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INTRODUCTION



INTRODUCTION

[n marine ecosystems planktonic algae are the most important primary
producers on which considerable atiention is being given on account of therr
supreme status in the marme food cham.

The biological process which 1s carried out by the plants for torming high-
energy organic matter using the abiotic components of the ecosvstem is called the
primary productivitv.  Primary productivity in the marine cnvironment s of
extreme importance since it is the miual trophic level in the marine food chain. on
which the entire fishery resources are dependent. [n considering the quantity of
planktonic algae potentally available to the food chain in a particular location. we
must take into consideration not only the amount available, but also the rate at
which it is being produced. The amount of planktonic algae 1s termed the standing
crop and 1t is usually expressed as the amount of living planktonic algae present
in unit volume of water. or beneath unit area ot water surface (mg /| or gm / m
em / m%). The rate of primary productivity is usually defined as the amount of
inorganic carbon fixed photosynthetically in unit time per unit volume, or under
unit area of water surface (mg C / m’ / hr or gm C / m" /day). It is necessary to
distinguish between the gross rate of primary productivity, winch is the rate at
which the plant carbon is produced photosynthetically, and the net rate, which s
the gross rate less the rate of loss of carbon through respiration by plants.

Growth and productivity of planktonic algae depend on the hydrographic
parameters of the particular environment, and since the hydrographic parameters
such as light intensity, temperature, salinity, nutrients and grazing varies from
place to place and season to season, the abundance and productivity of planktonic
algae varies latitudinally and seasonally, and at any latitude, productivity of the

coastal waters tends to be higher than that of the open sea.



Planktonic algae are composed of single cells or of relatively simply
organized. small colonies of different torms. The major taxonomic classes which
contribute significantly to the primary productivity i the marine environment are:
Bacillariophyceac. Pyrrophyceae and Cyanophyecae. Other classes which are of
less importance and mayv occur seasonally in certain localities are: Chlorophyceae.
Prasinophyceae. Chrysophvceae. Haptophvceae and Cryptophyceae.

The continuous increase n the world population associated with
shortage of food and other resources on land forced the scientists to fook for new
resources to satisfy the increasing demands of man for tood, medicine, ol
minerals etc. Great attention was direcied to the sea. Sea food (fish and shellfish)
which begin with marine plants besides marine plants themselves were the proper
solution. and the development of fisheries using modern technologies with
intensive scientific research started to take wide stnides for exploration and
exploitation of the new resources.

The size of planktonic algae varies from less than fum to more than
500 um: either chain forming or colonial or solitary Only very little 1s known on
the seasonal vartations and contributions of ultra plankton and picoplankton to
primany productivity because they are not often seen under the microscope and
also cannot be retained by the finest plankton nets  Generally these very small
planktonic algae are green and brown flagellates. and sometimes grow very
rapidly causing blooms and discolouration of seawater.

Various size groups of planktonic algae synthesize food at
the primary trophic level and contributing to the organic production of the marine
ecosystem. The relevance of contribution ot various size fractions is more n the
diet of consumers. The larvae of pelagic fishes and shellfish need very small size
of planktonic algae, their requirement increase with the increasing size of larvae.
Since the various size fractions of the algal flora forming the food of the difterent
varieties of consumers. many of them being selective feeders, the study of

different size fractions of planktonic algae and their relative contribution to the
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primary organic production is a useful tool for the estimation of the quantities and
quahities of fisheries.

The study of primary production in the Indian Ocean started
with DANA (1928-30). John Murray (1933-34). Discovery (1934) and Atbatross
(1947-48) expeditions which tried to evaluate productivity from nutrients and
standing crop of phyvtoplankton. During Galathea expediftion productivity was
measured using C'* method in western Indian Ocean along the coast of Africa,
equatonial part of Indian Ocean from Mombassa to Sri Lanka, Bay of Bengal and
Indo-Malayan waters (Steeman Nielson 1952 1954; Steeman Nielson and Jensen
1957). During the IIOE, between 1939 and 1963, the Arabian Sea along the 110"
E longitude under the Australian programme was well studied (Ryther et al.. 1966;
Jits 1969). Measurements of primary production onboard the Anton Bruun,
showed that the western Indian Ocean 1s one of the most productive regions in the
world (Ryther et al.. 1966). In the eastern Indian Ocean. Wood (1966) found that
the horizontal distribution ot phytoplankton is related to land mass and up welling.
Krey (1973) has given an account on the distribution of chlorophyll and potential
assimilation in the [ndian Ocean and Aruga (1973) has reviewed the relation of the
primary production in the Indian Ocean to chlorophyil and other environmental
factors. El Syed and Jitts (1973) studied the primary production and standing crop
of plankton 1n the south-eastern Indian Ocean. Trevor Platt (1986) studied the
primary production of the Ocean water column as a tunction of surface light
intensity.

Prasad et al. (1970) studied the primary production in relation to the
potential fishery resources of the Indian Ocean and Cushing (1971) for the up
welling areas. Qasim (1976) reviewed the difterent aspects of the biological
productivity of the Indian Ocean.

Several studies have been carried out in the coastal and off shore
regions of the Indian seas. Subramanvan (1959) measured the standing crop of the

phytoplankton by various methods and tfound that the production in the west coast
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of India is of high order comparable to some of the most productive arcas mn the
temperate regions. Prasad and Nair (1960. 1963 ) studicd the scasonal variations of
primary production in the Gult of Mannar in the south cast coast of India. Nair ct
al. (1968) and Nair (1970. 1974) discussed the results of their investigations along
the shelf regions of Indian scas and Lakshadweep Sea in relation to the potential
living resources. Radhakrishna (1969) studied the primary production in the shelf
waters oft Alleppey in the south west coast of India during the post monsoon
season. Shah (1973) reported the seasonal variations of phytoplankton pigments
in the Lakshadweep Sea off Cochin.
Qasim et al. (1978) studied the productivity of the coastal waters of
India up to 50 m depth and found that the larger phyvtoplankton contributed greater
spatial variation in primary production than smaller forms. Radhakrishna (1978)
and Radhakrishna et al. (1978) carried out quantitative investigaiions on some
aspects of phytoplankton productivity in the coastal areas of the east coast. He
also studied the primary production, chlorophyll @ and related parameters in the
shelf and oceanic regions in the northern Arabian Sea. The productivity of coral
reefs (Nair and Pillai, 1972; Qasim et al 1972). of Sea grass beds (Qasim and
Bhattathiri, 1971) and the relation between nitrogenous nutrients and primary
production in Lakshadweep waters (Wafar et al. 1986) have also been studied.
During the last few decades several attempts were made to
study the contribution of size fractions of planktonic algae to the primary
production in different localities of the world ocean. Most of the studies
concentrated to project the contribution of nanoplankton and net plankton to the
productivity. Harvey (1950) showed that phytoplankton biomass quantified using
fine meshed plankton nets often underestimate the total phvioplankion biomass. A
similar conclusion was reached by Qasim et al (1969) for eutrophic Indian waters.
Marshall and Raymont (1947) and Gross and Nutman (1930) found that
nanoplankton formed a very important part ot algal crop in shallow temperate

waters. Yentsch and Ryther (19359) highlighted the importance of nanoplankton in



waters oft Woods tlole.  Swudies by Savage (1969) m Southampton waters
demonstrated the outstanding importance of nanoplankton; the great majority of
the crop in terms ot chlorophyll (ca 90 %) was attributed to the small
phytoplankton (<33um in size). Tundis (1971) found that 87-93 % of primary
production and 71-83 % of the standing crop of phytoplankton was the
contribution ot nanoplankton in the equatorial Atlantic. Malone (1971) in the
Caribbean and eastern tropical Pacitic found that nanoplankton was the dominant
component of phytoplankton. So also it was found that the greater part of C'
assimilation {73 %) was due to nanoplankton. Further investigations by Parson
(1972) confirmed the importance of the nanoplankton in the Celtic sea. In term of
carbon fixed, nanoplankton contributed > 70 %. Revelante and Gilmartin (1976)
showed that. the planktonic algae of less than 20 pm in diameter consisting
mainly of microtlagellates with some naviculoid diatoms and dinoflagellates
dominated the phytoplankton of the northern Adriatic, averaging 74-88 % by
number of the total phytoplankton. Burkill (1978), in Southampton waters
confirmed that 89 % of the chlorophyll was that of < 30 pm in size group.
Takahashi and Bientang (1983) found that. in subtropical Hawaiian waters,
ultraplankton (< 3 pum) nanoplankion (< 20 pm) and net plankton (> 20 um)
accounted for ca. 80. 98 and 2 % of the total chlorophyll respectively. lJoseph
(1988) showed that. in the coastal waters off the south-west coast of India around
Cochin, 62.6 % of the total production is synthesized by planktonic algae ot less -
than 60 pm 1 size. Gradinger et al. (1992) found that in the central Red Sea and
the adjacent Gulf ot Aden during February / March 1987, picoplankton (0.2 — 2
pum) was the dominant size fraction of phytoplankton, and chlorophyll a and
primary productivity measurements revealed that they contributed 76 — 77 % of
the total to both parameters, and their concentration exceeded 45 x 10° cell / m].
Gomes et al. (1992) reported that. in the Andaman Sea. of the total mean

euphotic column production. 37 % was attributed to picoplankton, whereas



nanophytoplankton and net phytoplankton contributed 40 % and 23 %
respectively. Kawabata et al. (1993) revealed that, in the Vellar estuary and
Pichavaram mangrove. south east coast ol India,  the largest quantity of
chiorophyll @ of phytoplankion was contrtbuted by 5 — 10 pum size group. 3.6
mg/m’ (33 %) at one site. and 63 ma/m” (31 %) at another site. Similarly. the
highest gross production was found in the same size group {3 — 10 pm) at both
stations, 49 mg C / m>/ hr (20 %). and 32 mg C m“‘/hr(22 %) respectively. Liu
et al. (1993) showed that. during the austral summer of 1989 / 1990. net
phytoplankton with cells > 20 um in the southem Atlantic Ocean having abundant
nutrients accounted tor 65 % ot chlorophvil a. while 1n infertile southern Indian
Ocean. picoplankton accounted for the highest proportion (47 %) Ning et al.
(1993) found that. in the Indian sector of the Southern Ocean. during summer of
1990 — 1991. the contribution of both nanoplankton and picoplankton was
estimated to0 be 33 % in term of biomass. and 69 % in term of productivity.
indicating the dominance of these size fractions ot phytoplankton in the Antarctic
waters. Liet al (199§) showed that. m the euphotic zone of The East China Sea
in April 1994, picoplankton, nanoplankton and net plankton accounted on
average for 47. 33 and 20 % of the total chlorophyvil.

The present investigation aims at the elucidation of the specitic
contribution of >500. < 500-250, < 250-130. < 130-105. < 1035-33, <33-23. <
25-10 and <10 um size [ractions of planktonic algae to the standing crop,

chlorophyil and primary organic productivity of the south west coast of India.
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METTHODOLOGY

1) SAMPLING:

Surface water samples were collected using a non-metallic
sampler from two selected stations in the south — west coast of India. sin.l
Kannamaly (9 © 52 N; 76" 16,5  E) and stn. 2 Fort Cochin (about 10 nautical
miles north of stn. 1). and transported immediately to the laboratory using 50
litres capacity black plastic containers. Monthly collections were made during the

period from Februarny 2000 to June 2001

2) SEPARATION OF PLANKTONIC ALLGAE:

Five litres of water samples were fittered through the separation
tower which 1s comprised of seven sieves of 500, 250, 150, 105. 53, 25and 10
um from the top to the bottom respecuvely. and built on six litres capacity plastic
container (Figure 2).

Each sieve was washed thoroughly in a wide — mouthed plastic trav
with sea water collected from the same locality and filtered through GF/F filter
paper and the volume is made to 500 ml. Trom the 500 ml, sub samples were
taken for the estuimation of primary productivity, chlorophyll a and for
identification and enumeration of planktonic algae.

By filtering large volume of sea water (5 hitres) and washing the
sieve with 500 ml filtered sea water, the planktonic algae will be concentrated (10
times), so. even low productivity can be estimated. This would also render the
estimation of chlorophyll, identification and enumeration of planktonic algae

easier.



3) ANALYSIS OF SAMPLI:S:

A- PRIMARY PRODUCTIVITY

Measurements of primary productivity were made using Gaarder
and Gran’s light and dark bottles method (Stricklans and Parsons. 1972). A sernies
of three BOD bottles (60 ml) were used for the estination of primary productivity
of each size group. One bottle was used for the determination of the initial oxveen
concentration. the second (the dark bottle) for measuring the respiration by
plankiomic algae and the third one (the light bottle: for the estumation of prumary
productivity. The three bottles were filled with water sample. and the dissolved
oxyegen concentration was fixed in the inival bottle - The hight and the dark bottles
were mcubated under the natural light tor a period ot three hours centred around
the local noon. After the incubation. the concentrai:on of the dissolved oxygen n
the dark and the light bottles was fixed. The concentration of the dissolved

oxygen in the three bottles was determined using Winkler's method.

The concentration of the dissoived oxyeen was calculated using the
following formula:

Oxygen concentration (mg/ 1) =v X x X8 X (1000 s X (b-<¢)/ b)

Where:
v = normality of sodium thiosulphate solution
x = volume ot sodium thiosulphate solution
s = volume ol sample titrated.
b= volume of BOD bottle.
¢ = volume of reagents added (Winkler’'s A & B).



The ditference in the concentration of oxygen in the three bottles was
used for the esimation of respiration, net and gross primary production in terms

of oxygen as shown below.

Respiration = 1b - Db

Net primary production = [.Lb — Ib

Gross primary production = Lb — Db

Where Ib. Db and Lb are the concentrations of oxygen (mg /1) in the initial, the
dark and the light bottles, respectively.

And in terms of carbon fixed:

Net primary production (mg C/ m’/ hr) = ((Lb~I[b) X 375) /(1 X 1 2) ccemeeaees !
Gross primary production (mg C/ m*/ hr) = ((Lb — Db) X 375) / (t X1.2) -------- 2
Where:

375=is a factor for the conversion from mg O, /1 to mg C/ m’
t= the incubation time (hours).

1.2= the photosynthetic quotient.

The actuwal primary productivity ol each size group 1s 1710" of that
was obtained from the equations 1 and 2, that is, because each size group was

concentrated 10 times before measuring pnmary productivity.

