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FOREWORD

The southwsst coast, bearing the
brunt of the S.W. monsoon, is subject
to various dynamic seasonal changes. More
than a 100 km of the coastline is affected by
serious erosion during monsoon months,
while in some areas accretion takes place.
The contingntal shelf waters are highly
productive and sustain a large pelagic fishery,
consisting mainly of sardines, mackerel and
anchovy. The neritic bottom conditions are
also subject to major changes, particularly
through the process of upwelling, during the
monsoon and immediate post-monsoon
periods. A considerable amount of river runoff
also enters the sea to add to the nutrient
load in the inshore waters, In addition to
these, a very special phenomena occurs along
parts of the southwest coast, particularly
along Kerala coast, which is, in simple terms,
known as “mudbanks’” or Chakara. This
phenomenon, taking place in the coastal zone,
has bean known from time immemorial, but,
even to-date, we have no convincing evidencs
as to the origin and nature of dissipation of
the mudbanks of Kerala, particularly those
found between Ponnani and Quilon. The
phenomenon is all the more important as it
also enables a thrilling fishery to develop in
the coastal arga where the mudbank appears
during the height of the monsocon period.
The watsrs of th2 mudbank remain practicatly
an undisturbed sheet, while turbulent
conditions prevail along its outer fringes, a
situation brought about by the colloidal
suspension of fine silt or clay particles in the
water column. This calmness facilitates easy
operation of fishing canoes, which are frans-

ported from fishing villages several kilometres
north and south of the mudbank. Often several
influxes of prawn or pelagic fishes, such as
mackeral and sardine, from the adjacent open
seainto the mudbank area occur, when
bumper landings take place. Whan -market
conditions are good, this fishery is a boon
for several thousands of coastal fishermen
families, as otherwise operation of canoes
in heavy surf-ridden beaches is practically
impossible during the monsoon months.

With meagre facilities the late Sir Robert
C. Bristow had made a fairly exhaustive study
of the mudbank, and his work posed many
serious questions which remain unanswered
to this day, Besides, we are now aware that
mudbanks of different types occur, soms, in
the estuarine area, as a result of heavy flood
watars and silt, which may be transitory,
while the type of mudhank seen south of
Alleppey sustains itself for weeks. Consider-
ing the importance of this coastal phenomena
to the fisheries of this region, a baseline
and monitoring study was initiated by me in
1971 to study the mudbanks mainly at
Ambalapuzha-Purakkad-Thottappallyarea south
of Alleppey, A multi-disciplinary team
consisting of [ishery biologists, chemists
oceanographers, etc,, was formed to study
the physical and biolegical chartacteristics
of mudbank south of Alleppey, in order to
have an objective idea about their origin,
life and nature of dissipation. This report
embodies some of the essential aspects of
work carried out during these studies. |
wish to place on record my appreciation to
the team headed by Dr. A.V.S. Murty,



Senior Scientist, who have under great
strains and sacrifice carried out some very
useful observations on the mudbank of
Kerala, particularly the one south of Alleppey.
In no way could this report be considered
an end to the problem of the study of
mudbanks; on the other hand, we
should consider this as a basis for a national
eftort for studying this coastal phenomena
occurring along Kerala and Karnataka coasts.
It is hoped that such a national multi-
disciplinary effort would go a long way
in our better understanding of this problem.
This should also find an important place in

the national context of coastal zone manage-
ment of our country.

The frontispiece to this publication shows
the picture of Sitr Robert C. Bristow, who
made a special study on mudbanks as well
as on problams of coastali erosion and accr-
etion, enabling him to propound some views
and hypotheses on this. These have bsen, no
doubt, thought provoking and have stimulated
a considerable amount of work, and we feel
that itis only fitting that this volume be
dedicated to the memory of the late Sir Robert
C. Bristow as a token of our esteem.

E. G. SILAS
DIRECTOR

Central Marine Fisheries
Research Institute
Cochin-682018



ONE

INTRODUCTION

THE MUDBANKS, the formation of which
is a curious phenomenon reported hitherto
from enly the southwest coast of India,
appear over restricted areas on the Kerala-
south Karnataka coast during the inclement
S.W. monsoon as bodies of calm water,
where the wave action the coastal waters
at this time abounds with is almost absent,
largely due to a fine mud in a state of suspen-
sion. On a squally, surf-beaten coast, these
areas facilitate easy fishing operations of
country crafts, which otherwise idle away
during this harsh weather. For this reason
it gained much popularity, particularly of |ate,
among the coastal people.

Reports on mudbanks date back to the
early 18th century. But a serious scientific
study on them was not |nitiated until
nineteen-thirties, when Sir Robert Bristow
took it up in connection with his port man-
agement., His study, however, stimulated
further interest, and, because of its contri-
bution often to successful fisheries, with
spectacular catches of prawns and fish, parti-
cularly the shoaling forms, the mudbank has

attracted increasing attention from fishery
scientists.
Central Marine  Fisheries Research

Institute, being the chief body engaged in
fisherigs research, naturally got itseif soon
involved in a major programms of investi-
gation, assigning a team of scientists of
different disciplines to study the phenomenon
in detail. The following report embodies the
results of studies on some of the diverse
characters of the mudbanks in general, but
with particular emphasis to the Alleppey
mudbank, which is by far the most important
of all. Problems pertaining to physical,
chemical and biological aspects have been
dealt with in detail as far as possible, in

addition to critically reviewing the earlier
documented information. In the light of these
studies it has been possible to give an
explanation of the origin, maintenance and
dissolution of the mudbanks. However, it has
to be confessed with c¢andour that these
studies are by no means conclusive and,
neediess to say, a lot of multidisciplinary
effort still remains 1o be made, preferably as
a part of a national programme of manage*
ment of coastal zones,

The authors wish to express their thanks
to the authorities of the Cochin and the
Alleppey ports, especially to Capt. Rajan, the
then Port Officer, Alleppey, for furnishing
valuable information on the Alieppey mud-
bank. Their thanks are also due to the Depart-
ment of Chemistry, Agricultural University,
Mannuthy, for permitting them to carry out the
chemical eand mineral analyses at their labor-
atory. Shri R. Vasanthakumar, Smt. C. M,
Allikunju, Shri P, K. Swamy, Shri P. M.
Aboobaker and Shri N. P. Kunhikrishnan
deserve special thanks for their helps rendered
in the chamical anaiysis of the samples. Shri
K. L. K. Kesavan has helped in the preparation
of many of tha drawings. Shri P. Narayanan
of Cochin Port Trust deserves their special
thanks for procuting the photograph of Sir
R. C. Bristow, which is reproduced here on
the frontispiece. The Cochin Archives has
made available some of the early literature
ralevant to the present work. During the fieid
investigations, a good deal of local cooper-
ation and goodwill was forthcoming which
greatly facititated work, often under adverse
conditions, $pacial mention shou!d be made
here of the help rendered by Shri Sivanandan
of Ambalapuzha, Shri Devadattan of Purakkad,
and the crew of R.V. Cadalmin-l of the
Institute,



TWO

MUDBANKS OF KERALA-KARNATAKA-—-NEED FOR
AN INTEGRATED STUDY

E. G. SILAS
Central Marine Fisheries Research Institute, Cochin

INTRODUCTION

We have documented reports of the
mudbanks along the south-west coast
bhetween Mangalare and Quilon for well over
three hundred vyears. However, sequential
record of their occurrence in time and space is
wanting, This phenomenon in Kerala, typi-
cally as occurs south of Alleppey (Fig. 1), is
known as Chskara. or Santhakare (“quiet
shores’”). During the last two decades the
presence or absehce of the Chakara pheno-
menon has attracted considerable attention of
the fisheries sector, resulting in a number of
useful studies on mudbanks covering specific
aspects. Yet we are far from having precise
answers to the problem of the mode of its
origin, establishment, stability and dissip-
ation, except propounding some hypotheses
and suggestions based on physico-chemical
and biological data.

The recent past has also seen large-scale
erosion salong long stretches of this coast
and consequent serious impairment of the
life of those living in the coastal zone. Since
1973, the mudbank has not developed to the
extent anticipated, to sustain any major
fishing activity along the coast. This, com-
bined with extensive erosion, has created
serious socio-economic problems in the
coastal sector. Of a good mudbank season,
the primary beneficiary is the artisanal fisher-
man, who is abie to operate his canoe fromthe
calm waters of the mudbank and often land
heavy catches of shoals which enter the
area. Owing to heavy surf along other parts
of the coast, fishing in the artisanal sector is
generally at a standstill during the monsoon
season. As such, the formation of mudbank

2

is eagerly awaited as it portends good fishing,
and hundreds of canoes arg transported by
road to the sites of the mudbanks from
villages even 50 to 60 km north and south.

Thase multifarious factors focus attention
on an imperative need for developing an
integrated multidisciplinary programme to
study the mechanisms of mudbank formation,
its life and dissipation and its impact on the
coastal zone.

HISTORICAL RESUME

In the two volumes entitled “History of
Mud Bank* Bristow (1938} refers to the early
works on mudbanks, which are mainly
narrative in nature. He glso opines on the
various pessibilitiss of the mode of formation
of the mudbanks.

Probably, the first mention of the mud.
banks along the southwast coast in recordéd
history is a mention as early as 1678 in
Pinkerton’s “Collections of voyages and
travels,”” appearing in the Administration
Report of 1860 of Travancore. In his book,
“A New History of the East India,” Capt.
Cope (1765) spoke of the Alleppey mudbank
("“"mud bay" as he calls), which, he says, is a
place that few can parallel in the worid.
Crawford (1860) may be credited with
attempiing the first possibie explanation of
the source of the Alleppey mudbank. Based
on personal observations of mud cones on
the beach and on roads of Alleppey, Crawford
found cause for linking them with the back-
waters and rivers. His observations of bursting
of mud and water, during the widening of the
Alleppey canal, and his attempt to sound the

MUDBANKS
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‘Linus* ot Chengannur River, strengthened his
opinion that subterranean mud sustained the
Alleppey mudbank. The observations of Logam
(1882) further help us to note the importance
of subterranean mud deposits.
""deep pot-holes in the lake east of Alleppey
and with a rise of 4' to 6', as occuredin the
floods of 1882, it can be easily believed that
the enormous pressure thus caused would
force relief ways for itself below the
coastline through soft muds.”’

King (1881), in a report on “Consider-
ations on the smooth water anchorage of
mudbanks of Narakkal and Alleppey on the
Travancore coast,” discussed the migration
and formation of the mudbanks between
Alieppey and Purakkad and between Cochip
and Narakkal. A siginificant observation was
that of Rhode {(1888; /n; Bristow 1938), who
spoke of fluid mud existing below Alieppsy,
and thereby postulating that the mudbank at
Alleppey increases and diminishes as the level
of the inland water rises and falls, as was
observable during the 1882 floods. Opining on
the same lines Drury (1906; was of the view
that, in the absence of a natural outlet for the
vast accumulation of waters which are poured
down from the various mountain streams inio
the basin of the backwater, nearer than 36
miles on either side, itis not improbable that
there exists a8 subterranean channel communi-
cation with the sea from the backwater,
through which large quantity of mud is carried
off and thrown up again by the sea in the
from of & bank. According to Lake {1889), ""it
is to the observation of Mr. Rhode and of his
predecessor, Mr Crawford, that we owe most
of our knowledge of the Alleppey mudbank,
and there is very litile to add to what they
have already recorded.”’ He also reported on
the occurrence of mud cones in his report on
the Alleppey mudbank,

For more on these and for other raferences

to the mudbanks, | would direct the reader to

the comprehensive treatise of Bristow (1938)
on the “History of the Mudbanks”, wherein
tie has aiso added his exhaustive cbservations
on the formation. maintenance and movements
of the mudbanks at Alleppey and MNarakkal.
The mudbank at Narakkal plays an important
role in the silting of the Cachin Harbour cha-
nnel and was the cause for a Special report by
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He found.

Du Cane et al. {1938). This report aiso does
not favour the view that an increase inthe
water level in the take would result in mud
being pushed up in the adjacent coastal area.
due to the insufficient pressure (2 Ibs/sq. inch)
that even a 5’ rise in water would create, Nor
is the consistency of the mud of the mudbank
the same as that found in the lake, the latter
having a high percentage of carbon and a lot
of wvegetable debris. However, | fesl that a
critical study of this is necessary, which will
also necessitate borings and soil studies at
different depths in the lake, intervening land
area and the Purakkad inshore waters.

The post-war period saw a renewed inter-
est in the studies on the coastal ecosystem.
This has led to more specialised investigations
on the mudbank ecosystem as summarised
below: Seshappa (1953) and Seshappa and
Jayaraman (1956) have studied the phosphate
content of the mudbank at Calicut and noticed
Higher phosphate concentrations. Ramasastry
and Myrland (1959) stated that the forma-
tion of the mudbank is associated with
upwelling and divergence near the bottom
between 20 and 30 m along the coastal line,
which produce vertical acceleration, with
resultant lifting of the bottom waters; the
lifted bottom water carries along with it the
fine mud of the bottom. Nair et al (1966)
have studied the mud deposited on the
sandy beaches of the Vypeen island near
Cochin after a storm, for its physical and
chemical properties, in order to understand
the source and mechanism of mud deposition.
A comparative study of these sediments with
that obtained from offshore samples has also
been made. They came 10 the conclusion that
the mud deposited on the beach was from the
nearshore ‘areas, as it was composed of
dredged material transported northward from
Ernakulam channel. Varadachari (1966) has
discussed the part played by the estuaries and
mudbanks of Kerala coast on shore-line

 configuration. Varadachari and Murty (1966)

have made some observations on a temporary
mud flat that appeared between Cochin
harbour entrance channel and Elamkunnapuzha,
during a storm in December 1965, Damodaran
and Hridayanathan (1966) suggest that
lowering of surface salinity and a flocculation
effect caused by the same keeps the mud in
suspension. Rao (1967) has given an account

. MUDBANKS



FURY OF THE SEA

PLATE Il. Heavy monsoon seas and coastal erosion at Chellanam and adjacent areas on the
Alleppey-Cochin coast.



MUDBANK AT PURAKKAD

PLATE [ll. A: Calm waters of the mudbank: B: Boat-seine, Thanguvala, operation; C: Awaiting
the catch; D: Ice packing of fish before loading on cycles; E: Catch of Lesser
sardines; and F: Heavy catch of Parapenaeopsis styfifers at the Purakad mudbank.



HARVEST FROM MUDBANK

PLATE IV. A. Oilsardine; B: a mixed catch: C: prawns spread out for drying: D: Shelling of
prawns, after drying; E: a mixed catch of prawns, crabs and fishes; and F: Fishvans
at Purakad waiting for transporting prawn and fish catch from mudbank.



of the fishery aspects of the mudbank at
Alleppsy with some considerations on the
physico chemical features. Dora et al (1968)
carried out investigations on the texture of
MNarakkal mudbank sediments.

- Varma and Kurup (1969) opined that the
formation of the mudbank is the result of the
inferaction between the inshore and offshore
transport of sediments in suspension, the
former by waves and the latter by rip-flows.
According to Kurup (1872), the converging
littoral currents in the inshore waters of
the Kerala coast have influence on the shore-
line changes along the coast and play an
important role on the formation of the mud-
bank south of Alteppey. Iyer and Moni (1972)
evaluated the effects of mudbanks on the
shore-line stability. Gopinathan and Qasim
(1974) have investigated the formation and
characteristics of the Alieppey mudbank,
The otganic carbon of the mudbank sediments
of Alleppey have been studied by Jacob and
Qasim (1974). Two recent fairly exhaustive
works are; first, a detailed investigation on
the meiobenthos and macrobenthos of the
mudbanks an the south-west coast of India
by Damodaran (1273) and, second, a study of
the physical aspects of the mudbank including
the texture of saediments, by Kurup (1977}.
Mathew et al (1977)) have studied the
diurnat  variations in the distribution of
zooplankton in relation to currents and other
ecological parameters of the mudbank of
Alleppey. Recently, McPherson and Kurup
{1981,) postulated a mathematical model to
explain the wave damping at the mudbank.

Information was gathered from several
sources, including statements by inhabitants
in the fishing village. A fisherman (70 years
old} of Punnapra stated that he had never
seen mud cones at Punnapra area in his life-
time; but he remembered that there was a well-
formed mudbank at north Punnapra during
1950. Another person stated that, in the late
fifties, the seat of the mudbank was at south
Punnapra with its southern end at Nirkunnam,
and this was so until 1968, Then i shiffed to
Valanjavazhi in 1969 and Nirkunnam and
Ayyancoil became respectively the northern
and southern ends of the mudbank. Local
fishermen also stated that mud cones were
observed on the land at Nirkunnam in 1969.
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In 1971 and 1972 the northern periphery of the
mudbank was observed at Kakkazham, where
the mud cones were observed in 1972 on the
beach and in the infer-tidal zone. 1in 1973,
there was no proper mudbank formation at
Karoor-Ayyankoil, and the situation has re-
mained so in subsequent years, when only
‘incipient’ mudbanks or ‘evanescent’ mudbanks
have occurred. Thus Purakkad was the location
of mudbank in 1974 and 1975. In 1976 it
moved further south to appear betwesn Pura-
kkad and Thottappally. Since 1976, until the
mudbank season in 1980, the mudbank appe-
ared at Thottappally, north of the spillway,
In 1981 two mudbanks were observed in the
Alleppey region, one at Punnapra and the
other at Thottappally-Pallana region. However,
all the post-1973 mudbanks south of Alleppey
have been very evanescent ones of not any
great consequence.

TYPES OF MUDBANKS

Studies thus far carried out indicate that
the mudbank could result from different fact-
ors, such as :

a) erosion, accretion and transport of
sediments,

b) ftransporstation of sediments through

vpwelling or currents in the coastal
waters,

c) transport of sediments to the river
mouth,

d) formation of mud cones
pressure in the lake site ; and

due to

o) dredged gludge which is dumped into
the inshore sea.

The need of the hour is a critical study of
the various types of mudbanks and the mecha-
nisms which are responsible for them under
different situations.

Remote sensing and satellite imagery technique
for studying mudbanks

It is necessary to abtain synoptic pictures
of the river discharges in the inshore waters
and the indication of formation or build up of
sediments to form mudbank, and the related
features between Quilon and Mangalare. The
manpower and facilities required for monit-
oring such a long stretch of coast will be

b



tremendous and, as such, the time has come
for techniques such as remote sensing and
satellite imagery to be taken advantage of to
record the events synoptically. This will also
facilitate monitoring the water shed of the
rivers to assess the run off and the amount of
inflow in the inshore waters. Because of the
multifarious uses to which river waters are
presently put it is only a short time before
major imbalances may develop in the coastal
regime, affecting its fertility as weil as the
other associated naturai phenomena. Fortuna-
tely, intensive monitoring systems can be
developed and today we are aware of the
magnituede of the problems and how to appro-
ach the same.

Some priorities for consideration in future inte-
grated investigations on mudbank

1. The stabilisation of the coastal track by use
of appropriate vegetation is an area which
needs investigations. This is necessary
on gccount of the considerable erosion
along long siretches of the coast. The
imporiance of rehabilitation of mangrove
vegetation as well as other plant com-
munity for stabilizing the beaches and the
sublittoral should be given priority.

2. The flocculation of cohesive sediments in
suspension and the agglomeration of parti.
cles added by bioclogical organisms and
the subsequent rate of sedimentation, is
area which is yet 1o be understood. Simil-
arly the inter-action between various
biological and physical processes involved
and accretion and fine-grain sediments in
the areas adjacent to the mudbanks is
practically unknown.

3. To-date we have no idea of the role of
epiphytic micioflora and diatoms which
produce mucus and thereby accretion of
intertidal mud deposition.

4. We know little about action of inverte-
brates on sediment deposition.

5. Normaily, suspended sedimentary material
should be a repository of trace metals as
well as heavy metals, We have practically
no information as to the extent that mud-
banks contribute towards this.

6. The role of micro-biota in organic degra-
dation and process of recycling is yet
another area wheare information is lacking.

7. We have no information on sediment oxy-
gen demand and the rate of oxygen trans-
ference in the mudbank.

8. The ""critical limit"’ or "critical depth’* for
defining the boundary based on tha sus~
pended or silt disiribution in the mudbank
has not been vroperly defined, This is
important as the outer boundary may be
oscillating, depending on the load of
suspended matter. Qur present projections
in this are arbitrary.

9. The question may be asked as to whether
we have any idea of the mudbank sedi-
ments as concentrating mechanisms of
organic and inorganic materials. The
answer is no! Similarly, we lack in inform.
ation on entrainment, deposition and
transport of fine grain sediments in the
mudbank,

10. Is there a way of estimating annual/sea-
sonal total budget of substances of the
mudbank, which separate from mud to the
water? Particularly suspended materials and
trace metals? The answer at present is no.

11. Absolutely no information is available
from the mudbank studies on the bio-geo-
chemical cycles taking place there.

12. We have no information on the role of
microbial metabolism in the mud sedi-
ments and the role it may play in mobili-
sation of phosphorus,

13. The optimum/maximum of trace metals in
this natural ecosystem of mudbank is
still unknown, There is hardly any inform-
ation to assess trace metal uptake in
sadiments and suspended metals—to un-
derstand the modus operandi—whether it
is through physico-chemical absorption or
through physical accumulation of metal
enrichment of particulate matter. O
through biologicai uptake.

14. There is a lack of information on biologi-
cal uptake; the role of bacterial population
in this process and the mineralisation of

MUDBANKS
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algal matter by bacteria are practically
unknown.

15, The earlier works clearly indicate that
nematodes constitute numerically the most
important component of the meiofauna of
the mudbanks., Howsever, we have no
information on the nematodes-bacteria
inferaction. The burying and feeding acti-
vity of nematodes may help inimproving
exchange of metabolites and other essen-
tial nutrients for bacteria to maintain the
latter at the point of maximum growth,
Nematodes also assist in the process of
bio-turbination. According fo Platt and
Warwich (1980), nemaiodes are primary
consumers of food for higher organisms
and they play a vital subsidiary role in
organic decomposition and in modifying
the physical stability of sediments. More
work on the nematodes in the mudbank
area is necessary.

16. Often large quantities of benthic animals,
such as tube-welling polychastes and
bivalves, are found accumulated in the
intertidal area when the mudbank exists.
The causative factors for their displace-
ment from natural beds in the mudbank
area needs study.

17. Examination of core samples frem the
mudbank and adjacent areas is necessary
to understand as to how long this pheno-
menan in the Alleppey region has been in
axisience.

In the foliowing reports stress has been
made to study some aspects of the physico-
chemical and biological aspects of the mud-
bank. It is hoped that this will stimulate more
intensive studies of an integrated nature in
future by collaboration and coordination of
work with other interested agencies,
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Coastal zone managemeni—need for a national
policy
The mudbank is a phenomencn of the

coastal zone. The management problems
connected with it during a year of successful
mudbank formation, particularly between
Quilon and Cochin, are up to now tackled on
an ad-hoc or temporary basic. There is an
imperative need for a national coastal mana-
gement strategy to be developed 1o look
constructively at these and other phenomena
and shape public policy. A large share of this
responsibility will rest with the Department
of Environment, Government of India, which
should develop a strategy, that would also
improve the quality of life of the people invol-
ved in various activities along the coastal
zona. This would involve also a judicious
development of aquaculture practices in the
sea and in the adjacent inundated brackish-
water areas; theinterest of the artisanal fisher-
mehn and fisheries; the development of harbour .
and other infrastructure; the proper manage-
ment of the mangrove sco-systems; and the
protection and safety of the estuarine areas
from industrial pollution; besides monitoring
of human interference on the rivers and water-
sheds, which eventually upsets run off into
the sea and thereby affects deleteriously the
coastal eco-systems, problems of erosion and
accretion, and special phenomena such as
mudbanks and their importance in influencing

the toastal zone management.

