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(5)P R E I A C E


"Ecology is the study of systems at a level
 in which individuals or whole organisms may be
 considered elements of interaction, either among
 themselves, or with a loosely organised environ


mental matrix. Systems at this level are named
 ecosystems, and ecology, of course, is the biology
 of ecosystems" (Hargalef, 1968).



lhis thesis includes principally, a study on


the ecology of sooplankton of the Cochin backwaters
 conducted during the years 1971-72. This monsoonal
 
estuarine system is particularly interesting, since it exhibits a wide range of variations in its environ


mental conditions which is naturally retlected in
 
the fauna also. Several publications on various

 aspects of its hydrobiology have come out in the
 recent past. But studies on the sooplankton of the

 estuary have mostly been discontinuous either in space


or time or restricted to its groups. Also, apart


from general distribution and taxonom, studies on
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CHAPTER 1


INTRODUCTION



(9)1. INTRODUCTION


Estuaries form a unique and fascinating environment,
 being dynamic and constantly changing through the inter


action of fresh water with seawater. They are important
 areas of human use in fisheries, transport, food production
 and recreational pursuits. Besides, they form the receptacle
 for industrial effluents and other human wastes. Studying
 their physico-chemical aspects and the ecology of organise
 inhabiting them are necessary for realistic and essential


management of them (Lauff, 1967).



1.1. Definitions and classification of Estuaries.


Historically, the term estuary has been applied



primarily to the lower tidal reaches of a river (Pritchard,

 1967). They have been defined variously over the years.

Ietchum (1951) defined an estuary "as a body of water in
which the river water mixes with and measurably dilutes sea
water". Emery and Stevenson (1957) described it as the
mouth of a river or an arm of the sea where the tides meet
the river currents. They differentiated two types based on

salinity and tidal characteristics. 1. ‘Normal’ type where

due to river discharge salinities are reduced as one goes
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ustrean. 2. ’Hypersa1ine' or ‘negative’ estuary where

 exchange is poor and salinities are much higher than neigh

bouring sea. Various classifications also hare been put


forward by Day (1951) and Rochford (1951).


Pritchard (1952) defined estuaries as a semienolosed
 coastal body of water having a free conneotic with the open
 sea and containing a measurable quantity of sea salt. He
 classified the estuaries in terms of freshwater inflow and
 
evaporation into 1. ‘Positive’ estuaries, where there is

 a measurable dilution of sea water by land drainage,

2. ‘Inverse’ estuaries where evaporation exceeds precipitation
 and 3. ‘Neutral’ estuaries where neither freshwater inflow
 nor the evaporation dominates. But Pritchard (1967) modified
 his original definition as "an estuary is a semi-enclosed
 coastal body of water which has a free connection with the
 open sea and with in which sea water is measurably diluted
 with freshwater derived from land drainage". He prefers


to reserve the term ‘estuary’ without any qualifying adjective
 to those bodies which he previously called ’positive estuaries’.


This is probably the most recent and oononly recognised
 
definition for estuaries.


Iron a geomorphological stand point Pritohard recog



nises four sub-divisions. 1. Drowned river valleys or


coastal plain estuaries which have been formed by drowning
of former river valleys either from a subsidence of land or
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from a rise in sea level. They are usually an elongated

 indenture of the coastline with the river flowing into the
 upper end. 2. Fjords: They are generally ‘U’ shaped in

 cross section, most of then having a river entering at the
 head and exhibiting estuarine features in the upper layers.

5. Bar built estuaries: They result from the development
 of an offshore bar on the shoreline and have a relatively
 small channel connecting the estuary with the ocean. They
 are shallow within, and run parallel to the coastline with
 frequently more than one river entering the estuary.


4. Estuaries produced by tectonic processes: They are


coastal indenturee formed by faulting or by local subsidence
 having an excess supply of fresh water.



The original definitic of Pritchard is further refined

 by Caspers (1967) who feels that it would include both

estuaries and lagoons. He differentiates them by considering
 theAé:;er having a stable body of brackish water whereas
 in estuaries the mixing of fresh and marine waters is not
 stable but shows periodic changes.


1.2. Review of earlier work.


The importance of having detailed uderstanding of
the intricate processes happening in an estuary such as its
dynamics and ecology has been recognised over recent years.
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Considerable amount of work on them have some out especially



in the latter half of this century. The following aocout

 is being limited to include only the more important contri


butions pertinent to this study.


The South African estuaries has been studied by


Day (1951, 1967), Day_e_t_£l_. (1952, 1954, 1956), Australian
 estuaries by Rochford (1951) and Chepsapeake Bay by Pritchard



(1952 a,b, 1954, 1956). contributions on the studies on

 estuarine hydrography, circulation, fauna and their ecology
 have come from Bowden (1960, 1963), Emery and Stevenson (1957),
 Hedgepeth (1957), Jeffries (1962, a,b,o,d) xetohmn (1951, 1954)
 and odum (1971). A treatise on various aspects of estuarine
 research and management by most of these and other outstanding
 authors is available in ‘Estuaries’ (Ed. by Lauff, 1967).

Pioneering studies on the estuaries in India date back
 
to the beginning of this century. The fauna of Ganges delta


was described by Annandale (1907), Alcook (1911) and Kemp


(1917). Excellent studies have some from the chilka Lake
 (Annandale and Kemp, 1915; Sewsll, 1924). Some interesting
 work was carried out on the brackish water fauna of Madras
 area by Panikkar and Aiyar (1957) and Panikkar (1951) reviewed
 the physiological adaptations of animals in an estuary.


Godayary estuary has been studied (I.G.A.R. report, 1964) and
by Chandramoha (1963) and Chandramohan and Rao (1972).
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Various publications have come from the Vellar estuary of
 Portonovo (Seshaiya, 1959; Rangarajan, 1959; Krishnamurthy,


1961; Ranamurthy‘g3 3;. 1965; Subbarajan and Krishnanurthy,
 1972; Krishmamurthy and Sunderraj, 1973; Devendran.g3 5;.


1974 etc.) and the uandovi-zuari estuarine system of Goa
 (Das 33 3;. 1972; Singbal, 1973; Parulekar‘g3 3;. 19733
 cheriyan_g§_§L. 1974; 1975; Bhargava and Dwivedi, 19743
 Goswani and Singbal, 1974; Rao, 1974; Varna‘g§_§l. 1975).


