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PREFACE

There has been an increasing demand for Indian shrimps in the
domestic as well as foreign markets as a supplementary source of protein
and @s a favoured food item. But this demand is not fully met by the produce
from the presently exploited regions of the sea around India, which of
late shows & stagnation in production levels. This is a result of increased
exploitation without judicial management. Hence the present trend is
to develop aquaculture as a means of augmenting the shrimp production

to meet the demand.

The necessity to culture shrimps to meet the demand in domestic
and foreign markets requires a thorough knowledge of their biolegy and

ecolpgical preferences to make farming more efficient.

The soil substratum plays an important role in prawn culture systems
particularly in its productivity as a major source for nutrients and acts
as the immediate surrounding environment for the burrowing prawns.
The interstitial water found in the spaces between the soil particles is

an integral part of this substratum and plays & vital role in culture systems.

As elsewhere along the Kerala coast also, juvenile penaeid prawns
are found to inhabit low saline water bodies and are cultured mainly
in ponds, coconut groves and mangrove areas, During the south-west monsoon

the salinity of the column water in these systems decreases to almost



freshwater ranges, and prawns are found to survive even in these unfavour-
able low saline conditions, This could be due to the comparatively higher

range of salinity and a desired level of nutrients of the interstitial waters.

Though a lot of studies have been carried out on the sediments
of culture system, very little work has been done to study the chemical
nature of the interstitial water of culture systems. The present study
aims at analysing the salinity and related environmental and chemical
parameters of certain prawn culture systems, The inappropriateness of
the wvarious samplers used in earlier studies on interstitial water of other
systems necessitated the fabrication of a distinctly different indigenous
sampler for the sampling of interstitial water for the present work.
An attempt has also been made to study the growth of the penaeid prawn

P. indicus in relation to the varying salinity in the column water and

upper layer of the interstitial water.

I express my gratitude to my research supervisor Shri.P.E.Sampson
Manickam, Senior Scientist, Central Marine Fisheries Research Institute
for his wvaluable guidance and support throughout my study. 1 express
my sincere thanks to Dr. P.S.B.R.James, Director CMFRI for his keen
interest and encouragement in my study. I am extremely grateful to
Dr. V. Kunjukrishna Pillai and Dr. Vedavyasa Rao, Senior Secientists for
their valuable suggestions. My thanks are due to Dr. Manpal Kaur, Sanhotry,
Dr, K.J. Mathew, Dr. K.R.Manmajhan Nair and Dr.V.Girija Vallabhan for

their timely help during my dissertation. [ am grateful to Shri.T.V.Sathia

nandan for helping me to statistically analyse my data. Dr. M.M, Thomas
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OIC, Krishi Vigyan Kendra, Narakkal) was very helpful in setting up my
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for the scientific analysis of my samples. The timely assistance of Shri.
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my classmates for their help and compeanionship throughout the period
of study. I am also thankful to ICAR, for offering me the Junior Research

Fellowship,



INTRODUCTION

Prawns play a dominant role in India's seafood export trade. In
89-90 it constituted 52% by volume and 72% by value (Ganapathy, 1941).
Although there is an increasing demand for this product in the international
market such as Japan, USA, Europe ete. we are unable to increase our
shrimp export due to stagnation in our shrimp production from the wild.
This and the sudden spurt in shrimp production through farming from
a few tropical countries in Asia and Latin America, has resulted in our
position among shrimp produecing and exporting countries, being pushed
down from the first to the third and fourth places in major markets
(Ganapathy, 1991). The importance of prawn in earning valuable foreign
exchange has necessitated the development of prawn farming practices

to augment the produce from the sea.

To make the prawn culture practices more successful and flawless
a thorough knowledge about the biology and ecological preferences of
the cultured organism is essential’ In India currently, the two species
of penaeid prawns which are preferred widely for culture are Penaeus
monodon and P, indicus. Of these P, indicus is distributed abundantly
along the east and west coast of India (Kurian & Sebastian, 1976). In
Kerala , which accounted for 36% of Indian Prawn production 1966-70)
and 6% of world (1966~70) (of which P. indicus formed sizeable portion)

(Kurian & Sebastian, 1976), the juvenile prawns are found inhabiting mainly



the back waters which are the nursery grounds of these species and are
cultured in mangroves, coconut groves and culture ponds. It is seen that
the prawns survive and grow well in these ecosystems even during the
south-west monsoon when the column water salinity drops very low {(L5
ppt).  According to Hindley (1975) most penaeids are nocturnal and they
burrow or remain inactive during the day. Hence it could be the burrowing
substratum that affords these prawns a comparatively better range of
environmental parameters particularly salinity that helps them to survive
and grow. The interstitital fluids form a significant component of sedi-
ments -~ upto 90% (w/w) (Malcolm and Stanley, 1982). It is under these
contexts that the present work was undertaken to study the interstitial
salinity and related parameters, comparing them with the same parameters

of the column water.

"Interstitial" is defined in the dictionary as that ocecurring in the
small spaces between closely set substances. In the present context 'Inter-
stitial Water! refers to that water found in the interstices of the soil.
This water though in direct contact with the overlying column water
in culture systems is by itself a distinct entity with a different chemical

composition.

Though the interstitial water has been worked on by many researchers
there has been very little work towards understanding the nature and
characteristics of interstitial water in culture systems. The sampling
procedure adopted by the earlier workers in interstitial water studies

have varied widely depending on their varying objectives.



Peenak (1940) deviced one of the earliest devices to collect water
samples from 4 cm depth from sandy beaches. It consisted of a volumetric
pipette with a coarse bolting silk fastened to one end to prevent the
entry of sand and debris. A suction force exerted at the other end helped

to collect - water in the device.

Ganapathy and Rao (1962) used the same apparatus in their study
on the ecology of the interstitial fauna of sandy beaches for sampling
interstitial water upto a depth of 15 em. They studied the variation

of salinity, temperature and pH in eomparison with the overlying water.

Weiler (1973) used & gravity corer (Benthos model 2170) to obtain
sediment samples from which the interstitial water was squeezed out
at room tem;;eratur'e with Helium or Nitrogen as the pressurizing gas.
This was done during his study on the interétitial water composition

of sediments of lakes. He sampled the water upto a depth of 40 cm.

Hesslein (1978} and Mayer (1976) were among the first to introduce
in situ' sampling of interstitial water by dialysis. This method was analysed
and improvised by , . Carignan (1984) mentioning the advantages and disad-
vantages of the use of various membrane types like cellulose based

membranes and poly-carbonate.

Squeezing out the interstitial fluids with stainless steel squeezers
is the popular method of its extraction in deep sea drilling projects according

to Gleskes (1983).



Collection of interstitial water using a "pneumopress" by wringing

of oceanic sediments was done by Kosov (1983).

Centrifugation was used as a method of extraction of interstitial
water from coarse, sandy sediments of porosity (upto 31%) using polyethy-

lene centrifuge tubes by Saager et al. (1990).

The nitrate profiles in interstitial waters were studied by Bender
et al (1977). Nitrate in interstitial waters were , also studied by Malcolm
and Stanley (1982). They . describedthe interstitial waters as a relatively
enriched medium inte which most of the chemically labile and biologically
important compounds and elements are mobilized during diagenesis and
it exerts an important control on the dominant baeterial activities present

in sediments.

pH, nitrites and nitrates of the interstitial environment of bivalve -
habitats in several Northern (German low lands were studied by Buddensigk

et al. (1980).

The present investigation comprises a study and comparison of
the salinity, temperature, pH nitrate and nitrite in the interstitial water

and the overlying column waters. The interstitial water was sampled

from 5 different depths (i) 0-5 em (ii) 5-10 em ({iii) 18-15 em {iv} 15-20 cm

(v) 20-25 em using a specially designed interstitial water sampler. The

samples were collected in a 60 day period over the months of August

e R e s e



and September 1992, at 35 day intervals from 3 ecosystems - a mangrove
site in Puduvyppu, a coconut grove in Narakkal and a culture pond at
Krishi vigyan kendrs, Narakkal. All the above eollection sites are situated
on Yypeen island, near Cochin. At the culture pond alone simultaneously,

growth studies were conducted on Penaeus indicus by growing the juveniles

in one square metre pens errected at 4 corner stations in which they
were' . grown for & 60 day period with an objective to study the effect
of the various hydrologial parameters of the column water and interstitial

water on its growth.



MATERIALS AND METHODS

Site Description

The study is based on the scientific data collected from 3 tide
influenced ecosystems viz. a mangrove site, a coconut grove and a prawn
culture pond - all of which are situated on Vypeen Island, Kochi at about

2-3 km distance fran each other.{(Page No. 7).

The mangrove station is a tidal canal bordered by mangrove vege-

tation. The flora at the mangrove station is dominated by Acanthophora spp,

The eanal is about 3-5 m wide, and it has a direct perenial connection

with the sea (Plate No.1).

The coconut grove situated at Narakkal has 5 m wide perennial
water cangls running between parallel rows of coconut trees. The water
entering the canals is controlleq by a sluice gate. The station is a central
canal with rows of coconut trees and canals on either side. The water
source is from a system of backwater canals which also have freshwater

inflows and open out into the sea (Plate No.2).