It is hoped that priority will be given to
avolving a coastal zone management policy
for the country taking alsc into account an
integrated approach of demographic and
environmental problems of the coastal zone,
No doubt, the Department of Environment,
Government of India, has to play a nodal
function in clese liaison with the concerned
maritime States and Union Territories. We
hope that this Report will c¢reate an
awareness in this direction and stimulate
positive action.
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HYPOTHESES ON MUDBANKS
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ABSTRACT

The report gives a critical appraisal of the wvarious
hypotheses on the formation and the characteristic calmneass
of the mudbanks, in the ligt of the auther’s findings, with
special referance to the Alleppey mudbank. A detailed
account on various types of mudbanks along the southwest
coast of India is also presented.

INTRODUCTION

The mudbanks, though confined to the
near-shore waters, is a phenomenon still not
fully explained. The formation of mudbanks at
the vicinity of river mouths, such as Korapuzha,
Bharathapuzha, Chetwai and Azhikode, and
Cochin bar mouths, where clay and vegetable
debris brought down by the rivers are depo-
sited on the downward side of the littoral
currents, is easy to understand. But, the mud-
banks at places where there are no river dis-
charges, as at Alleppey, are rather difficult to
explain. There are many hypotheses put
forward to explain specific aspects, such as
the source of the mud and its role in calming
down the waves. These hypotheses are
briefly discussed here in the light of the
present observations.

SOQURCE OF MUD

Sir Rohert C. Bristow, former Adminis—
trator-cum-Chief Engineer of Cochin Harbour,
who was also the chief architect of the
Willingdon Island, compiled "'The History of
Mudbanks” from the then available records,
which was published in 1938. It details the
views held by the earlier authors on the for-
mation and other aspects, mainly of the
Alleppey and Narakkal mudbanks, and a hypo-
thesis of Bristow himself. The foliowing is a
discussion on the various theories, advanced
before and after Bristow., weighing the merits
and demerits of each one of them,
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1. Subterranean Passage Hypothesis

Crawford (1860; in: Bristow 1938) was the
first to advance a hypothesis — the Subter-
ranean Passage Hypothesis —- to explain the
source of the mud of the Alleppey mudbank.
He observed the formation of mud cones on
the beaches and in the roads of Alleppsy in
1856. This led him fo suggest the existence
of a subterranean passage, or stream, or a
succession of them, that becomes more active
during heavy rains, particularly in the com-
mencement of the monsoon, carrying off the
accumuiating water and with it vast quantities
of soft mud from some of the inland rivers
and backwater to the sea.

Later Capt, Drury (In: Bristow 1938), ob-
serving the deposition of so large a quantity
of mud in the open sea, about 2 or 3 miles
from the shore and many miles from any bar
mouth or outlet from the backwater, suggested
that it is not improbable that there existsa
subterranean channel through which large
quantity of mud is caried off into the sea,
where it is thrown up in the form of a bank.
He stated that the mud thus formed gradually
floated southward with the littoral currents
and fraesh banks are formed whenever the
hydraulic pressure of the inland backwater
increases sufficiently to overcome the sub-
terranean resistance of the stratum of fluid
mud which is formed at certain p!aces.

According to King {1881), the mudbank
may be entirely duejto the discharge of mud
frem under the lands of Alleppsey, Purakkad
and Narakkal, being affected by the percolation
or undetground passage of lagoon water info
the sea

Philip Lake (1889;in: Bristow 1938) differed
from the visews held by the previous odservers
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on the source of mud for the Alleppey mud-
bank, He opined that the Alleppey mudbank is
formed not from the backwater mud, but from
an older river deposit found only at particular
points along the coast. He further stated that,
with regard to the existence of subtarranean
channels, it might well be doubied whether
any could existin such unstable deposit as
found there,

John Rhode (1886; in: Bristow 1938) for-
mer Master of Alleppey Port, suggested that
a fluid mud strata exisis below Alleppsy.

The consensus of opinions stated above
{eads to the conclusion that there is an under-
ground discharge of water, at any rate, into
the sea from the lagoon and river system
behind the Alleppey-Purakkad coast during
flood time, the inland water being at a higher
level. This passage of underground water
must, more particularly during heavy rains,
pour out with it large quantity of the mud.

2. Hypothesis of water bearing stratum

Bristow (1938) ruled out the prossibility
of the existence of an underground river at
Alleppey. His argument is that it is impossible
for the backwater to rise more than a foot
without flooding the lower parts of the neck
of land separating the backwater from the sea.
at many points between Cochin and Alleppey.
Basides, a head of 5 ft.. the maximum possible,
would give a pressure of only about 21 Ibs/sq.
inch, which is not enough to overcome the
frictional resistance set up by solids in
suspension, According to him, what is more
likely is that a water-bearing stratum exists at
a good depth, which brings down water from
the hills and crops out under the sea at
varying distances from the shore, thereby
lifting the bottom mud above it and anything
sufficiently buoyant that lies buried in the
mud.

3. River deposition hypothesis

According to Ducane et al (1938), the
chemical analysis of the backwater mud and
the mudbank mud reveals different char-
acteristics. The mud of the mudbank is green-
ish, very cily, but mixable with waier, whereas
the mud of the backwater is black and is full of
vegetable debris and is immiscible with water,
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This difference led Ducaners team to conclude
that the mud of the mudbank might be from an
older source. They held the view that the
lateritefalluvial sediments from the land are
run down by the rivers and are deposited on
the seabed close to the shore in a regular
process of river discharge and the sediment
deposit thus accumulated near the coastis
churned up by monsoon waves, and .thus the
mudbank is formed.

This explanation is, however, convincing
with regard to the mudbanks forming near
river mouths and bar mouths. But the mudbank
near Alleppey cannot be explained by this hy-
pothesis, because there is no river or back-
water emptying in the nearby area,

4, The Upwelling hypothesis

Ramasastry and Myrland (1959) associated
the formation of mudbanks with the upwelling
along the west coast of India during the south-
west monsoon, the upward movement of
water lifting the boitom mud.

The presence. of upwelling according to
them is only at about 20-30 m bathymetric
lines of the coastal waters. It is worthwhile to
mention here that the presence of upwelling
at such depths, however, does not help to ex-
plain the formation ot mudbank from shore to
10 m depth, unless there is some other
mechanism in the region of the bathymetric
difference of the locations of the twoe pro-
cesses. Secondly, unless upwelling extends
down to the bottom, which is unlikely, the
mechanism would not be able to lift the bottom
mud. Thirdly, why the mud banks are limited
to only certain regions when upwelling is
there all along the southwest coast (Rama-
mirtham and Rao 1973) is not sxplainable.

FORMATION OF MUD SUSPENSION AND
THE CALMNESS ASSOCIATED WITH THE
MUDBANK.

1. The Deflocculation hypothesis

Flocculalion is the process in which fine
particles are brought together and clustered
to become heavier masses so that they would
be pulied down by gravity. Keen and Russel
(Ducane et al 1838) found in their experiment
that the mud of the mudbank completely
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settled (flocculated} when salinity was greater
than 20%, and it remained suspended (doflo-
cculated) at salinity lowar than 2,69%,. This
hypothesis was adopied by Kurup (1969) and
Padmanabhan and Eswaran Pillai (1971) to ex-
plain the calmness of mudbank.

As low as 17.049%, salinity was reported by
Damodaran and Hridayanathan (1968) during
August 1966 from the surface waters of
Cochin mudbank. Nevertheless, the bottom
waters always recorded high values and never
went below 33%, (lyer and Moni, 1972).

Periodical ohservations at Alleppey mud-
bank, which extended from Valanjavazhi in the
north to Purakkad in the couth during the
mudbanks of 1971 and 1972 indicated salinity
values as shown in Table 1. it would be seen
from the table that the mudbank, both at
surface and bottom, maintained well above
the upper limit for deflocculation.

Table 1. Salinity values (%.) at surface and
bottom at the mudbank during 1977-72,

(S=Surface, B=Bottom).

Valanja-  Valanja- Ambala- Purakkad
vazhi vazai puzha
east west
19718 32.22 32.28 30.89 30.74
B 3370 32.12 .81 30.89
19728 29.28 30.34 29.82 30.02
B 27.76 29.05 29.50 31.47

Even admitting {hat surface water s
diluted by freshwater influx to the optimum
level at some places, botiom water at no
place recorded the required low salinity fo,
deflocculation, showing that the water im-
mediately in contact with the mud itself is not
in favour of deflocculation:

2. The Hypothesis of oil i walsr as an agent
to cause calmness

King (1881) suggested, based on the
analysis made by F. R. Mallet, that some
brownish-yellow oily matter was present in
the mud ccoliected from the Allappey bank,
which he thought, when released into the
water, to be the main agent responsible for
bringing about c¢slmness over the Alleppey
mudbank. Lake (1880), however, discredited
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this hypothesis. Later the anatysis of Keen and
Russel showed that there was no such oily
matter in the mud at Alleppey.

3. Hypothesis of elastic nature of mud and its
role in producing calmness

Another suggestion was that the mudis
of springy or elastic nature and hence is able,
by alternate contractions and expansions, &s
the wave passed over it,to absorb the wave
energy, so bringing them to rest. Keen and
Russel (1983; in: Ducane et al) discarded this
view. According to them the primary charac-
teristic of any mud is thatit is plastic not
elastic, i e., it will alter its shape or configur-
ation under external forces, but will not
resume its original shape when the deforming
force is withdrawn.

4. Thixotropic hypothesis

From the known principles of hydro-
dynamics and from the results ot experiments
Keen and Russel {(in: Ducane et al 1938) con-
cluded that the calming effect is due to the
kinematic viscosity and thixotropic properties
of the muddy suspensions produced in the
mensoon. They are of the opinion that, when
the heavy waves and swells of the monsoon
reach the shoal bottom at the seaward fringe
of the mudbank, the alternation of stresses
associated with ridge and trough of the waves
brings mud into suspension. The suspended
mud increases the kinematic viscosity of the
medium. This factor will tend to dampen the
motion of the waves on the surface andin
subsurface depths. As the stress thus falls, the
properties of the mud suspension resemble
those of a jelly which will absorb the wave
energy completely. Thus. according fo Keen
and Russel, the effect of thixotropic suspension
on wave motion is a cumulative one. In mud-
suspended water, at high stresses, e.g.. violent
wave motion, the kinematic viscosity of the
agitated mud suspension produces a higher
rate of damping than in mud-free water and
the stresses are reduced. Then the thixotropic
effeci comes into play. and the remaining
stress is rapidly dissipated by the jelly-iike
behaviour of the suspension.

5. Rip current hypothesis

Varma and Kurup (1969) sought to explain
the localised formation of the mudbank by
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attributing it to the rip currents. They said the
fip flow, canying finer offshore sediments,
prevents the onshore transport of sediments
by waves. Hence localisation of suspended
sediments takes place at the rip head.

Although the rip currents are not fully
understood (Sverdrup et’al 1942), we may
believe that these currents are probably asso-
ciated with the surface transport of water
against the beach by the waves (Shepard et al
1941). Therip flow may thus be a concentrated
backtash of the waves at the beach and hence
its arga of action is narrow. On the other hand,
the postulated mechanism requires rip flow
from behind the mudbank (in between the
mudbank and the beach). But backlash of
waves from this hind zone is unlikely as the
area is calm. The backlash of waves might be
possible only if the mudbank is far off from the
coast, allowing wave action to fake place in
the hind zone, which is usually not the case.
Therefore, the rip flow cannot be a com-
ponent of the working mechanism of the mud-
bank formation.

RESULTS OF THE PRESENT INVESTIGATIONS

The following is an account on the vari-
ous more probable physico-chemical factors
responsible far the formation, maintenance
and dissipation of the mudbanks, as revealed
by the investigations carried oui by the
authors from 1971 onwards.

Before dealing with the actual mechanism
of the mudbank formation, we may have to
consider the geographical features of the areas
surrcunding the Alleppey mudbank, including
the Vembanad lske and also the rivers empty-
ing into it. Vembanad lake is a vast water body
lying almaost parallel to the coast from
Alleppey in the south to Cochin in the north,
Its opening to the sea is at Cochin. The lake is
separated from the sea by a narrow strip of
land of oniy zbout 10-13 km width, Five rivers,
namely, the Muvattupuzha, the Meenachil, the
Pamba, the Manimala and the Achankoil,dis-
charge their waters into the lake. These rivers
otiginate from the Western Ghats in the sast
and flow towards the west.

There are evidences to believe that, in the

past, the area, presently covered by Vembanad
lake and the land strip in between the lake and
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the sea, was under the sea. During that period,
the rivers, now flowing into the lake, might
have bean directly discharging their water into
the sea. Later on, owing to some natural causes,
such as cyclones, seismic sea waves and earth
aquakes, huge masses of sand and sediments
might have got deposited in between the pres-
ent lake and the sea to make the Yembanad
lake. Boring expetiments conductsd at various
places (Brown; in: Bristow 1938) on the west
coast give supporting evidence to this. In one
of the borings at Cochin (Brown 1928). the
bed rock was found at 395 ft, while in another
the hard bottom was felt at 660 ft.

The admirality charts and the recent echo
surveys (Silas 1969) indicate that there is
rocky substratum at about 75 m depth off the
Kerala coast. Thus it seems that the entire
vast area between the foot of the hills and at
about 76 m depth off the coast was almosta
deep basin, got subsequently filled up with
mud and sand, over which a sandy crust was
formed at some places. The presence of
marine shells below 40 m at place like Kadu-
thuruthy near Vaikom, whers the low-lying
areas are all under paddy cultivation, gives a
positive evidence to this (there is a view
that the name Kaduthuruthy is derived from
Kadal thuruthu; "Sea-island®'). The foregoing
account suggests that, below the lake and
the narrow strip of land, at least between
Thottappally and Narakkal, there exists a thick
layer of unconsolidated mud, which extends
into the sea.

1. Source of mud for Alleppey mudbank

The Subterranean passage hypothesis
{Crawford 1860) and the Waterbearing
stratum hypothesis {(Bristow 1938) owe their
ieverage respectively to the hydrostatic
prassure of the backwater and to the hydraulic
pressure in the foot of the hills. The boring
experiments have revealed the presence of a
clayey substratum of varying thickness. Al-
though no mention is found to have been
made of the presence of a waterbesaring
stratum in the reports on borings of Cochin
and Alleppey, the same has been reported to
exist at 181° and at 312" in the Wellingdon
Island boring. Davey’s borings (at Alleppey)
have shown the presence of mud, of varying
composifion, dowa to 316°, while Crawford's
borings at Alleppey revealed the presence of
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sandstone till a depth of 50’ and then loose
mud to a depth of 80°, in which ~the shaft
sunk of its own from 60 to 80'’. Waterbearing
stratum has been cbserved te be associated
with sandy substratum, but surfacing of
the stratum has not been indicated in any of
the boring records. In the absence of this,
it cannot be believed that water could
permeate the overlying mud layers from great
depths (to greater heights) te crop up in the
sea and on the shore, Further, it is doubtful
whether such & massive hydraulic pressure
could be developed at the foot of the hills as
to feed the waterbearing stratum and to push
the overlying layers of clayey mud. Crawford‘s
experience of violent ejection of water and
vegetable debris from 12" below, at a place
200 yards from the beach at Alleppey during
the construction of the Alieppey canal, obser-
vations of ‘Linus’ in the Chenganurriverby him,
the presence of deep pot-holes in the water
as reported by Logam (1882, in: Bristow 1938)
and other available information, all equally
suggest that the pressure-head developed at
the bed of rivers as welfas at the backwater
generates a subterranean passage of mud,
which ¢crops out at varying distances through
weaaker points both on land and in the sea.

The present authors have observed, first
time since Crawford, and Davey and Lake, mud
cropping up in the form of cones for about 9 fo
12 days during the monsoon of 1972, on the
beach and at ths inter-tidal zone at
Kakkazham, near Ambalapuzha. Narrow (a few
centimeters wide) cracks, 10 to 15 m long
along the shoreline, were observed on the sea
side of the beach-mud cones, indicating sub-
sidence, while the mud cones at the intertidal
zone feeding loose mud, as well as lumps of
it, to the water flowing past the mud cones
in its to and fro motion across the shoreline
{See paper on mud cones). These observations
too, support the subterranean passage hypo-
thesis for the Alleppey mudbank.

Hl.  Calmness associated with the mudbank

The most striking character of the mud-
bank is its calmness. The reasons for the pre-
vailing calmness over a restricted region,when
all other places are highly wave-beaten, are to
be considered. Several views have been put
forward to explain this phenomenon. It is
generally accepted that the calmness isbrought
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about by the mud in suspension. But, the view
that a purely physical process, say, the chum-
ing action of the monsoon waves causes the
mud into suspension is not satisfactory. The
following hypothesis, evolved by the present
authors, is offered to explain the whole pro-
cessas leading to the calmness associated
with the mudbank.

A. Wave Propagation

a) Movement of particles of the medium: The
waves at the surface of the sea are caused
either by wind force or tidal force. Below
the wave crest of a progressive wave, the
horizontal motion of the particles is in the
apposite direction of that under the trough. The
particle attains maximum horizontal velocity
{speed) when it is justbelow the centre of the
crest or the trough. During the first half of the
wavelength, from mid-trough to mid-crest, the
particles experience vertically donward velo-
cities. The vertical velocities reverse in the
second haif of the wava length. The vertical
speed is maximum at a point where the wave
passes from trough fo crest, or vice versa, and
it is zero half-way bsetween the crest orthe
frough (Sverdrup et al 1942). Thus, as the
wave form is propagated in the direction of
wave motion, the individual water particles
involved in propagation of wave form are
subjected to harmonic motions from their
mean (undisturbed) position.

Jeffrays (in: Sverdrup et al 1942) pointed
out that, within surface waves (deep water
waves) the individual water particles near the
surface move in circular orbits, the radius of
which is equal to the amplitude of the wave
(a circular motion can be resoived into a
simple harmonic motion), But the radii of
these orbits, and therefore the velocities,
decrease rapidly with depth. Agcording to
the results of the classical hydrodynamics, the
orbital paths of water particles in surface
waves are elliptical, covering within the same
time-interval, during which the wave travels
over a distance of a wavelength (Dieitrich et
al. 1980). The elliptic orbit changes into a
circular orbit, if the water depth exceeds half
the wave length, when the amplitude is very
small compared to the wavelength (Newman
1978). Theoretically, the diameter of orbits
at a depth of one-half the wave length is only
one-twenty-third of the corresponding diameter

MUDBANKS



et the surface. Regardless of the actual
depth, the character of the wave therefore
remains unaltered, if the depth to the bottom
is greater than that short distance,

b) Summary of motion at surface:In a sur-
face wave, et us assume, the wave motion is
in the "x’ direction and let the distance 'x’ and
the time ‘r' be reckoned from a point when
the wave passes its equilibrium position from
trough to crest. Then the functional repre-
sentations in terms of x and t of the deflec-
tion (y} of the sea surface from its position
of rest, the horizontal (Vy ) and vertical (Vy )
velocities of the particles of the fluid medium
at the surface may be written (Districh et al
1980 and Starling 1947) as

- x _t
y=a Sin 2n (k T)
_"____'_)
% T

A

V,,. = Vvo Sin2n (

Vu = Vg Sin 2n

x— 4 __t

where ) is wavelength, T is the period of
wave, a is the maximum value of v (amplitude
of the wave), Vg and V yp are maximum values
of Vy and Vy respectively. The magnitudes of
Vo and Vye are equal for deep water waves
but they differ for shallow water waves.

The behaviour of the parameters of the
paiticle motion at the surface as the wave
completes a cycle of wavelength is indicated
schematically in fig. 1 by dividing the circle
into four quadrants corresponding to the four
quarters of the wave length. The length of
an arrow in each circle represents the magni-
tude of the parameter for which the circle
stands. Anticlockwise direction is treated as
positive. The zero point in each circle repre—
sents the starting point of the parameter, The
rise of the wave is indicated by y which reach-

os its maximum atx = —2— thareafter it falls

5 - Afterward. the
height of the wave is negative (below the
mean level) and it reaches the negative maxi-
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Fig. 1 Schematic representation of motion of a particle at the surface over a wavelegth
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its magnitude decreases until it becomes zero
atx = 1.

The horizontal velocity is forward during
the crest period and it reverses during the
trough period. As it varies in phase with
wave height, the magnitude of the horizontal

. . A
velocity reaches its maximum at x = Tand at

X = 3,

While the horizontal velocity of the parti-
cle varies in phase with the waveheight (par-
ticle height). the veitical velocity varies out of
phase with it. The vertical velocity leads the
wave height by one-fourth of wavelength,
therefore it is zero atthe peak crest or trough.

Qwing to the decrease of veiocity with
depth, the forward velocity of the particle,
when it is above the mean depth, exceeds the
backward velocity of it when it is below the
mean depth. Therefaore over acycle of one
wave-length the particle does not return to its
original position but it experiences a net for-
ward motion, resufting in net flow in the
direction of progress of the wave. (Sverdrup
et al 1942).

In the case of shallow water, the fact that
the vertical motion cannot exist at the hottom
mod.fies the character of the waves. Atthe
bottom the motion can be only back and forth,
and. if the depth is small compared to the
wave length, the motion will remain nearly
horizontal at all depths. Actually, the orbits
of the individual water particles will be flat
ellipses that become more and more narrow
when approaching the bottom and at the bot-
tom they degenerate into straight lines, Thus.
all the particles involved in wave propogs-
tion move in different but systematic ways,

8. Viscosity

As the particles involved in wave propa-
gation experience relative motion, either hori-
zontal or vertical or both, hare comes the
effect of the internal friction (viscosity) of
the medium in which the waves are propa-
gated.

a} Nswtonian viscosity : |f relative motion
occurs, viscosity or internal friction is experi-
enced by the fluid. It was assumed by Sir Isac
Newton that, for a fluid moving in parallel
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layers, the shearing stress at any point—where
the velocity gradient is perpendicular to the
direction of maotion, g; — is directly pro-
portional to the value of the gradient, so that
the frictional stress, f, per unit area is given
by:
du

F= dz
where 7), a characteristic constant for the
fluid, is called the cosfficient of velogity.
Newton's assumption was found true as long
asthe motion is laminar {non-turbulent), (New-
man and Searle 1951). The values of visco-
sity (in 10% times ¢.g.s. units) of pure water
and of seawater of 35%. salinity at different
temperatures are given in the following table
(from Sverdrup et al 1942.)

Temperature °C

0 &6 10 16 20 2530

Pure water 17.9 15.2 13.1 11.4 10.1 8.98.0
18.9 16.1 13.9 12.21099.68.7

Seawater

Viscosity decreases with increasing tem-
perature. Viscosity of seawater is correspon-
dingly higher than that of pure water at all
temperatures. The effect of pressure on the
viscosity in the case of seawater is found to
be insignificant.

b) Viscosity of the medium of mudbank : Let
us study how the waves are damped once
they enter into the region of mudbank. The
mud particles present in a vertical column of
the mudbank is treated to exist in three diffe-
rent phases,

i. Phase | (Thixotropic phase): As early as
1923,A. Szegvari and E. Schalek (in Glasstone
195) found that when concentrated pasty mass
of ferric oxide is mixed with suitable quanti-
ties of electrolyte in aqueous solution, on
shaking, formed colloidal sclution. This
phenomenon has been catled ‘thixotropy’ by
Petrifi {1827). Subsequenily, this was also
observed i other colloidal systems such as
alumina, silicic acid, vanadium pentoxide, zir-
conium dioxide, stanni¢c oxide and even with
suspension of fine clays. The analysis of the
mud collscted from the mud cones showed
that it contained ferric oxide in finest claysy
form.
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The mud particles in this phase are very
fine, ultramicroscopic, and they are subject to
liquifaction by agitation (thixotropy).

ii Phase Il (Sol phase} : The mud particles
which are to be treated under this phase are
microscopic. However, they do not enter into
liquifaction but remain as sols or suspensoids.
The viscesity of the medium is tremendously
increased by the presence of such suspensoids
tor which state of solution Albert Einstein
derived the formula

Ne=TNo 0 +25@)
where Yy = viscosity of solvent,
N = visgosity of solution

¢ = volumstric concentration of
sails.