Cochin backwater system forms one of the better studied
 estuaries in India. General hydrography of the estuary has


been studied by Ramamirthan and Jayaraman (1963), Darbyshire
 (1967), Wellershaus (1972), Haridas 33 gl. (1973) and Shynamma
 and Balakrishnan (1973). The tidal fluctuations have been
 covered by George and Krishna Eartha (1963) and Qasim and
 Gopinathan (1969); solar radiation by Qasim‘g3‘g;. (1968);


nutrient distribution by Sankaranarayanan and Qasim (1969);


Joseph (1974) and Manikoth and Salih (1974); silting by


Gopinathan and Qasim (1971); sediments by Murthy and Yeerayya
 (1972 a,b) and Veerayya and Murthy (1974): phosphate regene


ration by Roddy End Sankaranarayanan (1972) and nannoplankton
 by Qaa1m_g5lg;. (1974). The organic production, phytoplankton


ecology and related aspects have been studied by Qasim and
Roddy (1967), Qasim gt 5;. (1969), Qasim (1970), and Devassy
and Bhattathiri (1974). some work on the pollution problems
in the estuary has been initiated by Unnithan.g3 3;. (1975).
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Thc general composition or the zooplankton or Cochin
 backwaters was published first by George (1958). some


aspects of seasonal changes in zooplankton has been studied
 by Hair and Tranter (1971) and Wellershaus (1974) and biomass
 by Menon gt §;. (1971). Distribution and ecology of some or


the groups of zooplankton has been studied by various authors
 such as hydromedusae by Vannuoci 33 5;. (1970) and Santha


kumari and Vannucci (1971); chaetognaths by Vijayalakshni
 Nair (1971, 1973) and Sreenivasan (1971); copepods by Pillai


(1971): Pillai and 1:111:11 (1973), Pillai e_1:__I_3._1_. (1973). and


species or the family Acartiidae by ‘nranter and Abraham (1971) .
 An account of the taxonon of copepods in the estuary is given
 by wellershaus (1969, 1970), the species composition and their
 fluctuations in the estuary by Hadhupratap and Haridas (1975)


and Rao _e_1_:. Q. (in press).


1.3. wwe environment.


The backwaters of Kerala consist of shallow, semi


enclosed and extensive body of brackish water running parallel
 
to the coastline located in the tropical zone. The portion


between Alleppsy and Azhikode (09°30' - 10°10'N, 76°15‘ 
76°25'E) is the biggest of its segments, which with its
labyrinth of canals and waterways forms a large basin into
which several rivers empty themselves. It covers an area
of about 512 square kilometres. At Cochin it has a permanent
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connection to the Arabian Sea on the western side, (Fig. 1)
 about 450 m wide which forms the entrance to the Cochin


harbour. At the northern extrimity( Azhikode) it has another
 connection with the sea and at the southern side it terminates
 into a large body of freshwater - the Venbanad lake. Some


of its areas, especially around the harbour and the Kalamassery
 Industrial Complex, are intensely polluted.


The coastline is of an emergent type formed or a number
 of long narrow sand bars running parallel to the coastline,
 often in several rows (Darbyshire, 1967). The sand bar and
 the harbour channel at Cochin are periodically dredged to
 
accomodate the traffic of the port. The channel area


around the mouth is about 15 m deep. Otherwise, the system
 is shallow, the area south of the channel gradually inclines
 upward from a depth or 7 m at Aroor to about 2 m at Alleppey.


The area north of barmouth, Cochin to Azhikode is uniformly
 shallow, the depth being about 2 — 4 m. The bottom of the
 
estuary is muddy. Physically it can be classified as a bar



built estuary.


Two large rivers, Periyar and Pamba open into the


backwaters at the northern and southern eztrimities'respectively.


Besides, Muvattupuzha and Meenaehil rivers and several other
canals join it at various places. These, during the SW and
NE monsoons disgorge large quantities of freshwater into the
backwaters.
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Tides inothe estuary are or a mixed, semidiurnal type
 the amplitudehwhich is about 1 m in the harbour area, de


creasing towards the upper reaches. Incursion of seawater
 to the upper reaches of the estuary oscillates depending on
 the freshwater efflu (Haridas gt §L., 1973).


Monsoons form the predominant factor controlling the
 hydrographioal and biological features or the estuary. This
 annual catastrophe of ‘flushing out‘ of the estuary during
 the height of the monsoons and the 'reeoupment' when the


effect of the monsoons subsides render the system interesting
 both in its hydrography and ecology. The pre-nonsoonal,


monsoonal and post-monsoonal seasons telescope into each
other to be performed over each year.
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(18)2. MATERIALS AND METHODS


Zooplankton sampling and hydrographio observations


were simultaneously made irom stations fixed in the estuary.


Results from two series of studies are incorporated in this
 
thesis.


Series A: BARMOUTH, Cochin, where the exchange with


sea water takes place was chosen as the primary station


(Fig. 1). Collections were made once in a month from November
 1971 to October 1972 covering the four tides (2 high and 2 low)
 of a day. Salinity and temperature were recorded for each
 metre depth using a salinity temperature bridge ( Iype MO.5
 by Electronic Swiohgear (London) Ltd.). Surface and bottom
 water samples were collected (latter with a Nansen bottle)
 and analysed for estimating the oxygen content using Winkler's
 technique. Zooplankton samples were collected using a HT net


2, length - 5 m, mesh
 (Heron-Tranter net, mouth area - 0.25 m


size 500 p.) with ﬂowmetre (T31: 2440) attached. The hauls
 were oblique and the net was gradually drawn from bottom to
 reach the surface in 5 minutes. Horizontal tows were also


made using a Clark-Bumpus sampler (mesh 300 p) from surface


and bottom and also depending on the stratification of the
water column whenever present. The duration of the hauls
were 15 minutes. The zooplankton was preserved in 5 %
formalin using water collected ig situ.



(19)FIGURE 1 Locality 95 Map of Backwaters showing
sampling stations.
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Samplings were done at AROOR about 14 km south (depth
 or water colun about 7 m) and at NARAKKAL (depth of water
 column 3 m) 10 km north of barmouth. These stations represent
 relatively more stable areas subject to lesser amount or


turbulance than at barmouth. At these two stations one day
 collection and one night collection was made each month.