B- CHLOROPHYLL a

Chlorophyll a was estimated using Strickland and Parsons (1972)

method. The water sample (200 ml) containing the specific size group of
planktonic algae was filiered through GF/F filter paper under moderate vacuum,
and the filter paper then transferred into a clean stoppered - test tube and 10 ml of

90 % acetone was added. The test tube was placed in a refrigerator for about 24



hours in order to facihtate the complete extraction of chlorophyll.  The
chlorophyll-acctone solution was centrifuged for about 20 minutes at 5000 rpm.
and the absorbance of the clear chlorophvli-acetone solution was measured at 664,
647 and 630 nm wavelengths using U — 2001 spectrophotometer. and 90 %
acetone solution as a blank. The correction has been done by subtracting the

absorbance value at 730 nm trom the values obtamed at 664. 647 and 630 nm

wavelengths.
CALCULATIONS:
Ca=11.8> E{,(,.; - 1.54 E,,.;j:' —-0.08 E(Jj,” -------------------- 1

Where E 1s the absorbance at the respective wavelength.

Chlorophyll @ (mg/m’ ) =(Ca X v)/(V X 1)
Where:

Ca = the calculated value of equation 1.

v = volume of acetone (ml).

V = volume of water sample filtered (litre).

I = path length of the cuvetie (Cm).

C-IDENTIFICATION AND ENUMERATION OF PLANKTONIC
ALGAE

After preliminary observation of the live material, samples
were transferred to polythene bottles and preserved with Lugol’s solution (Lugol’s
solution was added. so that. the concentration in the sample will be 1 %), and the
organisms were identified microscopically.

Enumeration of microalgae was done using a Sedgwick — Rafter counting
cell. The concentrated sample was mixed very well, and 1 ml was taken and

transferred into the counting cell. and made to cover the all squares (1000

10



squares). Planktonic algae in 200 squares were counted using a microscope. [Zach

size group was counted three times and the average was recorded.

4) MEASUREMENTS OF THE HYDROGRAPHIC PARAMETERS:

Temperature, transparency. salinity and nutrients were measured using

standard methods

A-TEMPERATURE:

Surface water samples were collected using an ordinary plastic

container. and temperature was measured in the shadow. in a place protected

from air currents using precision mercury thermometer.

B- TRANSPARENCY:

Light intensity at the sca surtace was measured using a calibrated lux

meter (LLUX-101). Transparency was measured using Secchi disc, which was
lowered vertically from the sunny side of the ship, and the depth at which the disc
was disappeared recorded. The depth ot the euphotic zone then calculated using
the following formula:
The depth of the cuphotic zone (meters) = (In 100 —1In 1)/ K
K=17/D
Where: In = the natural logarithm.
K= the extinction coefticient

D = Secchi disc depth (meters)
C-SALINITY:

Salimity was estimated immediately after collection using a calibrated

salinometer.

B!



D- NUTRIENTS:

I-NITRATE (NO; =N} |
Nitrale was reduced to nitrite (Grasshotl. 1970). and estimated

spectrophotometrically

2-NiTRITE (NO>—N)
The determination of nitrite concentration in sea water was done

using Bendschneider and Robinson (1952) method.

3- PHOSPHATT: (PO, - P)

The concentration of inorganic phosphate 1 sea water was

determined spectrophotometrically using the method of Murphy and Riley (1962)

as modified by Korolelt (1963) and Korolett (1968)

4- SILICATE (SiO, — Si)

Silicate concentration in water samples was estimated spectrophotometrically

using Koroleff (1971) method.



Figure 2- The Separation tower
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THE HYDROGRAPHIC PARAMETERS

The hydrographic parameters in the coastal waters vary o a great
extent, controlled by the climate. tidal acuvities. up welling and the fresh water
influx. Knowledge of the hydrographic parameters prevailing in the coastal waters
is of utmost importance for better understanding of the growth and productivity of
planktonic algae. Factors like temperature. light intensity, salinity. nutrients etc.
are influenced to a great extent by seasonal changes.

India is characterized by a steadv. annually occurring phenomenon,
viz,, the “monsoon” or the ramy season due o us geographical location (a
triangular land mass extending into the Indian Ocean). Accordinglv. the climatic
seasons in India are divided into: 1) the pre-monsoon season (February — May). 2)
the monsoon season (June — September) and 3) the post-monsoon scason (October
- Januarny). Each season has its own environmental features. Fluctuations in
salinity, temperature, nutrients and itlumination seem to be closely correlated
with growth and productivity of planktonic algae. Hence. vanations of these
parameters In the coastal waters of the south-west coast of India are briefly

discussed below:.

TEMPERATURE:

Temperature 1s an important physical factor controlling growth and

distribution of planktonic algae. High temperatures inhibit photosynthesis by
causing damage to enzymes and cell structure. Temperature may have an indirect
effect on growth and productivity of planktonic algae via its etfects on the stability
of the water column. However, in the south-west coast of India, temperature has
been found to be within the limits of tolerance throughout the year. and does not
have a significant effect on growth and productivity of planktonic algae. At

station 1. the maximum values were recorded during the pre-monsoon season



with average value of 31°C, and the minimum values were observed during the
monsoon season with average value of 26°C. Intermediate values have been
recorded during the post-monsoon scason with average vatue of 29°C. At station
2, the same trend was noticed. with an average temperature values of 31°C, 26°C

and 30°C during the pre-monsoon, the monsoon and the post-monsoon seasons.

respectively.
Temperature (°C)
Station pre-monsoon mMonsoon pOSt-IMonsoon
1 3] 26 29
2 31 26 30

Low temperature during the monsoon season 1s occurring due to the
cloud cover associated with rains and fresh water influx. The up welling of
subsurface cold-nutrient rich waters, which occurs during the monsoon season, is

also an important factor. responsible for lowering surface water temperature.

LIGHT:

Light 1s the encrgy source powering photosynthesis.  The quantity and
quality of the ambient light have a great influence on the growth and productivity
of planktonic algae. The penetration of light into the coastal waters depends
largely on the turbidity. which is greater than that of the open sea. In the south-
west coast of India. although there is a reduction in the quantity of light falling on
ﬁd penetrating the surface layer during the monsoon season, due to the cloud
cover and high turbidity, light is not a limiting factor controlling growth and
productivity of microalgae. The sea surface has been found to receive sufficient

light throughout the vear, but the thickness of the euphotic zone vary from 14

14



meters during the monsoon scason to about 4 meters during the pre-monsoon and
post-monsoon seasons. The quantity of light talling on the water surlace has been
found on averages to be 93, 56 and 68 Klux during the pre-monsoon.  the

monsoon and the post-monsoon seasons respectively

SALINITY:

Salinity is an important hydrographic parameter effecting growth,
distribuion,  species succession and productivity in the marime environment,
especiaily in the coastal waters that are more subjected to variattons in salinity as
comparad with the offshore waters.  Salinity s a function of evaporation.
precipization, land-runolf.  melung of ice and up welling.  Some species,
particuarly diatoms. grow poorly at salinities greater than 55 %o and this perhaps
explains their preference for coastal waters (Hulbert and Rodman, 1963).
According 1o Braarud (1962) the density changes produced in the coastal waters
by varations of temperature and salinity may indirectly aftect the phytoplankton
species succession by causing certain species to sink. In the south west coast of
India. small variations of salinity were observed. and the fluctuations of salinity
were rznged between 31 and 36 %o throughout the vear. At station 1, highest
salininy values were recorded during the monsoon season with average value ot 36
%o, ani lowest values during the post-monsoon scason with average value of 33
%0. During the pre-monsoon season, the average value of salinity was 34.4 %eo.
Similar:v. at station 2, the maximum values observed in the monsoon season with
average of 34 %o. and the minimum salinity values were recorded in the post-
monsoon season with average value of 31 %o. In the pre-monsoon season,

average value of salinity recorded was 33 %o.
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Salinity (%o)

Station pre-monsoon monsoon poOSt-mor.saon
I 344 36 33
2 33 34 3

High salinity values during the monsoon season i the south-wes: coast
of India associated with low temperature and high nutrient-salts concentrzz:on is
an indication of the occurrence of up welling during this season ot the year The
lower values during the post-monsoon season exist due to the higher effect o the
land-runoftf and fresh water influx from the backwaters along Kerala coast <.ring
this season.

Salinity appears to have little or no significant role on the growi: and

productivity of planktonic algae in the south-west coast of India

NUTRIENTS:

For healthy growth marine planktonic algae require a suppiv of

certain chemical elements, which are utilized from sea water as simple inoe-ganic
salts (nitrate. mitrite. phosphate, silicate etc.). These nutnents are introduced into
the coastal waters through land-runott or as a result of microbial decomposit:on of
the dead bodies of the marine orgamisms and their waste products. The microbial
decomposition occurs often at the intermediate depths or on the bottom of the sea.
and the resultant nutrients are brought up to the surface layer (the euphotic zone).
to be used by planktonic algae, with the help of the vertical mixing (turoulent
mixing, convection currents and up welling). Coastal waters are usually richer in
nutrients than the open sea. The differences in nutrients concentration in coastal
waters and the requirements of planktonic algae may have an important influence

on the distribution and succession of planktonic algal species in the sea. In the
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south-west coast of Indta. nutrients have been found to be the most important

ecological factor controlling growth and productivity of planktonic algac.

NITRATE (NO=- N):

Nitrate is an important source of nitrogen in the coastal waters of the

south-west coast of India. At station 1. its concentraiion has been found to show
seasonal variations. with highest values during the monsoon season. averaged
4.14 ug. at 1. Lowest values were observed during the post-monsoon season,
averaged 1.08 ug at/l. At station 2, same trend has been found with averages of
589 ng. ai /1. and 1.44 ne at /I during the monsoon and the post-monsoon
seasons respectiveiv. At both stations. intermediate values were recorded during
the pre-monsoon season. with averages of 3.21 ug at ‘ at station 1. and 292 ug.
at/l at station 2.
NO;—N (ug. at /)

Station pre-monsoon monsoon POSt-monsoon
] 5.21 4.14 108
2 2.92 5.89 144

NITRITE (NO-= N}

Niirite 1s another important source of nitrogen. lts concentration in
the coastal waters is less than that of nitrate., but has also shown seasonal
vanations. At station 1. highest values werc found in the monsoon season, with
average value of 1.28 ug at /1, the lowest values were recorded in the pre-
monsoon season. averaging 0.32 ug. at /1. At staton 2. maximum values were
also recorded in the monsoon scason with average value of 1.77 ug at/l, but the
minimum values have been found during the post-monsoon season. averaging

0.52 pg. at 1. Moderate concentrations recorded were 0.83 ug. at /1 during the



post-monsoon season at station . and 0.56 ug. at /i during the pre-me:-soon

season at station 2.

NO, - N (ug at/)

Station pre-monsoon Monsoon POSL-IMONSOC™
I 0.32 1.28 0.83
2 0.56 177 0.52

PHOSPHATE (PO, - P):

Among all nutrients, inorganic phosphate has been found to == the

most important nutrient salt effecting growth and productivity of planktonmic :leae
in the coastal waters of the south-west coast of India. The concentrai.on of
inorganic phosphate has been found 1o be subjected to seasonal variations. :nd to
correlate positively with the primarv organic productivity in this az of
investigation.

At station 1, maximum values were recorded during the mensoon

season, with average concentration of 2.71 ug at /I; the minimum concentrziions
were recorded in the pre-monsoon season with average value ot 027 ug. at.” The
average concentration recorded during the post-monsoon season was 1.13 uz at 4.
Atlstation 2, the highest values were also observed in the monsoon seaser. with
average concentration of 2.68 pg. at /1. During the pre-monsoon and the post-
monsoon seasons, phosphate concentrations have shown lower values, with ~zarly

same averages of 1.05 pg. at/l, and 0.98 ug at/l, respectively.

PO, - P (ng. at/l)

Station pre-monsoon monsoon post-monsoon
] 0.27 2.71 1.13
2 1.05 268 0.98



SILICATE (Si0, - Si):

Silicate 1s an important nutrient salt required by diatoms and

silicoflagellates. which constitute 77 %o of the total planktonic algac in the coastal
waters of the south west coast of India.  Silicate concentration also showed
seasonal variations with highest values during the monsoon season. and lowest
values during the post-monsoon season. The concentrations recorded at station |
were 2540 pg at /1 in the monsoon season, and & 3& pg. at /i during the post-
monsoon season. In the pre-monsoon season, the average value found was 9.71
g at /1. At station 2. the average values recorded were 31.95 ng. at /1 during the
monsoon season. and 676 ug. at /I in the post monsoon season. The average
concentration recorded during the pre-monsoon season was 11.08 ug. at /],

SiO; — Si(ug at/l)

Station pre-monsoon MONSOON pOSt-monsoon
1 971 2540 8.58
2 11.08 31.95 9.76

Higher concentrations of nutrient salts during the monsoon season in
the coastal waters of the south west coast of India oceur due 10 the up welling of
subsurface cold-nutrient rich waters, and also as a result of land-run off associated

with heavy rains during this season.
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CHAPTER 3



SPECIES COMPOSITION OF PLANKTONIC ALGAE

INTRODUCTION:

Species composition of planktonic algac and the size of the standing
crop are of great importance in the marine ecosystem, and though nearly all
species of planktonic algae are utilized as tood by some marine organisms, certain
herbivorous zooplankton exhibit considerable selectivity in their diet. A suitable
guantity of food organisms of the right type at the appropriate time is very
important for the survivai of a brood of zooplankton.

In some regions the species composition of planktonic algae 1s relatively
stable. Some algae are tairly sharply resiricted to particular areas of the ocean,
the distribution being limited most obviously by temperature and salinity
characteristics. Intensitv and quality of light as well as nutrients concentration
affect the tloristic composinbn in aquatic ecosystems.

In temperate latitudes, where there may be considerable variations
in temperature. light and nutrients concentration throughout the vear. there is
frequently a marked change in species composition of planktonic algae,
accompanying tluctuations in standing crop. This secasonal succession 1s also well
known at high latitudes. Even in low latitudes where usually environmental
vanations are smaller. the species composition of planktonic algae otten shows
what might be described as a seasonal succession. The changes in species
composition mayv  sometimes be recognized as associated with changing
environmental conditions; as evidenced by their remarkable change during

monsoons and seasonal up welling,
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In tropical 1nshore waters Smayda (1963, 1966) found that the
microalgae was remarkably constant in composition over the Gulf of Panama and
was dominated by diatoms.

The marked seasonal variations in microalgae which may occur in
tropical seas related to monsoonal changes are demonstrated by the investications
of Subramanyan and Sarma (1963) oft Calicut, south-west coast of India. They
found a very large standing crop. especially during the south-west monsoon
period. Although in some occastons (June 1959, August 1960) nanoplankton
comprised more than &0 % of the standing crop. on average 1t constituted only 40
%. Seasonal fluctuations of the nanoplankton off the west coast ol india were not
so pronounced as that of the net plankton. Small diatoms and dinoflagellates
predominated in the nanoplankton.