According to Einstsin the volumetric concen-
tration of particles (sols), i. ., the aggregate
volume of the suspensoids, not their size,
come into picture. Thus the presence of sols
ip the medium increases its viscosity by 2.5
times the volumetric concentration of the sols.
For higher concentration a term in @2 has to
be added (Encyclopaedia Britannica, 1973).

iii  Phase Il (Gravity-influenced phase): The
mud particles encounterad in the third phase
are so big in size that they are subjected to
gravity where Stokes’ theory is applicable:
Assuming the mud particle in the third phass
be spherical, according to Stoke’s law, its rate
of fall will be inversely proportional to the
viscosity of the liquid and directly proportio-
nal to the relative density of the particle with
respect to the density of the liquid. Accor-
ding to this law, the terminal velocity v, which
is steady, is given by

2 (p-o)n2
V= 9g )
where v is the rate of fall of the particle, 7 is
viscosity of the liquid, ¢ is the density of the
liquid, e is the density of the particleand ris
its radius, and g is acceleration due 1o gravity.

Therefore, the fraction of the mud that has
entered into the thixotropic phase with sea-
water increases the viscosity of the latter,
Seawater and the thixotropically liquified mud
traction form the medium for the suspensoids
which are constituted by the fraction of mud
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under the second phase {sole phase). Now the
sols, thixotropic particles and seawsater all
together constitute the liquid medium for the
suspended mud particles that are accounted
under the l|ast fraction which is influenced
by gravity. Thus at every stage the viscosity
of the medium is stepped up with the result
that the particles categorised under the fast
fraction will experience tremendous amount
of resistance to their fall due to the viscosity
of the medium. Thus the effective viscosity
of the medium depends upcn the relative
fractions of the mud entering into the first two
phases. In case mud is present in seawater
only in the gravity-infleuced state, the vis,
cosity of the medium in that case remains the
same as that of seawater at its corresponding
salinity and temperature only.

With the understanding of three-stage
{fold) increasa of viscosity—seawater, thixo-
tropic solution and so! phase state—of the
medium, where large-size mud particles are
suspended, let us go back to the propagtion of
waves in such a liquid medium.

The wave propagation invoived horizantal
and vertical oscillations of the particles of the
liquid medium as well as the suspended
gravity-influenced mud particles. The particles
of the liquid medium are equipped with high
viscosity, resisting their relative motion, while
the movement of the gravity-influenced mud
particles is subjected to the influence of
gravity and viscosity of the medium together

As a consequence of this, the particles of
the medium, as well as the gravity-influenced
suspsnded mud particles in it, suffer a loss of
vertical and horizontal velocities. Hence it
results in reduction in amplitude of the wave
The mor= the fraction of mud identifying itself
with the medium under the first two phases-
the more would be the viscosity of the
medium, and the greater would be the red-
uction of amplitude of the waves, Thus. as
the wave damping occurs. the mudbank enters
into tranquillity, while the neighbouring region
is wave-beaten,

The relative fractions of the mud entering
into the three stages, namely, the thixotropic
phase, the sol phase and the gravity-influenced
suspended stage. explain other characters of
the mudbank region, such as stability and
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longevity of a mudbank. In case the first two
fractions are sufficiently high, which identify
themselves with seawater in constituting the
medium, they remain for long in the medium
supporting the longevity, intensity of calmness
and stability of mud bank. !f the entire mud
femains solely in the gravity-influenced sus-
pended particle state, as the viscosity of the
medium in that case reduces merely to that of
seawater at its own temperature and salinity,
the system cannot offer any calmness to the
mudbank. Such a situation is experienced
many times at mudbank regions and else-

whare where the water was apparently
muddy, but the waves are found lashing
within such areas even under calm wind

conditions.

The Alleppey mudbank, where calmness
is of higher grade and which remains fof
months together when compared to other
mudbanks, which remain only for a few days,
speaks about its richness in the first two fra-
ctions of the mud.

One is tempted to solely attribute the
wave damping in the mudbank region to the
bottom mud. it is interpreted that the mud
acts as a semisolid jelly to absorb the wave
energy. This concept ignores the physical
state of the liquid column standing above the
bottom mud. Moreover, as the wind-waves
are caused at the sea surface, the origin of
wave pgropagation rests primarily at the surface
waters buf not at the bottom mud. McPherson
and Kurup (1981) developed an interesting
mathematical model for the wave damping at
the mudbank region. Their model is in fact
based on the mathematical model developed
by Gade (1958). In the above mathematicai
model a two-layer system, the lower layer
representing the sediment and the upper layer
representing the water above, is considered.
In this two-layer model, the bottom layer is
assumed to be homogenous and the top layer
frictionless. ft is the experience of the
authors that the mud is more and more con-
centrated towards the bottom. Setting aside
the question of homegeneity of bottom layer,
what is more important is the frictional char-
acter of the top layer {(water column), which
offers resistance to the motion set in if.
Therefore, the physical conditions assumed In
that mathematical model are notidentical with
the mudbank conditions prevailing here.
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DISSIPATION OF MUDBANKS

Towards the end of monsoon, as the rain
decreases, the wate: level in the backwater
gets reduced to the normal, leading to
reduction in hydraulic pressure in the subter-
ranean strata which finally results in the
cessation of supply of fresh mud. As the
monsoon gets weakened, the turbulance of
the water column also gets reduced and mud
in the bank settles down causing dissipation
of the banks,

During the mudbank season, the littoral
currents are observed to be always southerly
and the local tides have no influence on the
direction of current. Toward the end of August
the currents start reversing, thereby setting in
aoffshore and noartherly components (refer
Chapter 10). The suspended and joose mud of
the bank is gradually taken off by these
veering currents,

Thus, towards the end of monsoon, in the
absence of fresh supply of mud into the water
column, the already available mud fraction
which increases viscosity, gradually diminishes
and the mudbank dissipatas. This leads to the
fading of calmness over the mudbank., Then
the rough conditions set in irrespective of the
prtesence or not of gravity-influenced mud
paiticles in the water.

MOVEMENT OF MUGBANKS

It has been observed that the mudbanks
exhibit slow movement (in course of time),
usually in a southward direction. In the case
of the permanent mudbank of Alleppey, the
investigations carried out by the authors
showed that the mudbank moved from the
place of incidence by about 0.5 to 2 km year
to year southward. The table given below
shows the pattern of movement of this mud-
bank during 1972 to 1981,

Distance
from Alleppey

_Place of oceurrence

Year Northern Southern  to the northern
fimit limit limit of

mudbank {km)
1971 Kakkazham Ambalapuzha 13
1972 Kakkazham Karoor 13
1973 Karoor Purakkad 15
1974 Purakkad Chennankara 18
1971-80 Chennankara Thottappally 20
1981 (1) Chennankara Pallana 20

1981 (2) Paravoor S. Punnapra 5
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The table indicates that the period of

rapid shiff of mudbank was from 1972-75,
during which period it moved a distance of
8 km from Kakkazham to Thottappally. After-
wards the rate of movement was slowed
down or becams rather nil, However, in 1981
the limit of the mudbank was extended up to
Pallana, south of Thottappally spillway. The

possibility of fresh discharge of mud inthe
nearshore areas at Pallana in 1931 or anywhsre

north of this place during the previous years
also cannot be ruled out. In this vear a fresh
mudbank of approximately 4 km long was
tormed at Punnapra (Paravoor-south Punnapra),
about 14 km north of Chennakara.

The mud from the place of discharge
gradually moved southward due to the then
southerly flow of the water. This movement
was continued till the beginning of the
northeast monsoon winds, and the subsequent
reversal of the southerly drift, when con-
ditions had already setin for the dissipation
of the mudbank.

Curing the process of the movement, it
tias been found that the finer particles of mud
at the bottom were always deposited at the
down-drift side, while coarser particles are
left out near the source. A series of mud
samples collected from the mudbank and the
surrounding places fully support this view,

DIFFERENT TYPES OF MUDBANKS

The mudbanks can be classified into four
majot categories based on the source of mud:

1. Mudbanks formed by subterranean mud:
e.9., Alleppey mudbank, described above.

2. Mudbanks formed by the aggregation of
coastal mud : e.g., Parappanangadi-Tanur mud-
bank. :

in this case, the mudbank is very extensive,
stretching over saveral kilometres along the
shore, but is very temporary. There is no
calmness as the nongravity-influenced mud
particies in the medium do not absorb all the
wave energy. By the effect of the southwest
monsoon, the mud present in the coastal mud
belt is churned up and, at this time, if the
prevailing environmental conditions are favo-
urable to the formation of the mudbank, the
mud will be brought very near to the shore
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and thus a mudbank will be formed. Once
such favourable conditions cease to exist,
these mudbanks disappear suddenly.

3. Mudbanks farmed by the sediments and
organic debris discharged from rivers and
estuaries e. ¢., Chellanam-Manassery
(Cochin bar mouth), Narakkal (The Azhikode
bar mouth), Valapad-Nattika (The Chetwai
river mouth), Elathur (The Korapuzha river
mouth), Quilandy (The Kuttiyadi river mouth),
Muzhippilangadi(The Dharmadam river mouth),
Kottikulam-Ajanur-N-Bella-Adakathubail (The
Chandragiri river mouth), Kumbala (The Kum-
bala river mouth), Uppala (The Uppala river
mouth) and Ullal (The Netravati river mouth).

The flood waters coming down from
rivers and lakes during the heay rains of the
southwest monsoon bring huge guantities of
sediments and other organic matters, which
are dumped at the esfuary and bar mouths,
These sediments are always aggregated on the
southern side and are held up there for a
while by the sautherly flow and the local eddy
currents. Once the water force from the lakes
and esturies is reduced, and the cuwent
reversed, the mud is spread out and the
mudbank gradually disappears.

4. Mudbanks formed by the accumulstion of
mud resulting from dredging operations ! eg.,
mudbank at Vypeen, Cochin.

At Vypeen, north of Cochin bar mouth,
accumitlation of mud is observable right from
the shore. This mud is the result of periodical
dredging operations done for deepening the
navigationai channel.  Here the water over a

wide area is calm due to this mud accumula-
tion.

MUDBANKS AND COASTAL EROSION

It was observed that the silt-clay fraction
was more on the southern side of the mudbank,
while its northern side is sandy (see Chapter
fiva). The southerly gradient of finer size of
grain is due fo the effect of littoral currents
which are southerty. Occurrence of erosion
along the coast during the southwest mon-
soon period is not uncommon. One may
expect that the beach material eroded by the
inshore waves and littoral currents may be
deposited down stream at a place south of
the eraosion area. OQccasionally erosion is
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taking place on the down-stream side of the
mudbank The mudbanks are ahead of arosion
ateas with respect to the littoral currents.

Padmanabhan and Eswara Pillai (1971)
explained the infleunce of mudbank on erosion
process as follows:

“Most of the movement of materials is
caused by waves approaching the shore at an
angle. As the material so transported reaches
the mudbank areas, its further movementis
arrested as a result of the absence of waves

in this area. This material thus got trapped
within the mudbank cannot reach the down-
drift side. The shore immediately on the down-
drift side suffers from a lack of supply of
littoral material, and the coast is eroded to
make up the deficiency.”

It is difficult to comprehend, unless somes
eddy currents are thought of, how the coast
on the hind side of the mudbank gets eroded,
due to the simple reason that the shore
immediatley on the down-drift side suffers
from the lack of supply of liftoral material.
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SOURCE OF MUD OF ALLEPPEY MUDBANK:
MUD CONE AND THE MESSAGE IT CONVEYS

C. P. GOPINATHAN, A. REGUNATHAN, D. S. RAQ, K. J. MATHEW and A. V. S. MURTHY

ABSTRACT

The chapter embodies tha authors’ findings, and the
logical conclusions they drew from them, on the mud conss
{or ‘mud volcances’) they found in the intertidal zone and
on the beach of the Alleppey mudbank region in 1972, Their
experiment with regard to these mud cones confirm beyond
doubt the viscous nature of the mud that underlies at
Allepey, and its being, for all probability, the source of
Alleppey mudbank.

Similar mud cones obssrved earlier by soms workars
are also discussed briefly,

INTRODUCTION

Crawford (1855) was the first to report
on the mud cones, or ‘'mud volcanoes,’ at
Alleppey. He has inferred from this pheno-
menon that there exists a subterranean mud at
Alleppey that may be the source of mud for
the Alleppey mudbank. Subsequently, Philip
Lake (1889) and Davey (1803), too, ohserved
mud cones at Alleppey. However, after 1903
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there had been no further records of mud
cones in this region and, therefore, theirrole
in the formation of mudbanks was not taken
sericusly, But, in the course of our intensive
investigation on the mudbanks of the Kerala
coast we came across active mud cones in the
vicinity of the mudbank, that formed at
Ambalapuzha, in July 1972. The following
account describes in defail these mud cones
and the insight they give into the npature of
the underlying mud at Alleppey region, which
in all probability contributes the mud for the
tformation of mudbank at Alleppey, as well as
inta the mechanism by which the mudbank
is brought about.

OBSERVATIONS
Six active mud cones, in different stages

of formation, were seen at Kakkazham, a place
about a kilometer from Ambalapuzha, about
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the northern limit of the mudbank then in
existence (See, Fig. 1), of which three were on
the beach, a few meters away from the high-

‘A s ae, .‘.",
»

Ly 120 a3
T
Fasp , VALANJAVAZHI 4]
i
< .‘55 KAKKAZHAM
g

Fza} a .
z .
"";'-ﬁ;' -y | AMBALAPUZHA
J' -
I’.”. 1 1 KARDOR O,
PLRAKKAD
7% 19 ul"ao'

T62)

Fig. 1, Diagram showing tha plages of mud
cones at the beach and at the inter-tidat
zone, and the cracks observed on the beach,

water mark, and three in the water at the in-
tertidal zone (see Table 1). One of the cones
that were in the intertidal zone, measuring 7.5
meters across, was found feeding the waves

TABLE 1. Detaf'fs of the mud cones at
Kakkazham, observed in 1972,

Mud cone Mean Height of Distance
diametar cone from between
(cMm} ground level cones
{cm) ' (m)
at centre  at peri-
phery
In water
1 425 - — 2
2 535 — — 45
3 750 - -
On shore
4 271 40 27
5 128 17 15 25
6 106 20 15 34

CMFRI BULLETIN

with loose mud as well as lumps of it, while
in others fresh mud was oozing out adding to
the cones. There were also ‘cracks’ found to
have developed in three places on the surface
of the beach more or less paralle! to the shore,
about 29 m away from the mud cone that was
feeding the waves. Each crack was about 2 cm
wide,10 to 15 m long and separated from each
other by about 3 to 5 m (Plate LA & B). During
the high tide the sea water covered this area.
obliterating the cracks, but they reappeared at
the time of low tide.

Attempting to gauge the depth of mud
baneath the cones, we found that a half-inch-
thick Gl pipe failed to touch any hard bottom
even when inserted to its full length of 6
meters; but when tilted the hard sides could
be felt all round, showing that the cones were
mounts, crusted by exposure, of loose mud
emerging out of what appeared to be deep
wells, full of soft and unconsolidated mud. In
the tidal zone anes, on the other hand, this
emerging mud, as and when it did, was carried
away by the waves, and what remained was
only open mud welis, which at times could be
like quagmire, very dangerous to fishermen,
This js borne out by a sad incident told us by
the fishermen when we enquired why a parti-
cular spot on the tidal zone was marked out by
a partly buried coconut trunk (see: Plate IV, C).
A few days earlier to our visit, we were told, a
boy, jumping into the water from a home-
bound canoe, to haul it ashore, had, instead,
jumped unnoticingly into one of these gaping
holes and sank down to its depth.in such a
way that even his body was not able to be re-
covered. It was this mud well, which was later
covered by sand brought by the oncoming
wavaes, that was thus marked, to ward off any
further accidents.

The mud cones, which were active when
the 8, W. monsoon was intense, became inac-
tive or subsided with the subsidence of the
latter, obviously because the forces then res-
ponsible for bringing the mud out from bene-
ath had now languished. Withina few days
the upper crust of the beach cones became
hard and broken down to pellets, due fo sun
light (Plate 1I, A-C); but those in the intertidal
zone gradually subsided and covered over by
sand deposited by the onshore waves (Plate
I, A).
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Table 2 gives the successive changes the
mud cones undergo during a period of time.

TABLE 2. Observations on the behaviour of
cones at Kakkazham '

Mudcone Date of Active Dormant Date of

No. forma- phase phase complete
tion (days) (days) subsid-
ehce
At the inter-
tidal zone
1 19-.7.72 12 6 6-8-72
2 19 7-72 9 9 6-8-72
3 27-7-72 10 3 9.8-72
On the beach
4 18 7.72 9 10 6-8-72
5 14.7.72 10 9 . 2-8-72
6 16-7-72 12 1t 5-8-72

DISCUSSION

Toward the close of the jast century and
the beginning of the present, the subterranean
mud was held to be the source of mud for the
Alleppey mudbank by those authors who had
chances to observe mud cones. However, the
laterinvestigators, who never had any oppor-
tunity of seeing the phenomenon in operation,
were reluctant to accept this view and they.
instead, suggested alternate views about the
source of mud for the Alleppey mudbank (see
Chapter 3).

Crawford (18565), on seeing the mud cones
in operation on the beach and on the roads of
Alleppey, wrote that “‘the beach and roads
presented then a singular appearance, nothing
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-a depth of 3 to 4 ft.

to be seen bui these miniature volcaneso,
some silent, others active’’. He also noticed
subsidence of shora, after or during the rains,
causing long fissures, varying from 120 to 360
ft in langth.

Philip Lake (1888) also had the experience
of seeing mud cones and land subsidence in
the vicinity of the Alleppsy mudbank. He
found subsidence of land to a2 depth of 2-3 fi:
the strip of shore subsided being to 60 ft
in breadth and 900 ft in length. Further north
of this he found the shore sunk in little steps
so that there were a number of “’little terraces’”
each a few inches high, rising one above the
other from the sea towards the shore. At the
northern end, within the inter-tidal zons, a
heap of mud rose to a height of 2 or 3 ft
above the level of the sand. All along the
seaward edge of the subsided areas there
were a number of “basin-shaped holes’ in
the sand having a diametsr of 4to 5 ft and
In 1803, Davey had
observed mud oozing out, as from little
volcanoes, all around the old pier (Alleppey
pier) and bringing with it decayed stems of
trees.

Cur observations well confirm these earlier
observations and conclusions. The occurrence
of cracks on the beaches, suggesting the sink-
ing of the coastline, and ejection of mud in
the form of mud cones (and the continuing
oozing of mud through it) show beyond doubt
that the source of mud for the Alleppey mud-
bank is of subtsrranean origin, the mec-
hanism of bringing it out being the same as
indicated by the formation of the mud
cones.

MUDBANKS



MUD CONE

Piate-1. A: The mud, inpsllet form, scatterad all over ths Plate-1l. A: The dry crust of a dormant cune; B: The mud
beach- Algo seen is a long crack along the beach cone slarts sulsiding. C: A fully subsided mud
as a result of subsidence. B: A close-up of the cone.

crack showing the subsidence of the sesward
portion of the Jand. C: An active mud cone.



MUD CONE

Pla'.a-lll, A: A subsided intertidal mud cane covered over by

sand, B&C: Measuring the depth of the mud
cone with a 6-m G. (. pipa.

Plate-1¥, A: Tha windward limit of the medbank marked by
the breaking of the waves,
B: An ative mud cone seen fozding the waves
with subterranean mud. C: The spot, marked
by 8 coconut trunk, whers the mud well had
been, in which a boy was reported to have sunk*



MUD OF THE MUDBANK;
PHYSICAL AND CHEMICAL CHARACTERISTICS

FIVE

ITS DISTRIBUTION AND

D. 8. RAO, A. REGUNATHAN, K. J. MATHEW, C. P. GOPINATHAN and A. V. S. MURTHY

ABSTRACT

Description of the texture, grain size, thickness
and chemical properties, including minerologicel-
studies, of the mud in the mudbanks ig given. An
echasurvey conducted in  the mudbank revealed
the pattern of distribution of mud and the extent
of the area of the mudbank, which would provide
answers to problems connected with the formation
of the mudbank and the associated calmness,

INTRODUCTION

The mud being the chief component of the
mudbank, a through study on the texture,
the thickness of the deposit, the grain size and
chemical properties of the mud would provide
answers to many problems concerning the
mudbanks, which, therefore, formed a major
part of study during the present investigations.
The earlier authors who attempted to study
the physico-chemical aspects of the sedi-
ments of the mudbanks are Ducane et al
(1938), Dora et al {1968), Gopinathan and
Qasim (1974), Jacob and Qasim (1974),
Kurup (1977) and McPherson and Kurup
(1981).

MATERIAL AND METHODS

Mud samples were collected regularly from
June 1971 to September 1972 from 4 stations
between Kakkazham and Purakkad. The sta-
tions fixed were at Kakkazham (Station 1, near
to the coast, and Station 2, away from the
coast), Ambalapuzha (Station 3) and Karoor,
near Purakkad, (Station 4). The Stations 2-4
were parallel to the cost, about 1 km away and
were separated from each other by about 1.0
km each (Fig. 1). A Van veen type grab of
0.03 m? was used for sampling the mud. The
highly unconsolidated nature of the mud did
not permit the grab at times to close. These
samples were studied for their texture, grain
size and chemical properties.
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Fig, 1. Station positions, where seasonal observations

were made at Alleppsy mudbank.

An echo survey at the mudbank area was
carried out on 18th May 1975, to study the
distribution and thickness of the mud deposit
and also to understand the actual extent of the
mud deposii in the mudbank, A Simrad Echo
sounder of model EX 38 with a transducer
10 x 20 cm of model 65 R was used for this
survey. The survey was carried out in two dir-
ections, one parallel to the coast along the 3-
metre depthline covering a distance of 5 km
from Theitappally in the south to Kakkazham
in the north and another perpendicular to the
coast at Purakkad from 2 m depth to 128 m
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depth off the shore for a distance of 3.5 km.
During the survey, mud samples were collected
from 8 stations {Plate 1). All the samples were
subjected to grain-size analysis by sieving,
Measured guantities of the oven-dried sedi-
ments were dispersed overnight in 0.025 N
solution of sodium-hexa-meta phosphate. The
silt and clay fractions were separated by
washing the dispersed sediments using a 63
sieve, The coarse fractions retained in the
sieve were dried and examined under the
microscopse,

The mudbank sediments were compared
with samples collected from Elathur (Calicut)
mudbank ard Vembanad Lake. The mud
samples | and Il were from the Elathur mud-
bank (Table 3), sample [l from the mouth of
the Korapuzha river and sample IV from a sta-
tion near the railway bridge across Korapuzha.
The sediments were analysed according to the
methods mentioned by Sankaram (1966).

OBSERVATIONS AND RESULTS

the mud of the mudbank is mostly silty-
clay in its nature (Table 1), Relatively a higher
percentage of sand was observed at station 1
than at the other stations. The sandy nature of
the mud at this station may be attributed to
the proximity of the station to the shore and to
the wave action at the periphery close to this
station. While stations 2 and 3 show less sand
in the samples, station 4 showed a high per-
centage of ¢lay-silt fraction. This may be due
to its position in the highest depth contour
where the nearshore activities have less impact
on the sediments.