The prawn culture pond has a water area of 422 m2 with a depth
range of 0.2 to 1 m. It is one of the 4 experimental ponds at Krishi
Vigyan Kendra, Narakkal and is enclosed on 2 sides by culture ponds

and backwater canals on the other 2 sides. 4 sampling stations were marked
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PLATE NO.I The Mangrove site

PLATE NO.II The Coconut grove



PLATE NO.III The Culture pond (Control pen)



PLATE NO.IV The Culture pond showing the control pen
(right) and Experimental pen I (left)

PLATE NO.V The Culture pond showing the Experimental Pen II
(left) and Experimental pen III (right) with the
sluice gate in the centre.



by 1 square metre pens errected on the centre of each side with about
1.5 m distance between the pen wall and the bund on that side (Plate
Nos. 3, 4 & 5). The net material used in the construction of the pens
had a mesh size of 5 mm and was made of nylon fibres. Around this
an outer net with 2 em meshwas fixed, away from the inner net and its
lower portion is burried deep in the soil to prevent the entry of predators.
Though 4 pens were used for the growth studies, data for ecological para-
meters from one pen alone (used as the control in the growth studies)

was used to compare with the data obtained from the other two ecosystems.,
(Fig. B(ii}, Plate VIII)

The study period was of continuous 60 day duration and extended
over the months of August and September 1992. In these 2 months column
water and interstitial water were sampled regularly at an interval of

3 days in the prenoon hours between 8 hrs and 12 hrs.

The column water was sampled both from the surface and the
bottom in 50 ml plastic bottles. For the surfgce samples the opened
bottles were dipped, filled and taken out. For the bottom samples the
bottles were sent stoppered to the bottom and opened just above the
soil surface. When the bottles were filled they were closed at the bottom

itself and then brought to the surface.

The interstitial water was sampled using a specially designed inter-
stitial water sampler designed and fabricated for the purpose. The samples
were collected from 5 different depths from the soil surface viz. (i) 0-5 em

(ii) 5-10 em (iii) 10~15 em (iv) 15-20 c¢m and (v) 20-25 em in all the

stations. A schematic diagram of the sampler is given in pege 10,



The interstitial water sampler:

The interstitial water sampler is a water tight, leak~proof instrument
having a total length of 144.5 ems and consists of 4 detachable parts:
(i} the basal cone (ii) the inner ventilated PVC Pipe (iii) the outer

Gl Pipe casing and ({iv) the filter-candle with string. (Fig, 4, Plate VI).

(i) Basal Cone (with two threaded agapters)

The driving cone was made out of a Galvanised Iron (GI) pipe
of 2 inches diameter which was cut, twisted and welded to form a
pointed leak proof hollow cone which enables the easy penetration of
the instrument to the required depth. It bhas a length of 18 e¢ms. To
the upper end is welded a GI coupling of 2 inches diameter and 51 em
length with close threading in the interior. It is into the upper end of
this threading that the ventilated PVC pipe threads in, Another Gl coupling
of 2% inches diameter and 7% ¢m length is welded into the lower coupling
slightly encasing it. The GI pipe that forms the outer casing threads
into this coupling. The whole of the basal cone with threaded adaptors

measures 30 em in length. (Fig. B(), Plate VII).

(i) The high density Poly-Vinyl Chloride (PVC) pipe has an inner diameter
of 2 inches and a length of 1.25 m. It is threaded on the outside at
one ecnd and at a distance of 10 em from this end ventilations are made
in the form of 6 longitudinal slits of 5 em length and 1 em width which
dre equidistantly placed along the circumference, These ventilations
allow the inner filter to come in contact with the outer soil when the

instrument is being operated. The outer threading as mentioned earlier
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PLATE NO.VI The interstitial water sampler



The basal cone with threaded adaptors

PLATE NO.VII

PLATE NO,VIII The PVC pipe with ventilations



PLATE NO.IX The encasing GI pipe

PLATE NO.X The 'filter candle'
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fits into the thread of the lower coupling of the basal cone.

(iii) The GI Pipe has a length of 1 m and an inner diameter of 2% inches.
It is threaded on the outside at one end which helps to fasten it to the
thread on the upper coupling of the cone. This part of the instrument
helps to keep it sturdy and also covers the windows of the PVC pipe
thus preventing the filter from contact with soil layers and column water
while the instrument is penetrating the soil to the desired depth.

(Fig. B(iii), Plate IX).

(iv) The 'filter' is the actual water filtering and collecting unt. It
is a 'eandle' used in commercial domestic water filters made of ultra
high porosity ceramie material. [t is 18 cm long and cylindrical with
4 ¥ em diametes,open at one end and clesed and rounded at the other
with an inner cavity of 2% cm diameter, The open end is covered by .
a steel coated plastic cap with a tubular outlet to facilitate the removal
of the water collected inside by tilting or by suction, A copper Wwire
fastened to the cap helps in lifting and lowering the filter candle for

sampling, without lifting out the instrument itself which was driven in

with considerable effort. (Fig. B(iv), Plate X).

The filter was tested in the lab and its efficiency and time taken

for filtering was calculated in different clay samples before it was used

in the field.

Operation

The Gl pipe casing was at first fixed to the cone by threading
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it into the upper coupling. Then the water depth was measured and the
same was marked on the outside of the GI pipe casing measuring from
the tip of the cone, From this point 5 markings were made upward at
5 ecm intervals to mark the different depths sampled viz. (i) 0-5 em

(ii) 5-10 em (iil) 10-15 em (iv) 15-20 em and (v} 20-25 em from the

soil surface downwards,

The cone together with GI pipe casing was driven into the soil
either by pushing it In with the hand when the substrate was clayey or by
driving it in with a hammer when the substrate was hard. At the desired
depth (known from the external markings) the PVC tube was lowered
into the GI and threaded tightly into the lower coupling of the cone.
The filter was then lowered until its upper end coincided with the upper .
end of the wi'ndows of the PVC pipe and it was held in position by fasten-
ing the copper wire to the upper end of the PVC pipe. Now the GI
pipe was slowly threaded out and lifted off thus exposing the scil layers
of the desired depth to the filter candle through the windows. The instru-
ment position was left undisturbed for 10 minutes after which the filter

was lifted out by the string and the water collected poured cut into labelled

20 ml plastic bottles.

The column water and interstitial water samples were analysed

to find their salinity, temperature, pH, nitrate and nitrite contents.

The salinity was estimated by titrating against silver nitrate using

potassium chromate as indicator (Strickland & Parsons, 1968).
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The temperature of the different depths was measured using a
mercury thermometer calibrated from 0 to 50°C. The temperature of
the surface and bottom water samples were measured by directly immer-
sing the thermometer into the water sample immediately on collection.
The temperature of the different soil layers were taken using the PVC
tube of the interstitial water sampler as a core. The unthreaded end
was used to core out soil upto a depth of 25 ecims and this soil mass
was pushed to the ventilations at the other end wusing a piston. The
temperature was recorded for each of the consecutive 5 em layers of

soil as they were exposed through the windows at the other end of

the PYC pipe.

The pH of the water samples were mensured using Elico pH meter

model LI-10T.

Nitrate was estimated by the method given by Strickland and Parsons

(1968) and Nitrite estimation was done using the spectrophotometric method

(Mullin and Riley 1955).

For the growth studies conducted in the 4 pens er ected at the

prawn culture pond in KVK, Narakkal Penaeus indicus of the size range

of 4 to 7 em were stocked at the intensive rate of 25 animals/mz.
They were grown in the same 60 day period during which the water samples
were collected and 5 specimens from each pen were sampled at § day
intervals to record the length and weight data. The prawns in station

| were kept as control with no supplementary feed provided while those
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in station 11, IIi and IV were fed with a diet of 3§ % protein at the rate
of 12% body weight per day and were fed once daily in the evening hours.

Supplementary feed was given only one week after stocking.

The relation between the different parameters were statistically
analysed using two-way ANOVA and correlation matrix as explained by

Snedecor and Cochran (1867).



