiment (Fig. 3:2 and 3:16). In the firsst

year temperature ranged between 28.3°C to 29.5°C in the surface water and

28.0°C to 29.0°C in the bottom water, whereas in the second year it was 28.0°C

to 29.6°C and 27.7°C to 29.2°C in the surface and bottom water respectively.
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Salinity

Experiment - Non Feeding

Salinity showed similar fluctuation as temperature (Fig. 3:3). Salinity of

the water gradually increased towards the end of the experiment. Lowest value

was recorded during January and highest during April. Salinity showed a variation

from 21.142 ppt to 29.611 ppt in the surface water and 22.23 ppt to 30.12 ppt

in the bottom water during the first year whereas in the second year salinity

ranged from 20.15 ppt to 29.14 ppt and 20.81 ppt to 29.91 ppt in the surface

and bottom water respectively (Fig. 3:17). Surface water salinity was less than

the bottom water salinity.

Control - Non Feeding

Salinity variation is given in (Fig. 3:3 and 3:17). Salinity ranged between

20.62 ppt and 29.32 ppt in the surface water and 21.56 ppt to 30.21 ppt in the

bottom water during the first year. In the second year the trend was almost

the same as that of first. Salinity variation was from 19.75 ppt to 29.26 ppt

in the surface and bottom water.

Experiment - Feeding

Salinity variation is given in (Fig. 3:4 and 3:18). Higher salinity was observed

towards the end of the experiment. In the first year salinity ranged from 21.53

ppt to 29.42 ppt in the surface water and 22.12 ppt to 30.17 ppt in the bottom

water. In the second year the variation in surface water salinity was from 20.61

ppt to 29.35 ppt and in bottom water it was from 21.32 ppt to 29.77 ppt

(Fig. 3:18). Bottom water‘ salinity was higher than that of surface water.
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Control — Feeding

Salinity variation (Fig. 3:4 and 3:18) was more or less the same as found

in earlier cases. In the first year salinity ranged from 20.54 ppt to 29.12 ppt

(surface water), 21.1414 ppt to 30.15 (bottom water) and 20.01; ppt to 29.32 ppt

(surface water), 20.93 ppt to 30.18 ppt (bottom water) in the second year. Bottom

water salinity was higher than surface water salinity. Salinity showed a gradual

increase from the start to the finish of the experiment.

Dissolved Oxygen

Experiment - Non Feeding

Variation in dissolved oxygen content is given in Fig. 3:5 and 3:19. Dissolved

oxygen content ranged from 3.90 ml/l to 3.214 ml/l (Surface water) and 2.614 ml/l

to 1.91 ml/l (Bottom water) during the first year (Fig. 3:5). In the second year

dissolved oxygen showed variation from 3.92 ml/l to 3.13 ml/1 (surface water)

and 12.70 ml/I to 1.60 ml/I (bottom water) (Fig. 3:19). Gradual decrease in the

dissolved oxygen content was observed from the start of the experiment till the

end. Bottom water dissolved oxygen values were lower than that of surface

water values.

Control - Non Feeding

Variation of dissolved oxygen content in surface and bottom water is evident

in the Fig. 3:5 and 3:19. Dissolved oxygen content ranged from 4.43 ml/l to

3.80 ml/l (surface water) and 4.04 ml/1 to 3.61; ml/1 (Bottom water) during the

first year. In the second year it was 4.72 ml/I to 3.77 ml/l (surface water)

to 14.54 ml/1 to 3.54 ml/I (Bottom water). Dissolved oxygen content showed a
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decreasing trend towards the end of the experiment and the lowest value

was recorded at that time. Dissolved oxygen content of surface water was

higher than that of bottom water.

Experiment — Feeding

Variation of dissolved oxygen is given in Fig. 3:6 and 3:20. It showed

a variation from 3.76 ml/1 to 3.17 ml/l in the surface water and 2.64 mill

to 1.73 ml/l in the bot-tom water during the first year. In the second year

surface water dissolved oxygen content ranged from 3.88 ml/l to 3.12 ml/1

and bottom water dissolved oxygen varied from 2.72 ml/l to 1.47 ml/l.

Dissolved oxygen showed a gradual decreasing trend from the day of stocking

to day of harvest. Bottom water values were much lower than the surface

water dissolved oxygen value.

Control — Feeding

Fluctuation of dissolved oxygen is given in Fig. 3:6 and 3:20. Higher

values were observed during the month of January (period of stocking) and

gradually the values showed a decreasing trend. In the first year the dissolved

oxygen content fluctuated from 4.36 ml/l to 3.51 ml/l (Surface water) and

4.20 ml/l to 3.38 ml/1 (Bottom water) whereas in the second year it was

ranged between 4.48 ml/l to 3.86 ml/l (Surface water) and 4.36 ml/l to

3.62 ml/l (Bottom water). Though the surface values were higher than the

bottom values the difference was considerably less.

Pfl

Experiment — Non Feeding

Fluctuation of pH is given in the Fig. 3:7 and 3:21. In the first year
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the pH showed a variation from 8.24 to 8.111 in the surface water and 7.63

to 7.36 in the bottom water whereas in the second year the pH fluctuated

from 8.26 to 8.20 (Surface water) and 7.60 to 7.30 (Bottom water). Surface

water pH was higher than the bottom water pH.

Control — Non Feeding

pH fluctuation is ploted in Fig. 3:7 and 3:21. Surface water pH showed

pronounced fluCtuation.~- In the first year surface water pH fluctuated from

8.37 to 8.31, while that of bottom water varied from 8.22 to 8.10 and in

the second year the pH ranged from 8.37 to 8.28 (Surface water) and 8.25

to 8.12 (Bottom water).

Experiment - Feeding

Variation of pH is given in Fig. 3:8 and 3:22. In the first year pH

fluctuated from 8.32 to 8.12 (Surface water) 7.70 to 7.36 (Bottom water)

whereas in the second year pH ranged between 8.31 to 8.12 in the surface

water and 7.71 to 7.28 in the bottom water. Bottom water pH was consi

derably less than surface water pH.

Control - Feeding

Fluctuation of the water pH ploted in Fig. 3:8 and 3:22. pH ranged

between 8116 to 8.26 (Surface water) 8.25 to 8.15 (Bottom water) during

the first year. In second year pH ranged between 8.32 to 8.25 (Surface water)

and 8.17 to 8.11 (Bottom water). pH showed fluctuation during the 90 days

of observation. Bottom water pH was lower than that of surface water.
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Nitrate — Nitrogen

Experiment - Non Feeding

Nitrate in surface and bottom water showed wide fluctuation (Fig.

3:9 and 3:23). In the first year Nitrate ranged from 10.14 pg - at N03 - N/l

to 5.8! pg - at NO -.\'/l (Surface water) and 9.72 pg at No N/l to3 3
5.43 pg at N03 N/l (Bottom water). During the second year nitrate value

showed fluctuation from 8.76 pg at N03 - N/1 to 6.1] pg at N03 — N/l
in the bottom water. In both the cases higher values were observed during

the commencement of the experiment in the month of January and the value

gradually decreased to the least at the end of the experiment in the month

of April.

Control - Non Feeding

Nitrate of the water showed pronounced variation (Fig. 3:9 and 3:23).

Nitrate values ranged from ll.O3 pg - at NO — N/1 to 5.17 pg - at NO - N/l3 3
(surface water) and 9.62 pg — at NO — N/lto 5.0] pg - at N03 - N/l (bottom3

water) during the first year whereas in the second year the values showed

a variation from 9.37 pg at N03 - N/1 to 5.63 pg at N03 - N/l in the

surface water and 9.26 pg — at N03 - N/l to 5.50 pg - at N03 - N/1 Nitrate

values showed a decreasing trend from the beginning of the experiment to

the end in both surface and bottom water.

Experiment — Feeding

Nitrate fluctuation in the surface and bottom water is given in Fig.

3:10 and 3:21}. Nitrate showed a variation from 9.62 pg at N03 — N/l to
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5.73 pg at NO - N/1 (surface water) and 8.90 pg at NO - N/l to3 3
5.21 pg - at NO - N/l (bottom water) during the first year. In the second3

year the values ranged between 10.26 pg - at NO - N/l to 6.6] pg at3

N03 — N/1 (surface water) and 8.79 pg - at NO — N/1 (bottom water). Here3

again the nitrate showed more or less a similar trend as in earlier cases.

Control - Feeding

In the first year (January 87 to April 87) nitrate in surface water ranged

from 10.23 pg — at NO — N/l to 5.66 pg at NO - N/l and in bottom water3

it ranged from 9.65 pg at NO
3

3 N/l (surface water) and 5.40 pg - at N03
N/1 (bottom water). Nitrate values gradually decreased from the start to

the end of the experiment (Fig. 3:10 and 3:24). In the second year nitrate

values ranged from 10.11 pg - at N03 — N/l to 5.77 pg - at NO — N‘/1 (surface3

water) and 9.02 pg at N03 — N/l to 5.43 pg - at NO - N/l (bottom water).3

Reactive phosghorus

Experiment — Non Feeding

The fluctuation of reactive phosphorus is given in Fig. 3:11 and 3:25.

In the first year reactive phosphorus ranged from 3.73 pg - at PO“ P/l

to 4.56 pg at P04 P/l in the surface water and 3.42 pg - at P04 - P/1
to 5.88 pg - at PO - P/l in the bottom water. In the second year reactive4

phosphorus showed a fluctuation from 3.92 pg at pot} — P/1 to 3.14 pg

at pol‘ _ 13/1 to 3.90 pg at P04 - P/l in the surface water and 3.60 pg

at P011‘ P/1 to 4.59 pg at P04 - P/] in the bottom water. Reactive phos
phorus in the bottom water showed an increasing trend from the beginning
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of the experiment to the end of the experiment whereas in surface water

the trend was different it showed wide variation in values.

Control — Non Feeding

The reactive phosphorus of surface and bottom content water is given

in Fig. 3:11 and 3:25. In the first year the surface and bottom water reactive

4 P/l to 4.75 pg at P04 ~

P/l and 2.56 pg at P04 P/1 to 4.50 pg at P04 P/l respectively. Simi
larly in the second year the values fluctuated from 2.96 pg at P04 P/1

phosphorus values ranged from 2.89 pg - at P0

to 4.28 pg at Pol‘ P/1 in the surface water and 3.06 pg at P04 - P/1

to 4.04 pg - at P01‘ P/1. In this case reactive phosphorus value showed
a decreasing trend from the start to the end of the experiment in both surface

and bottom water.

Experiment - Feeding

Variation of reactive phosphorus is given in Fig. 3:12 and 3:26. In

the first year the values ranged from 2.84 pg - at P04‘ ~ P/1 to 3.88 pg

at P01‘ — P/1 in the surface water and 3.26 pg - at P04 - P/l to 4.37 pg
at P0 — P/l in the bottom water where as in the second year the value4

ranged from 3.42 pg - at POl+ - P/l to 4.76 pg at Pol‘ _ P/] and 3.85 pg

at PO,+ P/1 to 5.63 pg - at F’O4- P/l in the surface and bottom water
respectively. The reactive phosphorus content increased in bottom water

towards the end of the experiment.

Control - Feeding

Reactive phosphorus of the water showed drastic change (Fig. 3:12
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and 3:26). In the first year the values ranged from 3.12 pg at p04 13/]

to 14.52 pg at PO“ PM in the surface and bottom water respectively

whereas in the second year the values fluctuated between 2.53 pg at PO‘;

P/l (surface water) to 2.27 pg — at PO“ — P/1 to 3.69 pg at P04 P/J
(bottom water). Reactive phosphorus of the surface water showed a decreasing

trend from the start to the end of the experiment whereas in the bottom

water reactive phosphorus values showed an increasing trend towards the

end of the experiment.