Krev (1973). describing phytoplankton geographical regions of
the Indian Ocean. points out that the nich regions (Antarctic, sub-Antarctic. west
wind drift and major up welling areas) are dominated by diatoms and may have
concentrations of 10% 1o 10" cell / 1; less rich arcas (Arabian sea and equatorial
current areas) have a great proportion of dinoflagellates often with
coccolithophorids with concentrations of about 10" cell / 1; the poorest areas
include the south sub-tropical gyre and central part of the Bay of Bengal. with

mostly dmoflagellates and coccolithophonds amounting to less than 5 x 107 cell/l,

RESULTS:

In the coastal waters of Cochin, south west coast of india,
planktonic algal community composed mainly of the diatoms, the dinoflagellates.
the blue-green algae and the silicoflagellates. The presence of a specific group of

organisms at a certain locahty at a particular season 1s directly lhinked to its
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requirements to suitable environmental conditions which enhance their growth and
reproduction.
At station 1. during the pre-monsoon scason (Iebruary = Mav),

the planktonic algal community recorded were:
DIATOMS: 23 genera and 33 species

Thalassiothrix longissima.  Thalassiothrix frauenfeldii. Chaetoceros
curvisetus.  Chaetoceros brevis.  Chaeloceros affinis.  Chaeioceros leave.
Asterionella japonica. Rhizosolenia alata.  Rhizosolenia setigera. Rhizosolenia
stolterfothil. Rhizosolenia — styvliformis. Niizschia  longissima.  Nitzschia
delicatissima. — Schrodereila  delicatula. — Bacieriastrunt varians.  Guinardia
flaccida.  Dinvlum sol. Swreprotheca  thamensis. — Plewrosigma  directum.
Biddulphia mobiliensis.  Biddulphia heteroceros.  Hemiaulus sp. Corethron
inerme. Coscinodiscus radiatus.  Navicula hennedvii.  Thalassiosira subtilis.
Thalassiosira coramandeliana.  Planktoniellua sol. Amphiprora  gigantae.
Stephanopyxis palmeriana.  Thalassionema nitzschioides.  Skeletonema costarum

and Leptocylindrus danicus.

DINOFLAGELLATES: 6 genera and 9 species

Ceratium furca. Dinophyvsis caudata, Peridinium depressum.  Peridinium
mba.  Peridimum pellucidum. Pyrophacus horologicum.  Prorocentrum micans.

Prorocentrum gracile and Gonyvaulax sp.

BLUE-GREEN ALGAE: 2 genera and 2 species

Oscillatoria nigroviridis and Johannesbaptistia pellucida.
SILICOFLAGELLATES: | genus and 1 species
Dictyocha fibula.

Diatoms have been found to constitute 73.4 %, the dinoflagellates 20 %,

the blue-green algae 4.4 % and the silicoflagellates 2.2 % of the total number of
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species of planklonic algac (table 3.1). The distribution of the different taxa of
planktonic algac among the various size groups at station 1. during the pre-
monsoon season 1s discussed.

The planktonic algae in the size group of > 500 pum consisted of diatoms
Chaetoceros curvisetus and Thalassiothrix longissima.  The size group of <3500 -
250 um ncluded the diatoms Chaetoceros curvisetus. Chaetoceros affinis.
Thalassiothrix longissima and Asterionella japonica.  The size group of < 250 —
150 um was dominated by the diatoms Thalassiothrix longissima and Chaetoceros
curvisefus. The other planktonic algae were Chaetoceros brevis. Chaetoceros
affinis, Rhizosolenia alata, Rhizosolenia setigera. Asterionella japonica. and the
blue-green algae Oscillatoria nigroviridis. In the size group of < 150 — 105 wmn.
Chaetoceros curvisetus was the dominant species. The other planktonic algae
were Chaetoceros brevis. Chaetoceros affinis. Chaetoceros leave. Rhizosolenia
alata. Rhizosolenia setigera.  Asterionella japonica,  Nitzschia delicatissima,
Nitzschia longissima. Schroderella delicatula. Bacteriastrum varians. Guinardia
flaccida, Ditylum sol.  Thalassiothrix longissima.  Thalassiothrix frauenfeldii,
Streptotheca thamensis. Pleurosigma directum. Thalassiosira coramandeliana.
and Biddulphia mobiliensis. The plankionic algae of the size group of < 105 - 53
um were dominated by the diatoms Chaetoceros curvisetus.. the other diatoms
mcluded  were  Chaetoceros  brevis. Chaetoceros  leave. Thalassiosira
coramandeliana, Bacteriastrum varians. Hemiaulus sp. Asterionella japonica.
Schroderella delicatula. Biddulphia mobiliensis. Nitzschia longissima, Nitzschia
delicatissima,  Corethron inerme,  Pleurosigma directum.  Coscinodiscus
radiatus. Planktoniella sol. Ditylum sol. Thalassiothrix longissima, Rhizosolenia
alata and Rhizosolenia setigera. The dinoflagellates present were Ceratium furca.
Dinophysis caudata, Peridinium dqé)/‘esszrrn. Peridinium tuba and Pyrophacus
horologicum. The planktonic algae in the size range of <53 — 25 um included the
diatoms Thalassiosira coramandeliana and Rhizosolenia setigera as the domnant

species. The other diatoms recorded were Chaetoceros curvisetus, Hemiaulus sp,



Schroderella  delicatula. Amphiprora  gigantae. Coscinodiscus  radiatus.
Asterionella  japonica. Biddulphia  mobiliensis. Nitzschia  delicatissima.
Stephanopyxis — palmeriana. — Rhizosolenia — stolterforhii. Thalassionema
nitzschioides. Pleurosigme directum and Chaetoceros brevis:  the dinoflagellates
were represented by Cerarium furca.  Peridinium pellucidum.  Peridinium tuba,
Prorocentrum gracile and Dinophysis caudata:  the silicotlagellate Dictvocha
fibula was also present in addition to the blue-green algae Johanneshaptistia
pellucida. In the size group of < 25 — 10 um, smali and unicellular planktonic
algae were present. these included the diatoms Skeletonema costatum which was
the dominant species. Nirzichia longissima. Nitzschia delicatissima. Amphiprora
giganiae.  Schroderelly  delicatula.  Thalassiosira — subtilis.  Thalussiosira
coramandeliana.  Rhizosolenia  alata.  Rhizosolenia  stolterfothii.  Rhizosolenia
stylifornus.  Stephunopyxis - palmeriana, Leptocvlindrus danicus.  Pleurosigma
direcrum.  Corethron 1nerme.  Biddulphia — heieroceros.  Hemiaulus — sp.
Coscinodiscus radiatus and Thalassionema nitzschioides: the dinoflagellates were
Cerativm furca. Prorocenirum micans and Gonvaulax sp.. the silicoflagellates
and the blue-green algae were represented by one species each. Dictvocha fibula
and Johannesbaptistia peliucida respectively. The smallest size group of < 10 um
in size mcluded Fragiluria oceanica, Navicula hennecdyii and  Thalassiosira
coramandeliana (as the dominant species) the other forms were Shkeletonema
costatum. Nitzschia longissima and Leptocylindrus danicus: the blue-green alga

Johannesbaptistia pellucida was also recorded 1n this size group.

In the monsoon season (June — September). species composition
was shightly different. as shown below.
DIATOMS: 20 genera and 28 species
Thalassiothrix longissima, Thalassiothrix frauenfeldii, Chaetoceros
curvisetus. Chaetoceros brevis. Chaetoceros lorenzicmus. Asterionella japonica.

Rhizosolenia  setigera. Rhizosolenia stolterfothii. Rhizosolenia  siyliformis.
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Nitzschia delicatissima. Nitzschia longissima. Bacteriastrum varians, Guinardia
flaccida, Ditylum sol. Pleurosigma directum. Biddulphia mobiliensis. [lemiaulus
sp, Corethron inerme. Coscinodiscus radiatus. Coscinodiscus spp. Thalassiosira
subtilis, ~ Thalassiosira  coramandeliana.  Thalassionema  nitzschioides.
Skeletonema costatum.  Navicula hennedyii,  [ragilaria oceanica. Lucampia

zoodiacus and Licniophora sp.

DINOFLAGELLATES: 3 genera and 3 species

Dinophysis caudata. Peridinium depressuni and Prorocentrum micans.

BLUE-GREEN ALGAE: 2 genera and 2 species

Oscillatoria nigroviridis and Johannesbaptistia pellucida.
SILICOFLAGELLATES: tgenus and | species
Dictyocha fibula.

Of the total number of species, diatoms were contributing 82.4 %.
dinoflagellates 8.8 %. blue-green algae 5.9 % and silicoflagellates 2.9 % (lable
3.

The planktonic algae of the size group of > 500 um were Eucampia
zoodiacus. Asterionella japonica and Oscillatoria nigroviridis. In the size group
of < 500 — 2350 um. Asterionella juponica and the cham forming diatom
Fragifaria oceanica have been recorded. Asterionella japonica was the dominant
species 1n the size group of < 250 — 150 um, the other forms were Bacteriastrum
varians, Hemiaulus sp, Nitzschia delicatissima,  Nitzschia  longissima.
Thalassiosira  coramandeliana.  Rhizosolenia  styliformis.  Thalassiothrix
Jrauenfeldii, Chaetoceros curvisetus. Thalassiothrix longissima and Fragilaria
oceanica. The planktonic algae in the size range of < 150 — 105 um were also
dominated by Asterionella japonica. the other diatoms were Ditylum sol.
Chaetoceros curvisetus. Chaetoceros lorenzianus, Chaetoceros brevis, Eucampia

zoodiacus, Nitzschia longissima, Nitzschia delicatissima. Fragilaria oceanica.
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Rhizosolenia setizera. Rhizosolenia sp. Pleurosigma directum and Thalassiothrix
fongissima: the viue-green algac Oscillatoria mgroviridis was also presentn this
size group.  Tiw size group of < 105 ~ 53 um showed the dominance of
Asterionella japonica. the other members of this group were Nitzschia longissima.
Nit=schia delicaiissima. Eucampia zoodiacus. Rhizosolenia setigera. Rhizosolenia
stolterfothii.  Chazioceros curvisetus. Ditylum sol. Thalassionema nitzschioides.
Thalassiothrix  frauenfeldii. Thalassiothrix longissima. — Thalassiosiva sublilis,
Thalassiosira coramandeliona. Skeletonema costatum. — Biddulphia mobiliensis.
Guinardia fluccida.  Plankioniella sol.  Coscinodiscus radiatus,  Hemiaulus sp,
Pleurosigma  directum.  Fragilaria oceanica and  Bacteriastrum varians:
Oscillatoria nigroviridis was also found in this size group. In the size range of <
53 — 25 um the Saminant species was Asterionella japonica. other species being
Thalassiosira coramandeliana, Thalassionema  nitzschioides. Nitzschiu
delicatissima. Mizschia longissima. Pleurosigma directum, Rhizosolenia setigera,
Rhizosolenia siolierfothii. Thalassiothrix longissima. Thalassiothrix frauenfeldii,
Skeletonema cosiutum,  Ewcampia zoodiacus. Fragilaria oceanica. Corethron
inerme, Thalassiosira subtilis. Coscinodiscus sp and Biddulphia mobiliensis; the
recorded dinoflagellates were Peridinium depressum and Dinophysis caudata: the
silicoflagellate Dictyocha fibula and the blue-green aleae Johannesbaptistia
pellucida were :so recorded m thys size group.  Nizschia longissima was the
domimnant planktontc algae in the size fraction of < 25 — 10 wm, the diatoms
Asterionella japonica. Thalassiosira coramandeliana. Plewrosigma directum,
Rhizosolenia seiigera. Rhizosolenia stolterfothii. Thalassiothrix frauenfeldii.
Thalassionema niizschioides. Nitzschia delicatissima, Skeletonema costatum,
Fragilaria oceanica. Eucampia zoodiacus, Licmophora sp. Coscinodiscus
radiatus. Bidduiphia mobiliensis and Navicula hennedyii have been recorded in
this size group along with the dinoflagellates Prorocentrum micans. The smallest
size fraction of < 10 um m size included small and unicellular forms viz.,

Skeletonema costatum. Thalassiosira coramandeliana. Rhizosolenia stolterfothii,
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Fragilaria oceanica. Nitzschia longissima. Navicula hennedvii. Thalassionema

nitzschioides and Johannesbaptistia pellucida.

During the post-monsoon season {(October — January), the
following planktonic aigae were observed.
DIATOMS: 21 genera and 33 species
Thalassiothrix longissima. Thalassiothrix frauenfeldii. Chaetoceros
curvisetus. Chaeltoceros  affinis, Chaetoceros atlanticus.  Chaetoceros
lorenzianus, Chaetoceros diversus, Chaetoceros tortissimum. Asterionella
jJaponica. Rhizosolenia alatu. Rhizosolenia setigera, Rhizosolenia stolterfothii.
Rhizosolenia  calcar-vis.  Nitzschia  delicatissima. — Niizschia — longissima.
Bacteriastrum varians. Guinardia flaccida. Diivlum sol. Strepiotheca thamensis.
Pleurosigma directum. Biddulphia mobiliensis.  Hemiaulus sp.  Coscinodiscus
radiatus. Coscinodiscus sp. Thalassiosira subtilis. Thalassiosira coramandeliana.
Amphiprora gigantae. Thulassionema niizschioides.  Skeletonema  costatunt.
Leptocylindrus danicus. Fucampia :oodiacus. Navicula  hennedvii and

Diplonies sp.

DINOFLAGELLATES: 6 genera and 7 species

Ceratium furca. Ceratium fusus. Peridinium depressum.
Prorocentrum micans. Gonyaulax sp.  Pyrocvstis fusiformis and Gymnodinium

veneficum.

BLUE-GREEN ALGAE: lgenusand | species

Oscillatoria nigroviridis.
SILICOFLAGELLATES: 1genus and 1 species
Dictyocha fibula.




Diatoms have been tound to contribute 78.6 %, the dinotlagellates
16.6 %. the blue-green algae and silicotlagellates 2.4 % cach. to the total number
of species at this season of the year (table 3.1).