RESULTS

énvironmental parameters

Tne environamental parameters viz - Salinity, temperature,
pH, nitrate and nitrite were studied in the column water and
interstitial water from three ecosystems - a mangrove area, a coconut
grove and a culture pond. Tha column water was sampled from the
surface and bottomn and the interstitial water was sampled from five
depths from the soil surface wviz (i) 0-5 cm (1i) 5-10 cm (iii) 10-15
cn (iv) 15-20 cm (v) 20-25 cm. The ihterstitial water was-sa‘ni-aled
using a specially designed I1nterstitial water sampler designzd and
faoricated as described in the chapter on materials and methods.
The following is the presentation of the data of the environmeatal
paraneters collected .neticulously at five day intervals during tae

full nonths of,6 August and September, 1992. (Appendix I)

Salianity

In the mangrove station during the study period of sixty
days tne salinity values from the different depths; column as well
as supsoil, showed a minimum in the first week of August and a
naximum in tne third week of Seotember., The surface salinity wvaried
fron the lowest value of 2.25ppt to the highest value of 11.16ppt.
The botton salinity of coloumn water varied from 2.59ppt to 11.47ppt.

la the interstitial witar from the 0-5¢m depth tne minimumn salinity

recorded was 3.68ppt and the wmaximum was 12.50ppt. In the 5-10cm
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depth the least value was slightly lower than the O0-bcm depth at
2.86ppt and tae highast at 11.9Y9ppt. The 10-15cm deptna showsed
an increase with tog @inimun wvalue at 3.75ppt and maximun at
13.92ppt. 4.36ppt was the least value from the 15-20cm deptn and
tne hignest was 14.76ppt. Thne 20-25¢m recorded the highest salinity
values witn tne mininun being 4.43ppt and maximum 15.42ppt. (Table

1, Fig 1)

In tne culture pond station mostly tne minimum wvalues of
salinity from tne column as well as tnhe ?nterstitial water samples
were found in the first week of August wnile the maximum values
ware found in tne third week of September. In the coconut grove
station tne surface salinity had the least value of 0.75ppt and the
highest wvalue of 10.56ppt. In the bottom water this increased slightly
wita tne leasf value being 1.29ppt and the highest 10.87ppt. 0.54ppt,
wnich was the least salinity recorded froml the coconut grova, was
from tne 0-5cm depth sample and the highest salinity fromn the same
dapth was 11.68ppt. The lowest salinity period from the 5-10cm
depth deviated a little from the other depths and was recorded
in the s=cond wesk of August but tne highest value of 11.03ppt was
again recorded in tne third week of September. 10.63ppt was toe
pinimun wvalue in the 10-15cm depta and 12.59ppt was the maxinum
value. The 15-20cm depth snowed the minimum sa_linity at 4.31ppt
and the maxinumn was 13.62ppt. Tne 20-25cm depta showed the

lowest salinity value as 5.189ppt and 14.34ppt as the highest salinity
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wnich was tne highest salinity from tne coconut grove. (Table

2, Fig2)

The culture pond station had the minimum salinity values
from all the sampling points in tae vertical depth transect recorded
in the first wesk of August while all tne maximum salinity values
coincided with the third week of September. In the surface water,
salinity rangad from 1.16ppt,to 11.27ppt while in the bottom water
the range was from 1.29ppt to 11.68ppt. The lowest salinity from
tae interstitial water of the 0-5cm depth which was 0.68ppt was
the least recorded from the culture pond while tha higaest in the
sane depth was 12.96ppt. In the 5-10cm depth tn3 least salinity
was 2.18ppt and the highest had fallen compared to the O-5cm dépth
to 12.40ppt. » The 10-15cm depth showed 4.62ppt as the minlmumn
value while 13.79ppt was the maximun wvalue. 5,87ppt was tne
lowest salinity rvecorded fron the 15-20cm depth while 15.37ppt
was tne hignest. In the 20-25cm depth the lowest value was recorded
as 7.26ppt and the highest value was 16.28ppt which was the highest

salinity value recorded from the culture pond. (Table 3, Fig 3)

Generally it was found in all the three environments that
the salinity of the bottom water was higher than the surface though
tnz difference was not wvery marked. | Tné interstitial wat-er.was
found to bs mor2 saiine than the column water with the salinity
of tne 5-10cm deotn samples lower than the 0-5cm depth. Below

the 5-10cn depth sampié tae salinity :mostly increased by about
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1ppt per S5cm depth reaching & maximum in the 20-25cm depth.
The mangrove station showad higher salinities than the other two

ecosystems with the coconut grove showing the lower values.

In the two way ANOVA analysing the salinity wvalues from
the Jdifferent dzpths and those from the different ecosystems the

significance was found to be at 1% level.

Tsnperature

In the mangrove statlon the lowest atmospheric tamperature
._relcorded was 25°C ia the second week of August while the highest
was 32°C in the first and last wesks of August. Tne surface water
temperature had the least wvalue of 26°C in the second week of
.August. In the bottom water where comparitively lower temperature
":were recorded the minimun was 25.5°C in the second week of August
apd the maximum was 31.5°C in the first wasek of August. The 0-5cm
déptn of soil had tne lowest temperature of 25.5°C in the second
week of August while the highest temperature was 31.5°C recorded
from the [irst week of August and the last week of September.
The lowest temperature recorded from the mangrove station was 25°C
fron the 5-10cm depth and the highest from the same depth was
32.5°C, The lowest temperature from the 10-15cm depth was 15.5°C
in tne second week of August and the maximum was 34°C in the last
wesk of Septeaber. In the 15-20cm depth the lowest value was
27°C in tas second week of August and the highest was 34.5°C in

the last week of 3eptember. In the lowest depth sampled viz-20-25cm
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the least teaperature recorded was 28°C in the second and third
weeks - of August while the highest temperature renained at 34.5°C
as in the 15-20cm depth in the last week of September and this
was tihe maxinum temperature recorded from the mangrove station.

[Table 4, Fig 4)

In the coconut grove tha atimospheric temperaturs nad a
ininim_um of 25.5°C in tne third week of August and 30°C in the fourth
waek of August, In the surface water 27°C was the lowest
temperature recorded in tne second and third weeks of August and
30.5°C was the highest recorded in tnhe first and last weeks of
August. In the bottom the lowest was at 26°C in the third weak
of August and the nighest was 30°C from ths last weeks of Auéust
and Septamber. In tna soil 26.5°C was the winimmua tswaperature
recorded in the third week of August and'the maximum temperature
of 31°C was recorded in ths first and last weeks of August and
the last week of September in the 0-5¢cm depth. In the 5-10cm depth
the minimum was higher up at 26.5°C in the second and third weeks
of August and the maximum had reached 31°C in the last week of
August. The mininum temperature of 27°C in the 10-15cm depth
was recorded in the second and third weeks of August while the
maximum had becone 31.5°C in the first and last weeks of August.
27.5°C was tn2 lowest tamperature recorded in the 15-20cm depth
in the second and tnird weeks of August and the highest temperature
was recorded in the 1last week of September viz 32.5°C. In the

20-25cm deptn the soil temperature ranged from 28°C in the tnird
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veek of August to th3 overall naximum of 33.5°C in the last wesk

of September. (Tahle 5, Fig 5)

Ia the culture pond the atmospneric temperature rangsd from
a minimum of 28°C ia the third week of August and the last week
of September to a wmaxiaua of 34°C in the third weex of September.
28.5°C was tihe lowest recorded tamparétura from the surface water
in the third week of August and 35.5°C wasthe highest in the third
wa2ek of September. In the bottom the range was between 27.5°C
in the third waek of August to 34°C in the last week of Septeamber.
Throughout the soil depths the lowest temperature was recorded
in tne last week of September and ths hignest in the third week
of tne same wmonth. In the O0-5cm depth the range was from 28.5°C to
35.5°C., The 5-10cm deptnh showed the minimum at 27.5°C and the
maxinum at 35°C. 28°C was the lowest tehperatura recorded from
tae 10-15 cm depth while the highest was 36°C. In the 15-20 cm
jepth the minimum was 29°C and the maximun 26.9.°C. The 20-25cm
jeptn had the lowest and highest temperature readings at 30°C and

37.5°C respectively. (Table 6, Fig 6)

Generally thes bottom water samples had a lower temperature
tnan the surface. There was an increasing trend of temperature from
the soil surface downwards with the 20-25cm depth having the
nighest temperature. But with a significant exception the temperature

in the 5-10cm depth layer had lower values than the zones above

and below it.
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Among the three ecosystems the coconut grove hed the least temper-
ature values and the culture pond had the highest in general in the depth

transect.

The two way ANOVA of the temperature data from the different
depths including the atmospheric temperature and those from the different

ecosystems showed that they were significant at 1% level.

pH

In the mangrove station the highest values of pH were recorded
from all the depths in the third week of September. In the surface the
least pH of 7.7 was recorded in the last week of August while the highest
was 9.0. In the bottom the least pH was further below at 6.0 in the
first week of August while the highest was at 8.8, The interstitial water
from the 0-5 'cm depth had the minimum value again in the first week
of August at 6.1 while the highest remeained at 8.8. In the 5-10 em depth
the minimum was more or less the same at 6.2 in the first week of
August while the maximum was 9.0. 8.0 was the least pH recorded from
the 10-15 cm depth in the last week of August whiie 9.5 was the highest.
The least pH remained at 8.0 in the 15-20 cm depth in the first week

of August while the highest pH became 9.6. The lowest pH dropped

to 6.5 in the 20-25 em while the highest rose to 9.7 (Table 7, Fig. 7).