These samplgzéwere conducted on days subsequent to the


collection at barmouth. The procedure adopted for sampling
 was the same as that at barmouth.


Series B: The focus in this series of collections was
 on the changes in the hydrobiology of the whole estuarine
 system. Backwaters from Cochin to Alleppey was covered
 once in every month of the year 1972. Seven stations were


fixed (Fig. 1) representing various stages or seawater - fresh



water interaction in the estuary. Station 1 was about a

 kilometre away from mouth and station 7 at the head of the

estuary. Zooplankton samples were taken with a HT net



(mesh 500 p) in oblique hauls lasting 5 minutes. Salinity


and temperature or the water column and surface oxygen were
 measured as mentioned earlier.


These observations and collections were made to study
 the spatial and temporal changes in composition and distri



bution, diurnal changes, tidal variations, vertical segrg;ions

and migrations, effects of hydrographical changes on these


(22)-1113


aspscts and various other ecological relations among groups
 and species of zooplankton.


Plankton samples were filtered, drained of excess water
 an absorbent paper and added to a known value of water to
 find out displacement volume. Depending on the size of the
 sample sub-samples were taken using a Folsom plankton splitter.


Larger organisms like medusae, ctenophores and chaetognaths
 were removed and counted for the whole sample. The rest of
 the organisms in each subsample were spread on a counting
 tray and counted to species level’ where-ever possible.


Often, when the sample was sell, the whole sample was analysed.


The counts were transformed into counts per unit volume of
 water filtered using the flowmetre data.


* The zooplankton were identified with the help of


various publications from Cochin backwaters, adjoining inshore
 waters and elsewhere and also with the help of experts on


various groups at the Indian ocean Biological Centre, Cochin
whose help is gratefully acknowledged.
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(24)3. HYDROGRAPHY


Assessment of environmental features and its changes
 is essential for understanding the ecology and interrelations
 
of the organisms inhabiting an area. Several earlier studies

 (mentioned earlier, 1.2) have contributed to the general

understanding of the hydrological aspects of the Cochin
 backwater system. The year can be broadly divided into the
 pre-monsoon (January-April), monsoon (May-October) and post


monsoon (November-December) periods. The precise division
 into the month in which a season begins or ends is arbitrary
 as it is dependent largely on the time of the onset and


duration of the monsoons. The divisions given here are based
 on the rainfall of the year 1971-1972. These seasons telescc
 into each other to complete the annual cycle.



3.1. Salini .


Salinity is perhaps the most important key to the


various physical processes, especially in a tropical estuaJ
It provides the clue to the circulation and mixing pattern

the extent of tidal influence and the rate and effects of

freshwater efrlux.
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Pre-ggnsgun:


Even by the beginning or pre-monsoon period (January),
 a vertically homogeneous pattern in salinity distribution
 was observed at the mouth. Salinity values had recovered
 (.7 30 $0) and no appreciable differences occurred between


high tides and low tides during the pre-monsoon period (Fig. 2).


Salinity steadily advanced and registered the maximum value
 for the season (34.8 $0) in April.


Distribution of salinity was more or less of a similar
 pattern at Aroor and Narakkal (Figs. 4 and 5 A). The major
 
difference was only spatial, the gradient being horizatal.


This was so even during the peak salinity period (April)
 when the salinity values came up to 32.8 $0 at Aroor and
 
31.5 $0 at Narakkal. This horizontal gradient in salinity distribution was present u to the head or the estuary. The

 recovery was gradual and the values at the head increased
 from 3.9 $0 in January to 13.0 $0 by April. some amount or
 stratification occurred at the middle reaches (Fig. 6) during
 early pre-monsoon (January-Pebruary). But later, a well
 mixed condition was observed at these regions also.

MOQB O 0118


Abrupt changes were brought about in the environment
with the onset or the monsoons. Large quantities or fresh
water discharged into the backwaters through the rivers and
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land runoff during the SW and Nizmcnsoons resulted in qkotal
 transformation of the hydrobiology of the estuary. The



surface salinity variations at the three stations could be


closely associated with the rainfall during the period (Fig.5 B).


In 1972 the monsoon started in May and the rains lasted up to
 October with intermittent breaks.


At the mouth the surface salinity fell to 3.4 $0 during
 low tide in May. The water colun became stratified showing
 a two layered flow. Bottom salinity varied from 21.0 $0 in
 low tide to 33.8 %o during high tide. In June a break in the
 monsoon resulted in a temporary recovery of salinity. Bottom


salinity reached 35.5 $0, the highest encountered in the


estuary. The presence of this high saline water in the bottom
 layers was probably due to intrusion of upwelled Arabian sea
 water found to enter the channel during this period (see 3.2
 and 3.3). July represented the zenith of the monsoon when
 
the force of the freshwater efflux restricted the salinity

 to near zero values through out the water colun during low
 tide and the upper layers during high tide (Pig. 3 A).

Salinity showed an increasing trend in August and aptember
due to a reduction in the force of the monsoon. It went down
again in October, especially in the surface layers, when the
rainfall showed another increase.
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The picture of salinity distribution at the other

 stations were also corresponding. The fluctuations in

salinity intrusion at the mouth were reflected at Aroor and
 
Narakkal also. But the intrusion of salinity when the rain


fall decreased was limited to the lower reaches of the estuary
 during this season. The upper reaches remained fresh through


out the monsoon (Fig. 7).


gogt-monsoon:


Postmonsoon season represented the period of salinity
 recovery after the nonsoons subsided. It was rapid at the
 mouth and gradual towards the upper reaches.


By November surface salinity started to show an increase.


But the water column was stratified during high tide as the
 freshwater efflux had not ceased cmpletely. Marine water
 started to dominate by December, stratification being less
 apparent at the mouth, the season merging into the hcmogenous
 conditions of the prsmonsoon.


At the other stations also salinity recovery began in
 postdmcnsoon season. Stratification was present at these
 stations in December also since the salinity incursion was
 along the bottom layers and the tidal influence was not strong
 enough to completely mask the effect of fresh water flow.


Salinity incursion gradually but steadily begén to happen
in the upper reaches also (Fig. 7).
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3.2. gegeratur .



Being a tropical estuary, the fluctuations in temperatue

 were not as pronounced or drastic as that of salinity. However,
 the seasonal variations reflected on the temperature structure
 also.