The planktonic algae of > 500 um mn size were Thalassiothrix
longissima (dominant). Chaetoceros curvisetus.  Niizschia  delicatissima  and
Asterionella japonica. The size group of < 300 — 230 um was represented by the
dominant species of Thalassiothrix longissima. The other species were Nitzschiu
delicatissima. Chaetoceros atlaniicus.  Asterionella japonica and Bacteriastrum
varians. The organisms in the size range of < 230 — 130 um were Chaetoceros
curvisetus.  Chaetoceros  lorenzianus.  Chaetoceros — atlanticus.  Nitzschia
delicatissima.  Niuzschia longissimeu.  Rhizosolenia  siolterfothii. - Thalassiothrix
longissima.  Asterionella japonica.  Biddulphia mobiliensis.  Bacteriastrum
varians and Skeletonema costatum beside the filamentous blue-green algae
Oscillatoria nigroviridis. In the size fraction of < 130 — 105 um. Chaetoceros
curvisetus was the dommant species, other species being Chaetoceros affinis.
Chaetoceros  lorenzianus.  Chaetoceros — atlanticus.  Chaetoceros — diversus.
Chaetoceros  tortissimum.  Nitzschia  delicatissima.  Nitzschia  longissima.
Asterionella  japonica.  Streptotheca thamensis.  Rhizosolenia  stolierfothii.
Rhizosolenia alata. Rhizosolenia sp. Thalassiothrix longissima. Bacteriastrum
varians. Biddulphia mobiliensis.  Skeletonema  costatum  and  Leptocyviindrus
danicus. the dinoflagellate Ceratium fusus and the blue-green alga Oscillatoria
mgroviridis. The dominant species in the size group of < 105 — 53 um was also
Chaetoceros curvisetus. the other diatoms recorded were Chaetoceros
lorenzianus.  Chaetoceros diversus.  Chaetoceros atlanticus.  Asterionella
Japonica. Nitzschia longissima, Nitzschia delicatissima. Ditvlum sol. Eucampia
zoodiacus. Thalassiosira subtilis, Navicula hennedvii, Skeletonema costatum.
Rhizosolenia stolterfothii. Rhizosolenia calcar-avis, Thalassionema niizschioides.
Amphiprora gigantae, Diplonies sp. Thalassiothrix longissima, Bacteriastrum

varians. Biddulphia mobiliensis and Lepiocylindrus danicus. The dinoflagellates
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cpresent werc Ceratium  fusus. Ceratium furca. Gonyaulax sp.  Peridinium
. depressum and Pyrocystis fusiformis. The blue green alga represented mn this size
group was Oscillatoria nigroviridis. The dominant species in the size group of <
553 - 25 uym was the diatom Skeletonema costatum; the other diatoms were
Asterionella  japonica, Guinardia  flaccida. Rhizosolenia  stolierfothil,
Rhizosolenia  setigera.  Rhizosolenia  calcar-avis,  Chaetoceros curvisetus,
Thalassiothrix  frauenfeldii. Nitzschia longissima, Nitzschia  delicatissima,
Thalassionema  nitzschioides.  Thalassiosira — subtilis. Thalassiosira
coramandeliana, Biddulphia mobiliensis. Navicula hennedyii.  Pleurosigma
directum,  Coscinodiscus radiatus. Leptocylindrus danicus.  Schroderella
delicatula and Amphiprora gigantae: the dinoflagellates included Ceratium furca
and Gymnodinium veneficum: the sihcoflagellate Dictyocha fibula was also
present. The planktonic algae of the size group of <235 — 10 um were the diatoms
Skeletonema costatum which was forming 44.8 % of the total planktonic algae:
the other species were  Nitzschia longissima, Nitzschia delicatissima.
Leptocylindrus danicus, Hemiaulus sp. Thalassionema nitzschioides. Rhizosolenia
stolterfothii,  Rhizosolenia  setigera.  Navicula  hennedyii, Thalassiothrix
frauenfeldii and Thalassiosira coramandeliana: and the dinoflagellates
Prorocentrum micans and Gymnodinium veneficum. In the size group of < 10 um
the flora present were the diatoms Skeleronema costatum,  Nitzschia longissima
Navicula  hennedyii, Rhizosolenia  setigera.  Rhizosolenia  stolterfothii.
Thalassiosira coramandeliana. Thalassionema nitzschioides and the dinoflagellate

Gymnodinium veneficum.

At station 2, during the pre-monsoon season, the planktonic
algae found were:
DIATOMS: 22 genera and 32 species
Thalassiothrix longissima. Thalassiothrix frauenfeldii. Chaetoceros

-curvisetus, Chaetoceros brevis, Chaetoceros affinis, Chaetoceros lorenzianus.
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Bacteriastrum varians.  Asterionella  japonica.  Heniaulus  sp. Thalassiosira
subtilis. Thalassiosira coramandeliona,  Skeletonema  costatum. — Fragilaria
oceanica, Rhizosolenia  setigera,  Rhizosofenia  swolterfoihii.  Rhizosolenia
styliformis.  Rhizosolenia  clevei.  Thafassionema  nitzschioides.  Nilzschia
delicatissima.  Nitzschia  longissima.  Schroderella  delicatula.  Pleurosigma
directum. Biddulphia mobiliensis. Biddulphia sinensis. Strepiotheca thamensis.
Eucampia zoodiacus. Planktoniella sol. Coscinodiscus radiatus. Leptocyvlindrus

danicus. Corethron inerme. dmphiprora giganiae and Navicula hennedyvii,

DINOFLAGELLATES: 5 genera and 7 species

Peridinium depressum. Peridinium tube. Cerativm furca. Ceratium
tripos, Pyrophacus horologiciom. Dinophysis caudata and Gonyvaulax sp.

BLUE-GREEN ALGAE: 2 genera and 2 species

Oscillatoria nigroviridis and Johanneshaptistia pellucida.
SILICOFLAGELILATES: | genus and | species
Dictvocha fibula.

The contribution of the various taxa to the total number of species was
76.2 % diatoms. 166 % dinoflagellates, 4.8 % blue-green algae and 24 %
silicoflagellates (1able 3.2).
The planktonic algae in the size group of > 500 um were
Thalassiothrix longissima which was the dominant species. the other species were
Chaetoceros curviserus and Bacteriastrum varians. In the size range of < 500 —
250 wm. Thalassiothrix longissima. Asterionella japonica and Oscillatoria
nigroviridis were found. The size fraction of < 2350 — 150 um was including the
followng diatoms.  Chaeroceros  curvisetus.  Thalassiothrix  longissima,
Chaetoceros brevis. Chaetoceros affinis, Chaetoceros lorenzianus. Asterionella
jJaponica.  Hemiaulus  sp.  Thalassiothrix  frauenfeldii.  Thalassiosira

coramandeliana. Bacteriastrum varians, Skeletonema costarum, Fragilaria



oceanica and Rhizosolenia setigera.  The size group of < 150 — 105 um was
dominated by the diatoms Chaetoceros curvisetus and Thalassiothrix longissima,
the other forms were Chaetoceros brevis. Chaetoceros lorenzianus. Chaetoceros
affinis, Thalassionema  nitzschioides.  Nitzschia  delicatissima,  Nitzschia
longissima. Asterionella  japonica. Schroderella delicatula.  Hemiaulus  sp.
Bacteriastrum  varians,  Rhizosolenia  siolterfothii.  Rhizosolenia  setigera,
Rhizosolenia  styliformis.  Fragilaria oceanica, Thalassiothrix  frauenfeldii.
Thalassiosira coramandeliana. Pleurosigma directum. Skeletonema costatum.
Biddulphia mobiliensis, Streptotheca thamensis and Eucampia zoodiacus; the
blue-green alga Oscillatoria nigroviridis was also found in this size fraction.
Within the size range of < 105 — 53 um. the dominant species was the diatom
Chaetoceros curvisetus. the other diatoms were Chaetoceros affinis. Chaeloceros
brevis, Skeletonema costatum. Asterionella japonica. Bacteriastrum varians.
Schroderella  delicanila. Biddulphia mobiliensis. Biddulphia  sinensis.
Rhizosolenia  setigera.  Rhizosolenia  stolterfothii,  Rhizosolenia  clevei,
Planktoniella sol.  Thalassiosira coramandeliana.  Nitzschia longissima.
Nitzschia delicatissima. Coscinodiscus radiatus, Thalassiothrix  frauenfeldii.
Thalassionema  nitzschioides. Eucampia zoodiacus, Pleurosigma directum,
Leptocylindrus  danicus,  Fragilaria oceanica and  Hemiaulus  sp:  the
dinoflagellates were Peridininm depressum. Ceratium furca. Ceratium iripos and
Pyrophacus horologicum; Oscillatoria nigroviridis was the only species of blue
green algae present. The dominant species in the size group of <53 — 25 um were
the diatoms Thalassiosira subtilis. Thalassiosira coramandeliana  and
Rhizosolenia setigera. the other forms of diatoms were Skeletonema costatum.
Corethron inerme, Schroderella delicatula, Chaetoceros curvisetus, Nitzschia
longissima,  Nitzschia delicatissima,  Biddulphia mobiliensis,  Asterionella
Japonica, Hemiaulus sp. Bacteriastrum varians, Amphiprora gigantae,
Rhizosolenia  stolterfothii,  Rhizosolenia  clevei,  Pleurosigma  direcium,

Coscinodiscus radiatus, Thalassionema nitzschioides. Eucampia zoodiacus,



Thalassiothrix frauenfeldii and Iragilaria oceanica: the dinotlagellates of this
size group were Peridinium  tuba.  Ceratium  furca. Dinophysis  caudata.
Pyrophacus horologicum and Gonyaulax sp: the silicoflagellate Dictvocha fibula
was also seen n this size group. The size group of < 25 — 19 um was found to
include the diatoms, Nitzschia  delicaiissima. Skeletonema  costatum.
Thalassiosira  coramandeliona  (dominant  species). Nitzschia  longissima.
Leptocylindrus — danicus.  Asterionella  japonica.  Schroderella  delicatula.
Thalassionema niizschioides. Rhizosolenia stolterfoinii.  Rhizosolenia setigera.
Corethron inerme.  Amphiprora gigantae. Hemiculus sp and Pleurosigma
directum along with the blue-green alga Johannesbaptistia pellucida.  The
smallest size group of < 10 wum In size was represented by diatoms such as
Thalassiosira — coramandeliuna.  Niizschia  longissima  Navicula — hennedvii.

Rhizosolenia stolrerfothii and the blue green alga Johanneshapiistia pellucida.

During the monsoon season. the planktonic algal community was composed
of:
DIATOMS: 17 genera and 22 species

Thalassiothrix longissima. Thalassiothrix frauenfeldii. Chaetoceros

curvisetus. Chaetoceros lorenzianus. Asterionella japonica. Hemiaulus sp.
Thalassiosira subiilis.  Thalassiosira coramandeliana.  Skeletonema costatum.
Fragilaria  oceanica.  Rhizosolenia  setigera.  Rhizosolenia  Stolterfothii.
Thalassionema nitzschioides. Nitzschia longissima. Nitzschia delicatissima.
Pleurosigma  directum.  Biddulphia — mobiliensis.  Eucampia  zoodiacus.
Coscinodiscus  radiams.  Leptocylindrus danicus.  Navicula  hennedvii  and
Guinardia flaccida.

DINOFLAGELLATES: I genus and | species

Dinophysis caudara

BLUE-GREEN ALGAE: T genus and 1 species

Oscillatoria nigroviridis



SILICOFILAGLLILATES: 1 genus and 1 species

o,

Dictyocha fibula

Diatoms contributed 88 % of the total number of species. the

dinoflagellates, the blue green algae and the silicofiageliates 4 % each (table 3.2).

The diatom Asterionella japonica has been recorded alone in the
size group of > 500 um. In the size fraction of < 500 — 250 pm. this diatom was
dominating and the other forms were Thalassiothrix longissima. Chaetoceros
curvisetus and Oscillatoria nigroviridis. Similarly. n the size range of < 230 —
150 nm, Asterionella japonica was the dominant species, the others were
Nitzschia  longissima.  Niizschia  delicatissima.  Chaetoceros — curvisetus.
Thalassiothrix longissima.  Fragilaria oceanica and Oscillatoria nigroviridis.
Asterionella japonica was the domimant species in the size group of < 150 - 105
um, and the other planktonic algae were Niizschia longissima. Niizschia
delicatissima.  Chaetoceros curvisetus. Chaetoceros lorvenzianus. Pleurosigma
directum. Thalassiothrix longissima and Oscillatoria nigroviridis. The size group
of < 105 - 53 um was dominated by the diatom Asterionella japonica, the other
diatoms were Niizschia longissima. Nitzschia delicatissima. Chaetoceros
curvisetus, Thalussiosira coramandeliana.  Rhizosolenia setigera. Rhizosoienia
stolterfothii. Biddulphia mobiliensis. Skeletonema costaium,  Thalassionema
nitzschioides. Pleurosigma directum.  Planktoniella  sol. Thalassiothrix
longissima. Eucampia zoodiacus.  Fragilaria oceanica and Coscinodiscus
radiatus. The blue green algae were represented by Oscillatoria nigroviridis.
The planktonic algae within the size range of < 53 — 25 um were dominated by the
species, Thalassiosira subtilis. Thalassiosira coramandeliana and Asterionella
japonica, the diatoms Thalassionema nitzschioides.  Pleurosigma directum,

Skeletonema costatum.  Rhizosolenia stolterfothii, Rhizosolenia setigera,



Hemiaulus  sp.  Fragilaria  oceanica. Biddulphic  mobiliensis. — Nitzschia
longissima. Nitzschia delicatissima.  Lucampia zoodiacus.  Thalassiothrix
longissima. Thalassiothrix frauenfeldii. Chaetoceros cuivisetus.  Coscinodiscits
radiatus and  Leptocyvlindrus danicus: the dinoflagellate Dinophysis caudata: the
silicoflagellate Dictyocha fibula and the blue-green alga Oscillatoria nigroviridis
were also recorded n this size group. In the size group of < 23 — 10 um. the
dominant torms were Asterionella japonica. Skeletonema costatum. Thualassiosira
coramandeliana and Niizschia delicatissima.  the other species being Nitzschia
longissima. Guinardia flaccida. Pleurosigma directum. Rhizosolenia stolterfothii.
Rhizosolenia  setigera. Thalassiothrix longissima.  Thalassiothrix frauenfeldii.
Hemiaulus  sp. Thalassionema  nitzschioides.  Fragilarvia oceanica.  Navicula
hennedvii and Coscinodiscus radiatus. The smallest plankionic algae of the size
group of < 10 um included dominant species such as Nitzschia longissima,
Skeletonema costatum and Navicula hennedyii.  Thalassiosira coramandeliana.

Rhizosolenia setigera and Frugilaria oceanica were also found in this size group.

During the post-monsoon season, the following planktonic algae
have been recorded:
DIATOMS: 20 genera and 28 species
Thalassiothrix longissima.  Thalassiothrix frauenfeldii. Chuetoceros
curviseius. Chaetoceros affinis. Chaetoceros lorenzianus. Chaeroceros diversus.
Chaetoceros  atlanticus.  Bacteriastrum  varians.  Asterionella  japonica,
Thalassiosira  coramandeliana. Skeletonema costatum. Fragilaria oceanica.
Thalassionema nitzschioides. Nitzschia delicatissima. Nitzschia longissima.
Rhizosolenia stolterfothii. Rhizosolenia alata. Pleurosigmu directum, Biddulphia
mobiliensis, Streptotheca  thamensis, Eucampia zoodiacus. Coscinodiscus
radiatus.  Coscinodiscus spp.  Leptocylindrus danicus.  Corethron inerme,

Navicula hennedyii. Ditylum sol and Guinardia flaccida.



DINOFLAGELLATIS: 5 genera and 6 species

Ceratium furca. Ceratium fusus. Peridinium tu~z2. Dino:=sis
caudata, Gonyaulax sp and Pyrocystis fusiformis.