In the coconut grove the least pH value from all the depths sampled
coincided with the f[irst week of August while the highest values were

from the third week of August. In the surface water the range was



34

§°8 L6 9°8 88 9°'8 0°6 | *8 "8 176 1*8 6°L - G°9 mo gz - 0¢
9°8 976 5°8 9°8 8°8 0°6 '8 Z°8 88 €8 0°8 '8 wo> gz - Sl
978 S76 9°8 98 L"8 878 0°8 £°8 0"6 Z°8 L°8 Z°8 wo gL - 0Of
z°8 0°6 L°8 S°8 £'8 £°8 B L LE £"8 6L 8°L Z°9 wo gL - S
1°8 8°8 "8 V-8 c'8 t°8 6°L 9°L £°8 0°8 8°L 1°9 wa g - 0
{8 B8 0°8 £°8 b 8 Z°8 8L 8L V8 08 0L 0°9 wo3304
0°8 0°6 0°8 -8 P8 L°8 L7t 8 L v°8 L8 6" L 6°L ape1iIng
cl Ll 0l 6 8 L 9 S va ¢ 4 L

(FACHONYW) Hd -7 "ON ATUVD



i, T P T r ey rrryg
S A S e e s 2

(e 2l gl S o, G e S0 S S ST Al S L W SV G A A D A o
o AT S e S0 A A S T T A R, O S S uQ\\U“\\.

= ! MR

12

1Sem

10cm
& 15 — 20cm

S5cm

W PP T TFEE

PN P o P

B Botiom
g —

0O Surface

Ko
85

| ST T S BB L AT G G S S AT AL APPSR BB
BT bl e Ll e Lkl L Lk L L P

o D ST B i D B o A Il G 5 g S S 4

)

AT ST ST PP T T AP B

L g AP T \\‘\\\“

............. P .E.‘nn AL TN -mkl..n-nn-ﬂ.ﬁ@“—ﬂﬂ.ﬂ.-..w..r%ﬁpﬁwm-ﬁ—ﬂwsm......- 4 . m
[T
o = *a
E
-
— »
°
P

U 1T ot gl il gl ool bl e
\“\\L“\t“\\\.\\\_ o ]
et P TL y et

,‘.‘_\‘ [l sl ol il o il e o o ]
L T N S T T T Y I YY) .

Y

.MANGROVE SITE

(

pH
[

| T ey i ¢ | PO (e e | T -
L - R EEEEE T EEES
OO O 0 W 0D @~~~ M~ O W W Ww W

o 7

(Mefer appendix 1)



G%°8 b8 G°8 L°8 9°8 G"8 68 z°6 €6 0°8 ¥ 8 gL wo ¢z - 02
7°8 78 £°8 9°8 G°g 98 0°6 z°6 v°6 z°8 £°8 ¢'r  wo 0z - Gt
£'8 7°8 z°8 9°8 S'8 9°8 68 s V6 6°L "8 $°9 wo gl - 0Ol
L°8 0°8 1L°8 F 8 £°B t°8 L™ 8 D6 0°6 L L 0°8 1°9 w2 0l - 4
6°L 1°8 1" 8 £°8 V'8 b8 GL™8 0°6 678 8L 0°8 S"9 wo ¢ - 0
8°L 0°8 18 P8 v°8 £°8 L"8 6°8 6°8 8L 18 0°L wo3304g
6" L L8 Z°8 '8 g8 ¥°8 L™8 6°8 06 L L 6"L g"L adejang

A Ll 0l 6 8 L 9 G- b € z L

(FA0YD INNOD0D) HA *8 “ON HIdVL



317

[] surface.
B Botton

MO —5cm
B s

— 1Qcm

B0 —15em

B 15 —20em

\.“‘

.,%

\1‘.-

Mu—_-

=E

\‘l‘“h\“\“}‘\q‘\\
\\.lrll ‘.\\\

P o O A | UIkll\k‘\NkwukL«N\ﬂNL‘leL S0P S Y S S 0 O S G S S P 1

L‘\k‘.\ Lux\\\l o &

i

.ﬁ- 1

ﬁﬁw

R

s

z
| a7 2

o AT i 2l 7 2 S ol G 45 P

A At SANA

ot Euu.uunu“uu“uuuu.!\\huuno\iiu\un.
t;’ ’\tre ‘\t ol ‘E‘

4.._.-:_ : .-:

«,.

ﬁ ot Xos LRt gt L T \k‘kh\ﬁﬁ\\ﬁhﬁ\ N\NL‘k\ﬁ1ﬁk.\ﬁLu.ﬁ
ol
=
o
=
(5]
[-+]
— E — ———— e | —— = — — =
Ll rr ﬂ..uN‘H T rrrrr o P e 2 g e o o = i O O i | n_w
() TN R S ; -
=
o
o
| -  PrLAUS
T - HL‘L-]L‘ il 5 NL.llﬁk‘HWHNL‘ﬁnﬁﬁ - NL‘“ -“b‘““‘h“‘\.\r\\.\.\‘““‘\.“\\‘s\
U N\u.ﬂ;uu\~\ M\M\-\..Wu..\u >HLH % (fﬂ&hﬁ“ﬂ”ﬂuﬂ;\“ﬂﬂ““ltaﬂ‘f\.‘ﬂﬁcﬂﬂﬂ_ctﬂ.‘@ |
N ﬂ_. qu ...... ; ot ...-ﬁ-u.m“..__.n. .qﬁﬂ-uﬂwﬂﬁ.ﬁ‘t.‘u... hﬂ.ﬂﬁuﬂn‘% 0 .Jb“._-\._ﬂ .o.\h\.‘ @
5 LR TIRY ..b.__:.:.b.‘ AV MYHRT, ...:_. _....._.:..
{ 5 3 AR {20
O
()
- ——— e —
s PP P P G SR TS IR DT CPTETE LS
T Pl G A 5 S 5 o .u.mﬁ\ P -t e o i 2
s ; _ ~
o
Py -i—
r T T L T T T L T T ¥ L1 T T T ¥ T L) \ o | e T L] T T T T T T T T T T Y L] T T T ¥ T L] o
DL NOOYTND DY T NOD® O T NO WY TN OO TN DWW T NO D@ W T MO
(- T T R - - B . < e N N S - N T- T T BT ST O OD ® OO ONN~NN~NNMMNDOO W OO
H Hd

Fig. 8
(*Refer apperdix 1)



38

9°8 L°8 P 8 678 L"8 0'6 878 t 6 Z2°6 [ 6°L i L wo gz - 02
9'¢ 9'8 p'8 6'8 6'8  6°8 88  p'6  L'6 16  6°L 6°9  wd gz =~ Sli
s'g 9'8 S8 0'6 88 68 6°8 €6 16 06 6L 0L wsL -0l
6°8 6" 8 076 276 6°8 0°6 0%8 076 6°8 88 8L 89 ws gL - S
6°8 L*6 6°8 L7 6 678 S°6 P 6 76 8°8 678 L°L L"9 w> g - 0
b6 06 06 16 26 v'6 €6 g6 L8 06 8L 69 wo33og
S'6 2°6 L6 26 16 6  £°6 16 G8°8 06  9°L- 89 20e3I08
Zl Ll 0l 6 8 L 9 S b £ Z L

(ONOd F¥ALInD) HA "6 "ON ITaVL



B 15—20em
0 20—25¢cm

£
{5 ]
n
|

o
B

O surface
& Bottom
M 0—5cm

A T P L S A T e A, A L S L

il Al it o d el 3 .
T B e e e etttk et

R S, S S P A P T L G

T A i S R G A PP o P
kg “\\“\_\\s‘““\“\“

RS RETAD -

39

T o A

PP I S A SPAiE o gt o iy sl el
LA P P AN P T PP i

)

s e P o S S P i

VoI T e S W e R T A Ty

CULTURE POND

(

pH

=

> L

B

O T U T S B O T R T TR O T TR T :Eﬂ P~

‘34
4 61
841

80
I T7-84
761
7.44
7-24
7 O+
68
6 6
644
9 B4
961
9 4+
9 2
9 0
88

9-61
B-21

941
921

207

8 61
8 44
8 21

,

i (RN (RN
T o0
-~~~

a 186

T
o
w

12

s g o s il g Ll
' T 5 g iy e 8,
PR T Ry AR )

‘*‘\"\“‘\\b\

Collections *
9

(sRefer appendix 1)

Fig.

et o g BAT N TR ALY

T
b o~ O
w W e W



40

from 7.0 to 9.0 while in the bottom water it was from 7.0 to 8.9. In
the interstitial water from the 0 -5 em depth this range became 6.5
to 9.0. In the 5-10 em depth the minimum pH was 6.1 and the maximum
9.0. In the 10-15¢m depth the pH range shifted from a minimum of
6.5 to a maximum of 9.4. The minimum pH increased to 7.5 in the 15-
20 em depth while the maximum remained at 9.4. In the lowest sampled
depth the minimum remained at 7.5 but the maximum pH changed slightly

to 9.3. (Table 8, Fig. 8).

The culture pond had & surface water pH range from 6.8 in the
first week of August to 9.5 in the first and last weeks of September.
In the bottom water the Jeast pH was 6.9 in the first week of August
and 9.4 in the first and last weeks of September. In the pH of the inter-
stitial water 'the 0-5 cm depth had a minimum of 6.7 in the first week
of August to 9.5 in the first week of éeptember. The range in the 5-10
em depth was 6.8 in the first week of August to 9.2 in the second week
of September. The least pH in the 10-15 em depth was 7.0 in the first
week of August and the maximum was 9.3 in the third week of the same
month. In the 15-20 cm depth the least pH was 6.9 in the first week
of August and the highest was 9.4 in the third week of August. The

lowest pH of the 20-25 cm became 7.1 in the first week of August

while, the highest remained at 9.4 in the third week of the same month

(Table 9, Fig. 9).