Pre-mcnsogg:


Temperature was naturally higher during the dry pre


monsoon period. In January, the surface temperature was
 around 27.5 to 28.0 “C. There was a gradual increase in the
 season progressed and by April the surface temperature reached
 31.6 °C. No appreciable diel or tidal variations were observed
 during this season (Pig. 8). Vertical thermal gradient was
 also weak, the difference between surface and bottom layers
 usually did not exceed 0.5°C or was even less. This is


further evidence to the well mixed homogenous conditions pre



vailing in the water colun during this period.


Ionsoggs


A sudden fall in temperature was observed with the onset
of mcnsoons. In May surface temperature at the mouth came
down to around 26 °G, a difference of about 5’C from that in
April. Surface temperature generally varied between this to
30.0°0 during the monsoon season. Vertical thermal gradient
associated with stratification was steep during monsoons.
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The difference between surface and bottom temperature fell
 within the range of 3.5°C to 6.7°C from June onwards.


Study of the bottom temperature at the mouth during the
 monsoon was particularly interesting. During the monsoon the


continental shelf is pervaded by cold, dense waters upwelled
 from the sub-surface levels of Arabian Sea (Banse, 1959;


Ramamirtham and Jayaraman, 1960, 1963). In May, the bottom
 layer showed higher temperature than that at the surface


showing that the freshwater at the top was colder than the
 
intruding sea water. But in later months, particularly in

 July and August, the thermal gradient was quite sharp, water
 at the bottom being colder (Fig. 9) and more saline. The

origin of this water could be ascribed to be from the upwelled
 Arabian Sea water. Also, during Jue-October, temerature
 was generally lower during high tide than at low tide showing


the characteristic of the seawater entering the channel.


At Aroor and Narakkal, (Fig. 10) where the freshwater
 element dominated. the thermal gradient was not as a steep
 as at the mouth. This was particularly true at Narakkal
 which is a shallow station. But in general, low temperature
 conditions prevailed over the entire estuary when compared


with.pre~monsoon season.


Pogt—gpnsoog:


In November, the vertical thermal stratification became
less sharp and the absence of upwelled sea water was conspicuous
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at the bottom layer. By December homogenity in temperature
 distribution had more or less reestablished.


3-3- 9.EIE§1_1


Diurnal and tidal differences in oxygen content were
 not appreciably significant or uniform. During pre-monsoon,
 
pattern of oxygen distribution also fell in tune with that


of salinity or temperatue. There was no much difference
 between surface and bottom oxygen values, the water column
 being well mixed. In general the range in oxygen values were
 between 2.5 to 3.5 ml/1.


During the monsoonal period a general increase in oxygen
 content of surface waters was observed. It increased to


about 4.0 to 5.0 ml/l. in July and August. But the bottom
 
values fell during this season (Figs. 11, 3 B). This must be

 because of the high turbidity during this period (Qasim.g3 §;.,
 1968) limiting primary production in the bottom layers. Stilar
 conditions could be observed at Aroor also. The very low

oxygen content of bottom layers at the month during July-August
 was further evidence to the presence of upwelled water of


Arabian Sea in the channel.


In the post-monsoon months, oxygen content at the bottom
 became more or less same as that of surface values. This


sharp increase of bottom values after the monsoon was especially
 noticeable at Aroor. The surface oxygen content was less than


that during the monsoonal period.



(31)-s19:



3.4. gidal variations


The exchange of marine and fresh water elements and


the circulation and mixing in an estuary is primarily induced
 
by the tides. In the Cochin backwaters the tides are of a


mixed, semidiurnal type, the maximum range being about 1 m.


With the increase in distance towards the upper reaches of
 the estuary, the magnitude of its influence progressively
 decreases as the time lag in the tidal height increases and
 the tidal range decreases (Qasim and Gopinathan, 1969).


During the pro-monsoon, when the freshwater flow into
 the backwaters was minimal, the sea water ingredient dominated



the estuary. The tides ad associated currents help in the

 mixing of the water column and there was no significant
 difference in hydrography between spring and ebb tides at
 any depth.

But conditions were different during the monsoons. The
 
force of the freshwater efflux restricted the influence of the tides to the lower reaches of the estuary,» The extent of

 penetration of tidal forces oscillated depending on the

strength of the freshwater flow and force of the tidal influx.


Fresh water dominated the upper strata of the water colun
and the penetration of high saline sea water along the bottom

resulted in stratification. At the peak of the monsoon in

July, the entire water column at the month has dominated by
fresh.water during low tide. While the surface salinity


(32)
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remained the same (less than 2.0 $0), bottom salinity rose
 up to 35.0 %o during high tide. Appreciable increases in
 surface salinity was noticed during the monsoon months only
 in June and August when there was an ebb in the strength of
 
the rainfall. Tidal differences in thermal gradient was also

 visible during this season, the bottom temperature being

usually lesser during high tide due to the influence of cold


upwelled Arabian Sea water.


The extent of influence of tides including the depth
 at which stratification occurred was dependent on the tidal
 height and hence the strength of the tide. During post


monsoon, influx of sea water started to dominate the environment
 and by December more or less homogeneous conditions were


restored in the water oolun at the mouth.
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The main physical problems to be investigated in an


estuary are the water movements, the mixing processes and the
 distribution of salinity resulting from their combined action
 (Bowden, 1967). some information on the pattern of circulation
 and mixing in the estuary could be gathered from the distri



bution of salinity at stations 1 and 2 (Series:B). Salinity profiles and isohalines at these two stations for represen


tative months are given in Fig. 12. As these two stations



(33)-3203


remained the same (less than 2.0 $0), bottom salinity rose
 up to 35.0 $0 during high tide. Appreciable increases in
 surface salinity was noticed during the monsoon months only
 in June and August when there was an ebb in the strength of
 
the rainfall. Tidal differences in thermal gradient was also

 visible during this season, the bottom temperature being

usually lesser during high tide due to the influence of cold


upwelled Arabian Sea water.


The extent of influence of tides including the depth
 at which stratification occurred was dependent on the tidal
 height and hence the strength of the tide. During post


monsoon, influx of sea water started to dominate the environment
 and by December more or less homogeneous conditions were


restored in the water column at the mouth.
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The main physical problems to be investigated in an


estuary are the water movements, the mixing processes and the
 distribution of salinity resulting from their combined action


(Bowden. 1967). Some information on the pattern of ciroulatior
 and mixing in the estuary could be gathered from the distri



bution of salinity at stations 1 and 2 (serieszh). Salinity profiles and isohalines at these two stations for represen


tative months are given in Fig. 12. As these two stations



(34)were covered with in a short period of 20 minutes, tidal
 variations are not being considered.