The sandy nature of the bottom at station
1 during the non-mudbank season clearly
shows the infleuce of anchoring and other
activities of the mechanised boats on the
otherwise surf-ridden bottom. The present

TABLE 1. Monthwise sand and silt-clay contents of sediments (%) in the area of Alleppey mudbank.
S8t 1 8t.2 5t. 3 St. 4

sand  silt-clay sand  silt-cjay sand  silt-clay sand silt-clay
Jun, 16.71 84.29 230 97.710 220 97.80 1.00 99.00
Jul. 0.28 99.72 0.80 99.20 0.78  99.22 — 100.00
Aug. 082 9918 0.72 99.28 070 99.30 — 100.00
Sept. 3.02 9698 280 87.20 1.70  98.30 0.27 89.73
Oct. 504 94.96 3.00 97.00 280 987.20 0.30 99.70
Nov. 8.72 94.28 425 9575 4.00  96.00 0.72 98.28
Dec. 13.40 86.60 6.30 93.70 6.00 94.00 1.20 98.80
Jan. 165.28  84.72 3.00. 92.00 6.70  93.30 1.72 98.28
Feb. 27.30 72.?0 820 91.80 6.90 93.10 2,78 97.22
Mar. 3210 67.90 8.00 91.00 892 91.08 2.78 97.22
Apr, 100.00 - 950 9050 8.71 91.29 2.18 97,22
May 100.00 — 8.10 91.90 8§00 92.00 2.00 98.00
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investigation showed that the mudbank sedi-
ments are predominantly of clay and silt
fractions and the sand fraction is negligible,

Extent of mudbank and distribution of mud

The echo survey conducted off Ambala-
puzha ({remnants of 1974 mudbank) and
Purakkad (the active mudbank in 1975) gave
some very interesting results with regard fo
the extent and naturs of the mud deposits.
Samples collected during the echo survey
were analysed for particle size and the details
of the analysis are given in the foliowing
table:

TABLE 2. Details of mud analysis.

—— N
§t. Depth Silt-Clay Sand  Grain size Averag®
Nos. {m} fraction fraction {mm) grain{mm)
Thottappally
1 2.5 99,40 0.56 0.08 -0.22¢00.136
2 40 96.64 3.36 0.086-0.3000.143
3 60 99.12 (.88 0.066-0.2830.140
4 8.0 93.72 1.28 0.066-0.250 0.140
5 11.0 9584 4.16 0.050-0.266 0.133
6 12.5 98.60 1.40 0.050-0.250 0.131
Kakkazham
7 45 80.26 9.84 0.050-0.400 0.150
8 4.0 nil sand - -

only

Analysis of the sediments showed a high
percentage of silt-clay fraction (99.4%) and
only anegligible percentage of sand. The com-
position of the sediment at Thottappally was
in the order of 90% silt-clay and 10% sand,
but the sediment at Kakkazham did not show
any trace of silt-clay indicating the northern
limit of mudbank. Ducane et al (1938) re-
corded a high percentage of clay content in
the mudbank sediments. A high silt-clay
fraction ranging from 85.9% to 99.7%, with
values clustering around 98.2%. was observed
by Dora et al (1968).

The echogram (Fig 2) revealed that the
mud of the mudbank was ina heap with a
vertical thickness of about 2 m at the centre
gsituated around 2 m bathymetric line off
Purakkad. The thickness of the mud gradually
decreased from this point until it reached a
thiny layer on all sides except perhaps towards
the shore (draft of the vessel did not permit
the vessel to move closer to the shore), The
investigations showed that the mudbank

extended for about 3km in the north-south
direction along the coast off Purakkad while
the remnants of the previous years mudbank
off Ambalapuzha occupied a length of about

Fig, 2.
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Echogram showiug the old mud in the mudbank area at Alleppey.
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1 km along the coast north of Purakkad. The
mudbank extended roughly abouf 1.5 km out
into the sea, but, the thin layer of the spread-
out mud extended even beyond 3.5 km. While
there was perfect calmness at Purakkad, the
sea off Ambalapuzha was somewhat dis-
turbed.

MINEROLOGICAL STUDIES OF THE MUD

The results of the chemical and minerol-
ogical analysis of the mud are given in table 3.
The silica concentration of the mudbank
sediments of Purakkad and Elathur and of the
sediments of Vembanad lake were in general
comparable with each other, The iron contents
of the sediments, estimated as ferric oxide,
did not show any appreciable variation. The

same was the case with the concentrations of
calcium, magnesium, alumina, sulphate and
phosphate in the sediments,

There were no significant variations
during the mudbank season and non-mud bank
season, :

DISCUSSION

The composition of the mud at Thotia-
ppally (10% sand) and Kakkazham (100% sand)
suggests these places as the possible southern
and northern periphery of the mudbank, res-
pectively, in the year 1975 (Fig. 2and Table 2)
The grain size was observed to be of an
average of 0.14 mm but the minimum limit of
its range showed gradual reduction in size

TABLE 3. Minerological analysis of mudbank sediments,

Sample Volatile Acid lron* Calcium Magne- Alumina Sulphate Phos- Acid Total
matter insolu- as CAO  sium phate soluble
ble SiQ, as MgO 5i0,
pA % 4 % % % - % % % 4
Aug. 71 1.82 42.92 891 705 65.28 20.35 3141 945 968 9987
Sept. 1.23 42.88 8.4 7.02 52 20.92 2.88 044 101N 99.60
Oct. 1.52 42.91 880 7.04 508 20.81 2.80 040 1020 9966
Nov. 1.38 43.15 8.77 673 5,52 20.63 293 045 10.31 9942
Dsc. 114  42.87 892 688 543 19.98 3.04 058 882 92966
Jan, 72 1.81 42.03 873 692 5.01 20.19 297 061 1018 99.24
Feb. 1.30 42.57 8.49 698 523 21,23 283 058 1021 8952
Mar. 112 4301 8.8 781 618 20.78 3.0t 0.63 9.32 99.47
Apr. 1.82 43.04 852 663 6515 20.77 3.4 0.61 9.84 99.69
May 1.43 42.80 801 681 57 20.73 288 060 10.28 9925
Jun, 2.06 43.12 811 6,77 5.35 20.28 295 059 10.23 99.45
Jul, 2.2 ‘42.53 889 712 b8 20.44 298 042 9.58 99.35.
Aug. 213 42.79 863 747 517 21.18 2.8 04 9.01 93-38
Vembanad  1.41 43N 8,12 7.14 5,08 21.08 295 0.68 9.13 99566
Eisthur | 1,62 43.42 8.57 7.09 5.27 19.64 312 0.43 10217 9937
I 1.81 43.38 863 7.16 b5.19 19.83 3.08 041 10.6 99.54
im 1.32 43.41 8.87 7.31 5.31 2012 292 D48 9.74 99.48
Iy 1.92 43.50 889 7.04 523 19.93 299 047 9583 99.60
* |ron as ferrous and ferric oxide {total}
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fowards west, The sedimenis at the Kakkazham
area did not show any trace of silt-clay frac-
tion, It is interesting to recall here that the
active mud supply zone in 1972 was at
Kakkazham, where the mud cones were obser-
ved to be very active. at the inter-tidal zone
and on the beach. {tmay be mentioned
that no mud cones were observed to be very
active at the inter-tidal zone and on the
beach. Further no mud cones were observed in
later years and Purakkad became the seat of
the mudbank in 1974-75.

From the minerological analysis, it is clear
that the mineral composition af the sedimenis

off Purakkad, Elathur anu at Vembanad back-
water region are almost the same, suggesting
that they are all of the same laterite origin as
found by Brown et al (1938). The composi-
tion of the mineral components compared
very well with that observed by Brown.

Further, the presence of ferric oxide, silica
and alumina in fine clayey from in the sedi-
ments imparts the thixotropic character to it.
Thus when the mud cones are in contact with
electrolyte lipoids, they form a colleoidal
solution by thixotropy with the seawater and
increases the viscosity of the medium and
keeps it in a colloidal form for a longer period.




ECOLOGY OF MUDBANKS — HYDROGRAPHY

SIX

D.S. RAO, K.J.MATHEW, C.P.GOPINATHAN, A.REGUNATHAN and A.V.S. MURTY:

ABSTRACT

The variations in physical and chemical
parameters of the Alleppey mudbank waters are
discussed in this paper. The fluctuations in tem-
perature, salinity, oxygen and the comparatively
high nutrient contents of the mudbank waters
are highlighted.

INTRODUCTION

Observations on the physical and chemical
properties of the mudbank are very meagre.
Damodaran and Hridayanathan (1966) and
Damodaran (1973) have studied some of the
hydrographical properties of the Narakkal
mudbank and recently Kurup (1977) reported
the temperature and salinity distribution at the
mudbank at Purakkad. However, a detaiied
study on the physico-chemical aspects of the
mudbank area is still lacking.

The following sccount deals with the
physical and chemical aspects of Alleppey
mudbank, based on observations made during
1971-72, which covered two mudbank
seasons. In the year 1971-72, mudbank was
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formed be:ween Kakkazham in the north and
Karoar {pear Purakkad) in the south with
Ambalapuzha at the centre, and it extended
about 3 km along the coast and about 5 km
offshore. The average depth was about 4 m.

MATERIAL AND METHODS

A .country-craft was used for carrying
out investigations in the mudbank. For regulay
monitoring of the biclogical and ecological
parameters, 4 stations were fixed in the
mudbank, (Fig. 1. Chapter 5). The observations
were made at surface and bottom for tempe-
rature, salinity, dissolved oxygen, reactive
phosphate, reactive silicate, nitrite and nitrate,
Observations on temperature was made using
a bucket thermometer for surface waters and
reversing thermometer for bottom. Seawater
samples for chemical analysis were collected
by Nansen bottle. Salinity was determined by
the titration method, dissolved oxygen by
Winkler’'s method and the nutrients by the
method of Strickland and Parsons (1968).
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RESULTS

Temperature : The variations of the mean
temperature at surface and boiftom are pre-
sented in fig. 1, Before the start of the
mudbank season, the temperature was about
28.5°C both at the surface and bottom. During
the mudbank season {June-August), the tem-
perature of the waters was between 26 and
27°C at the surface and between 25and 26°C at
the bottom. Puring November-December 1971
the temperature of the surface was around

290C and at the bottom it was 28°C. During
»
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meters; a. temperature {(surface and bottam);
b. Salinity {surface and bottom); c. dissolved
Oxygen (Surface and boitom).

January-March 1972, the temperature fo;
surface water was 28°C, and at the hottom
it was 1°C [ess.

Salinity: The salinity values at both surface
and hottom were relatively high during the
pre-mudbank and post-mudbank seasons.
During the 1972 mudbank season the average
salinity values reached as low as 28.6%. Itis
interesting {0 note that the salinity values at
the bottom were slightly lower than at the
surface during the mudbank seasons (fig. 1 b}.
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Dissolved oxygen: The fig. 1 ¢ represent the
mean values of dissolved oxygen atthe surface
and at the bottom. The value rose to around
4 ml;l dwing the pre-mudbank season. The
dissolved-oxygen values in the mudbank
season were the same as the pte-monsoon
values at surface of 1971, However, during the
1972 mudbank season the dissolved oxygen of
both surface and bottom waters was reduced
to about 3.2 ml{1,

Reactive phosphate: The variations of the
values of reactive phosphate of surface and
bottom waters are given in fig. 2a. The
values during winter were generally lower at
the two levels and less than 2 g at P/1. The

e
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Fig.2 Monthly mean variations of hydragraphic parame-
ters: a, phosphate (surface and bottom); b, nitrite
(surfaca and bottom; &, nitrate {surface and bhot-
tom); d, silicate {surface and bottom).
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seasonal value of phosphate of the surface
water, as well as the bottom water, indicated
the maximum during the mudbank season of
the years 1871 and 1972. However, a sharp
rise in the phosphate values was noted in
March 1972, As is usually the case, the
phosphate values were more at the bottom
than at the surface.

Nitrite and nitrate: Fig. 2 b shows the vari-
ations in the wvalues of nitrite content.
Generally speaking. the values during 1972
mudbank season were much less than those
corresponding to the 1971 season. The nitrate
nitrogen (fig. 2¢) was low during the pre-
mudbank season and appareciably high during
the mudbank season. The bottom and surface
values did not show much difference in the
case of nitrates. The nitrate nitrogen values
showed maximum during post-mudbank season
at both surface and bottom.

Reactive silicate: The figure 2 d gives the
variations in reactive silicate values at surface
and bottom.  The silicate values at the two
levels were at their ebb, being less than
10 p g at 8104/l during the pre-mudbank
and post-mudbank seasons. During the mud-
bank season, the silicate values were high. In
general, the boitom silicate vaiues were higher
than there at the surface during the post-mud-
bank season.

DISCUSSION

The reduced temperature observed during.

the mudbank season could be due to the red-
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uced incoming solar radiation on account of
the thick monsoon clouds. The observed
reduction in saiinity values from the pre-mud--
bank to the mudbank season may be attributed
to precipitation, run off and also due to the
freshwater discharge from the nearby spillway
The slight decrease of salinity at the bottom
of the water column during the mudbank
season may be atiributed to the seepage of
water-borne mud from the subterransan porous
stratum of the coastal strip, an obseivation
supporting Crawford's views (see Chapter 3
on mudbank formation).

Heavy blooming of organism Noctifuca
can cause a rapid reduction in the dissolved-
oxygen content of the water, especially when
it is calm. Thus during the post-mudbank
season (September-November), the minimum
values of dissolved oxygen can be attributed
to the observed blooms of Noctifuca miliaris.

The nitrogenous compounds and the phos-
phate contents of the water column showed
an approximate inverse relationship (fig. 2),
which indicates that the planktonic algae
utilises cone of the nutrient. compounds ata
faster rate during a particular season,

The high silicate values during the mud-
bank season may be due to the fine sediments
present in suspension in the water, This in-
crease may also indicate the hetsrogenous
character in space and time of the silica
recycling mechanism by the diatoms during its
growth and multiplication.
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SEVEN

ECOLOGY OF MUDBANKS ~- PHYTOPLANKTON
PRODUCTIVITY IN ALLEPPEY MUDBANK

P. V. R. NAIR, C. P. GOPINATHAN, V. K. BALACHANDRAN,
K. J. MATHEW, A. REGUNATHAN, D. 8. RAQ and A. V, S. MURTHY

ABSTRACT

The standing crop of phytcplankten, in terms of
biomass, chlorophyll 2 and total cells, recorded high
valeas during the rise as well as maturity of the
mudbank. Howsver, the primary production
showed high values only before, and nct during or
after, the formation of the mudbank. Qualitatively,
a 1otat of 58 species of phytoplankters were present.
A notable feature seen in association with the mud-
bank was the blooming of Noctifuca miliaris, at the
time of dissipation of the mudbank during both ihe
seasons’ of 1971 and 1972, The possible relation-
ship of phytaplankton 1o and the role it plays at the
mudbank is briefly discussed.

INTRODUCTION

Observations hitherto made on the organic
productivity of our seas and connected back-
water systems (Prasad et al 1958; Nair et al
1968; Qasim et al 1969; Nair et al 1975) show
that the shallow inshore regions as well as
the connected backwaters are highly produc-
tive, with an average rate of production of
over 1 g C/m2jday. The season of upwelling,
which coincides with the monsoon, is the
most productive period, with average rates
exceeding 2 g C/m2/day. There is of course
spatial and seasonal variations in the pre-
and post-monspon periods. depending on the
light penetration and depth of mixing.

The mudbank, owing to its several peculi-
arities on account of the mud remaining in
suspension, may however be considered as a
special type of ecosystem. The high turbidity,
owing to both man-made and natural causes,
impeding the light penetration decreases
thedepth of the euphotic zone, Although the
euphotic zone at this time may extend down
to between 15 10 50 m in the adjacent
waters, in the mudbank it is generally less
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than 4 m. The study of the phytoplankton
production at the mudbank also is confronted
with certain problems. The normal in situ

. measurements, which are necessary for the

evaluation of potential assimilation in in vitro
conditions, are not possible in these waters.
Therefore, the measurement of potential pro-
ductivity at best can give a general idea of
the productivity of the ambient waters, which
nevertheless would lend a clug to the proba-
ble causes of fluctuations in the mudbank
vield. The two aspects, viz.,, potential pro-
ductivity and quantitative variation in phyto-
plankton, formed an important part of a com-
prehansive investigation on the ecology of
the mudbank.

MATERIAL AND METHODS

With a view to having a general picture of
the phytoplankton productivity of the Ambala-
puzha coast, fortnightly collections of water
samples from the surface and bottom and
phytoplankton net samples (surface haul of 10
minutes duration by using a half metre bolting
nylon net, No.21, mesh size 0 069 mm) were
made from & stations (See Fig.1. Chapter 4)
during the year 1971-72. (These stations
were fixed in June 1971 at the time of the
mudbank formation, in such a way that 3 of
them were within the mudbank and the 4th at
a littte distance outside it.) However, during
the period of active mudbank, in June-August
71 and May-July 72, study on phytoplankton
productivity was greatly intensified by con-
ducting more frequent observafions,

Tha relative abundance of dtiferent phy-
topiankters present in the net samples were
noted. The total volume of plankton was
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determined from an aliquot of 1/5 of the sam-
ple, by the displacement method, after remo-
ving the zooplankters by means of an organdy
cloth. Water samples were analysed both for
quantitative and qualitative estimates. The
samples, having brought to the laboratory,
waere transferred to a 50 ml settling chamber
and kept for 24 h, adding a few drops of
formalin. The phytoplankters present in this
50 ml of water weore then identified, counted
and the total cells computed per unit volume
(1 litre in the present case).

For the estimation of primary production,
2 samples, one from surface and the other
from bottom, were collected using a Casella
bottle, transfered to 60 ml reagent bottles,
and incubated with B¢ ¢ of 14C as NaH14¢CQ,
-under natural or arnificial constant light
(20 k lux) for 2-4 h. Dark uptake also was
determined simultaneously. After incubation,
the samples were filtered through millipore
filters {256 mm; pore size 0.45p) and the acti-
vitiy of the filters were determined using a
Geiger counter, the efficiency of which was
3.2¢.

For the estimation of chlorophyll &, sur-
face water samples, one lifre each from the 4
stations, were collected and brought to the
laboratory and filtered through GFC filter
paper. The filtrate was then dissolved in 80%
acetons, centrifuged and, using a Spectropho-
tometer, different wavelengths were measured
and chlorophyll & content estimated following
the equation given by Strickland and Parsons
(1998).

GENERAL TREND OF THE
SOUTHWEST COAST

Subrahmanyam (1959) and Nair et al

{1968) studied the primary production and

standing crop of the westcost of India, Radha-
krishnan (1969) studied these parameters of
Alleppey coast. Shah (1973) and Qasim and
Reddy (1967) studied the chlorphyll a.
Chennubhotla (1969) and Subrahmanyam et al
(1975) studied the biomass and the total cells
of phytoplankton.
mousty reveal that all along the west coast
of India phytoplakton production is at its
highest during the S.W. monsoon, A secon-
dary peak in the primary production and chloro-
phyll 2 has been reported varyingly somewhere
during the post-monsoon period. According
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All these studies unani-

to Chennubhotla (1968) and Subrahmanyam
et al (1975) the plankton volume, which in-
creases from May, afier reaching a maximum
in July declines sleadily up till September, the
secondary peak of alesser magnitude being
visible somewhere during December-February.

According to Gopinathan et al (1974)
total cells of phytoplankton standing crop in
the inshore areas of Cochin ars higher in the
monsoon months than during the pre- and
post-monsoon months,

OBSERVATIONS AT THE MUDBANK

Potential productivity ; The study conducted
during the two mudbank periods, one during
June-August 71 and the other during May-July
72, revealed the following results. Unlike the
rest of the west coast, where the maximum
rate of production was during the monsoon

TABLE -1

Potential productivity of the mudbank (surface
and bottom)

Period Production mgC/m3.h
st St.2 5t.3 Si.4
1971
Jul S 5.26 1393 31.05 1474
B _ —— —_ —
Aug § 7185 28.19 7182 24.49
B 1398 10.0 41.40 g2.6
Sep S 1.6 1985 1.96° 0.52
B 069 — — —
Oct S 2684 26.19 16.35 27.07
B 17.40 12.61 — 26.26
Nov S 8.76 8.98 7.68 23.36
B 141 1.31 248 7.65
Dec S 475 7.68 2.08 7.65
B 340 312 6.85 5.03
1972
Jan S 5964 40.87 2925 36.564
B 30.38 43.40 13.83 259:
Feb S 4128 969 2093 2260
B 1171 569 14.86 14.08
Mar S 11588 39.21 86.62 59.81
8 8416 59.96 3918 43.08
Apr S 4967 277.15 9386 38.93
B 19.77 37.78 B7.50 21.89
May S 8163 97.01 58.68 60.20
B 6191 — — 9.91
Jun S 31.05 116,72 28.63 38.00
B — —_ J— —
Jul $ 21.31 516 2.28 4.50
B 821 10.48 53.656 3312
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maonths, the mudbank showed low values
during these periods, while during the pre.
monsoon months the same area indicated high
rate of production. The rate of potential
assimilation was uniformly high, averaging
36 mg Cim%fh with the maximum during
February-May, when there was no mudbank
prevailing in this area. The monthwise pro-
duction rate is shown in Table 1. High dark-
assimilation rates were noted in the bottom
samples and very low values were observed
in the bottom at the time of munbank forma-
tion.

Chiorophyil a : The standing crop. measured
in terms of chlorophll a, for the four stations
are presented in Table 2. It is believed thatthe
magnitude of chlorophll 8 of a water body
gives a true index of the standing crop. The

tabie 2 indicates that. during June-July of-

both 1971 and 72 periods, when the mudbank
was active, chlorophyll @ values were higher
compared to other months. Also it revealed
that chlorophyil 28 had an increasing trend
during the period of mudbank as was observed
at the three stations which were in the mud-
bank proper, while the 4th station, which was
slightly deeper and far away from the mud-
bank, showed uniformly low values through-
out the period. During the period when there
was no mudbank, the chlorophyll & values at
the surface of this area were generally less
than 10 mg/m3. But during the period of the
mudbank the values were double or even
three fold,

TABLE - 2

Measurement of chiorophyll a at the
mudbank area

Chlorophyll @ mg/m?3 {surface)

St.1 St.2 St.3 St.4

1971 Jun 26.7 184 25.1 —
Jul 332 16.1 15.5 8.0
Aug 13.7 16.1 16.6 0.7

Sep 143 4.9 8.6 —
Oct 14.8 8.5 0.4 8.2
Nov 5.8 2.6 3.1 12.9
Peac — 0.6 0.9 2,5
1872 Jan 9.7 9.0 3.3 3.2
Feb 4.5 1.8 1.2 3.3
Mar 6.5 1.3 2.2 1.3
Apr 3.0 4.0 3.7 1.7
May 5.7 3.4 2.3 3.1
Jun 16.7 156.8 11.3 16.0
Jul 10.6 6.7 6.2 29
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Biomass : The plankton volume showed a
graduaily increasing trend from June onwards,
reaching its maximum in August primarily due
to the then high abundance of the dinoflagel-
late, Noctifuca miliaris. After August therse
was a gradual decrease in the volume of plank-
ton, reaching its lowest ebb in December.
Again, after Decembar, there was a rise in the
volume of plankton through the succeading
months (unimodal) and reached its peak at the
period of the next mudbank formation, that is
in 1972 (Fig. 1). A notable feature in the
biomass distribution at the mudbank was its
spatial variability. The values which were
highest in the first station declined gradually
to the fourth station.
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Total cells and qualitative studjes of phytopiank-
ton : The quaniitative distribution of phyto-
plankton present in one litra ot watar colfec-
ted both from the surface and bottom in the
mudbank area during the period of investiga~
tion is presented in Table 3. The magnitude
of production was different in the mudbank
for the two years. Diaioms dominated during
the formation of the mudbank, while dinofla-
gellates were most abundant during the period
of its dissipation. However, nannoplankters
were equally abundant atl through the active
period of mudbank, which was responsible
for the high values of cell counts observed
during this period. At the time of dissipation
of the mudbank, during August of both 1971

MUDBANKS



TABLE - 3

Seasonal abundance of phytoplankion of the mudbank at Ambalapuzhs,

One-litre settling-

chamber counts of phytoplankters (average of 4 stations).