In the three ccosystems it was noticed that pH in the 0-5 cm

depth was more or less the same &S that in the column water, but below
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this layer generally an increase in pll was noticed.

While comparing the different ecosystems the culture pond had
comparatively higher values of pH than the mangrove and coconut grove

stations.

The two wuy ANOVA of the pH values from the different depths
were found to be insignificant even at 5% level while those from the

different ecosystems were found to be significant at 1% level (Appendix 1V).

Nitrate:

The maximum vulues of nitrate in the mangrove station in all
the depths were observed in the third week of September. In the surface

water the values runged from 0,098 ug at/l in the first week of August

/
to 1,578 jug at/l. In the bottom water the minimum value was 0.076
JUE at/l in the first week of September to 1.492 /U8 at/l. In the interstitial
water higher values were recorded with 0-5 em depth having minimum
of 0.166 /U8 at/l in the last week of August to a maximum of 2.243/ug at/l
The 5-10 cem depth sample had & minimum value of 0.491 /8 at/l In
the last week of August and a maximum of 3.678 /\8 at/l. In the 10—
15 em depth the least value of nitrate recorded was U.436 /U8 at/l in
the first week of September and the highest was 2.163 ,ug at/lL 0.236
g at/l was the least value of nitrate in the 15-20 cm depth sample
In

in the first week of August while the highest was 2.340 Pl at/lL.

the lowest sampled depth of 20-25 em 0.067 Jus ut/l was the least vulue
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of nitrate and 1.926 /ug at/l was the highest (Table 10, Fig.10).

In the coconut grove the minimum value of nitrate in the surface
water was recorded in the third week of August which was 0.033 /ug at/1
while the maximum value for the same was 0.306 /18 at/l in the third
week of September. . In the bottom water the minimum was 0.052 /\8
at/l in the third week of August and the maximum was 0.327 /ug at/l
in the third week of September. In the interstitial water in the 0-5 em
depth the minimum recorded value of nitrate was 0.083 /U8 at/l in the
third week of August and the maximum recorded value was 0.448 /U8 at/l
in the third week of September. In the 5-10 em depth the minimum
value increased to 0.122 /ug at/l while the maximum became 1.877 /ug at/l
0.017 /ug &t/.l was the least recorded value of nitrate from the 10-15 em
depth in the third week of August while 0.92 /U8 at/l was the highest
in the second week of August. The least value of the 15-20 em depth
was 0.028 /8 at/l in the third week of August and the highest was 0.760
/U8 at/l in the second week of August. Ir_1 the 20-25 em depth ﬁhg ni'tr'ate
value ranged from a minimum of 0.024 8 at/l in the third week of

August to 0.620 ,ug at/l in the first week of August (Table 11, Fig. 11).

/

The culture pond had nitrate values in the surface water ranging
from 0.002 /18 at/l in the beginning of the first week of August to 0.374

/ug at/l at the end of the first week of August. In the bottom water

the values ranged from 0.036 /U8 at/l in the third week of August to

0.485 ,ug at/l in the first week of the same month. In the interstitial

£

water sampled from 0.5 cm depth the minimum nitrate value recorded
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was 0,110 /U8 at/l in the third week of August and the maximum was
1.236 /U8 at/l in the first week of that month. The minimum value of
nitrate in the 5-10 cm depth increased to 0,236 Mg at/l in the third
week of August to 2.624 U8 at/l in the last week of September. In
the 10-15 e¢m depth the least wvalue of nitrate sank to 0.008 /U8 at/l
in the third week of September to 0.827 /Y8 at/l in the first week of
August. In the next sampled depth viz. 15-20 c¢m the minimum value
was 0.060 /8 at/l in the third week of August while the maximum value
was 0.896 /ug at/l in the first week of the same month. In the 20-
25 em depth the minimum nitrate value was recorded in the third week
of September viz. 0.074 /ug gat/l and the maximum was 0.932 /ug at/l

in the first week of August (Table 12, Fig. 12).

The nitrate values increased from the surface to the bottom in
the column water. The interstitial water samples also showed an increase
in the first two layers (0-5 em and 5-10 cm) after which a progressive

decrease was noticed.

Among the ecosystems covered the higher values were noticed

in the mangrove site while the coconut grove showed the least values,

The two-way ANOVA of the nitrate values from the different

depths and those from the different ecosystems were found to be significant

at 1% level (Appendix V).
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The surface water of the mangrove station had nitrite values ranging
from the least value of 0.028 UE at/l in the first week of August to
0.071 JUE at/l in the third week of September. In the bottom the fange
was between 0.026 /N8 at/l in the first week of August to 0.082 g at/l
in the first week of September. The interstitial water from the 05 em
depth showed a range in nitrite values from 0.043 /ug at/l in the last
week of August to 0.092 /U8 at/l in the third week of September. The
5-10 em depth had 0.042 /U8 at/l as the least value of nitrite recorded
in the first week of September with the highest value of nitrite recorded
in the third week of September viz. 0.099 f-ug at/i. In the 10-15 cm
depth 0,027 /U8 at/l, the least nitrite value was recorded in the first
week of August and 0.071 /ug at/l the highest nitrite value, was recorded
in the first week of September. The least value of nitrite in the 15-20 c¢m
depth was also recorded in the first week of August which was 0.029
/U8 at/l and the highest value of 0,079 /u8 at/l was recorded in the first
week of September, In the 20-25 c¢m depth the least nitrite values recorded
were 0.031 /U8 at/l in the third and last week of September and 0.090
ug at/l was the highest value recorded in the first week of September

/
{Table 13, Fig. 13).

In the coconut grove the least nitrite values were recorded in
the first week of September. In the surface water the minimum recorded
velue was 0.009 /ug at/l and the maximum was 0.243 ol at/l in the

second week of September. In the bottom water the values ranged between
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0.007 g at/l and u maximum of 0.289 g at/l in the third week of

/

August. In the 0-5 ein depth interstitial water sample the minimum was

0.012 ,ug at/l while the maximum was 0.386 /8 at/l in the second week

/

of September. The 5-10 m depth sample showed the widest range of values

with a4 minimum of 0.016 /U8 at/l and a maximum of 0.513 U8 at/l in
the third week of September. 0.006 /U8 at/l was the least wvalue of
nitrite in the 10-15 cm depth sample while the highest was 0.293 g
at/l in the third weck of August, In the 15-20 em depth the minimum
niteite value was 0.007 /ug at/l while the maximum was 0.300 [ug at/l
in the third week of August. In the lowest depth sampled viz. 20-25 c¢m
the least nitrite value was 0.007 Jug at/l and the highest was 0.318 /Y8 at/l

in the third week of September (Table 14, Fig. 14).

+

The culture pond had the least value of nitrite in the surface
water at 0,004 JuE at/l in the third week of September while the highest
was at 0.045 U8 at/l in the third week of August. In the bottom water
the minimn value was 0.009 /ug at/l in the first week of August and
third week of September to a maximum of (.057 /u8 at/l in the third
week of August, In the 0-8 em interstitial water sample nitrite wvalues
ranged between 0.033 /g at/l in the first weck of August to 0.152 /U8 at/l
in the first week of September. In the 5-10 em sample the minimum
vulue was 0,040 /ug at/l in the first week of August while the maximum
vitlue had moved uplo 0,256 /g at/l in the third week of August. 0.006
g at/l was the least value of nitrite in the 10-15 ecm depth sample
1n the last week of August while 0.087 /48 at/L in the third weck of

August was the highest value. The minimum value in the 15-20 em depth
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sample was 0.018 /M8 at/l in the first and last weeks of August while
the maximum value was 0,099 Jug at/l in the first week of September.
The minimum had risen marginally to 0.020 /ug at/l in the first week
of August in the 20-25 cm depth sample while the maximum value had

gone upto 0.117 ug at/l. (Table 15, Fig. 15).

Though the nitrite values from the’ mangrove station did not show
any regular trend in the other 2 ecosystems nitrite generally increased
from surface to bottom and in the interstitial water the increase was
upto the 5-10 em depth range from where & steep drop was observed in
the next level (viz. 10-15 em), Progressively lower values were recorded
downwards. In general it was noticed that the nitrite values obtained

were extremely low.

The two-way ANOVA showed that the nitrite values of the different
depths and those from the different ecosystems were significant at 1%

level (Appendix VI).

Growth data

The following was the length - weight data obtained from the
growth studies eonducted in the culture pond in the 60 day study period
in the 4 pens of one square metre dimension where Penaeus indicus

= 2
of 4-7 em total length was  stocked and cultured at a density of 25/m™.