Hydrogen Sulphide

Experiment - Non Feeding

In the surface water no hydrogen sulphide was detected whereas in

bottom water hydrogen sulphide showed fluctuation from 15.37 pg - at /I

to 87.56 pg at /l in the firsst year (Fig. 3:13) and 18.65 pg at /l to 89.61

pg - at /l in the second year (Fig. 3:27). Hydrogen sulphide content in the

water gradually increased towards the end of the experiment, i.e. in the

month of April in both the years.

Control — Non Feeding

No hydrogen sulphide was present in surface and bottom water in both

the years.

Experiment — Feeding

Hydrogen sulphide was detected only in the bottom water and it ranged

from 20.145 pg - at /l to 54.65 pg at /1 in the firsst year and 22.46 pg

— at/l to 103.51 pg at /l in the second year (Fig. 3:14 and 3:28).
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Control - Feeding

Hydrogen sulphide was not present in both surface and bottom water

during first and second year.

Sedimentology

IE

Experiment — Non Feeding

The soil was acidic and pH showed. fluctuation (Fig. 3:29) from 6.40

to 6.26 in the first year and 6.43 to 6.20 in the second year. pH fluctuation

showed almost a decreasing trend from the beginning of the experiment to

end.

Control - Non Feeding

In the first year sediment pH showed variation from 7.69 to 7.54 and

7.72 to 7.50 in the second year. The trend of pH fluctuation is given in

Fig. 3:29.

Experiment - Feeding

Sediment pH showed wide range of fluctuation during the experiment

period (Fig. 3:30). pH ranged from 7113 to 6.38 in the first year and in

the second year the range was (6.34 to 6.18) comparitively lower than that

noted in the first year. pH showed a decreasing trend towards the end of

the experiment.
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Control — Feeding

pH showed small range of fluctuation from 7.61 to 7.51 in the first

year and 7.71 to 7.48 in the second year (Fig. 3:30).

Redox Potential (Eh)

Experiment — Non Feeding

Eh of the sediment also showed a similar variation pH of sediment.

The Eh values exhibited a decreasing trend from January (starting period

of the experiment) to April (termination of the experiment) (Fig. 3:31). Eh

value ranged from -186 mv to -289 mv in the first year and —l8l+ mv to

-278 mv in the second year.

Control - Non Feeding

Eh gradually decreased from the commencement to the end of the

experiment. In first year Eh gradually decreased from -18 mv to -62 mv

end in the second year the decrease was from -21 mv to -52 mv (Fig. 3:31).

Experiment — Feeding

Here also Eh showed the same trend as above. The Eh value ranged

from -173 mv to -257 mv in the first year and -163 mv to -303 in the second

year. Highly reduced values were observed towards the end of the experiment

(Fig. 3:32).

Control - Feeding

In the control also the trend of Eh variation was same as in the experi

ment but the values were much higher than that of the experimental pens.



127

Eh fluctuated from —29mv to -70 mv in the first year and -28 mv to -67mv

in the second year (Fig. 3:32).

Organic carbon

Experiment - Non Feeding

Organic Carbon of the sediment exhibited a pronounced fluctuation

from 3.20% to 2.83% in the first year whereas in the second year the range

was from 3.07% to 2.70%. Organic carbon mainly showed a decreasing trend

towards the end of the experiment (Fig. 3:33).

Control — Non Feeding

The trend of organic carbon in the control pen was just the reverse

of what was found in the experimental pen. The Organic Carbon value fluctu

ated from 2.76% to 2.36% in the first year and 2.03% to 2.06% in the second

year. Organic carbon values gradually increased towards the end of the ex

periment (Fig. 3:33).

Experiment - Feeding

The range of organic carbon in the sediment was from 3.14% to 2.56%

in the first year and 3.28% to 2.61% in the second year. The values showed

an increasing trend towards the close of the experiment (Fig. 3:34).

Control — Feeding

The range of organic carbon was from 2.82% to 2.08% and 2.32% to

2.06% in the first and second year respectively (Fig. 3:34). In the control

pen sediment organic carbon gradually increased towards the end of the
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experiment.

Total Sulphide

Experiment — Non Feeding

Total sulphide in the sediment gradually increased from 1567.7 pg

at /g to 3176.4 pg at/g and 1432.5 pg at/g to 3240.5 pg at/g in the
first and second year respectively (Fig. 3:35).

Control - Non Feeding

No total sulphide was found in the sediment during both the years

conducted in two successive years 1987-1988.

Experiment — Feeding

Total sulphide in the sediment gradually increased from the beginning

and the highest value was attained at the end of the experiment (Fig. 3:36).

The initial value was 1321.5 pg at/g 1932.2 pg - at/g in the first and second

year. This value gradually increased and the highest value of 2986.7 pg

at/g and 5239.2 pg at/g was reached at the end of the experiment.

Control - Feeding

In the control pen total sulphide was not present through out the period

of experiment.

Growth Exfiriment

In order to study the effect of hydrogen sulphide on the growth of

prawns experiments were conducted in 4 m’ pen. To compare the growth
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in the experimental pen (area where hydrogen sulphide is present) controls

were also maintained in separate pen where the water and sediment was

free from sulphide pollution. Experiments were conducted with supplementary

feeding and without supplementary feed to get a comparison on the effect

of feeding on growth in sulphide containing area. Out of the six replicates

first three replicates were done during 1987 January to 1987 April and the

second three replicates ie fourth, fifth and sixth replicates were carried out

during I988 January to 1988 April.

Length and weight measurements were taken at every fifteen days

interval in all the six replicates and given in table.

Growth Eigaeriment without Supplementary Feeding

In the first second and third replicates the average initial size of prawn

stocked were 25.8 mm, 26.2 mm and 25.3 mm in the experimental pen with

an average initial weight of 36 mg, 37 mg and 38 mg respectively. In the

control pen the initial size was 25.6 mm, 26.2 mm, 25.2 mm and their initial

weight was 38 mg, 38 mg and 37 mg respectively.

In the fourth, fifth and sixth replicates the average initial size were

25.6 mm, 26.2 mm and 25.4 mm with an average initial weight of 40 mg,

41 mg and 40 mg respectively in the experimental pen. In the control pen

the initial size of the animals were 25.4 mm, 26.2 mm, 25.4 mm with an

initial weight of 39 mg, 40 mg and 38 mg.

These prawns were reared for 90 days and attained a size of 82.3 mm,

87.2 mm, 88.1 mm, 87.3 mm, 90.1 mm and 86.2 mm with final weight of

4174 mg, 3800 mg, 415 mg, 4776 mg, 484] mg and 5409 mg in the first
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to sixth replicate in the experimental pen. The growth of prawn in the

control pen was far better than that of the experimental pen. The final

size of the prawns in the six replicates were l05.4mm, l04.4mm, 96.2mm,

lO4.2mm, l06.6mm and l05.lmm with an average weight of 9l70mg, 8747mg,

9663mg, 9966mg, 984lmg and 9697mg respectively (Table 3:3 and Fig. 3:37a

to f, Fig. 3239a to f).

There was marked variation in the growth and survival of prawn in

the experimental pen and control pen. In the six replicates the survival

rate in the experimental pen varied from 25% to 35% whereas in the control

pen the survival varied from 65% to 75%.

The growth rate was also found high in control pen than that of the

experimental pen. In the experimental pen the growth in length for the first

replicate was 0.627 mm/day. In the rest of the replicates the growth rate (in

length) was 0.677 mm/day, 0.697 mm/day, 0.685 mm/day, 0.71 mm/day, 0.664

mm/day whereas in the control pen the growth in length was 0.886 mm/day,

0.868 mm/day, 0.788 mm/day, 0.875 mm/day, 0.893 mm/day and 0.885 mm/day

in the first to the sixth replicate.

Similarly the growth in weight also was less in the experimental pen

when compared to the control pen (Table 3:4).

The growth in weight observed in the experimental pen was 45.97 mg/day

41.8 mg/day, 45.7 mg/day, 52.62 mg/day, 53.3 mg/day and 59.65 mg/day in

the first, second, third, fourth, fifth and sixth replicate respectively. At

the same time the growth rate for the six replicates in the control pen was

101.14 mg/day, 96.76 mg/day, 106.95 mg/day, l‘l0.3 mg/day, 108.9 mg/day
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and lO7.32 mg/day.

Growth Experiment with Supplementary Feeding

In the second set of experiment where supplementary feeding was given

the size of prawn stocked was 40 mg in the first replicate, 35 mg in the

second replicate, 37 mg in the third replicate, ill mg in the fourth replicate,

#0 mg in the fifth replicate and 38 mg in the sixth replicate with an initial

average size of 26.2 mm, 25.5 mm, 26.4 mm, 25.0 mm, 25.7 mm and 27.2mm

respectively in the first to sixth "replicate in the experimental pen.

In control pen the size of the prawn at the time of stocking was 26.0mm

26.4mm, 25.1mm, 25.6mm, 26.5mm, and 27.1mm with an average initial weight

of 38mg, 35mg, 36mg, 39mg, 40mg, and 36mg in the first to sixth replicate.

After 90 days the prawns in the experimental pen attained a size of

i0l.4mm, l0O.3mm, l03.2mm, l00.3mm, lO3.l+mm, lOl+.3mm with an average

weight of 4700 mg, l+966mg, 5I67mg, l+523mg, l4628mg and 4378mg in the

first to sixth replicate, whereas the prawns in the control pen showed an

improved growth and reached a size of |l4.Imm, ll2.2mm, lIl.3mm, ll5.lmm,

l20.lmm, l22.2mm with an average weight of l3222mg, l2455mg, l2l+ll+mg,

l2l7lmg, ll909mg, l2l52mg in the first to sixth replicate (Table 3:5 and

Fig. 3:38a to f; Fig. 3:40a to f).

The survival rate in the control pen was almost double than that of

the experimental pen. in the experimental pen the survival rate varied from

25% to 35% whereas in the control pen the rate of survival ranged 75% to

80% in the six replicates (Table 3:40.
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Growth rate (in length) was also found more in the prawns reared in

the control pen than that in the experimental pen.

In the six replicates the growth in length was 0.835mm/day, 0.83lmm/day

O.853mm/day, C.S36mm/day, O.863mm/day and 0.856mm/day in the experimental

pen. On the contrary in the control pen the growth in length was 0.978

mm/day, O.953.*nm/day, O.957mm/day, O.99#mm/day, l.0l+mm/day and 1.05

mm/day in the iirst to sixth replicate (Table 3:#).

Similar o:servation was noticed in the per day increase in weight.

Growth in weig.-.: was also found more in control pen than that of the experi

mental pen. Growth in weight observed in experimental pen was 5l.77mg/day,

54+.78mg/day, 5.‘.Omg/day, l+9.8mg/day, 50.97mg/day and l+3.2mg/day whereas

in control pen was ll+6.48mg/day, l38.0mg/day, l37.53mg/day, l3l+.8mg/day,

I3l.87mg/day and l3l4.62mg/day in the first to sixth replicate.

ln genera.‘ it was noticed that the prawns in the experimental pen where

sulphide was present showed less growth in length and weight than that of

the prawns in the control pen. It was also noted that the per day growth

increment (in length and weight) was also less in the prawns grown in sulphide

polluted area. Though the concentration of hydrogen sulphide was less than

the lethal level for prawns, the presence of sulphide in the water and sediment

affected the growth and survival of prawns. It was also found that many

of the prawns grown in the experimental pen showed sluggish movement and

were soft whereas the prawns grown in control pen were active and hard.