Months Diatoms Cinofla- Silico- Cocco- Cyano- Nano- Total
gellates flageilates liths. phyceae pl.
1971 Jun s 183600 650 100 — 670 213200 398280
B 16170 240 60 —_ 300 111000 127770
Jul LY 181000 4400 —_ - — 211100 396500
B 17200 320 — — — 112600 129800
Aug s 35520 12630 —_ — — 116500 164650
B 240860 17550 —_ —_ —_ 118500 1607100
Sep s 2330 16750 - — — 111000 130080
B 14380 1600 — — — 123600 139500
Oct s 15610 6§90 — — —— 28000 224200
B 20970 1200 —_ — - 16000 128170
Nov s 12140 80 — — — 132000 144220
B 4000 160 — - - 121000 125160
Dec s 17280 1080 — - 3800 114000 136160
B 14400 790 —_ - 3000 112000 130190
1972 Jan s 15280 300 —_ — 1800 122400 138790
B 15140 200 — — 1600 114000 132740
Feb s 13630 320 — 80 600 116200 130930
B 13000 340 — 60 250 112620 126250
Mar 4 6360 690 —_ — — 116250 123300
B 3340 430 —_ - — 114000 117870
Apr S 34440 970 80 — — 118500 153990
B 19820 450 30 —_ - 113400 133900
May S 245800 2110 400 1100 — 26400 275810
B 44300 690 120 180 —_ 123600 168880
Jun s 26280 1950 —_ —_— _ 316800 345030
B 22090 1050 — — —_ 246400 269540
Jul s 353600 11050 - — — 211200 576880
B —_ —_ —_ —_ J— —_— —_

and 1972, blooming of the harmful dinoflagel-
late, MNoctiluca miligris, was a highly noticea-
ble feature: Silicoflagellates and Coccolitho-
phores were found to be very rare and the
biue-green alga (Trichodesmium spp.} was
found to be abundant during June,

From one litte of water sample examined,
58 common species of phyftoplankiers were
identified, among which diatoms constituted
38 species; dinoflageliates 14; Silicoflagel-
lates 2; Coecolithophore 1 and blue-green
algae 2. The species-wise distribution of the
above mentioned phytoplankters is given in
Table 4.

Other observations : In August and in early
September of both 1971 and 72, when the
mudbank was in the dissipating stage, bright
red patches were observed in the surface
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waters all along the mudbank region. This
discolouration was due to extremely high
concentration of the dinoflagellate, Noctiluca
miliaris. A grean discclouration was also
noticed an 27th August 1971, which was
caused by the ‘green’ Noctiluca. (Noctiluca
with a green euglenoid symbiont, Protoeuglena
noctilucae). In September 1971 also, a green
discoluration of the water was noticed which
was however due to high incidence of the
diatom, Fragilaria oceanica.

DISCUSSION

Although the regional and seasonal varia-
kility and magnitude of primary production in
the inshore environments of the west coast of
India is known and has been correlated with the
potential fishery resources (Prasad et al 1970),

31



040'[

600 -

o

680} ® 3¢ | 3
- o8t 2
5201 Asts
- DSt 4

480

x 1000

440

400

360}

LITRE

3201

280

PER

240+

200;

180+

CGELL S

1201

zzo[. b

180} .

TOTAL

1401

100

80+

T FW A NI T A

1972

I |
OND

197

Fig. 2 a-b, Standing crop of phytoplankton in terms
of total cell counts (surface and bottom}

these studies are not comparable with those
of the mudbank, which, as an ecosystem, is a
unique one by itself. Light is never a limiting
factor in the tropical waters. But in the mud-
bank area light penetration is highly restricted
due 1o the suspension of fine particles of mud
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confining the phytoplankton production to the
top few centimetres. The live phytoplankton
seen throughout the mixed layer, which in
the mudank reaches to the very bottom, may
be due to the high rate of primary production
observed before the formation of the mudbank.

For the entire west coast and connected
backwaters, the monsoon period is the most
productive time, with high values excseding
2 g C/m?/day, followed by fairly high produc-
tion rates during the post-monsoon period.
because of the proportionate availability and
replenishment of nutrients (Subrahmanyan
1969; Nair et al 196&; Nair et al 1875; Gopina-
than et al 1974; Radhakrishna 1969; and
Joseph and Pillai 1975). At Ambalapuzha
area, where the mudbank is usually formed,
on the other hand, the productivity values are
high just before the formation of the mudbank
and afterward decrease through the period
of mudbank. The reason for the high values
of production before the formation of the
mudbank may be because there was an abund-
ant poputation of diatoms during this period
(Table 3).

The chlorophyll a values in the mudbank
are also very high when compared with the
values reported from the inshore areas of
Cochin by Shah (1973) and Gopinathan et al,
(1974). Qasim and Reddy (1967) observed
that the values in the Cochin backwater were
all less than 10 mg/m3 during the monsoon
months. Butin the mudbank the chlorophyli
2 values are observed ranging from 10 to 33
mg/m? during this period.

It is thus seen from the present investiga-
tions that the mudbank, in spite of its limited
primary production potential due to theshallow
euphotic zone, is nevertheless characterised
by a high standing crop. as represented by
biomass, chlorophyil 2 and total cell counts,
especially at its formation as well as ifs
maturity period, presumably favoured by
abundant rainfall and enrichment of nutrients
from the bottom. Another reason for the high
standing crop of phytoplankton at the period
of mudbank may be that the nannoplankters
contribute to about 70% of the total cells,
which is also responsible for the high
values of chlorophyll @ during this period,

MUDBANKS



TABLE 4

Seasonal variations of differant phytopiankteks present in one litre of water surface
(average of two years)

Bacillariophyceae

1.
2
3
4
5.
6
7
8

9.
10.
11.
12.
13
14,
16.
16.
17.
18.
19.
20.
<1,
22,
23.
24,
25.
26.
27.
28.
29,
30.
31,
32.
33
34.
35.
36.
37,
38.

(Diatoms)

Melosira sulcata

. Hyalodiscus subtiiis
. Stephanopyxis paimariana
. Skefetonema costatum

Thalassiosira decipiens
T. subtilis

. Coscinodiscus spp.
. Planktoniella sof

Lauderia annulata
Schoederella delicatula
Guinardia flaccida
Rhizosolenia spp.
Bacteriastrum varians
Chaetoceros larenzianus

C. decipiens

C. curvisetus

C. affinis

Eucampia zoodiacus
Climacodium frauenfeldianum
Streptotheca themesis
Bellerychea malleus
Ditylum brightwelli
Triceratium favus
Biddulphia sinensis
Biddulphia mobiliensis
Ceraraufina bergonii
Hemiaulus sinensis
Hemidiscus hardmannianus
Fragilaria oceanica
Thalassionema nitzschioides
Thalassiothrix frauenfeldii
Asterionella faponica
Plaurasigma elengatum

P. normanni

P. directum

Navicula sp.

Nitzschia longissima

N. seriata
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Table 4 {contd.)

39,
40.
41,
42,

43

44,
45,
46,
47,
48.
43.
50.
51.
52,
63.

Dinophyceae

Prgrocentrum micans
Dinophysia caudata

D, miles

Ornithocercus magnificus
Noctifuca miliaris
Pyrophacus horologicum
Peridinium depressum

P. oceanicum

P. claudicans

P. pentagonum
Diplopsalis lenticula
Goniaulax polyhedra
Ceratium furca

C. fusus

C. breve

Silicoflagellates

54,
65.

Dictyota fibula
Distephanus speculum

Coccolithophore

b6.

Coccolithus sp.

Cyanophyceae

57.
58.

Oscillatoria sp.
Thricodesmium theibautii

=

= |

o2 |

O

I
|

|| 2= |

233 |

| m= |

I
| vom! il = 2»

| = |

=

=

N D
R R
— R
R R
R R
R P
- R
— R
~ F
— R
R R
— R
- c

B=bloom (10,000 cells and above);

A=abundant (1000-10000 cells); C=common

{500 to 1000 cells); F=few (250 to 500 cells); R=rare (below 250 cells); dash denotes absent,
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EIGHT

ECOLOGY OF MUDBANKS — ZOOPLANKTON

K. J. MATHEW, C.P. GOPINATHAN, A. REGUNATHAN, D.S.RAO and"A, ¥ '§. MURTY

ABSTRACT

Zooplankton investigations carried out in the region
of Alleppey mudbank, commencing with the formation
of the mudbank of 1971 and continued through the
mudbank of 1972, revealed that the mudbanks are richer
in zooplankton in general. The fluctuations of the
standing crop as wetl as of the major individual groups
are discessed briefly to show the charateristic of the
mudbank.

The stations at which the 2zooplankton
collections were made, the frequency of col-
lection and the duration of study &re the
same as those described in chapter 5. Plan-
kton samplings were made with a half-meter
nyio-bolt ring net of 0.3 mm mesh by making
horizontal surface hauls of 10-min. duration.
The samples were praserved in 3% formalin
and, having brought to the laboratory, the
total volume was determined by the displace-
ment method. Numerical counts of individual
groups were taken and estimates were made.

OBSERVATIONS AND RESULTS

Standing crop of zooplankton

The monthly mean values of displacement
volume of zooplankton estimaied for the
Alleppey area, during the mudbank and non-
mudbank seasons, are presentad in fig. 1, In
the mudbank of 1971 the biomass reached up
to 4-06 mlj/10 min, whereas the values never
exceeded 2miji0 min. in the mudbank of
1972. During the pre-mudbank and post-
mudbank periods, the zooplankton biomass
was extremely low (less than 1/mifl.)

Altogether 19 groups of zooplankters
were praesent, the important of which, in the
order of their abundance, were copepods and
copepodites, appendicuiarians, fish eggs and
larvae, prawn larvae, lugifer and crab larvae.

o

T VOLUME

(OISPLACEMEN

QOthers which were either rarely present or .

strictly seasonal in their occurrence werse
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Fig. 1. Manthly mean varfations in the displacement

volume of zooplankton.

polychaete larvae, juveniles of Barnea sp.
and tunicates. Ail these were present in the
mudbank also,

Copepods and copepodites were extre-
mely abundant almost throughout the year
{Fig. 2a.). The months in which the copepods
were less abundant were September 1971 and

January, February snd September 1972. But
the copepods on the whole were comparati-

vely more during the season of mudbank than
during other seasons. As observed during
both the years, September seems to be the
lean month for copepods, and during Septem-
ber 1972 the copepodites were totally absent.

The appendicularians were present in all
months and were fairly abundant throughout
the mudbank as well as non-mudbauk seasons
(Fig. 2h). The two months in which they
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occurred in lesser numbers were QOctober 1871
and March 1972. The polychaste larvae wers
abundant during the mudbank seasons of both
the years (Fig. 2b.) During 1971, their maxi-
mum number was observed during the months
of June, July and August, coinciding with the
mudbank. During 1972 their abundance was
in May, June and July. November 1871 to
March 1972 was the lean period for poly-
chaetes.

Pleurobrachia and cladocerans were found
having an interesting trend. There was a
swarming of pleurobrachia in August 1971,and
afterwards they disappeared. Simultaneously
with this was a swarming of cladocerans.
However, unlike the pleurobrachians, the cla-
docerans did not make a sudden appearance
but were presenf in moderate numbers during
the previous 2 months. But from September
1971 to June 1972 the cladocerans were abs-
ent in the mudbank area. Again in July 1972,
they swarmed the mudbank and disappeared
afterwards.

The appearance of medusas was strictly
seascnal (Fig. 2d.) They started appearing in
June, during the first mudbank, but the peak
was in September,
were caught in a 10-mini, haul. By November,
they totally disappeared and in January they
again reappeared, but withdrew during the
same month. Afterwards they were totally
absent for the next 4 months until June-July
1972, when they were again present in the
plankton,

The chaetognaths were quite sgnificantin
that they were abundant in the mudbank (Fig.
2c.). While they were caught in good numbers
in June and August 1971, the next year
they showed their abundance in July and
August. in January 1972 also a few of them
were caught from the mudbank region. Sagitta
inflata was the dominant species. During the
period of observations the siphonophores
were present during three months oniy, viz,
June and August 1971 and July 1972. Alto-
gether five species of siphonophores were
identified, which in the order of abundance
were Lensia subtiloides, Diphyes chamissonis,
Bassia basseusis, Enneagonum hyalinum and
Abyiopsis tetragona.,

Post larvae of penaeid prawns of species
Penasus indicus, Matapenaeus dobsoni and M.
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when 1125 specimens .

monoceros were prasent in the plankton in
varying numbers. Their maximum abundance
was observed during the mudbank periods,
especially during the month of July (Fig. 2f.).
A second peak, of low intensity, was observed
in the month of January. The two peak peri-
ods of occurrence of prawn larvae agree
with the two peak breeding seasons of pena-
eid prawns on the southweast coast of India.

Good number of specimens of [ucifer were
present in almost all the months. But they
were absent in September 1971 and Septem-
ber 1972, as well as in Daecember 1971. As in
the case of other zooplankton organisms, their
peak period of occurrence was during the mud-
bank seasons (Fig. 2e.}. The crab larvae con-
stituted only a small portion of the total
plankton. They occurred in varying propor-
tions in all but four months, namely, August
and November 1971 and August and Septem-
ber 1972. Two peak periods in their occurr-
ence were noticed; one during the mudbank
season and the other during the February-
April pre-mudbank season, ({Fig. 2g). Fish
eggs though were encountered in the plankton
in varying numbers in all except four months,
they showed more abundance during and after
the mudbank (Fig. 2i.). In 197, their maxi-
mum number was in October, while it was in
August and September during the next vear.
Generally speaking, the lean months for the
fish eggs were from November 1971 to June
1972,

The fish larvae did not contribute much te
the plankton, probably because most of them
escaped the net which was towed from the
country craft with varying speeds, (Fig. 2j).
The juveniles of Barnea sp. were extremely
abundant in the plankton during July 1971 and
July 1872. The occurrence of these juveniles
is associated with the reproductive cycle of
this species. Stray specimens of amphipods
were collected during the monsoon period of

both the years. The tunicates were also found
in the samples collected in the monsoon

months. A few stomatopod larvas were pre-
sent during October 1971, Jtanuary 1972 and
April to Augyst 1972, The adult ostracods
never occurred in the plankton, but the larvae
of one species, Cyrrpiding deptata, were num.
erically abundant in the plankton during June
and July 1972, when 28125 and 130 speci-
mens, respectively, per 10 minutes haul, were
collected,
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TABLE-1. Relative Abundance of Zooplankton Groups
Zoopltankton June July Aug Sept. Oct, Nov. Dec. Jan. Feb, Mar. Apr. May June Jul-  Aug. Sept.
Groups i ‘72
Meduse 0.001 0.010 0042 9.053 0.023 1.048 00068 0.036
Siphonophores 0 009 0.040 0 007
Pleurobrachia 0115
Chaetognaths 0.700 0.002 0005 0.562 0.003 0.003 0.611 0.001 0.013 0.859
Polychaete
farvae 0.286 3.357 0.397 1.014 0.083 0.013 0.039 0.178 1.523 3.401 0.3%94 1.148
Copepodites 39.179 27.812 40236 33.298 0.478 37.335 43.425 40.043 45.515 5719 47 431 33.258 27.670 15561 2.658
Copepodites 58.588 63.212 44.147 26.163 99.21760 226 50.668 40.043 52.566 93.644 49.027 40.530 51,161 56,810 83536 19.101
Cladocerans 0100 0.604 14.690
Amphipoda 0.002 0.001 0.001 0.001 0007
Lucifer 0.025 0.152 0.0M 0.009 0.002 0.195 0.007 0.023 0.006 0.040 0.007 0.008 0.116
Prawn larvae 0.003 0.449 0.001 0.008 0,001 0.001 0.449 0 006 0.005 0.007 0.026 0.286
Crab larvae ¢.015 0.060 0.026 0.003 0.002 0039 0,045 0.003 0.020 0001 0.001 0.003
Stomatopod
larvae 0.001 0.020 0.010 0006 0.005 0.003 0.048
Barnea sp.* 0.912 0.0056 0.816
QOstracod
tarvae 17.390 0.066
Appendicu-
larians 1.093 3.246 0.284 29677 0.071 2.423 5887 17.089 16.873 0.600 3.325 15,625 0.348 25532 6820 18.337
Tunicates 0.001 0.003 0.005
Fish eggs 0.175 0.037 0781 0119 0001 0.012 0.566 0003 0.0056 0.033 5604 61.889
Fish larvae 0.007 0.001 0.020 0.007 0001 0.002 0.0068 0.007 0672

*luveniles only



Relative abundance of zooplankters

The relative frequency of among variocus
groups of zooplankters is given in the form of
percentages in Table 1. It is observed that in
all the months copepods dominated the plank.
ton, forming more than 809 of the total biom-
ass. The month of Septembarin both 1971 and
1972 appeared to be the lean period for cope-
pods when they formed about 60% and 19%
respectively of the total plankton, The num-
ber of copepods was so enormus that the
other groups were rarely represented by mora
than 1% numerically in the standing crop of
zooplankton.

The abundance of fish eggs and appendi-
cularians and the reduction in the number of
copepods in September 1972 gave an unusual
picture of relative occurrence of plankton, com.
pared to other months. During this month,
copepods, appendicularians, fish eggs and
iarvae alone were present as zooplankters.

DISCUSSION

The general picture which emerged from
the study of zooplankton of the area, both
quantitative and qualitative, is that zooplankt-
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ion was more sabundant during the mud-
bank. Incidentally, a correlation between the
abundance of zooplankers and the ecological
features has been observed. The environ-
menta!l factors, such as nitrate, phosphates
and silicates showed definite increase in the
mudbank (ref: Chapter 8,) The standing crop
of phytoplankton, which is directly linked up
with these chemical properties. also showed
a general increase during this period (Fig. 1.).
The same trend was reflected in the case of
zooplankton aiso. Mukundan (1967), based
on material collected on the inshore plankton
of Calicut from 1957 to 1965, found that
August-November period was the peak period
for the zooplankton, while February-July
period registered moderate values, and in the
months December and January, the zooplan-
kton biomass was poor. The observed differ-
ence with regard to the seasonal variations in
zooplankton abundance between Calicut and
themudbank region may be attributed to the
peculiar ecosystem that prevails in the mud-
bank area. However, the swarming of clado-
cerans during the monsoon period, when the
water salinity was comparatively lower, was
observed both at Calicut and in the area under
present study.
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ECOLOGY OF MUDBANKS -- BENTHOS

A, REGHUNATHAN, C. P, GOPINATHAN, K. J. MATHEW, D. 8. RAO and A. V. S. MURTHY

ABSTRACT

Qccurrence, abundance and seasonal distribution of
the bhenthic fauna of the mudbank area at Alleppey
were investigated. The substratum at the mudbank area
being of an unconsolidated and unstabte nature due
to the fresh supply of sediments and their periodic
movement, it was thougt that tbe fauna therein may
be of a recent colonisation and a study on the animal-
sediment relationship would be of interest. This
was waell established during the presant studies with
regard to the occurence and numerical abundance of
species and the benthic population in general.

INTRODUCTION

It is generally recognised that the benthic
fauna and flora play an important role in the
marine food chain and a knowladge of ben.
thos is one of the important pre-requisite to
have a comprehensive picture of the fishery
potential of an area. Mudbanks, known for
their fishery potentials, therefore. prompted
the authors to investigate the role of benthos
in these areas. A perusal of the literature
(Seshappa 1963; Kurien, 19853;1967; Damodaran
1973) on the bottom fauna reveals that our
knowledge on the sub-tidal bottom fauna of
the Indian seas in general is vary little.

Mudbanks have been classified into four
categories (Chapter 3) based on the nature of
sediments that come into suspension.  may
be expected that, the source of these sedi-
ments being different, the faunal assemblage
may be different too. Hence a study on the
bottom fauna of the different mudbanks is
necessary to have an understanding on the
qualitative and quantitative picture of the
level-bottom communities and their role in
the mudbank fishery,

MATERIAL AND METHODS

Since the observations had to be carried
out from an indegenous country craft, heavy
gear had no place in the choice of instruments.

40

A Van-veen type grab of 0.03m2 was used for
sampling the bottom fauna. The highly un-
consolidated nature of the mud, particularly
during the mudbank, did not permit the opera-
tion of the dredge, which would easily get
buried in the mud.

Materials for the presnt study were regu-
larly collected continuously from June 1971 to
August 1972; from the same 4 stations des-
cribed earlier (see Chapter 5). Samples were
sieved using a 0.5mm sieve 1o seperate
the macro-fauna and the meio-fauna, All
those animals retained by a 63p sieve were
treated as meio-benthos. all the meio-benthos
were treated together dus to poor individual
abundance. The bottom fauna was expressed
in No.;0.1 m of the substratum.

All the erganisms were treated in phylo-
genetic sequence and, wherever possible,
identifications were carried out up to genus
and species levels. When such identifications
weare not possible they were treated group-
wise,

DISTRIBUTION OF BENTHOS IN THE
AMBALAPUZHA ~ PURAKKAD AREA

Foraminifera

Although a number of species belonging
to different genera are recorded from many
regicns of southwest coast of I[ndia, only a
few species of the genera Discorbis, Spiroio-
colina, Potalina and Textulyria were present
in the samples from the Ambalapuzha area.
They were distributed in all the stations and
round the year, except in April, May and June.
They were found to bes abundant in stations
1and 2 (Table 1 and 2). Monthwise occurrence
of different groups showed wide fluctuations;
howevaer, foraminifera showed the first peak
in November-January followed by another
peak in June-August. The highest number of

MUDBANKS
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Table 1

Monthly variations in the mean number of various groups of organisms expressed in 100s
per 0.1 m? of bottom sample.

~ STATION 9
. S Mudbank Post-mudbank season Pre-mudbank season Mudbank

Organisms season 1971 season 1972

June July Aug Sept. Oct. Nov. Dec. Jan, Feb. Mar. May. Jun. July  Aug
Foraminifera 367 210 — 1572 1008 5896 40596 37064 7316 21772 — —_ 96 —_
Nematoda - 74 210 1512 1452 5464 27996 22808 3716 60 3696 — 22 -
Polychaeta —_ 1 - 12 —_ — — 12 — — — —_ 22 —
Ostracoda — 3 70 120 264 310 648 — 33 24 - = - -
Copepoda S 8 2 9 24 @ — 24 — — 24 24 — 1 —
Amphipoda - 2 — -— —_— = — - — - —_ - —_ -
Crt;stacean nauplii — — 48] 24 12 _— _— _ — — —_ — - _
Arachnida — ~ ' a2 12 — - - —r —_— — —_ - —

54 51" 72 24— - -

Pelecypoda —~ 10 2498

267 318 354 517
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Table 2

Monthly varistion in the mean number of various organisms expressed per 0.7 m:.