‘The salinity from the surface, bottom and the interstitial water from
the 0-5 cm depth were also studied to observe its effect on the growth

of the prawns. Of the four pens one was kept as control while the other
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three were used us experimental pens and only the prawns in the experi-

mental pens were fed at a rate of 12% of the body weight every day.

length:
Average Average
Ave g
Stocrl?i%lz length st Length growth
length Harvest gained per day
(After 60 days) {(mm)
Control 5.28 (£ 0.462) 8.40 (£ 0.1817) 3.12 em 0.052
Experiment | 5.20 (+ 0.3564) 9.78 (& 2653) 4.58 em 0.076
Experiment 11 3.26 (+ 0.333) 9.96 (£ 0.2821) 4.70 em 0.078
Experiment [1I  5.34 (¢ 0.4946)  9.86 (¢ 0.2581) 4,52 em 0.075

Generully & steeper increase in length was observed between the 10th
day and the 35th day in the experimental pens while in the control it
was more pronounced between the 20th and 35th day and-later between

the 45th day and 50th day.

Weight
Average Average Weight Average
Stocking weight gained Growth
Weight at Haryest per  day
{After 60 days) (g)
Control 1.3447 {+ 0.1539) 3.5516 (+ 0.1631) 2.2069 g 0.037 g
Lxperiment | 1.2883 (& 0.1093) 5.0478 (& 0.3217) 3.73495 g 0.063 ¢
Experiment 1l 1.2880 (¢ 0.0458) 5.296 (¢ 0.3002) 4.0081 g 0.067 g
Experiment 1L 1.4180 (£ 0.1753) 5.0102 (x 0.2211) 3.5922 g 0.060 g
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in the case of experimental pens the weight data showed a
steep increase  between the 20th day and 35th day while the growth
in weight was more pronounced in the control between the 25th day and

40th day and later beyond the 45th day.

Survival:

From an initial stocking density of 25 animals per square metre

the final survival rate was as follows:-

Stocking Density at Percentage
rate Harvest Survival
. ; 2 2
Control 25/m 16/m 64 %
Experiment | 25/m* 21/m? 84%
Experiment li 25/m2 18/m2 2%
Experiment Il 25/m? 21/m? 84%

It can be noticed that the survival rate is higher in the experimental

pens with fed prawns than in the control with the unfed prawns.

Salinity
The salinity in all the pens had their minimum values in the first
week of August and the maximym wvalues in the third week of September.

The salinity in the surface water of the control varied from 1.29 ppt
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to 11.27 ppt. In the bottom the range was between 1.18 ppt and
11.68 ppt. In the interstitial water (0-5 em) the minimum was 0.68

ppt and maximum 12,96 ppt.

In the experiment number I the surface salinity had the least value
at 1.01 ppt and the highest at 11.52 ppt. In the botitom the variation
was from 1.16 ppt to 11.85 ppt. The interstitial water from the (-5

em depth had the minimum at 0.88 ppt and maximum at 13.32 ppt.

The experiment number II had salinity in the surface water from
0.96 ppt to 11.64 ppt. In the bottom the least value was at 1.20 ppt
and the highest at 11.90 ppt. The 0-5 em depth sample of interstitial

water had the minimum salinity of 1.07 ppt and the maximum of 13.64 ppt.

In the experiment number JI the surface water had the lowest
salinity of 0.82 ppt and the highest of 11.39 ppt. The bottom water
salinity had a minimum of 1.23 ppt and a maximum of 1177 ppt. The
interstitial water from the 0-5 cm depth had the lowest salinity value

of 1.36 ppt and the highest of 124,82 ppt.

According to the correlation mateix (Appendix VII) the length data

and surface water salinity values were correlated. with very high significan-

ce. 'The correlation between length data and bottom water salinity and that

Letween length data and interstitial water salinity of 0-5 cm depth was found
to be highly significant,

According to the correlation matrix (Appendix VII) the weight

(hits and surface salinity values were correlated significantly at 1% level
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The correlation between weight data and bottom salinity was highly signifi-
cant and that between weight data and interstitial salinity of the 0-

5 em depth was found to be significant at 1% level.



DISCUSSION

Among the three dilute salt water environments which are normally
suitable for prawn culture practices chosen for the present study, the
investigation carried out and data presented, the comparati\}élf high salinity
in the column and in the interstitial water in the mangrove station could
be due to the direet connection that the tidal canal of the mangrove
has with the sea, The coconut grove and culture pond stations have
comparatively lower salinities as the back water system that feeds them
is diluted by more freshwater inflows. The higher salinity in the culture
pond than in the coconut grove could be due to the proximity of the

former to the sea.

¥

The salinity of the surface water is lower than the bottom margi-

nally., This could be due to the high density of the higher seline waters,

It was observed in the three ecosystems that were studied that
the salinity of the interstitial water was always higher than that of the
- eolumn water. In the 0-5 em zone the salinity is higher than the water
immediately above it by 0.5 - 1.4 ppt though it is in direct contact with
the low saline water above, But immediately below, in 5-10 em depth,
salinity lower than the strata above it is observed. This becomes significant
when the 10-15 em strata belov shows an increase to that of the 5-10 cm.

From this depth onwards increase of salinity coincided with the increase
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of depth upto 20-25 em till which the present study was limited.

Mortimer (1941, 1942) while discussing chemical exchange in lakes
between sediments and water has arrived at & general conelusion that
various trapping mechanisms {(eg. adsorption and complex formation) in
the superficial oxidized sediments can preveat the trausport of materials
into the water., this could be the reason that there is a marked increase

in the salinity of the first layer of interstitial water viz. 0-5 em,

Lack of mixing in the interstitial waters causes the salts to concen-
trate with concentration increasing in the lower layers due to the increasing
density, Ganapati et al. (1962) found a variation of 1 ppt between the
interstitial and overlying waters on beaches on hot summer days. This
is in accordunce with the observations of this study where variations
of upto 1 ppt are observed between the column water and the consecutive

layers of the interstitial waters.

That the lowest of salinity values in all the sampled depths werefound
in one single sampling day during the first week of August and highest
values during the third week of September js notable and clearly explains

4 limited snd definite interaction between column and interstitial water.

The low salinity of the interstitial water between 5-10 em compared
to the 0-5 cm strata above and 10-15 cm strata below is intriguing and
1ot explainable. Perhaps had the study been extended downwards upto 50 cm

the finding would have thrown more light on the low saline 5-10 em slrata
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and most likely a eyeling of salt water would have Dbeen understood.

The decrease in salinity in the 5-10 em depth coincides with a

marginally lower temperature in this depth.

The culture pond shows the highest temperature amongst the three

ecosystems while the coconut grove shows the least.

In general like salinity, the temperature gradient in the interstitial
waters shows a fall of 0.5 to 1°C in the 5-10 ¢m depth than in the 0-5 ¢m

depth and gradually increased towards the lower layers.

The higher temperatures in the culture pond station could be due
to the lower water depth and also because the pen is directly exposed
to the sun. The lower temperature ranges in the coconut grove could

be due to the canopy of trees preventing the direct heating of the water,

The higher temperature in the surface water samples compared
to the bottom water samples could be due to the direet heating of the
surface water by sunlight and that water at lower temperature is denser
and hence sinks to the bottom,  Ganapathi et al, (1962) noticed that
temperature decreased with depth in the 15 em depth range that they
studied, This could explain the lower temperature of the 5-10 em depth
#5 compared to the (-5 cm depth. The..increase in temperature at the
lower depths could be due to the slower loss of heat from these layers

as we move away from the surface due to lack of any mixing forees.
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The culture pond showed higher pH values than the other 2 ecosystems
and there is only a very negligible difference between the coconut grove

and culture pond.

The sirface water, bottom water and the interstitial water from
the 0-5 em depth showed more or less the same pH in all the stations

though an increase in pli was noticed in the lower layers.

The comparatively higher pH in the culture pond ecould be due
to the higher photosynthetic activiy caused by the fertilising effects of
the feed used and the closed nature of the pond with less water exchan-
ge acting as a nutrient sump. The low pH recorded in all the station
in the first week of Auvgust could be caused due to the decomposition
of organic m'atter carried in by the flood water of the rains (Subnash
Chander (1986), Upadhayay (1388)). The increase in pH noticed in the
later collections could be due to the photosynthetic activity of_ phyto-
plankton and aquatic vegetation which removes the _CO2 from the water
column. Ganapathi et al. (1962) observed lower pH in interstitial waters
than the overlying waters which they attributed to the low oxygen and
high CO2 in this zone. Prasad (1982), Srinivasan (1982), Sugunan (1983)
and Singh (1987) while investigating the ecology of brackish water culture
systems near Cochin, reported high values of pH for water and sediments
during monsoon and post monsoon. But Ravindran {(1983), Chandran and

Ramamurthy (1984) Sheeba Susan Mathews (1992) reported that pH did

not show any seasonal and tidal variations.
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The nitrate and nitrate values in all the ecosystems showed a
general increase in the column water from the surface to bottom and
in the interstitial waters it incresed to a peak in the 5-10 em beyond

which low values were observed.

The higher velues of nitrate and nitrite observed in the mangrove
station could be due to its enrichment from the high amount of organie

input from the human settlement around.