BLUE-GREENALGAE: 2 genera and 2 species

Oscillatoria nigroviridis and Johannesbaptistia pei:uci.aa.

The contnibution of the diatoms, the dinoflagellaies and the :iue-

N

green algae to the total number of species was 77.8 %, 16.6 5 and > %
respectively (table 3.2).

The onlv planktonic algae found in the size group o > 330 u was
the diatom Thalassiothrix longissima. The organisms in the size rznge of < 770 -
250 um included the dominant diatoms Nitzschia delicatissima.  Thalass: :arix
longissima and Asterionella japonica. the other species beirz Chaein cros
diversus and Chaetoceros lorenzianus. The dinoflagellate Pyroc.stis fusi” rmis
was also found in this size range. Chaetoceros curvisetus. Asteriznella jap:aica
and Skeletonema costatum were the dominant species in the size frzction of ~ 250
- 150 um; the other forms were Chaetoceros lorenzianus, Chaeioceros c=inis.
Chaetoceros atlanticus.  Ditylum  sol.  Bacteriastrum varians. Thalass: . :nrix
longissima. Biddulphia mobiliensis and Nitzschia delicatissima. 1v: the size z—oup
of < 150 — 105 um, Chaetoceros curvisetus and Asterionella jarcnica we sz the
dominant species, the other species being Chaetoceros lorenziinus.
Bacteriastrum  varians,  Streptotheca thamensis, Chaetoceros — div:rsus.
Chaetoceros  affinis.  Nitzschia delicatissima.  Thalassiothriz  longiszima.
Rhizosolenia alata. Biddulphia mobiliensis, Guinardia flaccida. Leptocylidrus
danicus, Skeletonema costatum and Oscillatoria nigroviridis. In the size grop of
< 105 — 53 um, the domant species were Chaetoceros curvisefus and
Asterionella japonica. The other diatoms present in comparatively low
concentration being Chaetoceros affinis. Chaetoceros lorenzianus. Chaeto.2ros

diversus, Rhizosolenia stolterfothii, Nitzschia longissima, Nitzschi: delicatissiima,

L)
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Skeletonema costatum.  Thalassiothrix longissima.  Ditylum sol, Thalassiosira
coramandeliana.  Lucampia zoodiacus.  Biddulphia mobiliensis.  Strepiotheca
thamensis. Bacteriastrum varians. Guinardia flaccida and Coscinodiscus radictus
along with the dinoflagellates Ceratium furca and Cerafium fusus were recorded
in this size range. Within the size group of <53 - 25 um, Skeletonema costatum
was the dominant species. the other diatoms bemg Asterionella japonica.
Nitzschia delicatissima, Nitzschia  longissima,  Rhizosolenia  stolierfothii.
Thalassiosira coramandeliana. Thalassiothrix frauenfeldii. Navicula hennedyii.
Thalassionema nitzschioides. Biddulphia mobiliensis. Pleurosigma directum.
Coscinodiscus radiatus. Leptocylindrus danicus. Corethron inerme. Chaetoceros
curvisetus and Guinardia flaccida. The dinoflagellates present were Peridinium
tuba, Ceratium furca. Dinophysis caudata and Gonvaulax sp. The size fraction oi
<25~ 10 um was dominated by Skeletonema costatum, the other planktonic algae
were, the diatoms Rhizosolenia stolterfothil. Leptocylindrus danicus, Pleurosigma
directum. Thalassiosira coramandeliana. Thalassiothrix frauenfeldii. Nitzschia
longissima. Nitzschia delicatissima.  Thalassionema  nitzschioides.  Navicula
hennedyii. Nitzschia longissima and Coscinodiscus radiatus. The dinoflagellate
Dinophysis caudata was also {found here. The smallest microalgae of < 10 um n
size were Skeletonema cosiarum. Nitzschia longissima and Navicula hennedvii as
the dominant species, along with species such as Nizschia spp.  Fragilaria
oceanica. Rhizosolenia  stwlterfothii,  Thalassiosira  coramandeliana  and

Johannesbaptistia pellucida.

DISCUSSION:

The diatoms and the dinoflagellates are the dominant planktonic

algae in the coastal waters of Cochin. south west coast of India, and exhibiting
qualitative and quantitative {luctuations influenced by seasonal and spatial

fluctuations of physico-chemical parameters.



During the pre-monsoon scason. 33 species of diatoms were
recorded at station 1. and 32 species at station 2. contributing 75.4 % and 76.2 %
of the total number of species at both stations, respectively. Dinoflagellates have
been found to be composed of 9 species (20 %) at station 1: and 7 species (16.6
%) at station 2. The blue-green algae were tormed of 2 species, contributing 4.4
% and 4.8 % to the total number of species at both stations. respectively. One
species of silicoflagellates has been found at each station during this season,
contributing 2.2 % at station 1 and 2.4 % at station 2 respectively.

In the monsoon season, the species composition of planktonic
algae was found to be shightly different with only 28 species of diatoms (82 .4 %)
at station 1; and 22 species (88 %) at station 2. A sharp decline in the number of
species of dinoflageHates was noticed during this season with 3 species (8.8 %) at
station 1; and only | species (4 %) at station 2. Two species (5.9 %) of the blue-
green algae were reported at station 1. and only 1 species (4 %) at stabon 2. The
silicoflagellates were represented by one species contributing 2.9 % at station [;
and 4 % of the total number of species at station 2.

During the post-monsoon season, there were 33 species of diatoms
(78.6 %) at station 1. and 28 species (77.8 %) at station 2. The dinoflagellates
included 7 species (16.6 %) at station 1; and 6 species ( 16.6 %) at station 2. Only
one species of the blue-green algae (2.4 %) has been found at station 1, while at
station 2, two species (5.6 %) have been seen. At station 1, only one species of
the silicoflagellates (2.4 %) was observed. while at station 2, the silicoflagellates
were absent during this season.

The maximum numbers of species of diatoms at station 1 and
station 2 were found in the pre-monsoon season, 33 species and 32 species
respectively comprising 73.4 % and 76.2 % of the total planktonic algae. This
highest diversity was inversely correlated with the standing crop of planktonic
algae. The minimum number of species of diatoms was observed during the

monsoon season, 28 species at station 1. and 22 species at station 2. 82.4 % and
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88.0 % of the total fora respectively (tables 3.1& 3.2). associated with the highest

standing crop of microalgae.

- Table 3.1- Seasonal composition of planktonic algae at station 1.

Seasons P Pre-monsoon
No. of species of diatoms 33
% 73 4
No. of species of dinoflagellates 9
%0 20

No. of species of blue-green algae

% 4.4
No. of species of silicoflageliates I
Yo 22

Monsoon
28
{24

- Table 3 2- Seasonal composition of planktonic algae at station 2.

Seasons W Pre-monsoon

No. of species ot diatoms 32
% 76.2

No. of species of dinoflagellates 7
% 16.6

No. of species of blue-green algae 2
% 4.8

No. of species of silicoflagellates ]
% 2.4

Monsoon
22
&8
1

Po

S

t-monsoon
33
78.6
7
16.6
!
24
!

24

Post-monsoon

28
77.8



In the coastal waters of Cochin, south-west coast of India, diatoms
were found to be the dominant group of planktonic algae throughout the vear.
Their contribution to the total number of species was maximum during the
monsoon season. This can be attributed to the higher concentration of nutrients in
the coastal waters during the monsoon, which is more suitable for diatoms and
favourable for their growth and reproduction over the other groups of planktonic
algae. Krey (1973), describing phytoplankton geographical regions of the Indian
Ocean, points out that the rich regions are dominated by diatoms and less rich
areas have a great proportion of dinoflagellates. However, not all dinoflagellates
have low nutrients requirements (Rvther. 1954). Land run-off, in addition to
coastal up welling off the south-west coast of India during the south-west
monsoon season, leads to a general richness of the planktonic algal standing crop
at this time of the year.

Dinoffagellates have been found to be more abundant during
the pre-monsoon season with 9 species at station 1; and 7 species at station 2.
The lowest number of specics of the dinoflagellates was recorded during the
monsoon season with 3 species at station 1. and only 1 species at station 2 (tables
3.1&3.2). During the pre-monsoon season, the lowest concentration of nutrients
was recorded in the south-west coast of India. Taylor (1973) found that, manv of
the dmoflagellates are apparently able to tolerate remarkably low inorganic
nutrients level.  This may be attributed to their greater efficiencyv in nutnents
uptake, due to their small size and perhaps also related to their motility. The
observations of Qasim (1973) that the photosynthetic rate of a species of Cerarium
was depressed by an increase of nitrate in culture relative to diatoms, suggests
that a difference in metabolism may also be mvolved in some tropical species.
There were no significant seasonal variations in the species
composition of the blue-green algae and the silicoflagellates, with the presence of
2 species of the blue-greens and only | species of silicoflagellates, mostly at the

same per centages throughout the year.



The maximum number of species of planktonic algae was recorded
in the pre-monsoon season. with 45 species at station 1, and 42 species at station
2 (table 3.3). this mayv be due to stability of the coastal waters during this season
which enhance equal chances for existence and growth of a larec number of
species. The minimum nuimber of species has been found at both stations during
the monsoon season. wiih 34 species at station 1, and 25 species at station 2
(table 3.3). this may be due io the unstable environmental conditions in the coastal
waters during this time of ine year. In such conditions, only a small number of
species of planktonic algae. which can tolerate and survive the environmental

stress can grow and reproduce with higher efficiency producing a large number of

cells.
- Table 3.3-The total number of species of planktonic algae
al \aripus seasons.
Seasons »  Pre-monsoon Monsoon Post-monsoon
Station 1 45 34 32
Station 2 12 25 36

In the coasial waters of Cochin, south-west coast of India. the highest
species diversity was observed i the pre-monsoon season and the lowest species
diversity 1s a common phenomenon during the monsoon season.

It is noteworthy to mention that, station ! 1s having higher species
diversity of plankionic algae during all the three seasons as compared with station
2. This is due to the closeness of station 2 to the Cochin backwaters and the
mutual eftect of both environments on each other producing environmental stress
at station 2 resulting in lower species diversity at this station.

Generally, the size groups of pianktonic algae greater than 53 um

are dominated by filamentous. chain forming and colonial diatoms, while the size
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groups smaller than 53 um usually formed of small and unicellular pennate and
centric diatoms, dinoflagellates and some other flageliates and blue-green algac.
Furnas (1983) showed that in the Narragansett Bay, a significant number of smal
diatoms and dinoflageltates were found in the 10 — 8 um size fraction.

In the coastal waters of the south-west coast of [ndia, during the pre-
monsoon season, the chain forming diatom Chaetoceros curvisetus was found to
be the dominant planktonic algae, whereas in the monsoon season, the colonial

diatom Asterionella japonica was the dominant species.
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Species composition of planktonic algae in terms of
numbers at station 1
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CHAPTER 4



ABUNDANCE, SPECIES DIVERSITY AND SPECIES
DOMINANCE

-INTRODUCTION:

Comprehension of quantitative distribution of” planktonic algae is of
utmost tmportance for studying their ecology. community structure, species
diversity and species dominance and is useful for the assessment of potential
productivity. The study of community structure.  species diversity and species
dominance of planktonic algae s very significant tor interpreting the fluctuations
in fisheries.  An understanding of the phenomenon of the selective grazing of
certain fishes and shelltishes especially their larval stages which feed exclusively
on certain species of microalgae. would be useful for the prediction of the
occurrence of specific tvpe of fishes or a particular tishery.

Wide fluctuations exist among the planktonic algal densities of
various regions. Generally, oceanic regions in temperate and moderately high
latitudes have high densities whereas low latitudes especially the central areas of
oceanic gyres. are marked by low densities. At anv latitude, the planktonic algae
near the coast are nonmally richer than that ot the oft shore and oceanic areas. The
generally much greater density of planktonic algae at high latitudes was
demonstrated by early data from Hart (1934) which show a remarkable fall in
crop, as cell counts, on proceeding to lower latitudes. Motoda, Taniguchi and
Tkeda (1974) reported crops of about 10" to 10° cells /1 in sub-Arctic waters of the
western north Pacific. A different flora occupies a transition zone with 10° to 10°
cells / 1 between the Ovashio and Kuroshio currents. To the south from the
Kuroshio to the equator the planktonic algae is comparatively uniform and less

rich, viz. 107 to 10° cells / 1 (Raymont. 1980). Whereas in lower latitudes the



crop over the year shows relatively small variations. at high latitudes there are
very marked seasonal flucivations with high crops during the productive period of
the year, particularly in the spring. contrasting sharply with the low crops during
winter.

Krev (1973 describing phytoplankion geographical regions of
the Indian Ocean. points out that the rich regions (Antarctic.  sub-Antarctic. west
wind drift and major upweiimg areas) are dominated by diatoms and may have
concentrations of 107 to 1+ cells / I less rich areas (Arabian Sea. equatorial
current areas) have a great proportion of dinoflagellates. often with
coccolithophorids with concentrations of ca. 10% cells /11 the poorest areas include
the south sub-tropical evre and central part of the Bav ol Bengal. with mostly
dinoflagellates and coccolithophorids amounting 10 < 3 x 107 cells / 1. In the
Laccadive Seca off Cochin. the composition of phyvtoplankton changed
considerably with time and depth. the total count being between 12 x 10" and 2.9
x 10’ cells /| (Shah. 19691,

Litde work has been done on the contribution of various size
fractions of planktonic aigae in terms of their standing crop. chlorophyll and
production. This is due to the difficulty in identificaton and enumeration of the
smaller size groups. Booth et al (1989) found that. in the Hauraki gulf. New
Zealand. the picoplankton were composed of chroococcoid cyanobacterial cells.
0.7 1.2 um in diameter. at densities between 107 and 107 / ml together with
larger (1 — 2 um) eukanvotic cells at densities up to 10° / ml. Using tlow
cytometry and epitluorescence microscopy Detmer et al (1997) showed that,
during spring in the Atiantc sector of the southem ocean. the abundance of
autotrophic pico- and nanoplankton ranged from < 1.0 to > 20.0 x 10° cells /1 in
the upper 100 m. However. no concrete study has been done on the distribution

and abundance of various size fractions of planktonic algae in the Indian Seas.



The present chapter is concentrated on the abundance, species diversity
and species dominance within the different size fractions of planktonic algae in the

coasta) waters of Cochin, south-west coast of India.

-RESULTS:-

- ABUNDANCE OF PLANKTONIC ALLGAE:

The quantity and quality of various size fractions ot planktonic algac at

any locality depend mainly on the hydrographic conditions in the area under studv.