STATION 2
Mudbank - Post-mudbank season Pre-mudbank season Mudbank season

Organisms ' season 1971 1971 1972 1972

June  July  Aug. | Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. | June July  Aug.
Foraminifera 2191 19 234 48 622 180 420 50 288 312 — - — 960 TM760
Nematoda — 265 58 216 432 3264 984 2793 727 6600 99 288 2510 480 —_
Polychaeta —_ — 2 —_ — 12 — 24 —_ — — — — —_— —_
Ostracoda 13 3 16 —_ 12 24 48 — —_ — —_ - — — —
Copepoda —_— 7 2 12 — 120 24 — 4 —_ — —_ — — —
Amphipoda - — - — — —_ — — — — - - —_ __
Crustacean nauplii — —_ 1 36 — - — — — — — — - — —
Arachnida — 3 1 ' 12 - — — —_ — — _— — - — -
Palecypoda 9 3 180 27 46- 480 — — —_ — —_ — — — —_
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Table 3

Monthly variations in the mean number of various groups of organisms expressed] 0.1'm2

STATION 3
Mudbank season Post-mudbank season Pre-mudbank season Mudbank season

Organisms 1971 1972 1972 1972

June July  Aug. Sept. Oct. Nov, Dec. Jan, Feb. Mar, Apr. May | June July  Aug-
Foramifara 127 14 180 2 62 373 484 2052 9 12 — —_ —_ - 1488
Nematoda —_ - 27 b17 67 355 949 1068 24 12 — 73 — 14 115
Polychaete —-_— = — ) — - — 7 — — — — _— = —
Ostracoda 16 3 6 7 4 3 19 - - - — — S _
Copepoda 4 1 1 14 —_ 1 2 — 2 — — — - _ —
Amphipoda —_ _— —- — — _ — — - —_ — — — —_ -
Grustacean nauplii - 7 45 62 — S — — — — — —_— = -
Arachnida —_ 2 2 —_ 2 — — — — —_ - - — - —
Pelecypoda — 3 131 . 160 74 . 2 33 | 29 - = = —_ _ = —
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Table-4

Monthly variations in the mean number of various groups of organisms
expressed|/0.1 m?

STATION 4

Mudbank season

Post-mudbank season

Pre-mudbank season

Mudbank season

Organisms 1971 1971 1972 1972
June  July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar- Apr, May [ Jun, July Aug.
Foraminifera - 42 698 - 1483 669 — 160 42 24 — — _— 7812 242
Nematoda — 106 37 7 4 48 26 33. 2 24 — 1204 88 3372 19
PoI‘\(chaeta — —_ 1 7 7 10 40 — — — — 4 _ e —
Ostracoda -— 16 61 4 19 B4 24 2 — — —_ — — — —
| Copepoda — 4 — — — — _— - - — — _ — _ —
Amphipoda — _ — — - — — — — - —_ —_ — — —_—
Crustacean nauplii  — - 4 40 _ —_ g —_ —_— —_ — — — — —
Arachnida — 1 2 2 2 — — — — — -— 38 — — 4
Pelecypoda — 39 230 48 110 8 48 —_ — — - —_ - — —




71,76,000/0,1m2 was observed in st. 2 in Aug-
ust 1972 (Table 2).

Nematoda

Nematodes were present in  almost ali
stations. They were second only to foramini-
fers in the faunal abundance and the peak
period of occurrence of this group was obser-
ved in November-January. The maximum num-
ber of 2,79,900/0.1 m? was recorded from st. 1
in December 1971 (Table. 1).

Polychaeta

The polychaetes in general were one of
the poorly represented group in the area
throughout the yvear. Aramandia lanceo/ata and
Glycers albs were encountered along with
FPrionospio pinnata in the samples. They were
found ta be abundant in st. 4 in the months
November and December,

Ostracoda

Considerable number of ostracods were
recorded from all the stations. They were
observed in the samples in all the stations up
to January, and, in station 1, their occurrence
continsed up to March. The maximum of
64,800/0.1 m? was observed in st. 1 in Decem-
ber (Table 1).

Copepoda

Copepod fauna was tepresented by spe-
cies of Pseaudonthessium, Harpacticus, Scote-
cifathricella and Hetenohabdes. Most domi-
nant of the copepods was [Marpacticus sp-
Copepods were present in all the stations
and throughout the year. The maximum of
12,000/0.1 mt was observed in st. 2 in Novem-
ber (Table 3).

Amphipoda

Amphipoda were the most pcorly repre-
sented group among the benthos. Amphipods
were observed in July in st. 1 (Table 1), Their
occurrence was not observed in any station
afterwards, Arachnids were represented by
the Targigrades and they were numerically
less in the samples. '
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Pelecypoda

This group was represented mostly by
Barnea sp. and they were observed from June
to December in the samples. Mortality of
molluscan fauna was cobserved in January.

DISCUSSION

Fluctuations of different groups through
months did not show any relation to the
hydrographical features. Of the benthos, for-
aminifers were found to be the most dominant
group. Nematodes and bivalves were obser-
ved to follow in the order of numerical
abundance. The peaks of foraminifers and
nematodes were found to coincide with each
other. The peak of benthic production in
general was observed within the period No-
vember-January. Majority of the benthic com-
ponents were observed to show a declining
trend from January. The oil spill and churning
up of the bottom, caused by archoring and
movement of the mechanised vessels, agpart
from providing an uastable substratum, may
pollute the overlying waters and bring in the
observed faunal reduction in this area. The
animal diversity and abundance in stations 1
and 2 may be attributed to their preference {o
a sand-clay bottom rather than a silt-clay
bottom. The abundance of polychaete fauna
in st. 4. may be attributed to the depth which
provides a stable substratum by buffering the
activities of the overlying waters and the
preference of silt-clay nature of the substra-
tum. :

The bottom fauna in general showed a
low intensity in the mudbank. This may be
due to the unconsolidated nature of the sedi-
ments which does not give a stable substratum
for the animals to settle. The fishery compone-
nts were mostly of pelagic and column feeders
except the soles and prawns, Since they have
been identified as migrant populations (see
Chapter. on fisheries) and the soles come into
the fishery at the fag end of the season, the
fow intensities,of the bottom fauna does not
favour any special significance on their role
in the mudbank fishery.
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ECOLOGY MUDBANKS — THE CURRENT SYSTEM
OF ALLEPPEY MUDBANK

K. J. MATHEW, A. REGUNATHAN, C. P. GOPINATHAN, D, S. RAQO and A. V. S, MURTHY

ABSTRACT

The knowledge of the water currents in the locality
being essential for understanding the causes of forma-
tion, maintenance, movement and dissipation of
mudbanks, the current system over two tidal cycles,
one in May, belore the formation, and the other in
August, toward the end of the mudbank peried, in
1975, at Alleppey mudbank was studied. Marked
difference in the direction and wvelocity of the
current was noticed between the two occasions. In
May the effect of tha tides was not noticeable on the
direction of the current, which was southerly.
whareas in August, though the major current cons
tinued to be southerly, the speed was considerably
reduced due to tidal influence, introducing thereby
a northerly component. Afong with  the current
observations, the diurnal changes in the hydrolagical
and biological aspects observed in the mudbank are
roported.

{NTRODUCTION

As the pattern of currents, with its pos-
sible influence on the physical, chemical and
biological characters of the region, is bound
to have a direct bearing on the formation,
retention,upkeep, movement and dissipation of
the mudbank, a sfudy onthe gurrent system
was made at Alleppey mudbank, Since the
current velogity and other parameters would
in all probability exhibit diurnal variation in
relation to tide, the current system was studied
at fixed intervals over two tidal cycles, one in
May, prior to the formation of the mudbank,
and the other in August, toward the end of its
formation, after assessing the tidal influence
it wouid then be possible to obtain the mean
values of the characteristics, after eliminating
the tidal influence, '

MATERIALS AND METHODS

The observations were at first carried out
on board the research vessel Cadalmin-f,
anchoring in the mudbank off Purakkad at 4 m
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depth, about 1 km away from the coast, from
0900 hrs on 16th to 0400 hrs on 18th May
1975, For the 2nd set of observations in
August, as mechanised vessels were not per-
mitted then to operate within’ the mudbank
area, a platform was made, tying two canoes
together and anchorlng it in the middle of the
mudbank at 4m depth. From this platform the
observations were conducted from 20.00 hrs
on 16th to 19.00 hrs on 17th August 1975. On
both the occasions the direction and velocity
of the currents were measured by using an
Ekman’'s Current meter, which was lowered
to 2m depth, at one-hour intervals. The sea-
water samples for salinjty, dissolved oxygen,
nutrients and phytoplankton productivity were
collected at 3-h intervals from surface and
bottom. The quantitative and qualitative
aspects of 1he phyioplankton were estimated
by the settling method. The estimation of the
chlorophyll content of the surface and bottom
waters was made by filtering the samples
through G. F. C. filters, dissolving in 907
acetone, centrifuging and transmission meas-
uring using Spectronic-20. /n situ experiments
ware conducted using 14¢ for measuring the
rate of primary production, Zooplankton
sampling was done once in every 3h by
vertical tows from bottom to surface’ using
a half-metre nylon net having mesh size of
04 mm. The volume of the plankton was

determined by the displacement method. The
zooplankton samples were analysed up to the
group levels,

OBSERVATIONS AND RESULTS

Weather conditions

In May, at the time of starting the first set
of observations, the sky was clear, the weather
fair and sea calm. However, from 0200 hrs to
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0900 hrs on 17th, it drizzled. The wind was
calm during the midnight hours and in the
early  morning, but rose to a strength of
10-13 km per hour in the evening (Fig.2i). it
rained heavily onthe 18th morning. During
the 2nd set of observations, itrained during
the early hours of the night. The weather was
fair during the following day. Maximum wind
speed (fig.4 a) recorded was about 18 km/h,
during noon on 17th August. The direction of
the wind was north-easterly during night and
north-westerly during the day.

Currents

The direction of the currents observed
during the first observations is presented in
fig-1. The figure indicates the percentage of
lead balls fallen in each chamber. The distri-
bution of total number of balls is indicated at
the right extremes column of the figure, It is

interesting to note that, throughout the period
of obsaervations, the directions of the current
was betweesn 150 and 180°, except attimes
when the flow was nearing zero and the
water thrust was too feeble tokeep the current
meter in a fixed direction. The major direction
was at 160°, indicating the coast-parallel
southerly flow (longshore current), during the
antire period of observations. The results
obtained during the 2nd set of diurnal ob-
servations were totally differenf in that the
water movement was in all the directions
{Fig.3).A northerly flow was set in at about
0400 hrs, eventhough its duration was short
during the tidal period, The diiferences in the
pattern of direction of incurrents at the two
phases of the mudbank is considered signi-
ficant,

Fig. 2a represents hourly variations of the |
strength of the flow during May. The values of
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current fluctuation and wind speed during
42 hours, starting from 1200 hrs on 16th
May. a: absolute values of currents observed;
b: observed currents after smoothening of
overlapping values; c¢: diurnal component of
tidal flow; d: semi-diurnal component of tidal
flow; e: quarter-diurnal component of tidal
flow; f: effective tidal flow: g: residual
flow; h: tide lovel at Cochin; i: wind force.

TIDE LEVEL AT COCHiN{cm)

observed flow were smoothened out in order
to eliminate the observational errors if any
This smoothening effect was brought out by
overlapping means, taking three consecutive
values at aftime. The, smoothened data
(Fig. 2 b) were considered for further analysis’

As the ‘observed flow was practically
confined to the coastline direction with
nocoast-normal {component {(as revealed
from Fig. 1), the _influence of tidal forces
on the currents of the location is only
oscillatory. not rotatory. In order to nullify
the effect of tides on currents, mean values for
25 h were considered. Thus, there is a set of
16 moving averages obtainable from the
middle portion of observations, barring the
extreme 12 h on either side of the observa-
tional period from 1200 hrs on the 16th to
0300 hrs on the 18th.

it is well known that the tides and tidal
currents are caused by the gravitational forces
of the sun and moon exerted on the earth. The
times of occurrence of high and low tides at
Cochin corresponding te the period of current
observations are noted from the Tide table and
presented in fig. 2. The lowest low tide on
16-5-75 was 33 cm at 1009 hrs and the
highest high tide (105 cm) occured at 1722
hrs on the same day. The next day the lowest
low tide of 38cm occurred at 1046 hrs, while
the highest high tide of 103 ¢m occurred at
1769 hrs,

The tidal currents are less readily observed
than the tides and even more difticult to
examine theoretically (Sverdrup’ et al 1942).
Owing to the proximity of the moon to the
earth, the lunar influence are predominant on
tides, and tidal currents therefore exhibit an
average length of diurnal tidal period equasl to
a lunar day (24 h 50 min., which is approxim-
ately 25 h).

Assuming that the Ilunar diurnal, semi-
diurnal and quarter-diurnal cyclic variations are
present in the total fluctuations of currents, and
considering twenty-five hourly observations
from 1200 hrson16.5.75 to 1300hrs. on17.5.75,
the hammonic coefficients are determined
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by framing linear equations (Joseph Lipka,
1918 & Selvadori, 1948), The resulis are:

Vi = 18,5-7.57 Cos 2n ¢ -—_

T
2.95Cos 2 1 _1.85Cos 2« +
‘T: 13
t
9.73 Sin 2n —— 625 8in2x % _
Ty T3

0.117 Sin 2«

T3

where t tefers to time in hours, starting from
noon of 16th May 1976, <, is the diurnal
tidal period (24.8 h), v; is the semidiurnal
period (12.4 h) and <4 is the quarter-diurnaf
peried (6.2 h). The mean steady current is
18 5 cm/sec. The amplitude of the three tidal
components are 12.3 cmfsec,, 6.0 cmfsec. and
1.9 cm/sec., respectively (Fig. 2¢, d, e). The
proportionality of the respective amplitudes
is 6:3:1. The resultant of the three tidal
components is presented in fig. 2f. From the
figures it is clear that the high tides coincided
with the maximum and the low tides with the
minimum of the tidal component of the tidal
fiow. The highest high tides of both the days
correspond to the peaks of southerly tidal

components of the currents and the lowest

low tidss to the northerly components of the
tidal oscillations.

The residual currents obtained on sub-
fracting the tidal components and as expressed
over the mean current (18.5 cm’sec.) is pres-
ented in fig. 2g. Thersfore the zero line in
fi gs. 2c-g refers to the steady southerly
current. The positive values along the vertical
axis refer to southerly flucfuations and the
negative values to the northerly components
of fluctuations., The estimated wind force is
presented in fig. 2i for comparison of current
fluctuations. Observations on wind-speed
variations showed almost calm conditions
during the midnight on 16/17th and also
during early morning hours on 17th. The wind
rose to about 10.13 km/h by the evening
hours on buth the days as the sea breeze
gained strength. On the 17th May the wind
rose to about 7 kmjh between 0300 and 0400
hrs from the midnight calm conditions.
Throughout the period of observations, the
wind consistantly blew from northwest. There
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is a general agreement between the peaks of
wind force and strong southerly components
of the residual currents, indicating the influ-
ence of weather {(wind) on such current
fluctuations,

Hourly observations of currents were
made over atotal period of 24 h in August.
Unlike the previous occasion, the water move-
ment duting the present investigation was in
all the directions during the course of the
‘tidal period (fig. 3). Nevertheless, the major

“currents were southerly, A northerly flow was
set in, even though its duration (about 4 h)
was short during the tida! perioa.

s
iy :*\‘-‘".l,r,_r.?.‘*‘

=R qﬁs:‘._!‘

[o-comt 1! ine
DIURNAL FLOW

Fig. 3. Hourly observation of currents.

The mean southerly component {fig.4 b)
of the current during the tidal period was
24 cmfsec, while the mean northerly compon-
ent was only bem/sec. The net flow (southerly)
was 18 cm/sec. The coast-normal components
of current are indicated in Fig. 4 c.

Hydrography

The diurnal variations in the hydrographic
properties showed a high corrrelation with the
current and tidal influence. In May the surface
temperature (fig. 5 a) showed a maximum at
1500 hrs on both the days. During the second
diurnal cycle (August), the temperature at both
surface and bottom was more or [ess steady
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(fig.7a). The mean of the diurnal cycle was
about 26.0°C at the surface and 23.0°C at the
bottom.
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Salinity

The salinity variations during the first

diurnal cycle at surface and bottom are given

in fig. 5 b, The surface salinity values were
generally lower than the bottom, They wers
maximum at 1200 hrs on 17th. The bottom
values showed a maximum at 2400 hrs and
1500 hrs (36.50%,). The mean values of
salinity at the surface was 34.57%,, where-
as at the bottom it was 34.62%,. On the other
hand, the salinity values fluctuated over a
wide range during August (fig. 9 a). The wide
fluctuations were due to the varied degree of
mixing of seawater with fresh water, which
was being discharged in August from the
Thottappally spillway, about 2 km south of
the place of observation.

Oxygen

Fig.5 ¢ shows the variations inthe dis-
solved-oxygen content at surface and bottom
during May. The values were more or less
steady throughout the period of investigation.
At the surface the values were around 3 mi/l
while at bottom it was around 2.4 ml/l, During
August the dissolved oxygen (fig. 7 b) of thes
mudbank waters fluctuated from about 0.8 ml/l
to 3.0ml/l, with a mean value of about 2 ml/l.
The hour-to-hour variations were maximum,
both at surface and bottom, which was indi-
cative of the mixing process in the mudbank
of waters of different qualities, which was
characteristic during August,

Nutrients

The reactive-phosphate content of the
water at surface and bottom in May is shown
i+ fig. 6 a. The surface values showed that the
maximum was at 2100 hrs (1.75 ug at P/I) on
the 17th, Minimum was found at 1800 hss and
2400 hrs on 16th and 1500 hrs on 17th. The
bottom values showed that it was less at 1800
hrs on both the days and in the early morning
hours. In August there was little difference
between the surface and bottom values
(fig.8 b). The values varied from 1 to 2 pg at
P/t.

The Nitrite-N values of the water for May
is shown in fig 6 b. NO,-N maximum was
found in the surface at midnight on 16th and
at 1600 hrs and 2100 hrs on 17th. The bottom
values showed peaks at 1800 hrs on 16th and

MUDBANKS
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0600 hrs, 1200 hrs and 2400 hrs on 17th. In
August the Nitrite-N values (fig.7 ¢) varied
between 0.15 and 0.85 g at N/,

The variations of NOg-N at surface end
bottom for May are shown in fig.6 c. Both
surface and bottom values showed pesks at
1800 hrs on 16th and early morning hours on
17th. In general, the NO4-N values showed
the same trend at surface and bottom except at
1500 hrs and 1800 hrs on 17th. In August the
nitrate values showed variations between 1.1
and 1.5 ug at NJI (fig.9c). The values wers
generally more at the bottom.

The wvalues obtained during May fot
the silicate content at surface and bottom are
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represented in fig. 6 d. In general, the silicate
values were higher at the surface (10.62ug at
$i04-8/13 than at the boitom (10.18pg at SiO4-
§/1). At the surface the peaks were at 0600 hrs
and 1500 hrs on 17th and 0100 hrs on 18th,
whereas at bottom the peaks were found
at 2100 hrs on 16th and 0300 hrs and 0800 on
17th and 0100 hrs on 18th, During August the
silicate values were comparatively more at the
bettom (Fig. 9 d). An almost steady increass,
both at surface and bottom, was noticed from
the beginning to the end of the observation.
The values ranged between 5ug at S/l to
16 pg at S/l

Phytoplankton productivity and chlorophyll

The productivity values obtained by the
14C technique indicated that on 16th May the
rate of production was 35 mgC'm3/h at 0900
hrs. The production rate increased towards the
noon reaching a value of 106 mgC/m¥/h at
1200 hrs. Since then the rate of production
showed a decline and at 1600 hrs it was only
4 mgC/m?3/h, The midday maximum in the rate
of production appears to be related to the sun-
{ight conditions. In August a slight difference
was noticed with regard to the time of peak
production, The production rate increased from
0600 hrs and reached its maximum at 10.00
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hrs (200 mgC!m¥/h) and daecreased from noon
to evening (Fig.9f). The low rate of production
was recorded towards the evening at 1600 hrs
(10.1 mgC/m3 h},

The diurnal variations of chlorophyll in
May and August, for both surface and bottom,
are shown in fig 8 and 9 e. In May the values
showed two peaks at. surface at 0900 hrs on
16th (23.5 mg/m?) and at 0300 hrs on the
next day (29.37 mg/m?). The minimum value
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2] 21

HOUR"

. Diurnal variations in the standing crop of

phytoplankton in terma of total cell counts and
chlarophyll &.

of 6.41 mg/m? was noticed at 2100 hrs. The
bottom valuas also showed 2 peaks; one at
1209 brs on 16th (22.43 mg/m?) and the other
at 0300 hrs on 17th (16.7mg;m*). In August
the chlorophyll values showed wide fluctu-
ations and the maximum value of 100 mg/m?
was noticed at 1000 hrs on the surface During
this hour ths bottom vatus was 80.00 mg/m3,
which was the maximum for the bottom
waters. The minimum values (5-6 mg/m3) were
noticed during the midnight on 16th and 17th.

Qualitative studies on phytoplankton

The diurnal variations in the total cell
counts of phytoplankton estimated per litre of
water for both surface and botiom are given
in fig.8 for May andin fig.9f for August, In
May there were two peaks at the surface, one
at 0900 hrs and the other at 1800 hrs. In the
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case of the totat cell count at the bottom, the
peaks were at 0900 hrs, and at 2100 hrs. In
general, the variations in the cell counts were
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Fig. 8. Diurnal variations of salinity (a); phosphate

{b); nitrate {c}; siticate {d}; chlorophyll &
{e); and standing crop of phytoplankton in
terms of total cell counts and primary
production.

observed to be proportionate to thev ariations
in the chlorophyll @ values. In August also a
positive correlation between diurnal values of
chlorophyll & and total cell counts was ob-
sarved, The night samples showed less number
of cells and the minimum was found at 0200
hrs. The cell counts showed a gradual increase
trom 0600 hrs and reached the peak at 10.00
hrs whence it declined.

In May, all the samples considered
together, 38 species of phyotoplankters
(excluding the nannoplankion), 18 species of
diatoms, 7 dinoflagellates and the other 3
species, represented by the blue-green algas,
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were noticed in the water, Silicoflagellates
and coccolithophores were totally absent
it was found that 5 species of diatoms, such
as Coscinodiscus sp. Biddulphia sinensis,
Chaetoceros curvisetus, Thalassionema nitzsc-
hioides and Asterionella japonica, were repres-
ented throughout the period of observations.
In August, even though Diatomaceae were
sbundant in general, one member of the
Cvyanophyceae, Microcystis sp, caused a bloom,
which was responsible for a high rate of pro-
duction, high c¢hlorophyll content and total
cell counts. Silicoflagellates and coccolitho-
phores were found to be totally absent in the
samples. It was observed that, during this
month, four species of diatams, namely,
Coscinodiscus, Nitzschia, Navicula and Pleuro-
sigma, were represented throughout the period
of investigation.

Zooplankton biomass

Cwing to the comparatively large mesh
size of the net (0.4 mm), relatively large zvo-
plankters only were obtained. The zooplankton
biomass was comparatively more during May.

In May the displacement volume (fig.10)
vatied between 0.7 ml and 2.5 m) per sample
(1.27 to 3.17 ml/m? of water). In August the
displacament volume was not estimated on
account of the poor quantity of zooplankton
obtained. In both the months the zooplankton
was movse during the night. In May the biomass
showed maximum at 2100 hrs and 2400 hrs
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on 16th and 0300 hrs and 2100 hrs on 17th.
The minimum biomass was found from 0900 hrs
to 1800 hrs on the first day and at 1200 hrs on
the second day. On the whole, the first-night
samples were richer than the second-night
samples.