Statistica- analysis also revealed that the growth of prawns in experi

mental pen anc control pen differed significantly. It was also noticed that
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the rate of feed intake was significantly different between the experimental

and control pen (Table 3:6).

Distribution of  indicus in Different Substrates

The distribution of  indicus (40-l+5mm and 85-90mm) in different

substrates (hydrogen sulphide containing soil, sandy clay soil and sandy soil)

at 10.00 h, 18.00 h and 00.02 h for 10 days is given in Table 3:7. The

experiment was carried out in the laboratory. The temperature and salinity

was maintained at 26°C (10.4°C) and 27 ppt (:l.02) respectively during the

period of experiment.

Both the size groups of  indicus notably can burrow into the soil

in sandy and sandy clay substrates. During the period of the experiment

the animals were found moving around in the different substrates. But the

prawns were found burried only in sandy and sandy clay substrate. Most

of the animals were found burried during the day with only the eye and a

portion of the rostrum visible. At night the prawns moved freely in all

substrates. It was found that both the size groups (40—45mm and 35-90mm)

were not seen frequently in the hydrogen sulphide containing substrate. In

otherwords they showed less interest to stay in hydrogen sulphide containing

soil. On the other hand the prawns spent much of their time in sandy clay

and sandy substrates. 40-45mm size animals showed much preference to

sandy clay substrate than to sand substrate and hydrogen sulphide soil. Simi

larly 85-90mm size prawns also did not prefer the hydrogen sulphide containing

substrate. They preferred both sandy clay and sand substrates.

Statistical analysis showed" significant difference in the distribution
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TABLE - 3:3

Average length and weight measurements of prawns grown in experimental
and control pens without supplementary feeding.

EXPERIMENT CONTROL
Replicates Days - - - - - — - - - - - — — — — — - - - — - - — -

Average Average Average Average
Weight (mg) Length (mm) Weight (mg) Length (mm)

0 36 25.3 33 25.615 1342 42.3 1593 56.3First 30 2146 54.6 3142 65.5. 45 3034 63.5 5665 75.4rephcate 60 3513 71.1 7313 37.275 4024 75.2 3632 96.590 4174 32.3 9170 105.40 37 26.2 33 26.215 1232 49.6 1532 54.3Second 30 2394 65.5 3076 67.5. 45 3115 73.1 5497 73.6’eP“°a‘e 60 3526 77.4 6394 33.475 3753 32.2 3314 94.590 3300 37.2 3747 104.40 33 25.3 37 25.215 1347 46.6 1625 51.4Third 30 2239 56.2 3454 66.5_ 45 3053 63.4 5962 73.2'eP“°"’”° 60 3669 72.3 7931 34.575 3931 34.6 3993 39.290 4151 33.1 9663 96.20 40 25.6 39 25.415 1456 45.5 1302 52.330 2347 61.3 3340 69.2F°”'”‘ 45 3579 73 3 6232 79 4replicate 60 4123 77.6 3164 90.575 4513 32.4 9535 96.490 4776 37.3 9966 104.20 41 26.2 40 26.215 1374 50.4 1675 55.3Fifth 30 2476 62.9 3773 63.3. 45 3965 73.3 5993 79.5'eP“°a‘e 60 4314 79.5 3472 36.475 4772 75.4 9432 92.590 4341 90.1 9341 106.60 40 26.4 33 25.415 1272 49.2 1342 52.3Sixth 30 2932 59.3 3436 66.4. 45 4291 67.4 6292 79.4’eP“°a‘e 60 4371 76.2 3437 39.275 5294 32.6 9363 94.590 5409 86.2 9697 105.1
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TABLE - 3:5

Average length and weight measurements of prawns grown in experimental
and control pens with supplementary feeding.

EXPERIMENT CONTROLReplicates Days —— —— 
Average Average Average Average

Weight (mg) Length (mm) Weight (mg) Length (mm)0 40 26.2 38 26.015 1502 52.3 2010 62.430 2779 66.0 4179 83.6First 45 3442 77.4 6892 94.2replicate 60 4167 87.3 9207 102.775 4439 96.5 12843 109.890 4700 101.4 13222 114.10 35 25.5 35 25.415 1685 50.7 2036 60.0Second 30 2690 65.4 4886 77.2replicate 45 3572 76.3 7991 90.660 4598 87.5 9583 101.175 4789 94.6 11345 108.490 4966 100.3 12455 112.20 37 26.4 36 25.115 1887 52.3 1993 59.4Third 30 2598 68.3 4768 77.3replicate 45 3828 79.6 6791 90.560 4690 91.2 9210 98.775 4989 99.8 11149 108.290 5167 103.2 12414 111.30 41 25.0 39 25.615 1724 48.6 2120 60.4Fourth 30 2736 68.2 4102 77.4replicate 45 3986 79.5 6814 96.360 4284 88.1 9782 106.275 4506 96.2 11673 110.390 4523 100.3 12171 115.10 40 25.7 40 26.515 1609 52.3 1913 64.3Fifth 30 2679 69.6 3872 82.4replicate 45 3943 82.2 6271 98.660 4284 94.3 9312 107.875 4572 98.2 10680 114.490 4628 103.4 11909 120.10 38 27.2 36 27.115 1423 53.4 1845 64.4Sixth 30 2520 70.6 3890 79.2replicate 45 3986 81.5 6877 102.460 4036 95.8 9354 1 10.575 4234 99.2 11601 118.390 4378 104.3 12152 122.2
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TABLE 3:6

ANOVA OF GROWTH STUDY OF PRAWNS

SOURCE DF 55 M55 F REMARKS

Due to H25 1 240.3 240.3 562.7 (HI SIG 1%)
Due to Feed 1 14.01 14.01 32.80 (HI SIG 1%)

Interaction 1 10.25 10.75 25.18 (HI SIG 1%)

Error 20 14.27 0.427

23 269.33



TABLE 3:7

Distribution of B. indicus in different substrates

Day
Type of

Substratum

10 Hrs.

(40
145mm)

85
90mm)

18 Hrs.

40
45mm)

85
90mm)

02 Hrs.

40
45mm)

85
90mm)

H25 Soil
Sandy Clay

Sandy Soil

H25 5011
Sandy Clay

Sandy Soil

H25 Soil
Sandy Clay
Sandy Soil

H25 Soil
Sandy Clay

Sandy Soil

H25 Soil
Sandy Clay

Sandy Soil

H25 Soil
Sandy Clay
Sandy Sou

H25 Soil
Sandy Clay

Sandy Son

H25 Soil
Sandy Clay
Sandy Soil

H25 Soil
Sandy Clay

Sa_ndy_ Soil

I0. H25 Soil
Sandy Clay
Sandy Sou



TABLE — 3:8

ANOVA OF SUBSTRATUM SELECTIVITY

SOURCE DF 55 M55 F REMARKS
Due to Soil 2 216.13 108.065 52.82 (HI SIG 1%)

Due to Size 1 0 0 (NOT SIG)
Interaction 2 37.74 13.37 9.23 (H1 SIG 1%)

Error I74 356.13 2.0%

179 610



TABLE - 3:9

Feec acceptance of  indicus in different substrates
(Data showns No. sf pieces accepted by the prawns out of the 10 piece given)

H25 Soil Sandy Clay Sandy Soil
Day Feeding (40- (85- (40- (85— (40- (85

schedule 145mm) 90mm) lifimm) 90mm) 45mm) 90mm)

I. 8 Hrs. (A) 4 2 8 7 8 918 Hrs. (B) 6 4 10 10 IO 82. (A) 3 2 9 8 8 9(B) 4 4 9 10 10 IO3. (A) 3 4 7 8 7 6(B) 5 3 8 9 8 104. (A) 41 3 8 6 9 9(B) 5 3 7 7 3 IO5. (A) 2 3 8 7 8 9(B) 6 4 7 9 9 96. (A) 4 2 '3 9 7 6(B) 3 2 I0 10 9 97. (A) 4 3 7 6 6 7(B) 5 1+ 9 I0 9 98. (A) 3 2 7 9 I0 9(B) 4 2 3 IO 3 IO9. (A) 4 3 8 9 8 9(B) 5 3 8 IO 10 910. (A) 3 2 8 10 9 I0(B) 6 (4 9 10 9 I0I I. (A) 2 3 8 7 IO 8(B) 1+ 3 IO 9 IO IO12. (A) 3 3 7 7 7 9(B) 5 1+ 8 7 IO 913. (A) 3 3 7 8 9 9(B) 1) 3 9 9 10 IO11+. (A) 4 2 8 8 8 9(B) 6 4 I0 9 I0 10



3:10TABLE 

ANOVA OF FEED ACCEPTANCE IN DIFFERENT SUBSTRATUM

SOURCE D1: SS M55 F REMARKS
Due to Soilcondition 2 966.22 433.11 441.6 (HI SIG 1%)

Due to Size 1 1.16 1.16 1.1 (NOT SIG)
Interaction 2 17.24 8.62 7.9 (HI SIG 1%)
Error 162 177.21 1.097

167 1 161.33
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of prawns in hydrogen sulphide containing substrate and other substrates (sandy

clay and sandy) the interaction was also found significant (Table 3:8).

Feed Acceptance in Different Substrates

Table 3:9 discipate the amount of feed accepted by two different size

groups of prawns in three different substrates. The duration of the experiment

was 1 4 days.

By comparing the values of the feed accepted it was found that 40

45mm size animals were accepting more feed from the sandy clay substratum

than sandy and hydrogen sulphide substrates. The feed acceptance was found

significantly low in hydrogen sulphide containing soil. There was no significant

difference in acceptance of feed by 85-90mm size E. indicus from sandy

and sandy clay substrate. This size group also showed a similar behaviour

as 40-45mm size  indicus by accepting very little food from the hydrogen

sulphide containing soil. Statistical analysis also revealed the same

(Table 3:10). In this experiment also the burrowing behaviour of  indicus

was very evident. During day time the prawns were found completely burried

in sandy and sandy clay substrates.

DISCUSSION

In the culture pens (both experimental and control) the variation of

hydrographical and sedimentological parameters are in accordance with that

of the surrounding estuary from where the water is drawn (Vide Chapter 11).

As the period of culture is only for 90 days data on the hydrographical and

sedimentological parameters were also collected for that period at every
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fifteen days interval. Temperature and salinity gradually increased from

January to April in both the years, a common feature of back waters during

the pre-monsoon season. Similar observation was made by Gopalan gt_ §_l_

(1982). Several workers (Williams, 1960; Zein—Eldin and Griffith, I969,

Venkataramaiah 3 a_l, 1971+; Sreekumaran Nair and Krishnankutty, I975; Paul

Raj and Sanjeeva Raj, I982) have stressed the importance of temperature

and salinity on the survival and growth of prawns.

Sreekumaran Nair and Krishnankutty (1975) found that the growth rate

of E. indicus is high in salinity of IO ppt for post larvae and 30 ppt for

juveniles.

Paul Raj and Sanjeeva Raj (I982) based on laboratory studies reported

that the growth and survival of  indicus was adversely affected at high

salinity levels of 35 ppt and 45 ppt.

In the present study the salinity was within the safe level. Low at

the time of stocking and gradual increase towards the end of the experiment,

which suits the increasing salinity optima of the growing prawns.

The oxygen content in the experimental pen was lower than that in

the control pen. Moreover the oxygen content also showed a gradual decrease

from January to April particularly in the bottom water. In the experimental

pen the bottom water oxygen was comparitively lower than the surface water

oxygen. The oxygen level in the control pen was more than that in the

experimental pen. The depletion of oxygen in the experimental pen can be

attributed to the high oxygen demand of hydrogen sulphide present in the

water and total sulphide present in the sediment. The‘ low dissolved oxygen
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levels in the bottom water will also enhance the toxicity of hydrogen sulphide

(Adelman and Smith, 1972; Smith and Oseid, l97ll). Gopalan fi31_ (I982)

reported that the low levels of oxygen in the high density culture systems

results in low survival.