Based on the pattern of circulation Bowden (1967)



classifies estuaries into four chief categories: 1) Salt

 wedge estuary. Here salt water extends as a wedge into the
 estuary and the interface slopes slightly downward in the
 upstream direction. 2) Two layered flow with entrainment.

when the velocity of freshwater flow increases salt water


moves upward without a corresponding downward movemet of


freshwater. But often there is a certain amount of mixing
 with a small portion of low salinity water from upper layer
 entering the layer below. The interface is then replaced by
 an intermediate layer of steep salinity gradient known as
 
halocline. 3) Two layer flow with vertical mixing. In

 comparatively shallow estuaries, tidal currents cause a

mixing of freshwater downward and saline water upward. There
 is no marked interface, but salinity profﬂe shows a continuous
 increase from surface to bottom, the maximum gradient occurring
 near the level of no net motion. 4) Vertically homogeneous



estuaries. If the tidal currents are very strong, the vertical


mixing becomes so intense that there is no measurable variation
 
in salinity from surface to bottom. There is only the hori


zcntal gradient in salinity increasing from head to mouth.


It seems that the circulation in Cochin backwaters

cannot be rigorously classified into any of these. But it

showed a mixed pattern,'varying with the force of freshwater
inflow into it.
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By late pre-monsoon (March, Fig. 12), the estuary is



‘dry’ and the effect of freshwater flow is negligible. The

 circulation was dominated by tidal currents, flow was practi


cally onesided, towards the head, at all depths. In April,

 the conditions more or less approached that of a vertically
 homogeneous estuary, the gradient being chiefly horizontal


(Fig. 6).


But during monsoons and postamonsoon the two layered
 flow, the upper water flowing towards the sea and the bottm
 saline water penetrating up the estuary, was maintained.


During these seasons the pattern of flow and mixing was


essentially controlled by the strength of freshwater efflux.


In May, June and October, the typical saltwedge along


the bottom with interface sloping towards upstream was met with.


The stratification was abrupt, the depth of the interface
 where mixing occurred varied depending on the strength of
 freshwater efflux. But in July, when the freshwater flow
 attained its maximum, the isohalines showing the penetration
 of salt water was restricted to the mouth region, the mixing
 pattern nearing that of a two layered flow with entrainment.


Some amount of mixing could be recognised, the interface with
 isohaline showing 3.5 %o (Fig. 12) could be recognised as a
 halocline. By late pre-monsoon ( December ) salt water domi


nation was seen again, the salinity distribution in this month
and early pre-monsoon period resembled that of a two layer
flow with vertical mixing with regard to individual stations.



(36)FIGURE 2 : Salinity profiles at barmouth, Cochin from
 November, 1971 to June, 1972 at high tide


(continuous line) and low tide (broken line).
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(39)FIGURE 5 s A. Salinity profiles at Narakkal from November,
 1971 to October, 1972.



B. Rainfall and surface salinity distribution


at barmouth, Cochin, Aroor and Narakkal
in 1971-1972.
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(41)FIGURE 6 : Salinity distribution from mouth to the head


or the etuary (Se:-iea:B) from January to June, 1972.
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(43)FIGURE 8 : Temperature profiles at barmouth, Cochin from
 November, 1971 to April, 1972 at high tide


(continuous line) and low tide (broken line).
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(45)FIGURE 9 3 Temperature profiles at barmouth, Cochin from
 May, 1971 to October, 1972 at high tide


(continuous line) and low tide (broken line).
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(47)FIGURE 10 : A. Temperature profilsat Aroor from November,
 1971 to October, 1972 - day (continuous line)
 night (broken line) .


IB. Temperature profiles at Narakkal from November,
1971 to October, 1972 - day (continuous line)
night (broken line) .
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(49)IIGURE 11 : Distribution of Oxygen (ml/1t.) at bamouth,Cochin, from November, 1971 to October, 1972
 at surface (continuous line) and bottom


(broken line) .
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(51)FIGURE 12 3 Schematic diagram of the pattern or 9:01:



circulation based on salinity distribution

at station 1 and 2 in Series: B (1972).
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CHAPTER '4


ZOOPLANKTON



(54)4. ZOOPLANKTON


Estuaries form the transition areas between the


more stable conditions of the neighbouring sea and fresh


waters, and exhibit increased gradients and fluctuations
 
of abiotic and biotic factors (Kinne, 1967). Hence, like

 any other organisms inhabiting this peculiar biotope,

estuarine zooplankton have to be tremendously accomodative
 to putriith the physiological stress imposed upon by the
 extreme variability of this environment. Thus, true


estuarine organisms form a class by themselves apart from
 the more common euryhaline marine forms and to a lesser
 extent stenohaline forms and freshwater organisms which
 frequent these waters. Estuarine systems have developed


their own ecology, the biocoenosis composed of ‘characteristic’


and ‘accidental’ species rendering their autecology, phonology
 and synecology interesting.


In addition to the zooplankton data given in figures,
 statistical analysis of the data was performed to study


variations in abundance of total biomass, groups and species.


Data were subjected to analysis of variance (ANOVA) (rederer,
 1967: Fisher and Yates, 1933) to study the significance in
 variations between months (seasons). tides and diel aspects.


Numbers were converted to their log values for the analysis.
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Since the distribution was negative binomial (see 4.3) and
 zero values were present in the data, 1 was added to figures
 before conversion. The nodel for ANOVA at barmouth, Cochin


N38



131: "°°1 " /93 * "1: +613]:


and for Aroor and Narakkal was



ac +- 6



711: 1 +‘ék 11:


where



oC'1 a effect of 1th season, ,3 3 = effect of 3”‘ tide,



rk = effect of k dial and
th


éijk a random error.