Lerman and Brunskill (1971) while studying the migration of major
constituents from lake sediments to the lske water have suggested that
the higher concentrations of dissolved components in interstitial water
than in lske water indicate that there may be an upward flux across
the sediment water interphase and this flux must aceount for some fracfion
of the chemidal budget of the lskes, Components in the interstitial water
in all epproximation can be identified as those in sediments. Interruption
of the flux from bottom se diments, however shall result in & decrease
a concentration of dissolved components in the lake water compared to
the sediments. Venugopalan et al. (1975) stated that in Vellar estuary
monsoonal maximum of nitrogen compounds in water is found to be depleted
during post monsoon season by post monsoon bloom of phytoplankton,
This could explain the low values of nitrate and nitrite obtained in the
present study. The nitrate concentration in the interstitial water increases
to a maximum at the base of the zone of aerobic respiration and decreases

in the zone of denitrifiation (Bender et al. {1977)) whieh is in accordance
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with the data observed in the present study where the depth upto 10
em. could be the zone of aerobie respiration. Acecording to Maleolm and
Stanley (1982) the concentration of faetors like nitrate is mueh higher
in the sediment interstitial water than in the overlying water and this
leads to major fluxes across the sediment water interface. Mortimer
(1941, 1942) says that under oxidising conditions the ions except nitrute
and nitrite are adsorbed on soil colloids. The low retention eapacity
of the sediments with respect to nitrate and nitrite was also observed

by Dinesh Babu (19850).

in the control pen the bottom salinity ranged between 1.18 ppt
and 11.68 ppt. The recovery after 680 days growth was 64%. In exp_erime;
uts Ll & MLt is 84,72 & 84% respectively. The bottom salinity ra'nge' in
the 4 pens did ot vary much from one another and was between 1.16

ppt to 11.90 ppt.

Shylaja (1989) indicated that the juvenile Penaeus indicus of 40-70 mm

ean tolerate a wide range of salinity varying from 3.9 - 40.7 ppt under
environmental conditions. Kuttyamma (1980) noticed the extreme euryhaline
nature of juvenile P, indicus obtained from wild and reported 5.35 ppt
ag' the best survival limit, Based on laboratory rearing Nair and Krishnan-
ku'tly (1975) noticed that the growth rate of P. indieus was significantly
high in a salinity of 10 ppt for post larval stages and in a salinity of
30 ppt for juvenile prawns. Paul Raj and SanjeevaRaj (1982) found better
growth and survival rates at an optimum salinity range of 15-20 ppt levels..

Kulyanaraman (1983) found that P. indicus of 26 to 32 mm size range

have an optimum salinity preference of 20 ppt.
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From the above referred facts maximum tolerable limit at the
lower extreme is 3.9 ppt but the present study reveals that the juveniles
of 40-70 mm size group tolerated a low salinity of 1.16 ppt. This could
be due to the higher saline interstitial waters in the 0-5 c¢m depth and
the burrowing hab{ts of the particular species. Hindley's (1975) observation
that most penaeids burrow or remain inactive during the day, supports
this, The low survival in the control pen could be due to the lack of
feed and cannibalism. The growth per day values in the experimental
[ens are comparable to those obtained by George (1975) in the Cochin back-
waters, with the experimental pens showing higher wvalues, possibly due
to the feed given. The comparitively higher survival and growth rates
of the experimental pens than the control indicate that- th-e prawns in
them have carried on the normal life activities like feeding and growth

in the low salinities.

The higher correlation of the growth parameters viz., length and
weight with the salinity of the interestitial water than that with the
salinity of the bottom and surface samples of the column water strengthens
the possibility of prawns seeking the sub-soil environment in adverse condi-

tions (Appendix VIL).



SUMMARY

The work was undertaken with an objective to study the salinity,
temperature, pH, nitrate and nitrite of the interstitial water in comparison
with the column water of three ecosystems viz. a mangrove, a coconut
grove and a culture pond. All the ecosystems are situated on Vypeen

island, Kochi,

As the sampling procedures and sampling devices used in sampling
interstitial water in earlier studies were found unsuitable for the present
study an interstitial water sampler was designed and fabricated. It consisted
of four detachable parts (i) the basal cone, with threaded adaptors, (ii) an
encasing GI pipe, (iii) a ventilated PVC pipe and (iv) a filter candle
"~ with string of which the filter candle was the actual filtering and collect-
ing unit. The interstitial water was sampled from five different depths
from the soil surface downwards viz. (i) 0-5 em (ii) 5-10 em (iii) 10-15 em

(iv) 15-20 em and (v) 20-25 em.

The salinity was found to be highest in the mangrove station among
the ecosystems and least in the coconut grove. In the column water
the bottom samples were more saline than the surface and the interstitial
water was always more saline than the eolumn water in all the ecosystems
studied. In the interstitial water the salinity increased towards the lower
depths with a maximum in the 20-25 em depth, though the 5-10 e¢m depth

was an exception showing lower salinity than the strata above and below it.
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The culture pond showed the highest temperature amongst the
ecosystems and the coconut grove, the least. Though m tﬁe column the
temperature trend was opposite that of the salinity with the surface showing
higher temperature, in the soil the trend was similar to the salinity with
a general increase in. the lower deptls with the 5-10 em layer being an

exception showing lower temperature than the layers above and below

it.

The pH values were highest in the culture pond while eomparing
the ccosystems with the other two systems showing more or less similar
ranges. The column water and the 0-5 em depth showed more or less

the same pH with an increase in pH in the lower layers.

The r;itrate and nitrite values showed a general increase in the
column water from surface to bottom and 1:12 the interstitial water it
reached a peak in the 5-10 em layer beyond which low wvalues were observed
Generally the nitrite values obtained were very low. Among the ecosystems

the mangrove showed the highest values.

Simultaneous to the above studies conducted in the months of
August and September, a 60 day growth study was conducted in the culture

pond alone by growing the juveniles of Pengseus indicus of the 4-7 cm

size range in one square metre pens. One pen was maintained as control

where no feed was given whii,e in the other pens the animals were

fed at 12% body weight every day. The animals were stocked at a density

of 25 animals per square meter. Salinity from the surface water, bottoin
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water and interstitial water from the the 0-5 m depth of all the pens
were also studied regularly to correlate the same with growth. It was
found that the growth rate of the animals in the experimental pens were
significantly higher than the control though the salinity ranges were more

or less the same.
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Appendix I

Index of Collection dates

Cellection Number Date
1 03.08;9é"
2 07.08.92
3 12.08.92
4 17.08.92
5 22.08.92
5] 27.08.92
7 01.09.92
8 07.09.92
9 11,09.92
10 16.09.92
11 | 21.09.92
12 26.09.92

All the collections were carried out between 8 hrs and

12 hrs.
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Appendix II

Two way ANOVA (Salinity)

Means for first source (depths)

Depth . Means .
Surface 5.716945
Bottom 6.002778
0 - 5 ¢em €.790000
5 = 10 cm 6.529445
10 - 15 cm 7.714167
15 = 20 cm 8.660278
20 - 25 cm 9.543334

Means for second source (Ecosystems)

Svastem Mean

Mangrove 8.013097

Coconut grove 6.578453

Culture jpond 7.247144
ANOVA
Sourca df 55 S 2
First {depths) 6 435, 386 72.564 7.923
s.ocond(Eeosystems) 2 86.571 43,286 4.726
Intueraction 12 6.817 0.568 0.062
Cell totals 20 528.774 26,439 2.887
Erpriees 231 2115,749 9.159 1.000

Taral 251 2644,523
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Appendix I

Two way ANOVA (Temperature)

Means for first source (depths)

2epth Mean _

Atm. Temperature 28.8888489

Surface 29.777779

Bottom 28.819445

0 -3 cm 29.569445

5=-10 em 29.1111N1

10 - 13 em 30.069445

15 - 20 em 30.861111

20 - 25 em 31.583334
Means for sepond source (Ecosystems)

System Mean

Mangrove 29.031250

Coconut grove 28.796875

Culture pond 31.677084
ANOVA
Source df SS MS F
First (depths) 8 240.797 34.400 8.351
second {Ecosystems) 2 451.250 245.625 59.629
Interaction 14 10.906 0.779 0.189
Cell totals 23 742.953 32.302 7.842
Error 264 1087.469 4,119 1.000
Total 2817 1830.422
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Appendix IV

Two way ANOVA (pH)

Means for first source (depths)
Depth Mean
Surface 8,406945
Bottom 8311111
0 -5 ecm 8,309722
5- 10 em 8.280556
10 - 15 em 8.513889
15 = 20 em 8.569446
20 - 25 em 8.540278

Means for second source {Ecosystems)

System Mean

Mangrove 8.226192

Coconut grove 8.310715

Culture pond 8.719644
ANOVA
Source df 85 55 F
First {depth) 6 3.217 0.536 1.282
Second (Ecosystems) 2 11.707 5.854 13.952
Interaction 12 5.080 0.423 1.012
Cell totals 20 20.004 1.000 2.391
Lrror 231 96.637 0.418 1.000

Total 251 116.641




Appendix V

Two way ANOVA ( Nitrate)