The relative abundance of various zoo-
plankiton groups obtained during May and
August is given in Table. 1

Table 1
The relative abundance (in Y, Yzooplankton
groups
Zooplankton groups May August
Copepoda 87.97 10.87
Chaetognatha 737 —
Dacapod l[arvae 2.20 3.09
Appendicularians 1.34 —
Pleurobrachia 0.67 -
Lucifer 0.56 —
Polychaeta 0.14 5.49
Medusa 0.13 0.10
Acetes sp. 0.13 -
Fish larvae 0.06 0.30
Amphipoda 0.02 0.83
Juveniles of Barnea sp. — 7273
Zoea larvae — 4.30
Cladocera — 0.4
Fish eggs —_ 1.86
Cumacea - 0.11
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There was a remarkable difference in the
composition and refative abundance of various
groups of zooplankters in the two months.
While copepods formed the major group in
May, the juveniles of Barnea sp..’dominated
over all the others in August. Some groups,
like chaetognaths, appendicularians, lucifer,
pleurobrachia and medusa, were absent in
August, which was mainly because of the low
salinity of the mudbank waters during this
month,
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Fig: 11. Diurnal variations of the major zooplanktonic
groups on 16-18 May 75. '

The diurnal variations in the numerical
ebundance of zooplankton groups are pres-
ented in figs. 11 and 12. In May the percentage
composition of copepods in the different
samples in relation to other zooplankters
ranged between 71.6 and 95.3 (Fig'13), while
in August it varied between 0.2 and 36.7 only
(Fig. 14b). Their number during the first obser-
vation showed pronounced diurnal variations,
being in the range respectiveiy of 82 to 1083
during day and 532 to 2442 during night
(Fig.11) Numerically the copepods were much
less during August. But as in May, they were
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relatively more during the night (Fig, 12).
While 624 specimens were caught in 7 night
coliection only 94 specimen were present in
the 6 day samples,
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Fig: 12. Diurnal variations of the major zooplankton
groups on 16-17 August 76.

The relative abundance of chaetognaths,
which were present during May only, varied
from 1.3 to 26 3% (Fig. 13). The maximum
abundance was noticed at 2500 hrs on both
the nights and minimum at 1800 hrs on 16th
and 1200 hrs on 17th (Fig.11).

The decapods were mainly composed of
prawn larvae. The percentage distributions in
the different samples in May ranged betwean
1 and 7.5 (Fig. 13). The maximum number of
60 was obtained at 2100 hrs on 16th. The
minimum number was found during the day
hours. (Fig. 11). in August the prawn larvae
occurred in all the samples, though in varying
numbers, While a total of 134 specimens were
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present in the 7 samples collected in the nighi,
only 70 specimens were present in the & days
Samples. Their percentage cont-ibution in the
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different samples varied from 0.1 10 8.2, The
maximum number of 54 was obtained around

2200 hrs (Fig. 12), .
The percentage confribution of aspendi-

cularians in the different samples in May was
low, ranging from 0.3 to 6.7 (Fig. 13). Their
maximum abundance was noticed at 2400 hrs
on the 16th and at 1800 hrs on 17 th (Fig. 11),
The minimum was found during day, batweaen
1200 and 1500 hrs on the first day and

between 0600 hrs and 0900 Mrs on the 2nd
day. This group was absent during August.

. The pleurobrachia was also present during
May only. Their abundance was found only
from 1800 to 0600 hrs on the first night with
the peak at 2100 hrs (Fig. 11). Their per-
centage of abundance among other groups in
the different samples ranged from 0.06 to 2.9.

Lucifer was another group which was
absent in August. In May aiso they constituted
only a small percentage in the plankton,ranging
from 0.2 10 1.3. They were especially noted

for their presence in the collections during the
right hours (Fig.11). The maximum abundance

was noticed at 2100 hrs and again at 0300 hrs
on the first night. The second night collections
contained less number of specimens.

Eventhough the plychaetes were present
in May as well asin August, they occurred in

CMFR] BULLETIN 31

very few numbers during the former month,
Out of the 14 samples on'y 5 contained a
single specimen each. It was interesting to
note that they were present in the day samples
only. Howaver, in August, except at 0500 hrs,

they were presentin the samples collected in
the other hours (Fig.12). There was no

indication of any difference in their diurnal
abundance. In this month the percentage com-
position of polychaetes larvae to other zoo-
plankton was between 1.8 and 12 9 (Fig 14 b).

The medusae were poorly represented in
May and were found in only 5 samples, mostly
collevted during the night. In August 6
specimens were present in a single night
collection. Acetes sp. was also rare occurring
only in 4 samples collected in the night in
May. A total of 7 fish iarvae were found in 3
samples collected in May. In August they
occurred in 4 samples of which 3 were collected
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during the night. One specimen of amphipoda
was present in each of the 2 samples in May,

The percentage abundance of juveniles of
Barnes sp.,a bivalve presentinthe zooplankton,
varied between 22.2 and 91.6. They were
present in August and was them the most
abundant form. The number in the different
samples ranged from 40to 1500. However,
diurnal variation was not noticed, The zoea
larvae, which constituted 4.3% in the total
plankton, was the 3rd abundant group in

August, They showed marked diurnal variations
The cladocerans, though were present in a

limited number of sampfes (only in August),
were remarkable for their diurnal variations.
Among the night samples they were present
in all but one. One specimen each was present
in 2 of the day samples also.

The fish eggs were present in all but 2
samples in August and their percentage in the
different samples ranged between 0.2 and 2.4,
A good number of them were present in the
beginning of the observations and at 1800 hrs,
53 numbers of eggs were present, Eventhough
the fish eggs were more in 3 of the night
samples, a diurnal difference in their presence
was not noticed. Six number of benthic
cumaceans were also present in 4 of the night
samples of August,

DISCUSSION

The investigation shows that, during May,
the seasonal currents in the mudbank was
southerly. The peaks correspond to the high
tides and the troughs to the [ow tides. There-
fore the high tide corresponds to the southerly
component of the tida! current. The lowest
low tide (1100 hrs), which reversed the tidal
current to the northerly direction (14 cm/sec.)
was sufficient to nullify the steady southarly
flow (18.1 cm/sec.) completely. Thus the curr-
ent direction was always maintained at 160°
(southerly). In August change in the direct-
ion of curent was observed. The weaker
coast-normal currents indicated the transi-
tions of the changs over from the southerly
currents during monsoon to the northerly cur-
rent system during the winter. [t may be not-
iced that, in August, the offshore componsnts,
though feeble, was present aimost throughout
the day. Such a development in the current
systems towards the end of the mudbank sea-
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son has a definite bearing upon the dissipation
of the mudbank. The stronger the develop-
ment of the offshore currents, the quicker the

dissipation by mixing with the offshore waters.

When the anomaly of various parametess,
such as temperature, salinity, reactive phos-
phate, phytoplankten cell counts and zooplank-
ton biomass, was compared with the changes
in the pattern of the currents in May, a high
degree of correlation was noticed and the
same is presented in fig. 15. Howevaer, in
August, the centre of cbservation being closat
to Thottappally spillway, through which there
was a constant cutflow of fresh water, and
being further influenced by the tides;and cus-
rents, the hydrographic properties, such as
temperature, salinity and dissolved oxygen,
showed great fluctuations from hour to hour.
The complexity of variations was such that a
definite correlation of any of the hydrographic
parameters with the pattern of the currents
was not possible. With regard to the phyto-
plankton productivity, no significant changes

MUDBANKS



26425 vorsseers TEMPERATURE  vemmamee SALINITY <= = - DISSOLVED OXYGEN

SALINITY (%)

17501 COPEPODA \ APPENDICULARIA [35'5
15001 ; / \ . 350
g1250- N B ' * 295 lags
3:;’1000 ] 200 08 +140
0'750‘ ‘gj £33°5

2052 }
v % faao
@ 200& [
= 290 § 325
-y i
z 75 Lao
355
o 2404 L350
a A
295 faas
> - s
X
o 160 200 S 1340 =
w [
= LKtus =2
o 8551 3
@ 330
280
2 & ps2's
© 2.5 Lo
.
% 35
z -
a +35-0
Iy 205 F6s _
o Sl ¥
S 2002 [ >
‘?: 335 =
szt O
& koo &
o
280 = [
W 325
0 L 04 215 tg.o
OIS WOIIZISTRD 24 W51 XOS060012151921 24
HOURS HOURS

Fig. 18. Diurnal abundance of ths important zooplankton groups in relation to environmental
parameters on 16-18 May 1978,

CMFfl BULLETIN 31




=== = =SALINITY —-~~DISSOLVED OXYGEN

"TEMPERATURE

(/1w NISAXC QIN0SSIC

FUNIVHIdWAL

Polychagta

{1/1wW) KIDAXO GIN0SSIT

Ch/1W) NADAX0 Q3A0S510

~ e W (=] 2] o B =] [Ta] o uy -~y < vy o [Tyl
L) = —_ - [=4 R “ cw — —_ = « o~ o - — j = =4
AR T I LT .
19%) ALINIIVS (%) ALINITVS (%% ) ALINITYS
a O < O @ 2@
ERRARARITN RO TARIARAAAIE AN T ANRARNRA R ST

HOURS

Fish eggs
1820222 0204 060810 12 14 1618

Barnea sp Juveniles

Docapod larvee
18 2022 24 02 04 060810 12 141618
HOURS

3 $ 8 3 8 8 %8 8 g 38 g 88 8 8
- - - - w o = =3 ~ o © -
(MNYH 434 HIBWNAN) SdNOY9 NOILXM NV TJHO

Fig. 17. Diurnal ebundace of the impOrtant zooplankton groups in relation to environmental

parameters on 16-17 August 1976

MUDBANKS

58



were noticed during the diurna! observations
in May other than what usually happens in the
inshare areas.

The production at the primary level dur-
ing the 24-h period in August was generally
kigh, However, this high rate of production
was mainly due to the presence of Microcystis
sp., a freshwater alga which was brought down
through the spillway. Its population was esp-
ecially more between 0800 hrs and 1200 hrs.

during which period the marine diatoms and
dinoflageliates, such as Nitzschis, Plaurosigma.

Ceratium and Peridinium, were totally absant,

During both these periods of diurnal obs-
ervations the zooplankton was more during
the night. This cannot be attributed to the
vertical migration. as the plankton samples
were collected from the botiom to the surface
siraining the complete water column. The
avoidance reaction of zooplankton to the sam-
pling net could be one reason for theirreduced
frequency in the day samples. However, light
being the most important factor in the vertical
distribution of the zooplankton, their day time
aggregation in the deeper strata may reflect
in a low cgatch by the net. During the night
the diffused condition of the zooplankton
distribution in the complete water column en-
hances the chances of capturing the zooplank-
ters. In spite of the rather turbid nature of
the subsurface water at the mudbank, this
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general principle of the zooplankton distribution
was found operating in the mudbank,

Eventhough light plays an important role
in the diurnal variations of the plankton ingen.
eral, the effect of temperature and salinity are
also significant. In May the plankton showed
maximum sbundance when these two environ.
mental parameters were almost steady (fig:16).
For example the salinity was at its maximum
during the whole period of the first night and
the temperature was moderate. This was fol-
lowed by the maximum abundance of plankton
in general and different groups in particular,
But during the second night the salinity show-
ed greater fluctuations and declined to the
minimum at 0100 his. The temperature also
showsed a steady decrease during the period
and dropped to the minimum by 0100 hrs and
the plankton was less in quantity. During
August also the hydrological parameters in-
fluenced the occurrence and abundance of the
zooplankton. The relaticnship of the major
zooplankters with the hydrographic properties
is given in fig. 16-17. A significant result of
the extreame dilution of the mudbank waters
during August was the absence of chaetog-
naths and appendicularians, which frequent
the coastal waters in all the seasons. Similarly
the copepods, which usually form the most
dominant groups. were present in less num-
bers,
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ELEVEN

FiSH AND FISHERIES OF THE MUDBANKS

A. REGUNATHAN, K. J. MATHEW, D. S. RAQ, C. P. GOPINATHAN,
N. SURENDRANATHA KURUP and A.V.S, MURTY,

ABSTRACT

The mudbanks attractad the affention of fishery
scientists as they play a vital role in coastal fishing
during the 8. W. monsoon. Studies on the fishery
associated with mudbanks wers Carried out
from Quilon to Mangalore, particularly In the
mudbanks of Purakkad and Nattika, where the fishery
is more intense, The total catch and catch per
unit effort for mudbank and non-mudbank areas
were estimated and compared. Changing pattaern
of fishery, species composition and their relatlve
abudance were studied. The present paper thus em-
bodles a detailed account on the much publicisad
‘mudbank fishary'—or Chakara fishery—and its magni-
tude and limitations. An attempt has also bsen made
to project ths socic-sconomics of the fishing com-
munity of these areas, along with the infra-structure
and the impact of legislation in regard to mudbank
fishery.

INTRODUCTION

Mudbanks have been a navigational pro-
biem since olden times for port authorities,
Although mudbank is menfioned in literature
singe 1678 (Adm. Rap. Trasvancore, 1860), there
is very little recorded information on the fish-
ery associated with mudbanks. What little is
known in regard to it is restricted to the in-
frastructure rather than the fishery. Paucity of
details on the fishery associated with the
mudbanks necessitated the present study.

Many years have elapsed since Bristow
{1938} gave his first evaluation of the mud-
banks of Kerala coast and it is not known whe-
ther any notable changes have taken place in
the environment or in our fishing activities all
these years. The country, after independence,
made a big isap in mechanising the fishing
industry and in extending our fishing activitiea
farther out into the offshore waters. Never-
theless, the requirements of the nacessary
infrastructure to meet the increase in produ-
ction by the improved fishing activities are not
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vet adequately meat with. It may be recalled
in this connection that the Purskkad mudbank
experiensed a bumper landing in 1969, and the
prawns and fishes that waeare landed in large
quantities had to be buried along the beaches
due to the processing and storage facilities
then inadequate.

The S. W. monscon period is generally an
offseason for the fisherfolk on the west coast
of India, who still use non-mechanised fish-
ing crafts, In this period of general idling, the
calm areas created by the mudbanks naturally
attract fishermen in large numbers, from far
and wide. These calm areas, varying in extent
from about 10 km? fo 26 km?2,jprovide safe har-
bourage to the country crafts. Launching and
landing of canoes are very easy in the mud-
bank areas. Most of the canoes from the
fishing villagesof Cochin-Quilen and Cochin-
Ponnani cangregate (plate 1,A&B) raspectively
at the mudbanks of Alleppy and Nattika, and
these places then become centres of intense
fishing activity.

Fishery at the mudbanks of Kerala coast
in gensral, and of Purakkad in particular, had,
howaever, a severe set back in the year 1971,
when the presses in Kerala came out with head-
lines on the failure of mudbank formation and
the fishery associated with it. This mudbank
failure prompted the Central Marine Fisheries
Research Institute to make the all-out effort
to investigate the nature of the mudbanks and
the fishery associated with them.

MATERIAL AND METHODS

Ambalapuzha, Purakkad and Thottappally
{Alleppey), Valapad (Naitika), Tanur (Calicut)
and the fishing villages in and around

these places were visited and fish samples
and catch data were ‘collected. Tanur could

not be visited frequently, but Valapad, Ambala-

MUDBANKS



Teray

THHAY
Ppe—r— o WOHamarey ] ho! N o Y a4 _ o
wad KA ¥ PATTERN OF MONSOON PISHING G\ G PATTERN OF MONSOON FISHING
[ 1N MUD SANK AND NON-MUT BARK m b N MUD BANK BND NON-MUD BANK
I R AREAS OF ZONE - 1. S AREAS OF ZONE - 2
é H .=
% I
} . ‘ & canoramorerarion Ao canoxs e ortrarion
i o Arthamiel S8 wUp DA AREA
'
!
%, %
« ' b
; ! !
. i 4
% o
wn '
13
. i4
Theikumapurho
N, # Vi PpONmOn gahom «
N
Cullicoud
¥
4 : Wroordyitkadore  [4: : i Y ifantoowam.
T6*10" E [ < ) R f C} ‘ 07
T8t 507 ‘_' reiot
Fig- 1. Pattern of monsoon fishing in the mudbank and

non-mudbank areas of Zone.1-

puzha, Purakkad and Thottappally were under
regular observation. The present account deals
with the craft and gear, species composition
and total landings of the mudbank and non-
mudbank areas of Alleppey and Nattika. For
the purpose of this study the fishing villages
of Alleppey (Ottamassery-Tharayilkadavu) is
treated as Zone 1 (Fig. 1) and Nattika (Pon-
nani-Attupuram) as Zone 2 (Fig.2). The catch
statistics of Zone 1, in regard to both mudbank
and non-mudbank areas, is dealt with in detail.
The Zonss 1 and 2 are compared in respect of
both total landing and the catch per unit
effort (CPUE)} worked out for & five-year
pericd, The changing pattern of the fishery
and the relative abundance of the species are
discussed in detail.

FISH AND FISHERY
Craft and gear

Dug-out and rigged canoes (vallam or
vanchi, in Malayalam) were the main crafts
used in the fishing operations. Catamarans of
Tamil Nadu with hooks and lines were also
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Fig. 2. Pattern of monsoon fishing in the mudbank and
non-mudbank areas of Zone-2.

seen. The canoes were mainly of two sizes,
a larger oneg of 9.5 m, manned by 15 persons,
and a smaller gne of 6§ m, manned by 9 persons.
Canoes fitted with outboard motors, which
had been introduced in 1980, were also
inn operation. The canoes of Calicut area
were of flat bottom, while that of Valapad-
Nattika and Ambalapuzha-Thottappally wete
of keel bottom. The maip gears of operation
ware drag nets (Thangu vala) and gill nets
{Mathi-chala vala). Cast nets were also used
effactively near the shore in the mudbank
area (plate: 1B)’

Thangu vala: This is a rectangular nef made of
cotton or nylon and is about 50-60 m in length
and 15-20 m in width, with a narrow end
measuring about 6-9m. The mesh size is
about 20 mm. On sighting a shoal, one person
jumps into the watar holding one end of the
net and remains stationary, while the canoe
moves paying out the net to encircle the shoal,
The canoe, on reaching the person, collects
the other end also from him., and the netis
hauled. Hauling the ends, a bag-like belly in
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the centre is formed, where the fiches are
collected and removed.

Mathi chela vala: This is a gill net made of cot-
ton or nylon pieces. each piece, measuring
about 2.6-3m long and 4-6 m broad, with a
mesh of 9-25 mm. One or two canges are oper~
ated to lay tha net and these cances carry 7-8
pieces of net laced togethsr., When a shoal is
sighted the netis rapidly paid out in a semi-
circular fashion, the fishermen making loud
noise. Thus driving the shoals toward the
net they are gilled on the nets and removed.

Fish

The monsoon fishery was composed of 50
species of fish and six species of prawns.
Fishes of the families Carcharinidae, Clupei-
dae, Dussumieridae, Dorosomidae, Engrau-
lidae, Tachysuridae, Ambassidae, Theraponi-
idae, Chirocentridae, Sillaginidae, Sciaenidae.

1974
MUD BANK SEASONS

Stromateidae, Cyanoglossidas and Drepanidae
were enountered in the landings. Of the
prawns, Pgnaeus indicus, P.monodaon, P. semi-
sufcatus. Metapenaeus dobsoni, M monoceros
and M. affinis represented in tha catch. While
the monsoon fishery of tha Alleppey mudbank
region was deminated by M.dobsoni, Stole-
phorus sp. Sardinelia sp. and Leipgnathus sp.,
the major bulk of the catch of the northern
sector (Valapad and Tanur) was contributed
by Sardinella sp., P.indicus and M.dobsoni,

The monsoon fishery in Kerala has a fegal
pratection from the state government, provi-
ding exclusive operational rights during mon-
saon to canoes and catamarans, especially so
in the vicinity of the mudbank region. Fishing
by mechanised vessels is strictly prohibited at
the mudbank and nearby areas. Howsver, in-
digenous crafts fitted with outboard motors,
introduced in 1980, ere allowed to operate in

TOTAL NO. OF BOATS OPERATED (iIN THOUSAND Nos.)

Siganidae, Trichiuridas, Scomberomoridae, the mudbank regions.
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TABLE 1.

of the years 1967 to 1970 (in tonnes).

Camparative study of fish landed in mudbank (M) and non-mudbenk (N) areas during the mudbank seasons

Scoliodon sp.
A dussumieri
S. longliceps
Engraulis sp.

Opisthopterus sp.

Otolithus sp.
Caranx $p.
Leiognathus sp.
L- lactarius

P. indicus

M. dobsoni

P. stylifera

Rbynchobateé sp.

Dusumieria acuta
8. fimbriata
Anchoviells sp.
Ambassis sp.

Scisena sp.
Cynoglossus sp.

Trichiurus sp.
R. kanagurta
Zygaena sp.

Cybium Commersoni

M. affinis

Sphyraena sp.,
A. thalassinus
Miscellansous

1967 1968 1969 1970
June July August June July August June July August June July August
M N M N M N M N M N M N M N M N M N M N M N M N
1791 6.0 6.4 3.2 84 1.0 20
246.5 53.4
27.2 87.3 4347 1042.7 0.84 0.80 809.9 528.3
17.3 25.6 b.B 0.2 0.8 200 13.0 13.8 9.4 27.9 31
10.0 4.1 0.4 0.8 5.7 4.7
0.6 4.3 3.3 171 03 3.9 1.3
8.4 23 0.4 1.7 57 30.1 9.3 2.7 0.5 3.4 18.4
8.3 8.1 4.1 31.6 56.7 197.3 37.7 11.5 386.1 717 3149 106.0 71.3 9.1 17.8
22.8 1.2 1.0 39 1564 1.6 194 3.0 8.7
0.3 0.2 123.7 08 4.8 4.8 4.6 6.3 0.3 3.6 0.2 9.5
562.7 3618.7 96 271.6 65494 1488.7 406.0 201 1665.9 168.7 29.0 3.7 14.0 189 110.3 4081 1044.2 160.4
20.8 448 9.2 22 65.3
55.1 25 0.1
234 17.8 45.0 0.5 21 479.4 6.7 3.2
45.7 53.0 10.0 12.8 0.3
17.6 1.7 8.7 5.2 6.0 1.0 89.1 194.9 2816 107 319
3.6 1.9 9.6 38.4 4.7 64 4675 35.2 50.6 28 297
6.9 76.6 10.8 9.3 20.3 8.1 228 16.6 3.9
3.6 1.0 9.0 1.1
2.7 5.6 1.0
1.2
59
0.5 17.6
49
13.2 1.5 13.7 06 108 3.9 2.4
13.9
4.5 73.0 2.1 4.9 9.2 121 82 380 2.0 0 29.7 2.7 8.0 7.9 41.7 6.7 288 408 149 9.5
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TABLE 2 Annusf landings in metric tonnes for the mudbank and
nion-mudbank arcas of Alleppey coast.