The water in the pens was rich in nutrients. The nutrient concentration

in these waters were mainly influenced by the marine water and by the fresh

water discharge as suggested by Sankaranarayanan and Qasim (1969). As

the system was shallow the regeneration and the cycling of nutrients was

also reflected by the high values in the surface waters. The low redox

potential of the bottom sediment of the experimental pen along with the

high organic carbon content indicated the highly reduced nature of the sedi

ment where sulphide production was more. These pens therefore Cannot

support a rich bottom fauna which forms an important source of food for

prawn.

At the same time in the control pen the nutrient level was better

and the sediment was without sulphide pollution. The water and sediment

conditions of the control pen_ was conducive for the fast growth of prawn

and also supported a rich bottom fauna.

Several workers have recorded the rate of growth of Penaeus indicus

in the culture systems as well as in the natural environment. The growth

rates recorded were found to vary due to factors such as initial size of the

seed at stocking, stocking density, environmental conditions of the fields

and culture methods followed.

Growth rate was studied by Suseelan (1975-) on prawns in the natural
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ecosystem and he reported that  indicus grew at the rate of 1.00 mm/day.

Sundararajan £31 (1980) reported an average growth in length of 1.41 mm/day

from a culture period of 70 days with a stocking density of 3.7/m’. He

also reported that at a stocking density of 5/m’ the growth in length and

weight was 0.81 mm/day and 184.53 mg/day respectively.

Das gt 5 (1982) reported that during 80 days of culture the average

increase in length was 1.25 mm/day. In the same period growth in weight

was 100 mg/da}.

Unnithan (1985) observed growth in length of 1.22 mm/day to 1.33mm/day

simultaniously with increase in weight of 111.1 mg/day to 133.3 mg/day in

a 90 days culture experiment.

In the present study the growth in length observed in the control pen

without supplementary feeding was 0.786 mm/day to 0.886 mm/day in the

siz replicates. Whereas in the control pen with supplementary feeding the

growth in length noted was 0.95 mm/day to 1.05 mm/day in the six replicates.

Growth in weight in the non-feeding and feeding controls in the present

study ranged from 96.76 mg/day to 108.9 mg/day to 108.9 mg/day and 131.8

mg/day to 146.’-:8 mg/day respectively. The observations on the growth of

prawns in the control pen agrees with earlier observation and is comparable

with those reported by Sultan £11 (1973); Sampath and Menon (1975); Muthu

(1973); Mammen e_t 3 (1980); Nair if g (1982); Sidharaju (1982); Gopalan

_e_t_fl (1982); Srzraman and Ananthanarayanan (1987).

The growth of prawns in the experimental pen was significantly different
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when compared to that of the control. The prawn in the control pen attained

more than 8.7 g to a maximum of 9.9 g when no supplementary feed was

given whereas in the experimental pen the prawns attained a maximum weight

of 5.4 g and a minimum of 3.8 g. In the experiment where supplementary

feed was given significant difference in growth between experimental and

control pen was observed. The growth rate (in length and weight) was signifi

cantly lower in prawns in experimental pen than that of the prawns reared

in the control. From the results it is very evident that the presence of

hydrogen sulphide in the water and total sulphide in the sediment coupled

with low levels of dissolved oxygen is the main reason for the low growth

rate (in length and weight). Moreover the survival is also high (65% 80%)

in control pen than that in the experimental pen (25%—35%). Similar obser

vations were made by Sun e_ta_l (1987) and Hui Yen gal (1987).

In the growth experiment where no supplementary feed was given the

growth and survival rates of prawn in the experimental pen was very poor

compared to that of prawns in the control pen. This can be attributed to

the fact that with the increase in production of hydrogen sulphide in the

bottom water and total sulphide in the sediment combined with low Eh and

pH values reduced the availability of benthic organism which form the natural

food of prawns. Moreover the presence of sulphide and low oxygen content

in the water made this area unsuitable for the healthy growth of prawns.

In the present study the substratum preference of  indicus was also

studied. The experimental results showed that  indicus exhibited preference

to substratum. It does not prefer substratum with sulphide when compared

to sandy clay and sandy substratum. Lalitharnbika Devi gt §_l_ (1980) while
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studying the preying efficiency in  indicus and Metapenaeus dobsoni found

that there is no significant difference in the preying efficiency with different

concentration of mud or sand in the substratum. They also reported that

E. indicus are very restive in clean fine sand substratum.

Rajalakshmi (1972) and Victor Chandra Bose _e_tfl(l978) reported that

the seed of  indicus were available in soft sand of shallow margin of

estuary. Sosamma Eso (1988) observed that g. indicus aggregated more in

sandy soil than soil having clayey nature.

From the present study it is clearly evident that _l_3_. indicus does not

prefer substratum with hydrogen sulphide and this amply justifies the reason

for poor growth and survival of prawns in the experimental pen where hydrogen

sulphide was present.

Subsequently feed acceptence in the different substratum revealed that

3. indicus accepted very little feed from the hydrogen sulphide containing

substratum than the sandy and sandy clay substratum without hydrogen sul

phide. The difference in feed acceptance in sandy clay and sandy substratum

was not significant. This agrees with the observation of Lalithambika Devi

§1§l_ (I980). Balasubramanian ga_l_ (1979) found that the preying efficiency

was adversely affected with the increase in mud quantities compared to that

of sand in Metapenaeus dobsoni.

Even if the hydrogen sulphide levels in the pen are not high enough

to cause acute lethal effects, it should be remembered that concentrations

as low as 0.0007-0.003 ppm un-ionised hydrogen sulphide if persisting for

a long period could produce chronic toxicity effects such as retardation of



M0

growth, lowering of fecundity, inhibition of spawning in fish and invertebrates

(Smith and Oseid, 1975). In the amphipod Gammarus p_seudolimanens food

intake declined when hydrogen sulphide revel reached 0.05 ppm (Oseid and

Smith, 1974).

In the growth experiment where supplementary feed was given, no

improvement in the growth in weight was observed in the prawns in the

experimental pen as compared to that in the non—feeding experiment. This

observation was in accordance with the observation made in the feed accep

tance experiment conducted in different substratum. In hydrogen sulphide

containing substratum the rate of feed intake was very less compared to

hydrogen sulphide free substrates. From the present observation it becomes

evident that though supplementary feed is given, prawns (E. indicus) were

relectant to accept feed from the substrate where hydrogen sulphide is

present. On the contrary in the control pen higher growth rate was noticed

when supplementary feed was given than that of the pen where supplementary

feed was not given. This increase in growth rate (in length and weight)

upheld the importance of supplementary feed in the prawn culture (Subramanian

1981).

From the present study it is clear that the presence of hydrogen sulphide

in the pond water and sediment will affect the growth and survival of prawns.



SUMMARY

The work presented in this thesis centred mainly around delinating

the toxic effect of hydrogen sulphide on penaeid prawns and understand its

influence on the ecology of estuary. The present investigation also involved

characterization of the effects of hydrogen sulphide on the growth and

behavioural responses of Penaeus indicus. The test animals employed during

the present study namely  indicus and Metapenaeus dobsoni are both ecologi

cally and economically relevant.

The thesis embodying the details of the investigation has been organised

into three chapters comprising Acute toxicity, influence of hydrogen sulphide

on the ecology of estuary and effect of hydrogen sulphide on growth and

substratum selectivity of penaeid prawn.

Each chapter has been partioned into various sections as Introduction,

Material and Methods, Results and Discussion for a lucid presentation of

the subject matter.

The chapter on Acute Toxicity includes an extensive survey of literature

available on the topic. Information on the test animals employed, experi

mental medium, test chamber and the methodologies adopted for chemical

analyses are detailed out under material and methods. The statistical tech

niques used for analysis and computation of data are also outlined. The

results obtained are discussed. The most important finding was that smaller

size groups were more resistant to H25 than the larger size groups. Further,

the toxicity of H S was drastically influenced by the pH of the medium;2

increased toxicity being associated with low pH. Of the two species tested,
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3. indicus was found to be more sensitive than _l\_/l_. dobsoni to H25. The

gills of the animals exposed to different concentrations of H25 were black
and the body soft.

The chapter on "Influence of H25 on the ecology of estuary"
iT‘.\'0lVed comparison of the hydrographical and sedimentoiogical parameters

cf H25 polluted and unpolluted areas (clear area). The literature available
relating to the study are reviewed. The material and methods employed

are described and the technique followed listed. The results obtained revealed

tzat the H25 content in the soil and water had profound influence on the
ecology of the estuary. Significant variation in the nutrient content of the

soil and water column above were observed between sulphide polluted and

non-polluted areas. Variations were also found in pH and Eh of the soil

between the areas under study. The soil condition was highly reduced with

heavy load of organic carbon in sulphide rich area when compared with non

polluted area; the condition in the latter case being distinctly better. Distri

bution of macrobenthic fauna and prawn seeds were also affected by the

presence of sulphide in the soil and water. In sulphide polluted area macro

benthic animals were less. Prawn seeds were found avoiding the hydrogen

sulphide present area.

The third chapter enlightens the information on the effect of

H25 on growth and substratum selectivity of  indicus. The review of
literature has taken into consideration the published literature on this aspect.

Tne section on material and methods outlines the details of the experimental

set up and other techniques adopted for the study. Results are described

on the light of the data obtained. One of the conspicous features was that
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the presence of H25 in water and soil profoundly affects the rate of growth

of  indicus. The study also revealed that, growth of  indicus (in length

and weight) was less in areas where H25 was present when Compared with

their counterparts in H25 free area. B. indicus was found to exhibit chara

cteristic substratum selectivity; preference being for a H25 free substratum

than area with H 5. Food intake was also found to be significantly reduced2

in substratum with H25.

The literature referred to are listed under ‘references’.



REFERENCES

ABDUL AZIS, P.K. and N. BALAKRISHNAN NAIR. I976. The problem of

pollution in the retting zones of the backwaters of Kerala. N.

Environmental Pollution Conference, May 6-3, Cochin, Souvenir,

295 pp.

ABDUL AZIS, P.K. and N. BALAKRISHNAN NAIR. I978. The nature of

pollution in the retting zones of the backwaters of Kerala. Aguatic

Biology, 3: 41-62.

ABDUL AZIS, P.K. and N. BALAKRISHNAN NAIR. I983. Meiofauna of the

Edavanadayara Paravur backwater system South West coast of

India. Mahasagar - Bull. natn. Inst. Oceanogr., l_6_(1): 55-65.

ACHUTHANKUTTY, C.T. and S.R. SREEKUMARAN NAIR. I982. Penaeid

prawns population and fry resource in a mangrove swamp of Goa,

India. Proc. Symp. Coastal Acgaculturefl Pt I: 190-195.

ACHUTHANKUTTY, C.T. and S.R. SREEKUMARAN NAIR. I983. Larval

migration and growth of Marine prawns in the estuarine habitat.

Mahasagar 16(2): 2l+3-250.

ACHUTHANKUTTY, C.T. I982. Nursery life of marine prawn, Metapenaeus

dobsoni (Miers) in the Mandovi Estuary, along Goa coast, India.

1. Jour. of Mar.  Vol I7: 3l3—3l6.:__j....

ANZARI. LA. and M.D. RAJAGOPAL. l97l+. Distribution of mud phosphates

in the Cochin backwaters. "Mahasagar.,--7(3&l+): 151-.155.