Wherever the effects were found to be significant,
 
critical difference or least significant difference (LSD)


was formed by using the formula



\[(;—1 + 31;.-2)VE t.o5



where r1 and r2 are the nuber of rep1ioations,\/E is the

error mean square and t (0.05) is the 5% Student's t table

value. LSD was used for separating the significant effects.
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4.1. Total zooplanktgn


The most striking feature in the sooplankton abundance
 in the Cochin backwater system was the contrast between pre


monsoon and monsoon periods. Earlier studies (Madhupratap
 and Haridas, 1975; Madhupratap g3l§L., 1975) have shown that
 biomass, zooplankton numbers and species diversity are low
 in the entire estuary during monsoon season. Averages of
 displacement volumes and total numbers of zooplankton for



series A are listed in Table 1. Seasonal differences were

 significant for both biomass and total nubers at barmouth
 and Aroor. Maximum abundance was noticed in April at the
 mouth (1.22 ml/m5 and 13464 nos./ms) and January to April
 at Aroor (maximum biomass 1.87 ml/m3 in January and numbers
 17841 /m3 in February). At Narakkal seasonal variations
 were not significant. Ianimum density (7281 /m3) and biomass
 (1.60 ml/m3) were observed in March. Diel variations were
 significantly higher during night at this station. Thus zoo


plankton abundance was higher during the premcnsoon period
 from January to April.


It fell sharply during monsoons especially at Aroor and
 Narakkal and up the estuary. Seasonal averages showed that


‘biomass fell to about 36.0 at at bar-mouth, 4.3 at at Aroor and
 3.8 % at Narakkal, when compared with pre-monsoon values.


Total numbers of zooplankton fell to 29.0 %, 3.0 % and 3.5 $
at the respective stations. During the post-monsoon months,
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biomass and total counts remained more or less same at the
 mouth whereas they registered an increase by almost 1200 S
 and 450 % respectively at Aroor.


Principal components analysis (Herman, 1960) was
 employed for separating the first and second factor coe


fficients from the environment. Communalities were calculated
 using multiple regression analysis taking abundance, salinity,
 temperature and oxygen as variables. The matrix of corre


lation was formd after converting the abundance figures to
 
their logarithmic values. The results for the three stations

 are presented in Table 3.

The coefficients of the first factor were large and


positive for salinity and abundance and small for temperature
 and oxygen at all the three stations. Among the second factors
 temperature was found to be highest at barmouth and Aroor and
 oxygen at Narakkal. Thus the changes in the enrircment were
 indicated to be more associated with salinity.


Distribution of biomass and counts at surface and bottom
 layers (Table 2) showed an aggregation of zooplankton at the
 bottom during day time. But maximum abundance was noticed


at surface during night. There was no pronounced variation
 at the bottom layer during day or night.


observations (Madhupratap, unpublished) have shown that
the estuarine belt from barmouth to Azhikode is less producﬁwe
at secondary level when compared to its southern counterpart.



(58)
-:28:


larvae (0.41 %), hydromedusae (0.39 %), otenophora (0.15 $).


and chaetognatha (0.14 %). (Deospod larvae showed higher
 abundance in series:B, Hedhupratqa and Haridas, 1975). Tho!


with copepoda constituted about 92.1 % or the total annual
 counts (88.5% in series : B).


The species composition of sooplankton in the estuary
 comprised of estuarine, marine and low saline organisms, their
 propagation in the backwaters largely depended on environmental
 conditions. Seventy six species £1-omv:arious goupe were



identified in the present study (Table 5). or these 49 specie


belonged to copepoda. Groups cumaeea, isopoda, amphipoda,
 copelata, some stray hydromedusae and low saline ostracods were



not further identified to lower levels due to practical difficulties.


Systematic list or species identified from the estuary.



Phylum coelenterata Glass Hydrozoa



Order Hdroida



Family Gompanulariidae


Qbelia sp.


Blacktord a viggigica Mayer



Family Lovenellidae


Euoheilota gengni Iramp



(59)Family



Faily


Order
 ramily


Phylum
 Glass


Glass


Phylum


Phylum


class


Order


-3293


Eirenidao


Eirenn ggggg; Kramp


Eirege gozlonenaia Browne
 Eutimidae


Eut;ma gommenaa1;a Santhakumari


§gt;ma neuoalendonia Uchida
 Siphonophora


Diphyidae


Dggggea gh§g;ason1s Huley


Lensga subtilogdes (Lens & Van Riemsdi
 Ctenophora


Tentaoulata


P1ourobrggg;a op.


Huda


.§m9.sp


Chaotognatha


Sgg1tta.§ggg3; Be'raneok
 Sgggtta eg;;ata Grassi


Sg5;§ta ooeggga Gray


Sgg;§ta robuata Doncaater
 Arthropoda


Gruntacea
 Gladocera


Evadne ter est a Claus
geg;1;a aviroatrga Dana



(60)Order
 Family


Family


Order
 suborder
 Family


Family


Family


Family


-3303


Oatraooda


Halocyprididao


Egggggggggig aculeata Th. Scott
 Cypridinidae


Czprigdiga dentata Muller


Copepoda


calanoida
 Galanidao


Cggtgocglanug pauper (Gieabrecht)
 Und nnla vulgaris (Dana)


Eucalanidae


gugalggue mogaohua Gieabracht
 Euoalanns craesua Giesbrecht
 Eugalggus auboraasus Gieabrecht
 Paeudooalanidae


galgoalanus 3513 Dana
 Paracalanidae


Pggggalggus aculeagga Giesbrecht


;. 9519; Sewell
 Parggalanus orasairostria Dabl


;. oochinenaia Weller


Acrggalanus a1m111s Sewell



(61)ramny


Family


Family


Family


Family
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Centropagidae


Centrggageu alcocg; Sewell
 Oentrogggea furoatua (Dana)
 gentroggges tenuiramia Thompa
 Centropages trigpinoaus Sowel


Diaptomidae


He1;odiaptomun cinctus Gurney
 Allodgqgtomna mirabilipes Kie
 Paeudodiaptomidae


Arohidiagtomus aroorus Madhnp
 Harida
 Pseudodiqgtomus annandalei S
 Paeudodia tomus bi hami



mmm vex


2aeudoq;gptoggg Jpnea; P111a1
 Pseudodgaptomua aurivill; C1:


Paeudodiagtomus mertoni Frﬁch
 Pseudodiagtomus aerricaudatus
 Paeudodiagtomna tolliggarae &


Temoridae


Temora turbinata (Dana)
 Temora s§y1;fora (Dana)
 candaciidae


gandacia brggy; A. Scott



(62)Family


Family


suborder
 Family


Family


-232:


Pontellidae


calanopia elligtica (Dana)
 g§;anop1a‘g;gg; A. Scott
 Labidooera ggggg (Dana)


Labidooora Eectinata Thompson & Sco



abidocera krozer; (Brady) 7 .gal1


'.['honpson"EESco


Acartiidae


Acartia oentrura Gieabreoht


Acartia bowmani Abraham


Acartga sginigauda Gieabreoht
 Aoartia erzthraea Giesbrecht
 Acartia glumosa T. Scott
 Agartia eouthwelli Sewell
 Acartiavpacifica Steur
 Aoartiarbilobata Abraham


Acartiella keralensis Wellershaua
 Acart ella gravely; Sawell


Harpacticoida
 Tachidiidae


Eutegpina aoutitrons (Dana)


Cag;hooampt1dae


Nitocra spinipas Boeck



(63)suborder
 Family


Family


Family


Order
 Family


order
 Family
 subfamily


Phylum
 Subphylum


Class


-3333


Gyolopoida
 Oithonidae


Ogthona ggggg Giesbrecht


Oithona brevicornia Gieabrecht
 Oithona nana Gieabreoht


Qithona gigida Giesbrecht
 Coryoaeidae


Gorxpaeua Sp.


Sapphirinidae
 Sapphigina ap.


Mysidacea
 Mysidae


Rhopalogthalmua igdigus Pillai



Siriella gracilis Dana


gesopodogais zezlanica Nouvel


Decapoda


Penaeidae
 Sergestidae
 Acetes app.


Luc1teg.gggggg; lobili
 Lucifer mg; H.M. Edw.


Chordata
 Uroohordata


Thaliacea
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Family Salpidae


Thalga demoogatioa Forakal



Family Doliolidao


Dolioletta gogenbanr; Uljanin
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TABLE 1 A: Displacement volume (ml.) of zooplankton (Day and Hie
 at Barmouth, Aroor and Narakkal (HT not hauls).



Barmout Aroor Narakkal



Months Day F135? ﬁay 5/Night ﬁay FIgE¥


Pgemonsoog?



Jan. 0.160 0.200 1.870 0.500 0.410 0.700 Feb. 0.580 0.750 1.180 0.870 0.009 0.380 Mar. 0.410 0.630 0.360 0.800 0.008 1.600 Apr. 0.820 1.220 0.240 1.030 0.140 .0.280


Honsoonb



May 0.700 0.360 0.007 0.120 0.004 



Jun. 0.090 0.180 0.010 0.150 0.020 0.020 Jul. 0.510 0.300 0.020 0.020 0.005 0.040 Aug. 0.080 0.100 0.040 0.050 0.001 0.005



Sept. 0.020 0.050 0.010 0.010 0.001 



Oct. 0.140 0.060 0.005 0.003 0.008 0.070


Postmonsoon°



Nov. 0.170 0.200 0.630 0.480 0.001 



Dec. 0.220 0.300 0.210 - 0.030 


Seasonal average



a - 0.596 0.856 0.440

b - 0.214 0.037 0.017

c - 0.222 0.440 0.015



(66)
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TABLE 1 B: Total numbers of zooplankton (Day and Night at
 Barmouth, Aroor and Narakkal (HT not hauls).



'" Barmouéh ""2233; """"" "§.I§;££2i’"



Months 8.3] g ay 13 ay 3


Premonaoona



Jan. 954.9 1105.9 17841.5 4210.4 156.3 3529.0 Feb. 3256.7 4891.2 16009.1 6774.9 3.3 3739.0 Mar. 2891.9 4301.5 3860.8 4014.3 21.4 7281.0 Apr. 7229.3 13464.2 1462.3 5434.6 75.6 2953.9


Monaco b



May 6123.4 1902.4 3.5 507.6 1.1  Jun. 404.7 681.7 16.4 456.5 79.3 78.5 Jul. 3050.8 2435.9 80.8 72.5 12.0 206.7



Aug. 8.5 814.5 163.4 99.9 1.1 3.4 Sept. 23.6 60.9 37.2 1284.6 9.1 



Oct. 547.8 588.9 20.8 11.9 6.6 348.1


Poe onaoono



Nov. 755.0 844.7 637.4 1570.5 1.7 



Dec. 1842.9 1434.5 910.0 - 30.0 


agasonal averggg



a - 4763.2 7450.9 2219.9



b - 1386.9 229.5 77.7



c - 1219.2 1039.3 15.8



(67)TABLE 2 A: Displacement volume or Zooplankton (Day and Night)
 at surface and bottom at be:-mouth, Cochin


(Clark-Bumpue hauls).



M°n’°h=* — -3! “:5 G H 1?! M‘ S B S S S B S 3



Jan. 0.400 0.060 0.006 0.540 0.320 0.190 0.210 0.320



Feb. 0.140 0.470 -- -- 0.200 0.110 0.290 0.220



Mar. 0.180 0.650 0.330 0.660 -- -— --  Apr. -- -- 0.040 0.070 -- -- 0.620 0.260



May 0.090 0.120 0.002 0.008 0.030 0.230 0.040 0.080



Jun. 0.001 0.020 0.020 0.010 -- -- 0.040 0.020



Jul. -- -- 0.010 0.100 0.030 0.030 -- -



Aug. 0.001 0.010 0.006 0.020 0.001 0.001 -- -



sept. -- - 0.005 0.050 -- -- -- -



Oct. 0.100 0.040 0.003 0.050 -- -- - -



Nov. 0.005 0.140 0.010 0.110 0.490 0.290 0.320 0.190 Dec. 0.050 0.210 0.240 0.110 0.120 0.150 0.180 0.130


Average 3 Day — S = 0.081; B = 0.172
 
N1ght- S = 0.206; B = 0.158


-- absence or data, HT = High tide,


LT = Low tide, S = Surface, B = Bottom.