Total for

mudbank arsa non-mudbank area mudbank

and non-

Year June July August Total June July  August Total mudbank
1966 18.22 3800.49 — 2818.71 932,48 b34.27 —_ 1466.75 2399.23
1967 906.52 4005.40 5495 4966.87 — —_— 369.98 36998 b5336.85
1968 607.44 209018 748,74 344636 —_ 4156.25  68.80 484.05 4930.41
1969 2871.51 52459 224.14 3620.24 186.43 - 2490.47 2676.90 6297.14
1970 1755.62 632.97 118238 3570.97 — 581.456 226.97 808.42 4379.39

1971 177.22 698.65 106.70 982,57 4680.00 860.24 892.39 843263 7415.20
1972 436.13 1652.62 1148.08 3236.83 863.11 2500.27 162.34 351572 6752.68

1973 46.19 2538.83 7840.19 10425.21 — 3207.33 — 3207.33 13632.54
1974 23.24 23.93 — 47.17 1222.84 106.53 4338.40 566777 671494
1975 — 938.59 472,97 1411.566 133.32 1566.06 1709.52 3408.90 4820.46

6823.87 18105.76 11778.15 31767.78 7085.70 9237.13 10248.87 26571.70




THE FLURRY AT THE MUDBANK

Plate<l A Canoes all set for operation; B. Transportation of Plate-Il A. Throng of fisherman and fish vendors at the
a cance to the mudbank area byrogd; C. Cast mudbank of Alleppey; B & C. Sumper catch of
nats in operation in the mudbank. orawns and fishes.



Plate-1ll A, Drying of excess catch on the beach; B. Pre. Plate-1v A-C. Diurnal studies being conducted at Alleppy
paration for the mudbank fishery—fish storage mudbank (Thottappally). (See Chapter 7)
shed undsr construction: €. A saction of the
commorcial setup at the mudbank.*
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Fig. 4. Total fish landed, total effort and number of canoes operated in the mudbank and non.mudbank areas
of Zone-2 durtng the mudbank seasons of years 1973-1977.

Notmally, fishing in the mudbank is done
from the early hours of day till noon. But,
on heavy fishing days fishing continues
through out the day. The authors themselves
have witnessed the fishing operations on many
occasions and collected information on the
fishing pattern prevailing in the mudbank reg-
ions. The fishing is generally confined to the
peripheral region of the mudbank. When cat-
ches are heavy, the boats have been observed
to come to the shore to unload their catches
and return to the same area to resume the fish-
ing operations. Because of the legal prohibit-
ion on mechanised vessels, the authors could
not conduct any exploratory fishing operation
in the mudbank. But it has been observed that
the fishery, though intense at timaes, is in no
way a permanent feature of the mudbanks, be-
cause there are many a days when the boats
return ,after hours of scouting, without even a
single fish, However, on such days. weather
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permitting, fishermen go tarther from the mud-
bank and bring sometimes heavy catches from
places north and south of the mudbank {Plate:
253A). Catamarans from Tamil Nadu have been
observed to move far off to places ocutside
the mudbank area for hook-and-line fishing.
On days of rough weather, fishing operations
are at times carried out very close to the shore,
inside the mudbank proper.

Specieswise composition of the fish land-
ings from the mudbank and non-mudbank areas
of Alleppey during the years 1967-70, presen-
ted in Table 1, shows that Mstapenacus dob-
soni, Sardinella longiceps, Leiognathus sp.*
Stolephorus spp. (Anchoviells) and Ambassis
sp. form the bulk of the landings in the mud-
bank as well as in the non-mudbank areas
during this period.

Table 2 shows the total annual landings at
the Alleppey coast covering both the mud-
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bank and non-mudbank regions for a period
of ten years (1966-75). The total landings of
the mudbank area, as can be seen from these
data, has dwindled steadily from 1971, axcept
for a reversal in 1973, and that of the non-
mudbank area increased substantially from the
earlier years.,

Catch, effort and units in oparation

The total fish landed, effort expended
and the number of cances operated during
the 8. W. nwonsoon both at the mudbank and
non mudbank areas of Zones 1 and 2in the
years 1973-77 are shown in the figures 3and 2.

The highest rate of catch (catch per unit
sffort) for the mudbank area in Zone 1 was in
1975, while that for the non-mudbank area
was in 1976 (fig. 5), In Zone 2, the highest
catch per unit effort was recorded in 1977 for
the mudbank area, and for non-mudbank area it
was in 1973. In Zone 1 (he catch per uniteffort
was more for the mudbank area than for non-
mudbank area in 1973 and 1975; but in 1974,

1876 and 1977 it was the reverse. In Zone 2,
ZONE—~1%
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»
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MUD BANK SEASONS

the non-mudbank area had a higher catchj rate
than the mudbank area in 1973 and 1974, while,
in all the other years under censideration, the
catch per unit effort was higher in the mud-
bank area. However, the overall catch per unit
effort was on tne higher for the non-mud-
bank area in Zone 1 (Purakkad) and for the
mudbank area in Zone 2 (Nattika).

Changing pattern of fish distribution

The pattern of fish distribution in the
coastal areas during the monsoon seeson has
been observed ta change very frequently, even
from day to day. This phenomenon was thennot
only confined to the mudbank area but also to
other areas outside it, obviously because of
the shoaling behaviour of the fishes. The
daily changing pattern of the fish landed at

the mudbank area of Alleppey was studied for
13 days in July 1971, and the results are given

in fig. 8. Of the major constituent species at
this time. M.dobsoni dominated the catch for
6 days, During these six days, P.indicus ranked
second for one day, and Lejognathus spp.
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e}
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Fig. 5. Catch-par-unit- sffort of mudbank and non-mudbank aress of Zonss 1 and 2 for the pericd 1973-1977
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and Stolephorus spp. fortwo dayseach. On the
remaining day, the catch was of a mixed type,
without having any species predominance,
Eventhough there were some gaps in the
observations, the overall figure emerged out
was sufficient to show the daily changing pat-
tern of the fishary.
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Fig. 6: The changing pattern of fishery atthe
Alloppey mudbank in July 1971,

Relative abundar}ce of fishas in mudbank area
and in non-mudbank area

An attempt was made to compare the dis-
tiibution patterns of fishes at the mudbank
and non-mudbank areas of the two zones,
based on the landing figures, eventhough the
mudbank areas were fished almost every day
while the non-mudbank areas were fished only
when calm wsather prevailed. The catch dis-
tribution, species composition and their pet-
centage abundance for the mudbank and non-
mudbank areas did not differ much (fig. 7&8)-
It is obvious from the figures, that except in
July (1975) and August (1977) for Zone 1 and
in June (1975) and August {(1977) for Zone 2,
the pattern did not show much variations,

Infrastructure

With the onset of 8 mudbank the fishing
village, all on a sudden, turns into & place of
hectic activity (plate: 3). Thousands of fisher.
men and people associated with fish marketing
and processing industry assemble here. For-
tune seekers, too, other than fishermen, encamp
at the mudbank area. New hotels and tea
stalls come up. Pedlars find their job thriving.
The law-and-order department becomes more
vigilant. To meet the fishing requirements, an
elabarate infra-structure is then naturally need-
ed, Sufficient number of crafts. gears, pre
servation and marketing facilities, and mean
of quick transportation are essential. Above
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all, every fisherman has to have a reasonable
price for his commodity. It will be worth-
while to examine how far these needs are met
with during the mudbank fishery.

The ice plants estabilished in the vicinity
of mudbank areas of course ensures steady
supply of ice. At times, whean there are heavy
landings, quantities of ice are brought alsofrom
distant places., As there are very good trans-
portation facilities all aleng the Kerala coast
quick movement of the catches by insulated
and ordinary trucks is not ordinarily a major

problem. In spite of all these, the price of
fishes falls very low on days of heavy landings.

Socio-economics

Majority of the fishermen who engage in
fishing at the mudbank come from far-off
places. They come with their own or hired
crafts and gears, At the mudbank region, they
usually stay with their relatives orfriends, or in
rented tenements on the open beach. These
people are not a homogenous group; they be-
long to various castes and religions and speak
different languages, but, they nevertheless
work in perfect harmony.

The income of the fishermen at the mud-
bank area is never steady, like any where else,
On days of good fishing itis not uncommen
for a fisherman to get Rs. 300/-or even more
perday. On the other hand, on many days
they get nothing since they return without any
catch at all. However, of late, sevaral canoes
fitted with cut-board engines are under opera.
tion in the Alleppey region enabling them to
fish further out with better resulits.

Majority of the fishermen hire boats and
nets for operation in the mudbank regions’
and, therefore, a major portion of their incoms
has to be disbursed as rent for the boat and
net, Besides, fishermen borrow good am-
ounts of monay from money lenders or fish
agents (at usurious rates) anticipating good
income from mudbank. This takes a heavy toll,
too,apart from the sad fact that the money lend-
ars usually decide the price of catches, Thus it
is not unusual that the fishermen who come to
the mudbank with the hope of getting a good
harvest at times go back with empty hands.
Of course, there are rare exceptions, A few
diligent fishermen earn enough from mud-
banks even to purchase boats and nets for
themsel vas.
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DISCUSSION

it can be seen from the ten years' data
(Table2) that the popular belief that mudbanks
are, as it were great fish bowls, abounding
in fish which can be raught easily needs
rethinking. The abundance of species, like
M. dobsoni (1967, 69 and 70), § longiceps
{1967, 69 and 70), Lefognathus spp. (1969,
70), Stolephorus spp. {1969, 70), Ambassis sp,
(1969, 70) and P, indicus (1970), that is seen
in the mudbanks many a days in the months
of July-August (Table 1) is in no way an ex-
clusive feature of the mudbank, but is found all
atong the coast during the monsoon months,
It has been found by many authors that the in-
shore fishes, especially prawns, move from
deeper waters to closer to shore cduring the
S.W.monsoon, probably due to the process of
upweiling (Banse 1959), During the monsoon,
the current has been obsetved to be southerly,
The general tendency of fish being to swim
against the prevailing current, it s possible
that a good part of these fishes are then mov-
ing in shoals nosthward and a pertion, on
passing through the mudbank area, are
easily caught by the numerous cances operat-
ing in and outside the mudbanks. If so, itis
also possible that a shoal of a particular com—
position, after its passing, is followed by an-
other of entirely different composition, which
might account for the abrupt changes in the
compaosition of fish landed. The overall picture
obtained thus seems to supportthe hypothesis
that the catches landed at the mudbank area
are from shoals which are on the move, and
they are caught only at this area because at
this tume f{ishing is possible only at thisregion.
While the data in general show (Table 2 and

fig. 4) a higher landing for mudbank areas,
fig. 6 shows the day-to-day variation in the

catches of the mudbanks indicating the prob-
ability of the existence of a fishery resource
along the west coast during the monsoon
months. This is furthermore indicated by the
fact that, wheneaver weather permits fishing,
the tisheimen land sizable quantities of the

same speciés from the ‘non-mudbank dreas ‘as-

well; only that the fishermen operating at the
mudbank area have an added advantage in
fishing at the periphery and oceasionally in-
side the mudbank even when fishing is not
generally possible, I|tmay alsobe mentioned
that fishes caught elsewhere in non-mudbank
areas on calm days are often landed at the

70

mudbank area due to the good marketing
facility then available only in the mudbank
area, thus raising the cafch figures wrongly
attributed to mudbank. For example, on calm
days, fishermen stationed at the mudbank
have been observed to move out to places like
Thrikkunnapuzha, Kalikadu (Kayamkulam), etc,,
and bring heavy catches of prawns and fishes,
These are also landed at the mudbank area.
Thus the higher landing figures generally avail.
able for the mudbank area includes the cat-
ches not only of the mudbank. but alse of far.
away areas which have no mudbank condition
what so ever (Fig. 1 and 2).

A low overall total marine landing figure
of 1970 monsoon fishery (table 2) as well as a
very poor catch in the mudbank areas in 1971
made the press to come out with headlines. In
fact, there was a perfect mudbank formed in
1971, though the fishery associated with it suf-
fered a set back. But it is intaresting to note
that the non-mudbank area had at this time a
very good fishery. All through from 1971, ex-
cept 1972 and 1973, the fishery ot the mudbank
area was of a low magnitude. in the vear
1974 it amounted only to a very mesagre
amount of 47.17 tonnes. It may thus be
sean from this data that the popular opinion
about the mudbank fishery is baseless; and
to think that an arga of 10-25 km2 within
a period of three months to produce a fishery

" of its own or even to ‘attract’ fishes in such

large mumbers is beyond all scientific reasons.
1971, ayear of good mudbank formation,
had a landing figure of 7415.20 tonnes for
mudbank and non-mudbank, whereas the year
1973, when the mudbank was poorly formed,
had an all-high figure of 13632.564 tonnes
for both mudbank and non-mudbank. It may
be pointed out that of the 7415.20 tonnes in
1971, the mudbank contribution was only
982.57 tonnes. During the yeats 1973-77 the
highest figures for mudbank (10425.21 tonnes)
and non-mudbank (14231.5% tonnes) were
recorded in 1973 and 1976, respectivaly.
The lowest wasin 1977 for both mudbank
(47.81 tonnes) and non-mudbank (2884.70
tonnes) in Zone 1 {(Fig. 3), In Zone 2, the
highest figure recorded for mudbank was in
1974 (8776.84 tonnes) and for the non-
mudbank areas it was in 1973 (12100.61
tonnes). The lowest figure recorded for the
regions were respectively in 1976 (2638.19
tonnes) and 1977 (0.26 tonnes) (Fig. 4).
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In zone 1, the catch per unit eftort (CPUE)
for the mudbank (Fig. 5) was 4.6 kg and that for
the non-mudbank was 5.4 kg, showing a higher
CPUE for non-mudbank areas, but in zone 2,
the CPUE was 6.2 for mudbank and 3.0 for
non-mudbank, showing the reverse. The vari-
ation in CPUE clearly shows that the catfch is
determined by the fishing facility, man power
and gear and craft rather than the mudbanks,
(Fig. 3& 4). It is also seen that, as the mon-
soon of 1973-77 was such as to favour fishing
ali along the coast, the non-mudbank, cover~

ing alarge area and having more canoss and
man-powar in operation, was able to domi-
nate with the catch; the overall landing
figures show a3 higher catch for the non-
mudbank areas (45301.53 tonnes} and lower
for the mudbank areas (416905.11 tonnes).
The occurrence of the stock remaining the
same, the vield would have most probably
shown a considerable reversal had thé mon-
soon been mora active so as to provent fishing
in the non-mudbank regions.

CMFRI BULLETIN 31

k!



TWELVE

REFERENCES

BANSE, K, 1969. On upwseliing and bottom
trawling off the south-wast
coast of india. J. mar. biol.
Ass. India., 1:43-49.

BRISTOW, R. C. 1938. Mistory of mudbanks,
Vols. | and Il. Cochin Govt.
P.ess.

CHENNUBHOTLA, V. S. K. 1969, Distribution of
phytoplankton in the Arabian
sea between Cape Comorin and
Cochin, Indian J. Fish., 16, 129.
136.

COPE, CAPTAIN 1756. A new history of East
India. in: Report of the special
committee on the movement of
mudbanks. Cochin Govi. Press,
1938.

DAMODARAN, R, 1973- Studies on the ben-
thos of the mudbank regions of
Kerala coast. Bull. Dept, Mar.
Sci. Univ. Cochin-6.

DAMODARAN, R. and C. HRIDAYANATHAN
1965 ,Studies on the mudbanks
of the Kerala coast. Bull, Dept.
Masr. Bicl, Oceanagr. Univ, Kerala
2,61,

DIETRICH, G. K. KALLE, W. KRAUSS and
G. SIEDLER. 1980, General Oce-
anography. 626 pp., John Wiley
& Sons, New York,

DORA, Y. L., R. DAMODARAN and V. JOS.
ANTO. 1968. Texture of the
Naraklal mudbank sediments,
Bull. Dept. Mar. Biol Ocsanogr.
Univ. Kerala., 41:1-10.

DUCANE, C.G., R. C. BRISTOW, J. COGGIN
BROWN, B. A. KEEN and E. W.
RUSSEL. 1938. Report of the
special commitiee on the move-
ment of mudbanks. Cochin Govt.
Press.

72

ENCYCLOPAEDIA BRITANNICA. 1973., 23, 57,
William Benton, Chicago.

GLASSTONE, S. 1951. Physical Choemistry,
Macmillan and Co., Ltd; London.
pp. 1320.

GOPINATHAN, C. K. and S. Z. QASIM, 1974
Mudbanks of Kerala, their forma-
tion and characteristics. Indian
J. mar. Sci:, 3:106-114.

HAMILTON, A. 1960 Administration Reports of
Travancors.

IYER V, LAKSHMANA and N. S. MONL 1972,
Effect of mudbanks on the
south-west coast of India.
Paper presented at the 42nd An-
nual Research Section of C. B.
i, P., 89-98.

JACOB, P. G. and 8. Z. QASIM. 1974. Mud of
the mudbank in Kerala, south-
west coast of India, [ndian
J. Msr, Sci., 3:116-119.

JOSEPH, K. J. and V. K. PILLAL 1975. Season-
al and spatial distribution of
phytoplankton in Cochin back-
water, Bull. Dept. Mar. Sci.,
Univ. Cochin, 7 (1):171-108.

KING, W. 7881. Mudbanks of Narakkal and
Alleppaey on the Travancore co-
ast, Rec. Geol. Surv. India. 11,

KURIAN, C. V. 1967. Studies on the benthos of
the south west coast of India.
Rep. Proceed. Symp. Indian
Ocean (Bull. N. 1. 8.1, No. 38).

KURUP, P. G. 1969. Present status of know-
ledge on the physical aspects of
mudbanks along Kerala coast.
Mahasagar, 2 (3):25-31.

KURUP, P. G. 1972, Littoral currents in relation
to the mudbank formation along
the coast of Kerala. /b/d., 5 (3):
158-161.

MUDBANKS



MATHEW, K.J., C.P. GOPINATHAN, D.S, RAO,
A. REGUNATHAN and A. V'S,
MURTY. 1977. Diurnal wvari-
ations in the distribution of zca-
plankton in relation to currents
and other ecological parameters
of the mudbank of Alleppey,
Kerala. Proceed. Symp. Warm-
water Zoop!. spl. publ,, N. |. Q.,
Goa, 250-263.

MAC PHERSON, H and P, G. KURUP. 1981,
Wave damping at the Kerala
mudbanks. [Indian J. Mar., Sef.,
10, 154-160.

MUKUNDAN, C. 1967, Plankton of Caligut in-
shore waters and its relationship
with coastal pelagic fisheries,
Indian J. Fish., 14:271-292.

NAIR, P. V. R, SYDNEY SAMUEL, K. L
JOSEPH and V. K. BALACHAN-
DRAN. 1968. Primary praduc-
tion and potential fishery re-
sources in the seas around India.
Proc. Symp. Living Resources.
seas around India, Cochin, JCAR,

184-198.

NAIR, P. V. R., K. J. JOSEPH and V.K. PILLAI.

1975. A study on the primary
production in the Vembanad

lake. Bull. Dept. Mar, Sci. Univ.
Cochin, 7 (1):161-170.

P.S. N. MURTY and V. V. R.
VARADACHARI. 1966. Physical
and chemical aspects of mud
deposit of Vypeen beach. /Inter-
nat. Indian Ocean. Exp. News-
letter, Symp., 4 (23:1-10.

NAIR, R. R.,

NEWMAN, J. N. 1978. Marine hydrodynamics.
402 pp. M. [. T. Press. London.

PADMANABHAN, H and S. EASWARA PILLAI.
1971, An analysis of coastal
erasion in the Thumboly-Thot-
tappally region. Peechi Eng. Res.
Station Records, 11:1-5.

PRASAD. R.R.,, S. K. BANERJI and P. V. R.
NAIR. 1970. Aquantitative asses-

sment of the potential fishery
resources of the Indian Ocean

CMFRI BULLETIN 3t

and adjoining seas /ndian J.
Anmal Sei, 40 (1):73-98.

QASIM, 8. Z.and C. V. G. REDDY. 1967. The
estimation of plant pigments
of Cochin backwater during the
monsoon months. Bull. Mar,
Sci., 17 (1):95-110,

QASIM, 8. Z., S. WELLERHAUS, P. M. A,
BHATTATHIRI and S. A. H.
ABIDI, 1969 Organic production
in a tropical estuary. Proc.
Indian Acad Sci., 89:61-94.

RADHAKRISHNA, K. 1969. Primary product-
ivity studies in the shalf waters
off Alleppey. south west India,
during the post-monsoon, 1987.
Mer. Biol., 4, 174-181.

RAMAMIRTHAM, C. P.and D. S. RAO, 1973.,
On upwelling along the west
coast of India. J.mar. biol. Ass.
India., 15 (1) 411-417.

RAMASASTRY. A. A, and P, MYRLAND. 1859,
Distribution of temperature, sal-
inity and density in the Arabian
sea along the south Malabar
coast (S. India) during the
post monsoon. Indian J. Fish..
6:223-255,

RAQ, D. S. 1867. The mudbanks of the west
coast of India. 20th Ann. Souve-
nier, Cent. mar. fish. Res. Inst.
99-102,

REGUNATHAN., A, K. J. MATHEW, N. S.
KURUP and A, V. §. MURTY,
1981. Monsocon fishery and
mudbanks of Kerala coast. /m
Seminar on the role of small-
scale fisheries and coastal aqua-
culture in integrated rural deve-
lopment. CMFRI, Bull 30-A,
37-41.

SANKARAM, A. 1366. Laboratory manual for
agricultural chemistry. Asia publi-
ghing House, Bombay, 41-86pp,

SESHAPPA, G, 1953. Phosphate content of

mudbanks along Malabar coast,
Nature, London., 171:526-527.

73



SESHAPPA, G and R. JAYARAMAN. 1956.
Observations on the composi-
tion of bottom muds in relation

1o the phosphate cycle in the
inshore waters of the Malabar

coast. proc. Indian, Acad. Sci.
43:288-301.

SHAH, N. M. 1973. Seasonal variation of
phytoplankton pigments and
some of the associated oceano-
graphic parameters in the Lac-
cadive Sea off Cochin. In: The
Biology of thea Indian Qcean,
Berlin, Heidelberg new York.,
175-186.

SHEPARD, F. P, K. O. EMERY and E. C.
LA FOND. 1841, Rip currents,
a process ot geological impor-
tance. J. Geol, 49:337-369,

STRICKLAND, J. D. H., PARSONS, T. R. 1968.
A practical hand book of sea-
water analyais. Bull, Fish. Res

_ Bd. Canada., 167, 1-331.

SUBRAHMANYAN, R. 1969. Studies on the

phytoplankton of the west coast

74

of India.. Part 1. Proc. Indian

SUBRAHMANYAN, R., C. P. GOPINATHAN end
C. T. PILLAL. 1975. phytoplank-
ton of the Indian Qcean: some
ecological problems. J. mar.
biol. Ass. India., 17 (3):608-612.

H U, MW, JOHNSON and
R.H. FLEMING. 1942. Tha Qcea-
ns, their physics, chemistry and
general biology, Prentice-Hall.
ind. Englewood, Cliffs, New
Jersey, 545 pp.

VARADACHARI, V. V. R. 1966. Some physical
aspects of heach erosion of
Kerala. HOE Newsletter, 4:2-5,

VARADACHARIL, V,V. R, and C. S. MURTY.
1966. The December 1964 storm
in the Arabin Sea end its effects

on the some Ksrala beaches.
Ibid., 5.

VARMA, P. U. and P. G. KURUP. 1969. For-
mation of the ‘Chakara’ (mud-
bank) on the Kerala coast Curr.
Sei., 38 {23): 559-560.

SVERDRUP,

© MUDBANKS



	Mudbanks of Kerala Coast
	Contents
	Foreword
	Introduction
	Mudbanks of Kerala-Karnataka-Need for integrated study 
	Hypotheses on mudbanks  
	Source of mud at Alleppey mudbank: Mud cone and the message it conveys
	Mud of the mudbank Its distribution and physical and chemical characteristics
	Ecology of mudbanks - Hydrography 
	Ecology of mudbanks - Phytoplankton productivity in Alleppey mudbank
	Ecology of mudbanks-Zooplankton
	Ecology of mudbanks benthos 
	Ecology of mudbanks-The current system of Allepey mudbank 
	Fish and fisheries of the mudbanks
	References