M5

ADELMAN, LR. I969. Survival and growth of northern pike (Esox lucius. L.)

in relation to water quality. Ph.D. Thesis, University of Minnessota

St. Paul, I95.

ADELMAN, I.R. and L.L. SMITH. 1970. Effect of Hydrogen Sulphide on

northern pike Eggs and Sac Fry. Trans. Amer. Fish. Soc. 2(3):
501-509.

ADELMAN, I.R. and L.L. SMITH. I972. Toxicity of hydrogen sulphide to

gold fish (Carassius auratus) as influenced by temperature, oxygen

and bioassay techniques. J. Fish. Res. Bd. Can. 29: 1309-1317.

AJITHA KUMAR, B.S. and K. ALAGARSWAMI. I986. Effect of pollution

due to coconut husk retting on reproductive potential of green

mussel Perna viridis. Abstract National Seminar on mussel watch,

_I_: 13-14.

AMBIKA DEVI. I988. Ecological studies on coconut husk setting areas in

the Cochin backwaters and its relation to fish seed availability.

M.Sc Dissertation, CMFRI, Cochin.

AMERICAN PUBLIC HEALTH ASSOCIATION, AMERICAN WATERWORKS

ASSOCIATION AND WATER POLLUTION CONTROL FEDERATION.

I960. Standard methods for examination of water and waste

water. Am. Public. Health Assoc., New York, 8714.

ANON. I990. Hand book on shrimp farming, MPEDA, Cochin.

ASTON, S.R. and C.N. HEWITT. I977. Phosphorus and Carbon distribution

in a polluted coastal environemnt. Estu.Coast.Mar.£,2(2):2l&3-254.



I46

BADER, R.G. I954. The role of organic matter in determining the distri

bution of palecypods in Marine sediments Journal ti Marine Re

searCh., 13: 32-1+7.

BAGANDER, L.E. and L. NIEMISTO. I978. An evaluation of the use of redox

measurements for characterizing recent sediments. Estu. Coast.

Mar.  g: I27-I314.

BALAKRISHNAN, K.P. and C.S. SHYNAMMA. I976. Diel variations in hydro

graphic conditions during different seasons in the Cochin harbour

(Cochin backwater). Indian 3. mar. Sci., 5(4): 190-195.

BALASUBRAMANIAN, T, C.B. LALITHAMBIKA DEVI and M. KRISHNANKUTTY

1979. Feeding behaviour and preying efficiency of Metagenaeus

dobsoni. Indian  Mar. Sci., 8: 197-199.

BARID, R.D. WILSON and D. MILLIKEN. I973. Observations of Bregmacerous

nectabanus Whitley in the anoxic, sulfurous water of the Cariaco

Trench. Deeg it Res., _2Q: 503-504.

BASS—BECKING, LG. and E3. WOOD. I955. Biological processes in the

estuarine environment Vol. I-2. Ecology of the sulphur cycle.

Proc. K. ned. Akad. Wet (Sect. B) 59, 109-123._.g

BERNER, R.A. I967. Diagenesis of iron sulfide in recent Marine sediments.

In: Estuaries, Ed: by G.H. LAUFF, Washington, D.C.: Pub]. Am.

Ass. Advmt _s£i. 3_3: 268-272.

BERNER, R. 1972. Sulfate reduction, pyrite formation, and the Oceanic

sulfur budget, I_n: D. Dyrssen and D. Jagner (eds), The changing



I47

Chemist_ry g the oceans, Wiley, 3147-361.

BERNER, R.A. I977. Stoichiometric model for nutrient regeneration in anoxic

sediments. Limpol. Oceanogr., 2(5): 781-786.

BELL, D.A., RAMM, A.E. and PETERSON, P.E. 1972. Effects of tidal flats

on estuarine water quality. 1. Water Pollut. Control Fed., 4_l+:

5141-556.

BLAZKA, P. I958. The anaerobic metabolism of fish. Physiol. Zool. 3_l:

H7-I28.

BREWAR, P.G. and J.C. GOLDMAN. I976. Alkalinity Changes generated

by phytoplankton growth. Limbol. Oceanogn, ;7._l_: lO8—ll7.

BONN, E..W. and BJ. FOLLIS. 1967. Effects of hydrogen sulphide on Channel

catfish (Ictalurus punctatus) Trans. Amer. Fish. Soc. _9_6: 3|-37.

BOYD, C.E. I982. Water quality management for pond fish culture. Elsevier

Scientific Publishing company, Anisterdam, Oxford, New York,

pp. 318.

BOYD, C.E. I989. Water quality management and aeration in shrimp farming.

American soybean Association, Singapore.

CACES BORJA, P. and S.B. RASALAN. 1968. A review of the culture of

Penaeus monodon Fabricus in the Philippines. FAO Fish. Rep.,

57(2): I I l—l23.

CALLENDER, E. and D.E. HAMMOND. I982. Nutrient exchange across the

sediment - water interface in the Potomac River Estuary. Estu.

Coast. Shelf.  E: 395-413.



M8

CHAPMAN, P.M. and LONG, E.R. I983. The use of bioassays as part of
a comprehensive approach to marine pollution assessment (View
point). M_ar. My BLIL, Il+(3): 81-84.

CHEN, H.C. I985. Water quality criteria for Farming the grass shrimp,

Penaeus monodon. In. Y.Taki, 3.H. Primavera and J.A. Llobrera

(eds), Proceedings of the First International Conference on the

culture of penaeid prawns/shrimps. Aquaculture Department, south

east Asian Fisheries Development Center, Iloilo, Philippines, p. I65.

CHOUDHURY, R.C. I985. Status paper on brackish water prawn and fish

culture in Kerala. Proc. Sem. Present Status 93 prawn farming

_ir_1 India. Bhubaneswar, MPEDA: 98-I04.

CAMMEN, L.M. I975. Accumulation rate and turnover time of organic carbon

in a salt marsh sediment. Limnol. Oceanogr., 39: I012-IOI5.

CARLBERG, S. I975. Determination of hydrogen sulphide. FAO Fish. Tech.

Paper, l_37: 132-1 35.

COHEN, Y., W.E. KRUMBEIN, M. GOLDBERG and M. SHILO. I977. Solar

Lake (Sinai). I. Physical and Chemical limnology Limnol. Oceanogr

;2_: 597-608.

COHEN, Y., W.E. KRUMBEIN and M. SHILO. I977. Solar Lake (Sinai). II.

Distribution of photosynthetic microorganisms and primary produ

ction. Limnol. Oceanogr., _2_g: 609-620.

COHEN, Y., E. PADAN and M. SHILO. I975. Facultative anoxygenic photo

synthesis in the Cyanobactorism Oscillatoria limnetica.  Bacteriol.

123: 855-861.



ILL9

" COLE, A.E. I915]. The effects of pollutional wastes on fish life. Symposium

Q hydrobiology, Univ. of Wisconsin, 21+!-259.

COLBY, PJ. and L.L. SMITH. I967. Survival of Walleye eggs and fry on

paper fiber sludge deposits in Rainy River, Minnesota. Trans.

Amer. Fish. xi. 9_6(3): 278-296.

COMIN, F.A., M. ALONEO, P. LOPES and M. COMELLES. I983. Limnology

of Gallocanta Lake, Aragon, northeastern Spain. Hydrobiologia.,

I05: 207-221.

CRAWFORD, R.M., A.E. DOREY, C. LITTLE and R.S.K. BARNES. I979.

Ecology of Swanpol, Falmonth. V. Phytoplankton and Nutrients.

Est. Coast. Mar. Sci., 9: 135-160.

DAS, N.K., N.M. CHAKRABARTI and D-D. HALDER. I982. Experiments

on mixed prawn farming in brackishwater pond at Kakdwip. Proc.

Syrnp. Coastal Aquaculture., Pt I: 129-133.

DELMONDO, M.N. and H.R. RABANAL. I956. Cultivation of 'Sngpo' (Jumbo

tiger shrimp), Penaeus monodon Fabricus in the Philippines. Proc.

Indo-Pacif. Fish. Coun., 6(3): 421+-M49.

DEVOL. A.N. I983. Methane Oxidation rates in the anaeorobic sediments

of Saanichi Inlet. Limnol. Oceanogr., 28: 738-742.

DESAI, S.N. and M. KRISHNAN KUTTY. 1967' Studies on benthic fauna

of Cochin backwaters. Proc. Indian Acad. Sci., _6_§(B): l23—ll+2.



*DORRlS, T.C., W. GOULD and C.R. JENKINS. I960. Toxicity bioassay of

oil refinery effluents in Oklahoma, 276-285. In Biological problems

in water pollution. Trans. 1959. Semin. R.A. Taft Sanit. Eng.

Cent.

‘ELLIS, D. I932. Sulphur Bacteria. A Monograph Longmans, Green and Co.,

New York, 261.

ELLIS, D. 1937. Detection and Measurement of stream pollution. U.S. Depart

ment of Commerce. Bur. of Fish. Bull., 2: 437.

EV/INS. P.A. and C.P. SPENCER. I967. The annual cycle of nutrients in

the Menai Straits.  mar. biol. Ass.  l+_7: 533-542.

FAO. 1975. Manual of Methods in Aquatic Environment Research. Part

1 Methods for detection, measurement and monitoring of water

pollution. FAO Fisheries Technical Paper No. 137: 238.

FAUVEL, P. I953. The fauna of India. The Indian Press Ltd., Allahabad.

xii+507 pp.

FENCHEL, T. I969. The ecology of marine microbenthos IV: Ophelia 6:

1-182.

FENCHEL, T.M. and RJ. RIEDL. I970. The sulphide systems: a new biotic

community underneath the Oxidised layer of marine sand bottoms.

Mar. Biol., _7_(3): 255-268.



I5!

FINCHAM, A.A. I969. Amphipods of the shallow water sand community

in the northern Irish Sea.  Mar. biol. Ass.  fl(4): I003-I024.

FINNEY, D.J. I97I. Probit Analysis Cambridge University Press, London.,

pp. 333.

FISHER, G.R., P.R. CARLSON and R.T. BARBER, I982a. Sediment nutrient

regeneration in three North carolina estuaries. Estu. Coast. Shelf

flz IOl—lI6.

FOEHRENBACH, 3. I969. Pollution and eutrophication of great South Bay,

Long Island, New York. _J_. Wat. Pollut. Control. Fed., fl: I456

W66.

GANAPATHI. P.N. and M.V.L. RAO. I959. Preliminary observation on the

bottom fauna of the continental shelf of the north east coast

of India. Proceedings of the 1st All India Congress of Zoology,

Part III: 8- I 3.

GANAPATHI, P.N. and A.V. RAMAN. I973. Pollution in Vizakhapatnam Har

bour. Curr. Sii-, fi(I4): (+90-1492.

GEORGE, A.I. and MJ. SEBASTIAN. I970. Review of the backwater fisheries

and brackish water fish culture in Kerala State. Symposium E

Coastal Aquaculture. Proc. Indo-Pacif. Fish. Coun., IPFC/C 70.

SYM I9 (Mimeo).

GEORGE, K.V. I971}. Some aspects of prawn culture in the seasonal and

perennial fields of Vypeen Island. Indian  Fish., 2I(I): I-I9.



I52

GEORGE, M.J., K.H. MOHAMMED and N.N. PILLAI. 1968. Observations

on the paddy field prawn filtration in Kerala, India. FAO. Fish.

Rep., _5_7_(2): 427-#142.

GEORGE, M.J. I973. The influence of backwaters and estuaries on Marine

prawn resources. Proceedings of the symposium on living resources

of the seas around India (CMFRI Cochin): 563.