In the coastal waters of Cochin. south west coast of India. at station |.
during the pre-monsoon season. the densitv of the largest size group of > 500 um.
has been found to be 1.3 x 10° /|, Thalassiothrix longissima was contributing 77
%. The size group of < 500 — 250 pm was 2.3 x 10° /1, Thalassiothrix longissima
being the dommant, contributing about 63.2 % of this size group. The size group
of < 250 — 150 pum has been found to be 4.2 x 10° /1, the major contribution was
that of the diatoms Thalassiothrix longissima, 28.6 % and Chaetoceros curvisetus.,
20.7 %. In the size group of < 150 — 105 um, the total count was 1.1 x 10* /1, the
major contributors were Chaetoceros curvisetus. 33.6 %; Asterionella japonica.
20.9 % and Thalassiothrix longissima. 11.8 %. The density of the planktonic
algae of the size group of < 105 — 53 um was 2.6 x 10" /1, 42.3 % of which was
contributed by Chaetoceros curvisetus. The total count of the size group of < 53 -
25 um was found to be 1.4 x 10" /1, the major contributors were Thalassiosira
coramandeliana, 20.7 % and Rhizosolenia setigera, 10.0 % of the total number
of this size group. The microalgae within the size range of < 25 — 10 um counted
1.8 x 10% /1, Skeletonema costatum, Thalassiosira subtilis, Rhizosolenia setigera
and Thalassiosira coramandeliana were éontributing 222 %, 12.8 %, 12.8 % and

12.2 % to the total number of this size group respectively. The smallest size group
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of < 10 pm was counted 6.1 x 10° /|, Fragilaria occanica.  Thulassiosira
coramandeliana and Navicula hennedyii were the major contributors. contributing
41.0 %, 164 % and 21.3 % respectively (table 4.1).

During the monsoon season, the concentration of the largest size
group of > 500 um has been found to be 1.6 x 10" /1, 75.0 % of which was
contributed by Asterionella japonica. The size group of < 500 — 230 um was
counted 2.8 x 10° / I, here also the major contnbution was aitributed to
Asterionella japonica which contributed 96.0 %. The number of plankionic algae
within the size range Of < 250 — 150 um was found to be 1.4 x 10* /I of which
71.4 % was contributed by A4srerionella japonica alone. The density of microalgae
within the size group of < 130 — 103 um was 5.7 x 10° /I, here also the highest
number was that of Asrerionella japonica, 84.2 %. The size fraction of < 105 —
53 um was having the highest count among all size groups, with density of 1.9 x
10° / 1, of which 78.9 % was contributed by Asterionella japonica. The microtlora
of the size group of < 33 — 235 um were counted 6 4 x 10" /1. here the contribution
of Asterionella japonica falls to only 25.0 % of the total count of this size group.
The planktonic algae within the size fraction of < 25 — 10 pm were counted 9.4 x
10* /1, the major contribution was that of the pennate diatom Nitz=schia longissima
which contributes 62.8 %. The smallest size fraction of < 10 um has been found
to count 2.8 x 10* /|, the major contributors in this size group were Nizzschia spp.
Navicula spp and Thalassiosira spp, with average contributions ot 42.9 %, 26.1
% and 16.8 % respectively (table 4.2).

In the post-monsoon season, the number of planktonic algae of the
largest size group of > 500 um has been found to be 1.3 x 10° / |. Thalassiothrix
longissima was contributing 38.5 %. The size group of < 500 — 250 um was 1.5 x
10° /1, 30.7 % of which was Thalassiothrix longissima. The density of planktonic
algae of the size group of < 250 — 150 pm was 6.6 x 10° /1, the major contribution
was that of Chaetoceros curvisetus, 30.3 %; Chaetoceros lorenzianus. 15.2 %

and Asterionella japonica. 15.2 %. The planktonic algae within the size fraction
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of < 150 — 105 um have been found to count 1.7 X 10" /1, Chaetoceros curvisetus
was contributing 312 %, Asterionella japonica 165 % and Chaetoceros
lorenzianus 135 %. The count of the size group of < 105 ~ 53 pm was 1.9 x 10*/
|, the major contribution was that of Chaetoceros curvisetus, 30.5 %, Nitzschia
delicatissima. 8.4 %. Thalassiosira subtilis. 7.9 % and Skelefonema costatum.
7.4 %. The microalgae of the size group of < 53 — 25 um contributed 2.0 x 10" /1.
to the total count of planktonic microalgae, the major contributors were
Skeletonema costatum. 21.0 %. Rhizosolenia stolterfothii. 10.0 %, Asterionella
Jjaponica, 9.0 % and Nitzschia longissima. 8.0 %. The size group of < 25 - 10
um has been found to include 2.9 x 10" /1. the dominant species was Skeletonema
costatum. 44.8 %. The smallest size group of < 10 pm was recorded 9.6 x 10° /1.
the major flora being Nitzschia spp, 500 % and Navicula spp. 12.5 % (table
43).

At station 2, during the pre-monsoon season, the concentration of
the largest size group of > 500 um was 1.1 x 10° / |, Thalassiothrix longissima
was contributing 63.5 % of the total flora in this size group. The size group of <
500 — 250 um was having 1.7 x 10° / I. the major contribution was that of
Thalassiothrix longissima, recording 76.5 % of the standing stock. The number
of planktonic algae within the size fraction of < 250 — 150 pm was 3.5 x 10° /1,
Chaetoceros curvisetus and Thalassiothrix longissima were contributing 314 %
each. The density of planktonic algae in the size fraction of < 150 — 105 um was
found to be 6.3 x 10° / 1, the major tlora were Chaefoceros curvisetus and
Thalassiothrix longissima, recording 23.8 % and 159 % respectively. The
number of planktonic algae of the size group of < 105 — 53 um was 1.8 x 10* /],
Chaetoceros curvisetus was contributing 55.6 % of the standing stock. The size
group of < 53 — 25 pm was 1.4 x 10" /1. the major flora being Thalassiosira
subtilis, 12.9 %; Thalassiosira coramandeliana. 9.3 %; Rhizosolenia setigera.
10.7 % and Asterionella japonica and Schroderella delicatula, 7.1 % each. The

density of planktonic algae of the size group of <25 - 10 pm was 2.2 x 10' /1, the
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major contributors were Nizschia delicatissima. 209 %. Skeletonema costatum,
19.5 % and Thalassiosira coramandeliana. 114 % The count of the smallest
size group of < 10 um was tound to be 4.9 x 10° /1. the dominant specics was
Thalassiosira coramandeliana.  with 49.0 % of the total planktonic algac of this
sizc group (table 4.4 ).

In the monsoon scason. at station 2. dsierionella japonica was
the only species in the size group of > 500 um. its number was 2.5 x 10° /1 The
size group of < 500 — 250 um was 2.6 x 10° /1. Asterionella Jjaponica was
contributing 37.7 %. The count of planktonic algae within the size range of < 250
~ 150 um was found to be 8.9 x 10° /1. of which 73.0 % was contributed by
Asterionella japonica.  Within the size group of < 130 — 105 um. the
concentration of planktonic algae was 1.8 x 10° /1. dsterionella japonica alone
contributed 77.8 % of the total standing stock. The size group of < 103 — 53 um
was having 5.6 x 107 /1. here also the major contribution was that of Asterionella
Jjaponica. 76.8 %. The density of microalgae within the size fraction of <33 — 25
um has been found to be 4.4 x 10" /1, the main contributors in this size group
were Thalassiosira subtilis. 29.5 %, Thalassiosira coramandeliana. 16.6 % and
Asterionella japonica. 13.0 %. The size group of < 25 — 10 um was found to
include 3.5 x 10" /1. the major contribution was that of Asterionella japonica.
16.6 % Skeletonema costarum. 14.3 %, Thalassiosira coramandeliana. 10.3 %:
Nitzschia delicatissima, 9.7 % and Nitzschia longissima. 89 %. The smallest
size group of < 10 um was 9.8 x 10° /|, the dominant flora included Nitzschia
spp. Skeletonema costatum and Navicula spp with 439 %. 194 % and 153 %
respectively (table 4.5).

[n the post monsoon season, the size group of > 500 um was
represented by the single species Thalassiothrix longissima with a concentration of
5.0 x 10> /1. The concentration of the size group of < 500 — 250 um was 2.4 x 10°

/ 1, the diatom ANirzschia delicatissima contributed 31.3 %. Thalassiothrix

longissima and Asterionella japonica represented 20.8 % each. The size fraction
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of < 250 — 130 wm recorded 1.1 x 10* /1, of which 30.9 % was the contribution of
Chaetoceros curvisetus. while Asterionella japonica and Skeletonema costatm
contributed 8.2 % each. The density of the planktonic algae ot the size group of
<150 — 105 um was 2.9 x 10*/ 1. the dominant species were those of Chaetoceros
curvisetus. 34.5 % and Asterionella japonica. 33.8 %. The concentration of the
size fraction of < 103 — 53 um was found to be 3.1 x 10" /1. with the dominant
species of Chaetoceros curvisefus, 38.7 % and Asterionella japonica. 15.5 %.
The number of microalgae within the size group of <53 —25 um was 2.3 x 10" /1.
the single dominant species being Skeletonema costatum. with 37.0 % of the total
count of this size fraction. The concentration of the microflora within the size
range ot < 25 — 10 um was 3.7 x 107 /1. 70.2 % of the total count of this size
group contributed by Skeletonema costatum. The number of planktonic algae of
the smallest size group ot < 10 um was | .6 x 10* /1, the dominant species being
Skeletonema costatum, Nitzschia spp and Navicula spp. contributing 42.5 %,

26.9 % and 21.9 %. respectively (table 4.6).

At station 1, in the pre-monsoon season. the density of planktonic
algae increases from 1.3 x 10° /|, (1.6 % at the largest size group of > 500 um) to
2.6 x 10" /1. (31.3 % at the size group of < 105 - 53 um), then decreases at the
size groups of < 53 =25 umand <25-10umto 14 x 10 /1. 169 % and 1.8 x
10* /1, 21.7 % respectively. The number of planktonic algae of the smallest size
group of < 10 pm was 6.1 x 10° /I, which formed 7.4 % of the standing crop. The
total number of planktonic algae during the pre-monsoon period was relatively
small, 8.3 x 10*/1(Table 4.7).

During the monsoon season, the same trend was also observed. with
gradual increase from 1.6 x 10° /1, (0.4 % at the largest size group of > 500 pm)
to1.9x 10° /1, (42.1 % at the size group of < 105 — 53 pm), then decreases to 6.4
x10*/1, 142 % and 9.4 x 10" /1, 20.8 % at the size groups ot < 53 — 25 um and

<25 - 10 pm respectively. The number of planktonic algae in the smallest size
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group of < 10 um was only 2.8 x 10 /1. 6.2 % of the total planktonic algae. The
total number of planktonic algae recorded was the highest during the monsoon
season, with 4.5 x 10° /1 (Table 4.7).

In the post-monsoon season, the number of planktonic algae was
gradually increases from 1.3 x 10° /1, (1.3 % at the largest size fraction of > 500
um)102.9 x 10* /1, (28.0 % at the size group of <25~ 10 um). The microalgae
in the smallest size group of < 10 pm was 9.6 x 10° cells /1, which was 92 % of
the total flora. The total number of planktonic algae during the post-monsoon
season was higher than that of the pre-monsoon season, but lower than that of the
monsoon period, with average number of 1.0 x 10° /1 (Table 4.7).

At station 2. during the pre-monsoon season. the
concentration of planktonic algae increases tfrom 1.1 x 10° /1, (1.5 % in the largest
size group of > 500 pm) to 1.8 x 10* /1. (25.2 % in the size group of < 105 - 53
um). then decreases in the smaller size group of < 53 — 25 pmto 1.4 x 10"/ |,
(19.6 %), then mcreases again to 2.2 x 10°/1. (30.8 % at the size fraction of < 25
- 10 um). The number of microalgae in the smallest size group ot < 10 pm was
49x 107 /1, 6.9 % of the total number. The total number of planktonic algae
during this season was 7.2 x 10" / I, which was low compared to those of other
seasons (Table 4.8).

In the monsoon season, the abundance of planktonic algae also

increases from 2.5 x 107/ 1. (0.1 % at the largest size group of > 500 um) to 5.6 x

10* /1, (32.1 % at the size group of < 105 - 53 pum), and then gradually decreases

toreach 3.5 x 10* /1, (20.1 % in the size group of <25 — 10 um). The microalgae

within the size group of < 10 um recorded only 9.8 x 10° /1. 5.6 %. The highest

relative abundance of planktonic algae was recorded during this season, with total
number of 1.7 x 10° / 1 (Table 4.8).

During the post-monsoon season, the number of planktonic algae

increases gradually from 5.0 x 102 /1, (0.3 % at the largest size group of > 500

um)t0 3.1 x 10* /1, (18.2 % at < 105 — 53 um size fraction), then decreases in the
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next size group of < 53 — 25 pm recording only 2.3 x 10° /1, 135 %, then
increases again to reach 5.7 x 10* /1, (33.6 % in the size group of <25 — 10 um).
The microalgae of the smallest size group of < 10 um was only 1.6 x 10* cells /1,
which was 9.4 % of the total planktonic algae. The total count has been found to
be slightly less than that of the monsoon season. recording 1.6 x 10° /1 (Table

4.8).

- SPECIES DOMINANCE AND SPECIES DIVERSITY:

All the species are not equally important in determining the
nature and the function of the community. Thus out of tens of species inhabiting
the biocoenose there may be a few species which tform the greater part or which
control the flow of energy in the system, due to their large number, large volume,
increased fecundity etc. such species are named Dominants. These control the
natural balance of the community and are usually present in large numbers
throughout the whole year or during their active reproductive season. The

dominance in the community can be determined by Simpson index of dominance,

the maximum value 1s | and means complete dominance.

D= (n/N)" where: n, = the number of individuals of species 1.

N = total number of individuals of all species.

It 1s important to note that while the energy flow in the community
depends to a large extent on the dominant species, the species diversity depends
on the total number of species particularly those of less importance or rare species.
Species diversity decreases in systems controlled by strong physico-chemical
limiting factors while the diversity of species increases m biologically controlled

communities and 1s directly proportional to the stability of the system. The
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diversity of species in the community can be determined by Shannon index of

general diversity H. The higher the value the greater the diversi

H=-23(n/N)In(n,/N) where: n; =the number ot individuals of spectes ;.

N = the total number of individuals of all species.

1t is to be noted that species diversity comprises a number of components
each of which would respond with different degrees to the variations in the
structural, geographical or physical factors. One of these components is the

species richness which is the ratio between the number of spacies and the total

number of individuals (S/ N)or R=(S - 1}/ In N The higher the value the

higher the diversity. The other component 15 evenness or ecuitability “e ™ for

example: two systems each may contain 10 species represented by 100
individuals. so (S / N) will be the same for both. but each mayv have different
evenness index depending on the mode of distribution of the 100 individuals.
Each species may have 10 individuals or 1 species mav be represented by 91
individuals and the others, each with | organism. The "¢ index may be a measure

of this component.

e=H/InS where:  H = Shannon index.