Means for first source (depths)
Depth Mean
Surface 0.202389
Bottom 0.243472
0~-5cm 0.439694
3 - 10 em 1.108722
10 - 15 em 0.328306
15 - 20 em 0.451278
20 - 25 em 0.407528

Means for second source (Ecosystems)

System Mean

Mangrove 0.789250

Coconut grove 0.289917

Culture pond 0.370000
ANQVA
Source df sS MS F
First (depth) 6 19.378 3.230 16.612
Second (Ecosystems) 2 12.083 6.041 31.073
Interaction 12 3.704 0.309 1.588
Cell totals 20 35.164 1.758 9.043
Error 231 44.911 0.194 1.000

Total 291 80.076




Two way ANOVA (Nitrite)

Means for first source (depths)
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Appendix VI

Depth Mean

Surface 0.052722

Bottom 0.063750

0 -5em (0.109444

5-10 em 0.148389

10 - 15 em 0.067528

15 - 20 em 0.077444

20 - 25 ¢em 0.085222
Means for second source (Ecosystems)

System Mean

Mangrove 0.054762

Coconut grove 0.141310

Culture pond 0.0630000
ANQOVA
Source df 88 MS F
First (depth) 6 0.233 0.039 6.179
Second {Ecosystems) 2 0.383 U.192 30.561
Interaction 12 0.062 0.005 0.822
Cell totals 20 0.678 0.034 5.403
Error 231 1.449 0.006 1.000
Total 251 2.127




Correlation matrix ;

Length

Weight

Surface
salinity

Bottom
salinity

Interstitial
Salinity

Length

1.000

U.992

0.704

0.715

0.732
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Appendix Vi

Weight

1.000

0.871

0.684

0.698

(Growth and salinity)

Surface
Salinity

1.000

0.999

0.993

Bottom
Salinity

1.000

0.994

Interstitial
salinity

1.000



REFERENCES

BENDER, M.L., K.A, FANNING, P.N. FROELICH, G.R. HEATH and
V. MAYNAND, 1877, Interstitial nitrate profiles and oxidation

of sediinentary organic matter in the eastern equatorial Atlantic.
Science., 198: 605-609.

BUDDENSIEK, V., H. ENGEL, FLEISCHAUER, S. ROCOSSING, S.OLBRICH.
and K. WAECHTLER. 1990. Studies on the chemistry of interstitial
water taken from defined horizons in the fine sediments of bivalve
habitats in several northern German lowland waters 1. Sampling
techniques. Arch. Hydrobiol., 119(1): 55-64.

CARIGNAN, R. 1984, Interstitial water sampling by dialysis: Methodological
notes, Limnol. Oceanogr., 29(3): 667-670.

CHANDRAN, R. and K. RAMAMURTHY, 1984, Hydrobiclogical studies
in the 'gradient zone of the Vellar estuary. 1. Physico-chemical
parameters. Mahasagar, Bull. Nat. Inst. Oceanogr., 17(2): 69-77.

DfNESH BABU, A.P. 1985, Caleium exchanges between sediments and water
in some culture ponds with stress on carbonate and bicarbonate
alkalinities. M,Se. Dissertation, Cochin Univ. Sci. & Tech., 62 pp.

GANAPATHY, R. 1991, Scope for shrimp farming in India. Nat. Sem.
on Shrimp seed production & farming 12-13 Feb 1891, 1-5.

GANAPATI], P.N., and G. CHANDRASEKHARA RAQO. 1962, Ecology of
the interstitial fauna inhabiting the sandy beaches of Waltair coast.
J. mar. Biol. Ass. India., 4(1): 44-57.

GEORGE, M.J, 1975. Studies on the growth rate of Penaeus indicus in the
Cochin backwaters Bull. Dept. Mar. Sei. Univ. Cochin., 7(1): 41-55.




85

HESSLEIN, R.H. 1976, An in situ sampler for close interval pore water
studies. Limnol. Oceanogr., 271: 912-914,

HINDLEY, J.P,R. 1975. Effects of endogenous and some exogenous factors

on the activity of the juvenile banana prawn Penseus merguiensis.

Mar. Biol., 29: 1-18.

*
KOs0Y, A.E. . 1983, Improved method of interstitial water wringing
(Usovershenstvovanie protsedury otzhima ilovykh wvod} Okeanologiya.,
23(6): 1046-1048.

KURIAN, C.V and V.0, SEBASTIAN, 1976, Prawn and Prawn fisheries
of India. Publ, by Hindustan Publishing Corporation Printing Press,
Delhi, India, 280 pp. )

KUTTYAMMA, V.J. 1980. Studies on the prawns and the prawn larvae
of the Kayamkulam Lake and the Cochin Backwaters Ibid., 11(1):
1-35.

LERMAN, A. 'and G.J. BRUNSKILL. 1971. Migration of major constituents
from lake sediments into lake water and its bearing in lake water

composition. Limnol. Oceanogr., 16(6): 880 pp.

MALCOLM, 8.J. and 8.0. STANLEY. 1982. The sediment environment
Sediment Microbijology. Edited by Nedwell D.B & Crown C.M.
Publ by the Academic Press London, New York for the Society

for Gen. Microbiol., 1-14.

MATHEWS, S$.5. 1992. FEeological characteristies of prawn culture fields
in the Cochin area, Ph.D. Thesis, Cochin Univ. Sci. & Tech,,

154 pp.

MAYER, L.M. 1976. Chemical water sampling in lakes and sediments
with dialysis bags. Limnol. Oceanogr.,, 21: 902-912.

*  Qriginal in Russian.



86

MORTIMER, C.H. 1941. ‘The exchange of dissolved substances between
mud and water in lakes, J. Ecol., 29: 280-329.

MORTIMER, C.H. 1942, The exchange of dissolved substances between
mud and water in lakes, J. Eecol, 30: 147-201,

NAIR, S.R. SREEKUMARAN and M. KRISHNANKUTTY. 1975. Note on
the varying effects of salinity on the growth of the juveniles of
Penaeus indicus from the Cochin Backwaters. Bull. Dept. Mar.
Sei. Univ. Cochin, 8(1): 181-184,

PAUL RAJ, R. and P.J. SBANJEEVA RAJ. 1982. Effect of salinity on
growth and survival of three species of penaeid prawns. Proe.

Symp. Coastal Aquaeulture, 1: 236-243.

PEENAK, R.W. 1940. Ecology of the microscopic metazoa inhabiting
the sandy beaches of some Wisconsin lakes. Ecol. Monogr., 10(4):
349-550.

PRASAD, P.E. 1982, Studies on the soils of some brackish water prawn
culture fields around Cochin. M.Se. Dissertation, Cochin Univ.
Sei, & Tech., Cochin., 80 pp.

RAVINDRAN, N. 1983, Studies on the diurnal variation of certain environ-
mental parameters in culture ponds. M.Se. Dissertation.,, Cochin
Univ. Sei. & Tech., 84 pp.

SAAGER, P.M., J.P. SWEERTS and H.J. ELLERMEIJER. 1990. A simple
pore water sampler for coarse, sandy sediments of low porosity.
Limnol. Oceanogr., 35(3); 747-751,

SHYLAJA, K. 1989, Tolerance limits of salinity, temmperature, oxygen

and pH by the juveniles of prawn Penaeus indicus H. Milne Edwards.

M.Se. Dissertation, Cochin Univ. Seci. & Tech., 48 pp.




87

SINGH,D, 1987. Comparative studies on the ecology of bottom macrofauna
in Seasonal and perennial fish ponds and in the adjacent backwaters.
M.Se. Dissertation, Cochin Univ, Sei. & Tech., 108 pp.

SNEDECOR, G.W. and W.G. COCHRAN. 1967. Statistical methods. 6th
Ed., IOWA State Univ. Press. Ames. IOWA, USA., 593 pp.

SRINIVASAN, R, 1982. Studies on the distribution of benthos and hydro-
biological parameters in prawn culture systems. M.Se, Dissertation

Cochin  Univ. Sci. & Tech., 96 pp.

STRICKLAND, J.D.H., and T.R., PARSONS. 11968. A practical handbook

of seawater analysis, Fish Res. Bd. Canada. Bull,, 167: 311 pp.

SUBHASH CHANDER, 1986. Studies on ecophysioclogy of Pengeus indicus
il. Milne Edwards in the grow out system. Ph.D. Thesis, Cochin
Univ. Sci. & Tech,, 325 pp.

SUGUNAN, V. 1983. Ecology of meiobenthos in selected culture fields

around Cochin. M.Se. Dissertation, Cochin Univ. Sei. & Tech,,

838 pp.

UPADHAYAY, S. 1988. Physico-chemical characteristics of the Mahanadi
estuarine ecosystem, East Coast of India, Ipdian J. Mar. Sci.,
A7(1): 19-23,

VENUGOPALAN, U.K. and A. RAJENDRAN, 1975, Dissolved and particulate
nitrogen in Vellar estuary. Bull, Dept. Mar. Sci. University of

Cochin,, 7(4): 885-897.

WEILER, R,R. 1973. The interstitial water composition in the sediments
of the great lakes, 1. Western lake Ontario. Limnol. Oceanogr.,

18(6): 918-931,