GEORGE, M.J. I975. Observations on the growth in certain penaeid prawns

studied in prawn culture experiments in paddy field. Bull. Dept.

Mar. _S_g, Univ. Cochin, 7(1): 41-55.

GEORGE, P.S., O. RAVINDRAN and R.V. UNNITHAN. 1979. Pollution status

of Cochin Beach. Indian J. mar. Sci., 8(4): 187-190._.j:_j:
GOLDHABER, M.B. and I.R. KAPLAN. I975. Apparent dissociation constants

of H25 or Chloride Solutions. Mar. Chem., 3: 83-104.

GOPAKUMAR. G. I987. Report on prawn seed resources survey in Kayamkulam

Lake. MPEDA, Cochin.

GOPALAN, U.K., K.S. PURUSHAN, V. SANTHAKUMARI and P.P. MEENAKSHI

KUNJAMMA. I982. Experimental studies on high density, short

term farming of shrimp Penaeus indicus in a 'Pokl<ali' field in

Vypeen island, Kerala. Proc. Symp. Coastal Aquaculture., Pt I:

151-159.

GOPINATH, K. I956. Prawn culture in the rice fields of Travancore - Cochin,

India. Proc. lndo-Pacific. Fish. Coun., 6(3): 1419-424.



I53

GROENENDAAL, H. I930. Tolerance of the lugworm, Arenicola marina,

to sulphide. .\'eth. J. Sea. Res., 14: 200-207.——.:__jj

GROENENDAAL, H. I981. The adaptation of Arenicola marina to sulphide

solutions. Neth. _J_. Sea. Res., _l_5: 65-77.

HALL, D.N.F. I962. Observation on the taxonomy and biology of some Indo

West Pacific Penaeidae (Crustacea, Decapoda) Fish. Publ. Colon.

Off., 16: 1-229.

HANSEN, M.H., K. INGVORSEN and B.B. JORGENSEN. 1978. Mechanism

of hydrogen sulphide release from coastal marine sediments to

the atmosphere. Limnol. Oceanogr., 2: 68-76.

HARIDAS, P., P. GOPALA MENON and M. MADHUPRATAP. I980. Annual

variations in zooplankton from a polluted coastal environment.

Mahasagar - Bull. natn. Inst. Oceangr., l_5(3): 239-248.

‘HAYDU, E.P., H.R. AMBERG and R.E. DIMICK. I952. The effect of Kraft

Mill Waste components on certain salmonid fishes of the Pacific

North West. Tappi, 2_5_: 5115-549.

HORA, S.L. and l(.K. NAIR. I949. Suggestions for the development of salt

water bheries or Bhasabadha Fisheries in the Sunderbans. Fishery.

Dep. Pamphlet No. 1. Dept. of Fisheries Govt. of West Bengal,

Calcutta.

HOWARTH, R.W. and J.M. TEAL. 1979. Sulfate reduction in a New England

salt marsh. Limnol. Oceanogr.,  999-I013.



I514

HUI YEN; JACK SEN; CHING—MlNG KUO; PETER CHIANG. I987. Discussion

on the problems of shrimp culture commonly observed in the Phili

ppines, Hanaqua News letter No. 2 5:8.

HULINGS, NELIC and JOHNS GRAY. I971. A manual for the study of

Meiofauna. Smithsonial Contrib. Zool.

* HUNGATE, R.E. I966. The rumen and its microbes. Academic Press, London.

*HUTCHlNSON, G.E. 1957. A treatise on limnology Vol. 1. Geography, physics

and chemistry, J. Wiley 6: Sons, New York., pp. 1015.

HYNES, H.B.N. I966. The biology o_f polluted waters. Liverpool University

Press, pp. 202.

HSSATSCHENKO, B.L. I924. Sur la Fermentation Sulfhydrique dans la Mer

Noire. Compt. Rend. Acad. Sci., I78: 220l+—2206.

*IVANOV, M.V. I968. Microbiological processes in the formation of sulfur

deposits. Israel Projram Transl., Jerusalem.

*JACQUES, A.G. I936. The Kinetics of penetration. Xll. Hydrogen sulphide.

1. Gen. Physiol., 12: 397-418.

JITTS, H.R. I959. The adsorption of phosphate by estuarine bottom deposits.

Austr.  Mar. Freshwater Res., I_O: 7-21.

JONES, J.R.E. 19113. A further study of the reactions of fish to toxic solu

tions. 3. Exp. Biol., EU): 22-34.

JOHNSON, R.G. 197]. Animal sediment relations in shallow water ben_thic

communities, Mar. Geol., I: 93-I04.



I55

JORGENSEN, B.B. and T. FENCHEL. 1974. The sulfur cycle of a marine

sediment model system. Mar. Biol., E: I89-201.

JORGENSEN, B.B. I977. The sulfur cycle of a coastal marine sediment

(Limfjorden, Denmark). Limnol. Oceanogr., 2_2_: 8ll+-832.

JORGENSEN, B.B. and Y. COHEN. I977. Solar Lake (Sinai):5. The sulfur

cycle of the benthic cyanobacterial mats. Limnol. Oceanogn,

Q: 657-666.

KAPLAN, I.R., K.O. EMERY and S.C. RILTENBERG. I963. The distribution

and isotopic abundance of sulfur in recent marine sediments off

southern California. Geochim. Cosmochim. Acta., 27; 297-331.

KAPLAN, LR. 1972. In: Encyclopedia of Geochemistry and Environmental

Sciences. Fairbridge, R.W. (Ed.), Van Nostrand Reinhold, New York

pp. 1148-1 l52.

KAPLAN, W., I, VALIELA and ZLM. TEAL. I979. Denitrification in a salt

marsh ecosystem. Limnol. Oceanogr., _2i+_: 726-734.

KAWAGUCHI, K. 1950. Chemistry of the soil, No. 6, Chemistry of paddy

soil Tokyo - Yokendo.

KESTEVEN, G.L. and TJ. JOB. I957. Shrimp culture in Asia and Far East;

a preliminary review. Proc. Gulf Caribb. Fish. lnst., I0: 149-68.

KLOTS, C.E. 1961. Effects of hydrostatic pressure upon the solubility of

gases. Limnol. Oceanogn, 6: 365-366.



I56

KRIPA. V. I981}. Influence of hypoxia on metabolism and activity of Penaeus

indicus H. Milne Edwards. MSC Dissertation, CMFRI, Cochin.

KROM, M.D. and R.A. BERNER. I930. Adsorption of phosphate in anoxic

marine sediments. Limnol. Oceanogr., _2_5(5): 797-806.

KRUMGALZ, B.S., H. HORNUNG and O.H. OREN. I980. The study of a

natural hypersaline lagoon in a desert area (Bardewil Lagoon in

Northern Sinai). Estu. Coast. Mar. Sci., I_0: 403-415.

* KRUMBEIN, W.C. and F-J. PETTIJOHN. I933. Manual of Sedimentary Petro

graphy. Appleton century Crofts Inc. New York, pp. 549.

KURIAN. C.V. I969. Distribution of Benthos on the south west coast of

India, International Symposium on the Fertility of the sea Part II.

KURIAN, C.V. I972. Ecology of benthos in tropical estuary. Proc. Indian

Natl. 5&1. Acad., _3§(B): I56-I63.

KURIAN, C.V., R. DAMODARAN and A. ANTONY. I975. Bottom fauna

of Vembanad lake. Bull. Dept. Mar. Sci., Univ. Cochin, 1(4):
987-999.

KURIAN, C.V. 19714. Ecology of benthos in a Tropical estuary. Proceedings

o_f t_lie_ Symposium 53 Marine intertidal ecology., INSA Bulletin

51: 156-163.

KUTTYAMMA, VJ. I980. Oxygen consumption of Metapenaeus dobsoni Bull.

Dept. Mar. Sci. Univ. Cochin, X1, 39-73.



157

KUTTYAMMA, V.J. 1980a. Studies on the prawns and the prawn larvae of

the Kayamkulam Lake and the Cochin backwaters. Bull. Dept.

Mar. Sci., Univ. Cochin, 7(1): 213-219.

KUNJU, M.M. 1978. Taxonomy and distribution of cultivable prawns. Summer

Institute in Breeding and Rearing of Marine Prawns, CMFRI, Cohin,

pp. 34-39.

LALITHAMBIKA DEVI, C.B., T. BALASUBRAMANIAN, H. KRISHNAN IYER

and M. KRISHNANKUTTY. I930. Feeding efficiency of Penaeus

indicus and Metapenaeus dobsoni in different experimental substrata.

Mahasagar, 13(4): 350-357.

LAW, A.T. 1988. Water quality requirements for Penaeus monodon culture.

Proc. Sem. Marine Prawn Farming in Malaysia, Serdang, Malaysia,

Malaysian Fisheries Society, 5th March 1988, pp. 53-65.

Ll, W.C., D.E. ARMSTRONG, J.D.H. WILLIAMS, R.F. HARRIS and J.l(. SEYERS

1972. Rate and extent of inorganic phosphate exchange in the

sediments. Proc. Soil Sci. Soc. Amer. gé: 278-285.

LONGVIELL, J. and F.T.K. PENTELOW. 1935. The effect of Sewage on brown

trout (Salmo trutta. L.)  Exp. Biol., 2(1): 1-I2.

LU, R.l(. and P.F. CHUNG. I961}. On the availability and transformation

of iron phosphate in acidic paddy soils  _S_i2., 13(1): 93-96.

MACKERETH, F.J.H. 1957. Water analysis for limnologists (Revised) Fresh

water biological association Ambleside West Moreland.



158

MAMMEN, T.A, C.N. PANICKER, A.S. SHENOY, ELIZABETH LEELA GEORGE,

A.G. VARGHESE and K.K. CHANDRAN. 1980. Shrimp farming

demonstration by "MPEDA. Proc. First National Symp. Shrimp

Farming., pp. 159-170.

MANIKOTH, S. and K.Y.M. SALIH. 1974. Distribution characteristics of

nutrients in the estuarine complex. Indian  mar. gig, 3(3):
125-130.

MARY JOHN, C. 1958. Preliminary survey of the Kayamkulam lake. Bull.

Cent. Res. Inst. Univ., Kerala 6, C: 90-109.

MATHERON, R. and R. BAULAIGUE. 1968. Biological cycle of sulphur in

the marine environment. Anals. Inst. Pasteur. Paris, 114: 645-657.

MOHAMMED, K.H., VEDAVYASA RAO, P.V. and GE-lORGE,M.J. 1963. Post

larvae of penaeid prawns of south-west coast of India with a key

to their identification. Proc. World Scientific Conf. on the Biology

and culture of Shrimps and Prawns. Mexicocity, 12-21 June 1967.

FAO Fisheries Reports, 57(2): l+87—50l1.

MOHAMMED, K.H. and P. VEDAVYASA RAO. 1971. Estuarine phase in the

life history of the commercial prawn of the west coast of India.

3. mar. biol. Ass. lndia., 13(2): 149-161.__a__j_—.....—...jj

MOLLAH, M.F.A., A.K.M. AMINOI. HAQUE, M. EAQUE, M. IDRIS and M.Y.

CHOWDHURY. 1970. Interaction between pond bottom soil and

water qualities.  Jour. Fish., 26(1-2): pp. 101-112.



I59

MURTHY, P.S.N. and M. VEERAYYA. I972. Studies on the sediments of

Vembanad Lake, Kerala State: Part I Distribution of organic

matter. Indian 3. mar. Sci., 1(1): 45-5|.

MURTHY, P.S.N. and M. VEERAYYA. I981. Studies on the sediments of

Vembanad Lake, Kerala State: Part IV Distribution of trace

elements. Indian  mar. i:i_., IO: I65—I72.