(68)
-!38:


TABLE 2 B: Total numbers of Zooplankton (Day and Night)
 at surface and bottom at barmouth, Cochin
 (Clark-Bumpus hauls).



month.-16* Ws‘“%i m-' m “G” S B S B S B S 3



Jan. 1052.0 207.5 41.9 3442.4 1052.0 332.5 2207.3 1029.5



Feb. 442.9 2151.2 -- -- 482.6 598.4 1865.5 1662.5



Mar. 138.9 1442.2 784.9 3420.6 -- -- -- -



Apr. -- -- 666.9 774.3 -- -- 3460.3 2325.0



may 16.1 291.2 11.5 94.7 62.3 1827.8 35.3 192.6



Jun. 5.7 132.6 58.4 226.7 " " 982.6 98.5



Jul. " -- 6.2 216.1 13.1 15.9 " "



Aug. 1.2 4.3 2.4 7.3 1.3 1.1 -- -



Sept. -- -- 4.3 1091.4 -- -- -- -



Oct. 67.6 44.6 5.2 65.0 -- - -- -


Average 2 Day - S = 464.1; B a 800.4
Night - 5 =1293.3; B = 804.7



(69)TABLE 3: Principal Factor Pattern



Variable gggggg gggggr cmnunality actor I ractor


A. BARMOUTH



1. Abundance 0.754 -0.132 0.65



2. Salinity 0.877 0.149 0.76



3. Temperature 0.072 0.858 0.71



4. Oxygen -0.373 0.249 0.02


B. AROOR



1. Abundance 0.962 -0.065 0.92



2. Salinity 0.775 0.475 0.81



3. Temperature 0.041 0.510 0.25



4. Oxygen -0.838 0.392 0.86


G. NARAKKAL



1. Abundance 0.761 -0.238 0.59



2. Salinity 0.862 -0.017 0.73



3. Temperature 0.387 0.449 0.36



(70)
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TABLE 4: Distribution of Major Groups, their Numbers/m3
 and relative percentages at Barmouth, Aroor
 and Narakkal in 1971-72.


A - HYDRGMEDUSAE



ﬁggggutg Argo; Nqiggggl



Months No./m % No./ % No./ %



Nov. - - - 



Dec. 2 0.1 1 0.1 - 



Jan. 1 0.1 5 0.02 1 0.05



Feb. - - 3 0.02 1 0.05



Mar. 6 0.1 55 1.59 6 0.15 Apr. 6 0.05 52 1.5 22 1.2



May 34 0.8 15 5.0 - 



Jun. 43 8.0 40 8.4 2 2.55



Jul. - - - 



.Aug. - - -  Sept. - - -  Oct. - - 1 6.2 - 



Annual Mean 7.70 0.76 14.20 1.89 2.67 0.53



Annual.  0030 O.
% to


(71)-1411


B - GIENOPHORL


uonths ___§2§!QE§E.. .___J%§EEL___. _..!§§§E§EL__..
No./m % No./n % No./m ¢



Nov. - - -  Dec. - - -  Jan. - - 1 0 - 



Feb. 7 0.1 2 0.01 1 0.05



Mar. 14 0.3 26 0.6 12 0.3



Apr. 13 0.1 5 0.1 15 0.8



may 2 o.o4 - - -  Ju. 4 0.7 2 0.4 - 



Jul. - - - 



Aug. - - - 



Sept. - - - — - 



Oct. - - - 



Annual Mean 5.75 0.12 3.00 0.09 2.33 0.11



igggal Tohﬂ. 0.10 0.10 0.20



(72)-242.


0 - OHAETOGNATHA



Months Barmout Aroor Narakkal No./n % No./m % No./m %



Nov. 2 0.2 - - - 



Dec. 7 0.4 3 0.3 1 3.5



Jan. 2 0.1 13 0.1 1 0.05



Feb. 4 0.1 9 0.1 4 0.2 Mar. 8 0.2 5 0.1 4 0.1



Apr. 15 0.1 48 1.3 1 0.05



May 20 0.4 - - -  Ju. 45 8.0 5 1.0 1 1.3 Jul. - - - 



Aug. - - -  Sept. - - 5 0.7 -  Oct. 2 0.3 - - 1 0.6



Annual Mean 8.80 0.82 7.30 0.22 1.08 0.50


% to
Annual Total 0.30 0.26 0.10



(73)D - COPEPODA



-:43:



Months Barmouth Aroor Narakkal



No .1: 5 No . /:3 % No ./mr %



Nov. 245 30.5 489 44.5 2 100.0 Dec. 979 59.7 607 66.7 12 40.0 Jan. 688 66.4 9109 81.6 974 52.8



Feb. 3300 81.0 10775 94.5 1147 61.3 Mar. 3531 96.5 3460 87.8 2148 58.8 Apr. 9890 95.5 2669 77.4 858 46.5



May 3590 89.0 176 58.6 8 53.5 Jun. 525 96.0 267 56.5 45 56-9 Jul. 2436 88.5 390 51.5 26 25.8



Aug. 3 0.5 74 56.4 1 50.0



Sept. 6 14.0 270 40.9 1 11.1



Oct. 285 50.5 10 62.5 86 48.5


Annual Mean 2123.00 64.00 2328.80 64.90 442.30 50.25



ﬁnggal Total 85.40 83.00 55.10



(74)E - CLADOCERA



-:44:



Months Barmouth Aroor Narakkal No./n % No./m % No./ma %



Nov. 342 42.8 12 1.0 - 



Dec. 2 0.1 - - -  Jan. - - -  Feb. - - - 



Mar. - - - 



Apr. - - - 



May - - - - 1 50.0



Jun. 7 1.0 29 6.1 20 25.3‘



Jul. 7 0.2 - - - 



Aug. - - -- - - 



Sept. 2 4.5 174 26.3 3 33.3



Oct. 6 1.0 - - - 



Annual Mean 30.50 4.10 17.91 2.78 2.00 9.05



inggal Total 1.20 0.60 0.20



(75)-%45:


I - DEGAPOD LARVAE



Months Barmouth Aroo; Narakkal No./ma % No./n % No /m3 i



Nov. 97 12.0 325 29.4 - 



Dec. 444 27.0 301 33.0 15 50.0 Jan. 295 28.5 2105 19.0 604 32.8



Feb. 383 9.0 500 4.3 705 37.7 Mar. 75 2.0 282 7.1 1440 39.4 Apro 335 3.0 462 13.3 552 29.7



M33 346 8.0 32 10.6 -  Jun. 16 3.0 23 4.8 2 2.5



Jul. 44 1.5 2 2.6 3 2.7 Aug. 11 2.5 5 3.8 - v



Sept. 4 9.5 32 4.8 3 33.3



Oct. 198 35.0 4 25.0 4 2.25



Annual Mean187.3O 11.70 339.40 13.14 277.30 19.21


% to
Annual Total 7.50 12.00 34.50
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