S = number of species.

At station 1, during the pre-monsoon season. the minimum species
diversity was found in the largest size group of > 500 um which was having the
values of 0.500 and 0.140 as Shannon index and richness index. respectively. In
this size group the maximum dominance was observed. with the maximum value
of Simpson index, 0.680. The evenness index value in this size fraction was
found to be 0.722. The highest species diversity has been observed in the size

group of < 53 ~ 25 pm which was having the highest values of Shannon index,
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2978 and richness index 2.932. The evenness index value was relatively nigh,
0.884. The minimum spectes dominance was recorded in this size group. with
0.077 Simpson index value (Tablc 4.9).

In the monsoon season, the lowest species diversity was recorded
in the size group of < 500 — 250 pm which was having the values 0.186, ¢ 126
and 0.269 for Shannon index, species richness and evenness index, respeciively.
This size fraction was also having the maximum value of Simpson index, (912
The highest values of Shannon index. 2.787 and evenness index, 0.947 were
recorded in the size group of < 25 — 10 wm, while the highest richness index
value. 1.988 was noticed m the size group of < 53 ~ 25 um, in which the
minimum value of Simpson index of dominance. 0.145 was recorded (Table
4.10).

During the post-monsoon season, the lowest diversity was recorded
in the largest size group of > 500 um in which the lowest values of Shannon index,
}1.332 and richness index, 0.421were found. The evenness index value, 961
was relatively high in this size group and 1ts Simpson index value, 0.280 was also
high. The highest species diversity was observed in the size group of < 53 — 25
pm, as indicated by the highest value, 2.778 ot Shannon index. The lowest
species dominance was also reported in this size group, with the lowest value of
Simpson index, 0.090. Richness index value, 2.530 and evenness index value,
0.853 were also high in this size fraction (Table 4.11).

At station 2, during the pre-monsoon season, the lowest diversity
was seen in the size group of < 500 — 250 pm in which the minimum values of
Shannon index, 0.691; richness index, 0.269 and evenness index, 0.629 were
recorded. Simpson index of species dominance shows its maximum value, (620
in this size fraction. The highest species diversity has been found in the size group
of < 53 — 25 um where maximum values of Shannon mdex. 2.942; richness

index, 2.734 and evenness index, 0.893 were recorded. The lowest species
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dominance was also found in this size group. with the lowest Simpson index
value of 0.068 (Table 4.12).

In the monsoon season, nil values ot diversity indices 1.e zero values
were found for the largest size group of > 300 um composing of only single
species, indicating no diversity at all. On the other hand, the dominance was
complete with the highest value of Stmpson index. 1. The highest values of
Shannon and evenness indices were found in the size group of < 25 — 10 um,
while the highest value of richness index was recorded for the size fraction of < 53
- 25 um. The lowest species dominance was seen for the size group of <25 - 10
um, with the towest dominance index of 0.096 (Table 4.13).

During the post-monsoon season. the largest size group of > 500
um was having only one species, so the absence of species diversity and the
complete dominance were recorded in this size group. The highest species
diversity was observed in the size fraction of < 33 — 25 um. as it was indicated
from the highest values of Shannon index, 2.539 and richness index, 2.289; the
evenness index value was also high. 0.805. The minimum species dominance was

found in this size group with Simpson index value of 0.157 (Table 4.14).

- DISCUSSION:

The abundance, species diversity and species dominance of planktonic
algae as a whole or at any size group depend mainiy upon the hydrographic
parameters of the locality under study, which in tum varies spatially and
seasonally.

In the coastal waters of Cochin, south-west coast of India, at station 1,
during the pre-monsoon season. in which high temperature, high light intensity,
high salinity and low nutrient salts concentration prevail, the pennate diatom

Thalassiothrix longissima was the dominant species of planktonic algae > 130 um.
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while the centric diatom Chaetoceros curvisetus was the dominant species in the
size fraction of < 150 — 53 um. The microalgae < 53 um were dominated by
Thalussiosira subtilis, Thalassiosira coramandeliana,  Rhizosolenia setigera.
Skeletonema costatum. Fragilaria oceanica and Navicula hennedyii. So, these
species have greater ability to survive and grow during the pre-monsoon season.

In the monsoon season, at low temperature, low light intensity, high
salinity (due to the up welling) and high concentration of nutrients, the pennate
diatom Asterionella japonica was the dominant species of planktonic algae > 25
um in size. The dominant species of microalgae < 25 um were Nitzschia
longissima, Niizschia spp, Navicula hennedyii and Thalassiosira spp.

During the post-monsoon season. when the coastal waters is having high
temperature, high light intensity, relatively low salinity and low concentration of
nutrients, Thalassiothrix longissima was found to be the dominant species among
the planktonic algae > 250 um; the centric diatom Chaetoceros curvisetus was the
most important species of planktonic algae within the size range of < 250 ~ 53 um.
The microtlora < 53 pm were dominated by Skeletonema costatum and Nitzschia
spp.

At station 2, in the pre-monsoon period, which is characterized with
high temperature, high light intensity, high salimity and low concentration of
nutrients, Thalassiothrix longissima was the mosl abundant species ainong the
planktonic algae > 250 um. In the size fraction of < 250 — 150 um, Chaetoceros
curvisetus and Thalassiothrix longissima were abundant. Chaetoceros curvisetus
was the most abundant species of planktonic algae within the size fraction of <
150 — 53 pm. The planktonic algae < 53 um were dominated by Thalassiosira
subtilis, Thalassiosira coramandeliana, Nitzschia delicatissima and Skeletonema
costatum.

During the monsoon season, with its characteristic features of low
temperature, low light intensity, high salinity and high concentration of nutrients,

Asterionella japonica was the most abundant species of planktonic algae > 53 um.

54



The planktonic algae < 53 um were dominated by the species Thalassiosira
subtilis. Asterionella japenica.  Nitzschia spp.  Navicula  hennedyii  and
Skeletonema costatum.

In the post-monsoon season, when the coastal waters is having high
temperature, high light intensity, low salinity and relatively low concentration of
nutrients, the most abundant species ot planktonic algae > 250 um was
Thalassiothrix longissima. The planktonic algae within the size fraction of < 250
— 53 pm were dominated by Chaetoceros curvisetus. Skeletonema costatum.
Nitzschia spp and Navicula hennedyii were the most abundant species among the
planktonic algae < 53 um in size.

Generally, in the coastal waters of Cochin. south-west coast of India.
during the pre-monsoon season, species which favour high temperature. high
light intensity, high salinity and can survive the low concentration of nutrients
grow and reproduce with higher efficiency than the other forms and dominate the
community. In the monsoon season, the coastal water is characterized by low
temperature, low hight intensity. high salinity and high concentration of nutrients,
so the species which require such conditions proliferate and dominate the other
planktonic algae. The post-monsoon period with its intermediate hvdrographic
conditions, support microtlora which are able to grow well and outnumber (he
other species ot planktonic algae.

At station 1, in the pre-monsoon season, the number of planktonic
algae increases from 1.3 x 10° /] at the largest size group of > 500 pm t0 2.6 x 107
/1at the size group of < 105 — 33 pm, then decreases at the size groups of < 53 —
25umand <25— 10 umto 1.4 x 10* /1 and 1.8 x 107 /1, respectively. The low
density of planktomic algae at the size groups of < 53 — 25 um and < 25 - 10 um
might have been due to the selective grazing by zooplankton. The total number of
planktonic algae during the pre-monsoon season was relatively small, 8.3 x 10/
I, which can be attributed to the low concentration of nutrients in the coastal

waters.
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During the monsoon season, gradual increase in the number of
planktonic atgae was observed, from 1.6 x 10° / 1 at the largest size group of >
500 pmto 1.9 x 10 /1 at the size group of < 105 — 53 um, then decreases to 6.4 x
10° /1 and 94 x 10" / | at the size groups of < 53 =25 um and <25 - 10 um,
respectively. Here also the eftect of grazing could be seen in the latter two size
groups. The total count of planktonic algae was found to be the highest during the
monsoon period, 4.5 x 10° /1. The high concentration of planktonic algae was
due to the availability of high concentrations of nutrients in the coastal waters
which enhance the growth and reproduction of planktonic algae during the
monsoon months.

In the post-monsoon season, the density of planktonic algae was
gradually increases from 1.3 x 10° /1 at the largest size group of > 500 um to 2.9 x
10* / 1 at the size group of < 25 — 10 um, indicating the decreased grazing
intensity during this season of the year especially on the size group of < 53 — 25
um, or the shified grazing intensity to the size fraction ot microalgae < 25 pm in
size. The total number of planktonic algae during the post-monsoon season, 1.0 x
10° /1, was higher than that of the pre-monsoon season, but lower than that of the
monsoon period, indicating the significant role of nutnents. especially phosphate
in determining and limiting growth and productivity of planktonic algae in the
coastal waters of the south-west coast of India.

At station 2, during the pre-monsoon season, the density of
planktonic algae increases from 1.1 x 10° /1 at the largest size group of > 500 um
to 1.8 x 10* /1 in the size fraction of < 105 — 53 um, then decreases in the size
group of < 53 =25 umto 1.4 x 10% /1, then increases again to 2.2 x 10* /| at the
size group of < 25— 10 um. The low number within the size fraction of < 53 ~ 25
um may be attributed to the selective grazing of zooplankton. The total number of
planktonic algae during this season was relatively low, 7.2 x 10* /1, due to the
low concentration of nutrients accompanied with intensive grazing effect by

zooplankton
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In the monsoon season, the count of planktonic algae also
increases from 2.5 x 107 /1 for the largest size group of > 300 um 10 5.6 x 10" /1 at
the size group of < 105 — 53 pm, and then gradually decreases to reach 3.5 x 10%/
| In the size group of < 25 — 10 pm. The low density of microalgae in the size
groups of <53 — 25 um and < 25 - 10 um may be duo to the selective grazing by
zooplankton.  The total count of planktonic algae was the highest during the
monsoon period, 1.7 x 10° /1. this can be attributed to the high concentration of
nutrients in the coastal waters of the south-west coast of India during the monsoon
months.

During the post-monsoon period, the concentration of planktonic algae
increases gradually from 5.0 x 107/} for the largest size group of > 500 um to 3.1
x 107 /1 for the size fraction of < 105 — 53 um. then decreases for the size group
of <53 =25 umto 2.3 x 10* /1, then increases to 5.7 x 10* /1 for the size group of
<25-10 um. The low concentration of microalgae within the size range of < 53
— 25 um can be attrnibuted also to the selective grazing of zooplankton. The total
number of planktonic algae was relatively high, 1.6 x 107 / |1 this may be
occurred due to the decreased grazing intensity during the post-monsoon season at
station 2.

At both stations, on average, the abundance of planktonic algae < 53
um in size. tends to be higher than that of planktonic algae > 35 um during the
pre and the post-monsoon seasons, while the density of planktonic algae > 53 pm
becomes significant during the monsoon season. this may be related to the
concentration of nutrients. During the pre and the post-monsoon seasons the
concentration of nutrients in the coastal waters is normally low. and in such
conditions, the smaller planktonic algae with their higher efficiency of nutrients
utilization grow and reproduce well and outnumber the larger planktonic algae;
while during the monsoon season, when the concentration of nutrients 1s high, the
chance is more ftavorable for the larger planktonic algae to grow and reproduce

with higher efficiency and outnumber the smaller size fractions.
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It 1s very important to note that, while the smallest size group of < 10
um contribute significantly to the pnmany production and biomass (in terms of
chlorophyll), the observed standing crop of microalgae < 10 um in size (in term
of numbers) can be far from approximation as many of them are too small to be
identified and enumerated. The underestimation in the standing crop of this size
group would render the evaluation of the total standing crop (in terms of numbers)
apparent rather than real.

At station 1, during the pre and post-monsoon seasons, the lowest
species diversity was found in the largest size group of > 500 pum, while the
highest species diversity and the lowest species dominance have been reported 1n
the s1ize group of <53 — 25 um. So. during the pre and the post-monsoon seasons
the planktonic algae within the size fraction of < 33 — 25 um become the most
important among all other size groups in providing food for a large number of
species of consumers in the coastal waters of the south-west coast of India.

In the monsoon season, the lowest species diversity was observed
in the size group of < 500 — 250 um. n which the highest species dominance was
recorded. High diversity was seen in the size groups of < 33 — 25 um and < 25 -
10 um. so they might be a significant source of food for a large number of species
of marine organisms.

Station 2, showed the same wrend, with the highest species diversity
In the size fraction of < 53 — 25 um during the pre and the post-monsoon seasons,
and within the size groups of < 53 — 25 um and < 25 — 10 um in the monsoon
season. So, the size groups of < 33 — 25 um. during the pre and the post-
monsoon seasons, and with the size fraction of < 25 - 10 um during the monsoon
season, serve as a very important source of food for a Jarge number of marine

organisms inhabiting the coastal waters of the south-west coast of India.
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-Table 4.1- Average concentration of planktonic algac ol various size groups during

the pre-monsoon season at station |

Size groups Species _ I}'Q/I~j | Total
> 500 pm Chaetoceros curvisetus 25x 107
Thalassiothrix longissima _;_I__O_._)_g_lgT 13x10°
<500 — 250 um! Chaetoceros curviselus 38x 107
Thalassiothrix longissima 1.5x10° b
Asterionella japonica ' 25x% 10°
Chaetoceros affinis 13x 100 123 x10°
<250 — 150 um| Chaetoceros curvisetus 8. 7x 107
~ Asterionella japonica 57x10 |
Chaetoceros brevis 6.9 x 10°
[ Tralassiothrix longissma__12x10° ©
| Chaetoceros lorenzianus 1 3.8x 10°
Rhizosolenia setigera P13 x 107
Chaetoceros affinis 1 38x10° [42x10°
<150 — 105 um! Chaetoceros curviseius i3 Ixi10
Chaetoceros laevis 125x 10° -
Asterionella japonica 23x10°
o Nitzschia delicatissima 2.5x 10°
Nitzschia longissima 25x 107 |
Chaetoceros affinis 44x 107
Schroderella delicatula 3.8x 107
Chaetoceros brevis 1 8.8x 10°
Bacteriastrum varians P 1.3x 10°
Guinardia flaccida 13 %10
Thalassiothrix longissima 113x10°
Thalassiothrix frauenfeldii . | 1.3 x 10°
Ditylum sol 1.3x10°
Streptotheca thamensis 2.5x 107
Rhizosolenia setigera 1.3 x 10
Rhizosolenia stolterfothii 1.3 x10°
Thalassiosira coramandeliana | 2.5 x 10°
Biddulphia mobiliensis 5.0x 10°
Pleurosigma directum 25x10° [1.1x10°
<105 — 53 um | Chaetoceros curvisetus 1.1x10°
Bacteriastrum varians 1.0x 10°




| Hemiauussp _ [153x10° ]
| Asterionellajaponica_____ 126x10" |

{ Schroderella delicatula 5.0 x 107

1 Chaetoceros laevis 1.3 x 10°
Biddulphia mobiliensis 5% 10°

| Nitzschia longissima 1.3x10°

ngorelhron inerme 13x10°

. Pleurosigma directum 25x10°

. Nitzschia delicatissima 25x 107
Plankioniella sol 3.8x 107
Dinophysis caudata 1 L7x 107

| Ditylum sol 25x 10°
Thalassiosira coramandeliana | 3.8 x 10’

| Streptotheca thamensis 13x10°

. Thalassiothrix frauenfeldii 13x10°

i Chaetoceros brevis 3.1x10°

| Rhizosolenia setigera 7.1 x 10

i Thalassiothrix longissima 57x10°
Peridinium depressum 1.3x10°
Thalassiosira subtilis 6.3 x 10°
Peridinium tuba 1 13x 10°