MUTHU, M.S. I978. A general review of penaeid prawn culture. Central

Marine Fisheries Research Institute, Special Publication 3: 25

33.

MUTHU, M.S., N.N. PILLAI, K.V. GEORGE and S. LEKSHMI. I98l. Growth

of the Indian white prawn, Penaeus indicus in relation to stocking

density.  Mar. biol. Ass. India, 23(Id-:2): 205-208.

MUTHU, M.S., KATHIRVEL. M., VEDAVYASA RAOD. P. and PILLAI, N.N.

I982. Research progress in the culture of penaeid prawns along

the coast of Indian Ocean and Indo-Pacific. Proc. Symp. Coastal

Aguaculture, Cochin, January I2 to I8. Marine Biological Ass.

India, Pt I: I—I9.

NAGARAJAIAH. C.S. and T.R.C. GUPTA. I983. Physico Chemical Characte

ristics of brackishwater ponds along Netravathi estuary, Mangalore

Indian II. mar. Sci., I2: 8I—8l+.

NAIR BALAKRISHNAN, N., M. ARUNACHALAM, P.K. ABDUL AZIS, K.

KRISHNAKUMAR and K. DHARMARAJ. I987. Ecology of Indian

Estuaries: Seasonal variation of the distribution of Organic carbon,



I60

Total phosphorus, Total nitrogen and Total potassium in the sedi

ments of the Ashtamudi Estuary. Proc. Nat. Acad. Sci., India

5703): I.

NAIR RAMACHANDRAN, P.V., N.N. PILLAI, V. KUNJUKRISHNA PILLAI,

P. PARAMESWARAN PILLAI, K.J. MATHEW, C.P. GOPINATHAN,

V.K. BALACHANDRAN and D. VINCENT. I982. Brackishwater

prawn farming in the Ashtamudi lake area (S.W Coast of India)

Its prospects and problems. £95.  Coastal Aguaculture.,
Pt I : 235-294.

NATARAJAN, A.V. I985. Present status of brackish water shrimp farm

Management technology in India. Proceedings o_f fig Seminar

Q present status Q prawn farming  India. Bhubaneswar. MPEDA:

2|-39.

NEDWELL, D.B. and G.D. FLOODGATE. I972. Temperature - induced changes

in the formation of sulphide in a marine sediment. Mar. Biol.,

flz 13-24.

‘NEDWELL, D.B. I982. Exchange of nitrate, and the products of bacterial

nitrate reduction, between seawater and sediment from a U.K.

Saltmarsh. Estu. Coast. Shelf Sci., E: 557-566.

OLSEN. I951}. Estimation of available phosphorus in soil by extraction with

sodium bicarbonate. Circ.  Dept. Agrl., pp. 559.

OSEID, D.M. and LL. SMITH. I972. Swimming endurance and resistance

to 'copper—'and malathion of bluegills treated by long—term exposure



161

to sub-lethal levels of hydrogen sulphide. Trans. Am. Fish. Soc.,

igui): 620-625.

OSEID, D.M. and L.L. SMOTH. 19714. Factors influencing acute toxicity esti

mates of H25 to freshwater invertbrates. Water Res., §: 739-746.

Pr\_\'IKKER, N.K. and M.K. MENON. I956. Prawn Fisheries of India. Proc.

Indo-Pacif. Fish. Coun., 6(3): 328-3l+l+.

PATEL, S. and C. SPENCER. I963. The oxidation of sulphide by the heem

compounds from the blood of Arenicola marina. _J_. Mar. biol.

Ass.  Q: I67-175.

PAUL RAJ, R. and P.J. SANJEEVA RAJ. I982. Effect of salinity on growth

and survival of three species of penaeid prawns. Proc. Symp.

Coastal Aguaculture., Pt I: 236-246.

PEARSON, T.H. and R. ROSENBERG. I978. Macrobenthic succession in

relation to organic enrichment and pollution of the marine environ

ment. Oceanogr. Mar. Biol. Ann. Rev. I_6_: 229-311.

PFENNIG, N. and H. BIEBLE. I976. Deaulfuromonas acetoxidens gen. nov.

nov. and spec. nov., a new anaerobic, sulfur reducing, acetate

oxidizing bacterium. Arch. Microbiol., HO: 3-I2.

PILLAI, N.G. I977. Distribution and seasonal abundance of macrobenthos

of Cochin backwater. Indian  mar. S_c_i_., §(l): I-5.

PILLA1, N.G. I978. Macrobenthos of a tropical estuary. Ph.D. Thesis, Univer

sity of Cochin, p.p. I33.



I62

PILLAI, A.G. and K. RAVINDRAN. I988. Hydrography of the Cochin Harbour

Fish. tech., 2_5(2): 83-86.

POMEROY, L.R., E.E. SMITH and C.M. GRANT. I965. The change of phos

phate between estuarine water and sediments. Limnol. Oceanogn,

lg: 167-1 72.

POSTGATE, SLR. I959. Sulphate reduction by bacteria. Annu. Rev. Microbiol.

l_3_: 45054520.

QASIM, S.Z. and C.V.G. REDDY. I967. The estimation of plant pigments

of Cochin backwater during the monsoon months. Bull. mar. §_ci_.,

g: 95-110.

RAJALAKSHMI, T. I972. The prawn and shrimp nursery areas in the estuaries

and lakes on the east coast of India. A review and discussion.

Proc. Seminar on Mariculture and Mechanised Fishing, Govt. Tamil

Naud, #2-1+7.

RAJAN, K.C. I972. Studies on the interstitial fauna of the South West coast

of India. Ph.D. Thesis. University of Kerala.

RAMAMIRTHAM, C.P. and R. JAYARAMAN. I963. Some aspects of hydro

logical conditions of the backwaters around Willingdon Island

(Cochin) 3. mar. biol. Ass. India, 5(2): 170-177.

RAMM, A.E.. and D.A. BELLA. I974}. Sulfide production in anaerobic micro

cosms. Limnol. Oceanogn, 2: 110-118.



I63

RAO, 'I'.S.S., M. MADHUPRATAP and P. HARIDAS. I975. Distribution of

Zooplankton in space and time in a Tropical estuary. Bull. Dept.

Mar. Sci. Univ. Cochin, ZUJ): 695-704.

RAO, K.P. 1958. Oxygen consumption was a function of size and salinity

in Metapenaeus monocerous Fab. from marine and brackishwater

environments.  Exp. Biol., 155 307-313.

RASHID, M.A. and C.E. REINSON. I979. Organic matter in surfitial sediments

of the Miramichi Estuary, New Brunswick, Canada. Estu. Coast.

Mar. §c_i., §: 23-36.

REMANI, K.N. I979. Studies on the effects of pollution with special reference

to Benthos in Cochin backwaters. Ph.D. Thesis, University of

Cochin, pp. 162.

REMANI, K.N., P. VENUGOPAL, K. SARALA DEVI and R.V. UNNITHAN.

I981. Sediments of retting yard. Indian 1. mar. §;_i_., £0): All-414.

REMANI, K.N., SARALA DEVI, K., VENUGOPAL, P. and R.V. UNNITHAN.

I983. Indicator organisms of pollution in Cochin backwaters.

Mahaflar - Bull. natn. Inst. Oceanogr., I_6_(2): I99-207.

RICHARDS, F.A. I965. Anoxic basins and fjords. In: Chemical Oceanography

(J.P. Riley and G. Skirrow eds.), p. 611-645, Academic Press,

ROSENBERG, R. I980. Effect of oxygen deficiency on benthic macrofauna.

In: Fjord Oceanography (H.J. Freeland, D.M. Farmer, and C.D.

Levings, eds). Plenum publishing Corp. New York, N.Y.



I64

RUDD, J.W.M. and R.D. HAMILTON. I978. Methane cycling in an eutrophic

shield lake and its effects on whole lake metabolism. Limnol.

Oceanogr., 2_3: 337-348.

RUELLO, N.V. I973. The influence of rainfall on the distribution and abun

dance of the school prawn Metapenaeus macleavi in the Hunter

River region (Australia) Mar. Biol., 23: 221-228.

RULIFSON, R.A. I981. Substrate preference of juveniles penaeid shrimp

in estuarine habitats. CONTB-MAR. SCI. UNIV. TEXAS, 24: 35-52.

‘ RUTKUHN, J.H. I966. The role of estuaries in the development and perpe

tuation of commercial shrimp resources. Symp. on Estuarine

Fisheries, American Fisheries Society special publication, 3: 16-36.

SAMPATH, V. and V. RAMACHANDRA MENON. 1975. Preliminary experi

ments in cage culture of prawns at Kovelong in Tamil Nadu.

Bull. Dept. Mar. Sci., Univ. Cochin, 7(3): 467-Q76.

SANDERS, H.L. I958. Benthic studies in Buzzards Bay 1. Animal sediment

relationships. Limol. Oceanogr. 2(3): 245-258.

SANDERS, H.L. I968. Marine benthic diversity A comparative study. Am.

Natl., lO2:l+(925): 243-282.

SANKARANARAYANAN, V.N. and S.Z. QASIM. I969. Nutrients of the Cochin

backwaters in relation to environmental characteristics. Mar.

Biol., 2(3): 236-247.



I65

SANKARANARAYANAN, V.N. and S.U. PANAMPUNNAYIL. I979. Studies

on organic carbon, nitrogen and phosphorus in sediments of the

Cochin backwater. Indian _I_l_. ar. _§cl., §(l): 27-30.

SCHAUT. G.G. I939. Fish catastrophs during drought. J. Amer. water works

Associ., £0): 77 I -322.

SCHINDLER, D.W., G.W. COMITA and N.D. FARGO. I972. The dependence

of primary production upon physical and chemical factors in a

small, senoscing lake, including the effects of complete winter

oxygen depletion. Arch. Hydrobiol., Q: #13-451.

SCIDMORE, W.J. I957. An investigation of carbon dioxide, ammonia and

hidrogen sulfide as factors contributing to fish kills in ice covered

lakes. Prog. Fish-Cult., _I_9_: 12¢;-I27.

SHEPARD, F.P. I954. Nomenclature based on sand, silt, clay ratios. flour.

Sed. Petrol., 2a: 151-153.

SHICK, ILM. 1976. Physiological and Behavioural responses to Hypoxia and

Hydrogen sulphide in the infaunal Asteroid Ctenodiscus crispatus.

Mar. Biol., }_Z_: 279-289.

SHJGUENO, K. 1972. Shrimp culture in Japan. Association for International

Technical Promotion. Tokyo, pp. 153.

‘SHELFORD, V.E. l9l7. An experimental study of effects of gas waste upon

fishes, with special reference to stream pollution. Bull. _Il_l_. State

Lab. Nat. Hist., _l_l: 330-412.



166

SHUMVIAY, S.E. and TIMOTHYM. SCOTT. I983. The effects of Anoxia and

hydrogen sulphide on survival, activity and metabolic rate in the

coot clam, Mulinia lateralis (say).  Exp. Mar. Biol., _7_I: I35—I46.

SILAS, E.G. and P. PARAMESWARAN PILLAI. I975. Dynamics of zooplankton

in a tropical estuary (Cochin backwater) with a review on the

plankton fauna of the environment. Bull. Deg. mar. Sci. Univ.

Cochin, 1(2): 329-355.

SILAS EBENEZAR. A. I985. Studies on the ecology and productivity of saline

lagoon. Ph.D. Thesis, CMFRI, Cochin.

SIDDHARAJU, S. and V. RAMACHANDRA MENON. I982. Experiments on

shrimp farming in Kovalam backwaters of Tamil Nadu. Proc.

SLmp. Coastal A<Luaculture., Pt I: 134-145.

* SINISE, JERRY. I965. Cash for a catfish crop. Texas game ag Fish, _2_3(I):

I4-I5.

SIVANKUTTY NAIR, G. I972. Some observations on the hydrography of

Kayamkulam estuary. Bull. Dept. Mar. Biol. Oceanogr., Univ.

Cochin, 5: 87-96.

SMITH, J.L.B. I952. Cyprinodont fishes from a sulphur — producing lake

in Cyrenacia.  Mag. Nat. Hist. _I__2_(5): 838-892.

SMITH, L.L. and D.M. OSEID. I971. Toxic effects of hydrogen sulfide to

juvenile Fish and Fish Eggs. Proceedinj of 25th Industrial Waste

Conference, Engineering Extension Series _l\l_o. I37, Purdue Univ.



I67

SMITH, L.L. and D.M. OSEID. I972. Effect of hydrogen sulphide on fish

eggs and fry. Water. Res., _§_: 7Il—720.

SMITH, L.L. and D.M. OSEID. I974. Effect of hydrogen sulphide on develop

ment and survival of eight fresh water fish species.  on early

life history of Fish, Oban, Scotland, May, 17-23.

SMITH, L.L. and D.M. OSEID. 1975. Chronic effects of low levels of hydrogen

sulphide on freshwater fish. Progress  water technology, Z(3/4):

599-605.

SMITH, L.L., D.M. OSEID, L.K. GARY and SAYED M. EL—KANDELGY. I976.

Toxicity of hydrogen sulfide to various life history stages of Blue

gill (Letflnis macrochirus) Trans. Am. Fish. Soc., 105(3): 442-449.

SMITH, R.P., R.C. COOPER, T. ENGEN, E.R. HENDRICKSON, M. KATZ,

T.H. MILBY, J.B. MUDD, A.T. ROSSANO and J. REDMOND. I979.

Hydrogen sulphide, University Park Press, Baltimore., pp. 1-183.

SNEDECOR, G.W. and W.C. COCHRAN. 1967. Statistical methods. 6th

ed. IOWA State Univ. Press. Amer. IOWA., pp. 593.

SOSAMMA ESO. I988. Distribution of prawn seed according to variations

in water depth in shallow areas of Cochin backwaters. M.Sc.

Dissertation, CMFRI, Cochin.

SPOTTE, S. I979. Fish and invertebrate culture water management in closed

systems. 180 p A Wiley - Interscience Publication New York.



SPRAGUE, J.E. I973. ABC's of pollutant bioassays using fish. In: Biological

methods for Assessment of Water quality. ASTM. STP. 528, Ameri.

Soc. For testing and materials, pp. 6-30.

SREEKUMARAN NAIR, R.S. and M. KRISHNANKUTTY. I975. Note on the

varying effects of salinity on the growth of the juveniles of

indicus from the Cochin backwaters. Bull. Deg. Mar. Sci., Univ.

Cochin, 1(1): 181-184.

SRIRAMAN, K. and R. ANANTHA NARAYANAN. 1987. Culture of Penaeus

indicus H. Milne Edwards with different stocking densities.

Mar. biol. Ass. India., Vol 29, No. I: 108414.

STRICKLAND, J.D.H. and T.R. PARSONS. 1968. A practical hand book of

sea water analysis. Fish. Res.  Canada Bull., pp. I67.

STAPLES, D.J. I980. Ecology of juvenile and adolescent banana prawns

Penaeus merguensis, in a Mangrove estuary and adjacent off

shore area of the Gulf of Carpentaria. Immigration and settle

ment of post larvae. Aust. J. Mar. Freshwater Res., 31: 635-652.

STRAYER, R.F. and J.M. TIEDJE. I978. I_n situ methane production in a

small, hypereutrophic, hard-water lake: Lose of methane from

sediments by vertical diffusion and ekullition. Limnol. Oceanogr.,

2_3: 12014205.

SUBASH CHANDER. I986. Studies on the Ecophysiology of Penaeus indicus

H. Milne Edwards in the grow—out system. Ph.D. Thesis, CMFRI,

Cochin.



I69

SUBRAMANIAN, P. 1981. Studies on the ecology and culture of prawns with

special reference to Penaeus indicus. Ph.D. Thesis. Annamalai

Univ., pp. 5-122.

SULTAN, K.M. MD., R. SOUNDARARAJ and T. FRANKLIN. I973. Shrimp

culture made easy. Sem. Mariculture and Mechanised Fishing

Proc., Madras, 28-29 Nov., 1972: I03-lOl+.

SUSEELAN, C. 1975. The prawn culture practices in the salt pan reservoirs

at Manakudy near Cape Comorin. Bull. Depi. Mar. Sci., Univ.

Cochin, 7(3): 5177-486.

*SUN. Y., YANG. C.H., GUO, S.Y. and JIANGH. I987. The distribution of

soluble sulphides in the grow out environment and its effect

on prawn. Mar Sci/hai Yangkescue No. 2, pp. #4-49.

TEAL, J.M. and J.W. KANWISHER. 1966. Gas transport in the marsh grass,

Spartina alterniilora. 1. B9. Bot., 11: 355-361.

THAM, A.K. I955. The shrimp industry of Singapore. Proc. lndo-Pacif.

Fish. Coun., 5(2): I415-I55.

THAM, A.K. I968. Prawn culture in Singapore. FAO Fish Rep., _5_7(2): 85

93.

*THAMDRUP, H.M. I935. Beitrage zur Okologie der Wattenfauna auf experi

menteller Grundlage. Meddr Kommn Danm. Fish. _-23 Havunders.

Serie Fiskeri l_Q(2): 1-I25.



I70

THEEDE, H., A. PONAT, K. HIROKI and C. SCHLIEPER. 1969. Studies on

the resistance of marine bottom invertebrates to Oxygen defi

ciency and hydrogen sulphide. Mar. Biol., 3: 325-337.

THIRUNAVUKKARASU, A.R. 1983. Culture of penaeid prawns in coastal

waters. Summer Institute in hatchery production of seed and

culture of marine prawns. CMFRI. Technical paper No. 20.

*THORSON, G. I957 Bottom communities. (Sublittoral and shallow shelf)

Geol. Soc. Ass. Mem., 67: 461-534.

*THORSON, G. I958. Parallel level-bottom communities, their temperature,

adaptation and their "balance" between predators and food animals.

In Perspective  Marine Biology (ed.) A.A. Buzzati - Traverso

Univ. Calif. Press, Berkeley, California., pp. 67-36.

TOERIEN, D.F. and W.H. HATTINGH. I969. Anaerobic digestion. I. The

microbiology of anaerobic digestion. Water Res., 3: 385-416.

TUTTLE, J.H. and H.W. JANNASCH. I973. Dissimilatory reduction of in

organic sulfur by facultative anaerobic marine bacteria. J.

Bacteriol., 15: 732-737.

UNNITHAN ASOKAKUMARAN, K. 1985. A guide to prawn farming in Kerala.

CMFRI §p_1. PubI., 21. 92 p.

UNNITHAN, R.V., M. VIJAYANAN and K.N. REMANI. I975. Organic pollution

in Cochin backwaters. Indian J. mar. Sci., 4(1): 39—l+2.



I7]

VAN HORN, WILLIS, M., J.B. ANDERSON and MAX KATZ. I949. The effect

of Kraft pulp mill wastes on some aquatic organisms. Trans.

Amer. Fish. §clc_:., 2: 55-63.

VANDER LOEFF, M.M.R., F.B. VAN Es., W. HELDER and R.T.P. DE VRIES.

I981. Sediment water exchanges of nutrients and oxygen on tidal

flats in the EMS Dollard estuary. Netherl. Q. E Res., l_5:
H3-I29.

*VENKATARAMIAH, A.G. 1974. Studies on the effects of salinity and tempe

rature on the commercial shrimp Penaeus aztecus Ives, with special

regard to survival limits, growth, oxygen consumption and ionic

regulation. Contract Report, H-74-2, US Army Engineers Water

Ways Experiment Station, Mississippi. pp. 134.

VICTOR CHANDRA BOSE, S., V. VENKATESAN and D. SUNDERARAJAN.

I978. Prawn seed resources of the Adayar estuary at Madras.

Natn. Symp. Q Shrimp Farming, 16-18 August, I978, Bombay,
6] -65.

VILLADOLID, D.V. and D.K. VILLALUZ. I951. The cultivation of Sngpo,

Penaeus monodon Fabricius in the Philippines. Philippine  Fish.,

1: 1-3.

VIJAYAN, M., K.N. REMANI and R.V. UNNITHAN. 1976. Effect of organic

pollution on some hydrographic features of Cochin backwaters.

Indian 3. mar. Sci., 5(4): 196-200.



172

VON BRAND, T. I946. Anaerobiosis in invertebrates. Biodynamica, Normandy

M.O., pp. 328.

WALKLEY, A. and l.A. BLACK. I934. An examination of the Degtjareff

method for determining soil organic matter, and a proposed modi

fication of the chromic acid titration method. Soil. SL1,’ 175
29-38.

WELSH, B.L. I980. Comparative nutrient dynamics of a marsh—mudflat eco

system. Estu. Coast. Mar. Sci. l_O: 143-I64.

WHARFE. J. 1977. The intertidal sediment habitats of the lower Medway

Estuary, Kent. Environ. Pollut., 108: 41-50.

WHEATLAND, A.B. l95ll. Factors affecting the formation and oxidation

of sulphides in a polluted estuary.  Hug. Camp., _5_2: I94-210.

WHITEFIELD, M. I969. Eh as an operational parameter in estuarine studies.

Limnol. Oceanogr., H: 547-558.

WICKENS, J.F. I976. Prawn biology and culture. Oceanogr. Mar. Biol. Annu.

Rev., lg: 435-507.

WILLIAMS, A.B. I958. Substrate as a factor in shrimp distribution. Limn.

and Oceanogr., 2(3): 283-290.

WILLIAMS, A.B. I960. The influence of temperature on osmotic regulation

in two species of estuarine shrimp (Penaeus). Biol. Bull., Mar.

Biol. Lab., Woods Hole, ll9(3): 560-571.



173

ZElN—ELDlN, Z.P. 1963. Effect of salinity on growth of postlarval penaeid

shrimp. Biol. Bull., Mar. Biol. Lab., Woods Hole, 125(1): 188-196.

ZEIN-ELDIN, Z.P. and D.V. ALDRICH. 1965. Growth and survival of post

larval Penaeus aztecus under controlled conditions of temperature

and salinity. Biol. Bull., Mar. Biol. Lab., Woods Hole, 129(1):

199-226.

ZEIN—ELDIN, Z.P. and G.W. GRIFFITH. 1969. An apprisal of the effects

of salinity and temperature on growth and survival of postlarval

penaeids. FAO Fish. Rep., 57(3): 1015-1026.

ZIEBELL, C.D., E. PINE, D. MILLS and R. CUNNINGHAM. 1970. Field toxi

city studies and juvenile salmon distribution in Port Angeles

Harbour, Washington.  Water Pollut. Control. Fed., E: 229-236.

ZOBELL. 1938a. Studies on the bacterial flora of marine bottom sediments.

Ilour. Sediment. Petrology" §: 10-18.

* Not referred to in original


	STUDIES ON THE EFFECT OF HYDROGEN SULPHIDE ON THE PENAEID PRAWNS OF KAYAMKULAM LAKE, SOUTH WEST COAST OF INDIA
	CERTIFICATE
	DECLARATION
	ACKNOWLEDGEMENTS
	CONTENTS
	CHAPTER 1
	CHAPTER 2
	CHAPTER 3
	REFERENCES