' Ceratium furca 19x 10

{ Chaeloceros affinis 6.3 x 10°
Pyrophacus horologicum 13 x10°

i Rhizosolenia alata 19x10° | 26x107
Chaetoceros curvisetus 44 x 107
Hemiaulus sp o 125X 10
Schroderella delicatula 23x 107
Ceratium furca 8.7 x 10°
Dictyocha fibula 21x 10
Amphiprora gigantae 42 x 10
Coscinodiscus radiatus 2.5x% 107
Asterionella japonica 3.8x 10°
Biddulphia mobiliensis 50x 10
Thalassiosira coramandeliana | 2.9 x 10°
Nitzschia delicatissima 3.0 x 10°
Peridinium pellucidum 25x 107
Stephanopyxis palmeriana 13x10°
Rhizosolenia setigera 14 x10°
Chaetoceros danicus 1.0x 10°




T hdassioth frawenfeldii 1630001
o __ | Thalassiothrix longissima E_82\ 103 '
| Nizschialongissima L 25x 1074 ;:
N Peridinium tuba I B R L O
- Dinophysis caudata 13 Ox1 0 { e
i Planktoniella sol o 3xdot o
Thalassionema nitzschioides | 2. 5x 107 o
Pleurosigma directiun 7 5x10° i_ o
Oscillatoria nigroviridis 1 25x107 !
B | Johannesbaptistia pellucida —L 2.5x 10° N
Thalassiosira subtilis 1 715X 10° -
- Rhizosolenia stolterfothii 1.3x10°
I Chaetocerosbrevis i_?__s__\_l_o- T
Prorocentrum gracile 25x10° ] 14x10° ]
_<25-10 um_| Skeletonema costatum J Ox1071
L Nitzschia longissima P2 9 X 10”
T Nitzschia delicatissima L 6.7 X 10
| Nitzschia spp 2.5x107 f
| Amphiprora gigantae 25x 10 ;
L Schroderella delicatula 3.8 x lOzu__ o
O | Thalassiosira coranzgﬁa’i/lgng__;i 22x IF____ o '
"Rhizosolenia alata | T25x 100 E
Stephanopvxis palmeriana | 2.5x 107
Leptocylindrus danicus 4.2 x10° H
Rhizosoleria stolterfothii 1.1x10° i
E_-____* Pleurosigma directum 1 57x10°
S 1y T Y, I N T AT A
L ' Corethron inerme 1.3 x 107 L :
Biddulphia heteroceros 1.3 x 10 |
Hemiaulus sp 1.3x 107 [
Dicryocha fibula 1.3x10° |
Prorocentrum micans 1.3 x 10° |
Rhizosolenia setigera 2.3x 10° I
Thalassiothrix longissima 9.4 x 10° "
Chaetoceros danicus 50x 10" |
Thalassionema nitzschioides 2.5 10°
Johannesbaptistia pellucida 2.5 x 10°
Thalassiosira subtilis 23x10°
Rhizosolenia styliformis 1.3 x107
Gonyaulax sp 13x10° | 18x10°
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l IGUII(II‘I(I oceanica §

| /ha[a?slosua coramande[zana _
‘Nitzschia spp

Navicula hennedyii 13x10 B
B | Johannesbaptistia pellucida 25x 107
| Thalassiothrix frauenfeldii 25x 107
lepzocylzndf us danicus . 25x10° 6.1 \_[O~ ﬁf

* Observed number

-Table 4.2- Average concentration of planktonic algae of various size groups during
the monsoon season at station 1.

Size groups | Species No./l | Total
> 500 um | Asterionella japonica 12x 10" | _
. Eucampia zoodiacus 25x10°
i Oscillatoria nigroviridis I.3x 102' L L Q\IO
- <500 — 250 um ! Asterionella japonica 27x10 |
|  Fragilaria oceanica 13x10° | 28x10°
‘ ! !
. <250 - 150 um | Asterionella japonica 10x 10" }
: , Bacteriastrum varians L 25x 107
| Hemiaulus sp - 25x10°
Nitzschia delicatissima . 2.5x 10" |
L | Thalassiosira coramandeliana ! 7.5 x 107 | )
| Rhizosolenia styliformis 25x 10°
| Thalassiothrix frauenfeldii 25x10°
| Chaetoceros curvisetus 2.5 x 10°
 Nitzschia longissima 9, 7 x 10
: 5 Fragilaria oceanica - 38x10° 1
Thalassiothrix longissima .? 25x10° [ 1.4x 10"
i
1 <150 — 105 um | Asterionella japonica | 18x 107
Ditylum sol L 25x 10°
t Chaetoceros curvisetus T 23x10°
Eucampia zoodiacus | 2.5x10°
Chaetoceros lorenzianus | 7.5x10°
Nitzschia longissima | 1.8x10°
Fragilaria oceanica 2.1x 107
Rhizosolenia spp 2.5x 107
Nitzschia delicatissima i 25x 107
Chaetoceros brevis L 1.3x10°




[—_—j o ! / ’/uuos fgma directum 188 X _]_Qi |
R/u-osgl_cg_lg}g’t_lgefa L LAsNI0
o Thalassiothrix I()ng:ssmza _75x 102+ B
T T Oscillutoria nigroviridis ‘_LZEQ ‘ 7 \H_]_
B _
| <105-53 urrﬂl ,14&723?1511@72171;)5/71(67 15 LLOD S
| Nitzschia delicatissima L8 x 107 _ o
: Eucampia zoodiacus - 3.3 x 10 L
;__1 | Rhizosolenia setigera 57x10° t —
Chaetoceros curvisetus 53 x10° 7
o | Ditylum sol 50x IO~ o
| Thalassionema nitzschioides = 2.5x 10°
-  Thalassiothrix frauenfeldii - 23x10° | .
I ) | Nitzschia longissima 5.7x IOJ : L
N . Thalassiosira coramandeliana 5.3 x 10° :
L - t Skeletonema costatun . 10x I_O__ e
' )_ Bza’du/phla niobiliensis 69107
- ! Guinardia flaccida 5.0x 107 —,
| | Planktoniella sol 50x 107
[ | Coscinodiscus radiatus - 86x10° ,5
L | Rhizosolenia stolter fothii 75 IO‘T"——"A_—:i
—— Thalassiothrix longissima 9 3% 16T
B | Hemiaulus sp h asxa0t T _M—?
B P/eurosxgma directum 9.6x 10" |
{ | Oscillatoria nigroviridis 63x10° i
L Thalassiosira subtilis 40x10" | ,’
.| Fragilaria oceanica 72x10% | T
. ___.iBacteriastrum varians 2 5 SN IO'N‘ L C)—\TO —l
| 7 ! N
<53-25um -_#Aslerionella Japonica C16x 10V I
Nitzschia longissima 35N l(er— T
Thalassiosira coramandeliana | 4.6 x 10° ] |
Thalassionema nitzschioides P 35x 107 | ]
| Nitzschia delicatissima : ' _1
_ Pleurosigma directum f
Rhizosolenia setigera
Thalassiothrix longissima
- Skeletonema costatum

Johannesbaptistia pellucida

Biddulphia mobiliensis

N Eucamgia coodiacus




— iemianns s T T T 75k 'f
| | Thalassiothrix frauenfeldii | 2.0x 10" ¢ )
:_ Fragilaria oceanica 83x 10"}
L Corethron inerme 2.5x 10%
Rhizosolenia stolterfothii | 2.5 x 10° L
| Thalassiosira subtilis 1.6 x 10 N
% Coscinodiscus radiatus 28x 103_ ~
] Dinophysis caudata 25x 107
B | Peridinium depressum 2.5x 107
.| Dictyocha fibula 25x10° |
Oscillatoria nigroviridis 50x107 | 64x 10"
<25-10 um | Asterionella japonica 54x10° 4]
i Nitzschia longissima 5.9x 10" ?
| Pleurosigma directum 1.3 x10° | i
| Rhizosolenia setigera 50x10° | )
Thalassiothrix frauenfeldii 9.0x 10" |
Thalassionema nitzschioides 1.7x10° B
Nitzschia delicatissima 80 x 10°
Thalassiosira coramandeliana | 5.0 x 10°
. Rhizosolenia stolterfothii 18x10°
i Skeletonema costatum ] 8x 107
Fragilaria oceanica 32x10°
Eucampia zoodiacus 1.0x10°
Licmophora sp 2.5x 10°
Thalassiosira subtilis 1.4x 10°
o Coscinodiscus radiatus 3.8 x 107
‘ Prorocentrum micans 50x10°
Thalassiothrix longissima 3.8 x 107
Biddulphia mobiliensis 50x10°
Navicula hennedyii 5.0x 10
Oscillatoria nigroviridis 1.0x10° | 9.4x10°
<10 um Nitzschia longissima [2x10°
Navicula hennedyii 7.3 x10°
Thalassiosira coramandeliana | 4.7 x 10°
Thalassiothrix frauenfeldii 23x10°
Fragilaria oceanica 7.5x 10°
Johannesbaptistia pellucida 50x 107 | 2.8x10**

* Observed number
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“T'able 4.3- Average concentration of planktonic algace ot various size groups during
the posi-monsoon season at station |

Size groups Species . No/l . _Toal
> 500 um Chaetoceros curvisetus P 25x100 ]
Thalassiothrix longissima | 30X 10° | B
Nitzschia delicarissima C235x 107 o
Asterionella japonica 23x 107 13x10T
; V. g
<500 — 250 um Thalassiothrix longis&ima C46x 107 ] )
Nitzschia delicatissima L 25x10°
Chaetoceros atlanticus 25x 10
Asterionella japonica. L 23N 107
- __ | Bacteriastrun varians 22X 10° 1 15x10° B
<250 - 150 pm_| Chaetoceros curvisetus | 25x 10 | -
{ Niizschia delicatissima - 2 3x 107 B B
] Rhizosolenia stolterfothii F235x 107
Thalassiothrix longissima | 6.4 x 10
Chaetoceros lorenzianus 10X 10°
Asterionella japonica [ 10 x’__]_O? ]
Chaetoceros atlanticus - 23x 107
Nitzschia longissima | 23x10°
Biddulphia mobiliensis L 23x 107
Bacteriasirum varians T23x10%
Skeletonema costatum 25x 107
Oscillatoria nigroviridis 235x10° | 6.6x10°
<150~ 105 um | Chaetoceros curvisetus L 33x 10
Nitzschia longissima | 10x10°
Chaetoceros affinis 25x10°
Chaetoceros lorenzianus 23x 10°
Asterionella japonica 28x 10°
Streptotheca thamensis 25x10°
Chaetoceros atlanticus 25x 107
Rhizosolenia stolterfothii 25x 107
Nitzschia delicatissima 38x10°
Chaetoceros diversus 1.3 x 107
Thalassiothrix longissima 7.3 x 10
Rhizosolenia hebetate 50x 107
Bacteriastrum varians 25x10°
Chaetoceros tortissimum 235x10°

(o)
N



| Biddulphia mobiliensis

13x10° |

| Ceratiumfusus | 13x10°0
) Skeletonema costatum | 13X ]0__2 B
Rhizosolenia alata } 1.3 x 10°
Leptocylindrus danicus 1.3x 107
Oscillatoria nigroviridis [3x10" | 1.7x10°
<105 =353 pm | Chaetoceros curvisetus 58x 107 o
Nitzschia delicatissima 1.6x10°
Asterionella japonica 1.1 x lOT_ ]
Chaetoceros lorenzianus 25x 107 |
Ditylum sol 44 x 107
i Eucampia zoodiacus 25x1 0’ ~
Thalassiosira subtilis 1.5x10°
Navicula hennedyii 50x10°
Skeletonema costatum ldx1 _()3
Chaetoceros diversus 6.3 x 10 .
Rhizosolenia stolterfothii 1.3x 10°
Nitzschia longissima 57x10°
) Thalassionema nitzschioides | 7.5 X 10°
| Amphiprora gigantae 25x 107
Diplonies sp 25x10° L
Chaetoceros atlanticus 50x10°
Thalassiothrix longissima 6.7 x 10
Bacteriastrum varians 50x 10°
Biddulphia mobiliensis 50x10°
Ceratium fusus 50x 107
Ceratium furca 23x 107 _
Gonyaulax sp 25x%10°
Peridinium depressum 2.5x 10°
Chaetoceros tortissimum 2.5x 10°
Chaetoceros brevis 1.3 x10°
Pyrocystis fusiformis 3.8 x 10°
Leptocylindrus danicus 1.3 x 10°
Oscillatoria nigroviridis 32x 107 ] 1.9x10°
<53 -25 um | Skeletonema costatum 42x10°
Asterionella japonica 1.8x 10°
Guinardia flaccida 1.9x 10°
Rhizosolenia stolterfothii 2.0x 10°
Chaetoceros curvisetus 50 x 10°
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//m/awo{hu\ /IUI(UH/( /c/u o N ]’)

-
|
!l- \11__3¢_ﬁ1a delicatissima BRI 0%
i-_ _ o + Thalassionema mLsc/uqu{es 12 28 107
i \stchta /onwssu_nu_” 16 \_l_()_
N Thalassiosirasubalis 135107
L llmlaswothm longissima 475107 )
] B - Ceratium furca 72\ 107 4 -
L i ) Biddu/phia mobiliensis 50Nt )1 o B
T Naviewlahemedyn 75ni07
'L " Gymnodinium veneficun ___23\]02 B
] L Rhizosolenia setigera 255107 )
EL__ . Plenrosigma directum - 2.9x 107
L i Thalassiosira coramandeliana 3.8 x 10 o
e ' Rhizosolenia calcar-avis 1.3x10°
. Coscinodiscus radiates — 13x10°
. Dictvocha fibula__ 23100
L o [_eplr)f viindrus danicus 3.
I B_;_”__O:%)[e_’_?_la unbricate L
' Schroderella delicatula L.
. Amphiproragiganae ]
, ] . Chaetoceros diversus 2
'} <5 lOEm ' Sl\elelonema costatum 13
‘i i Nitzschia longissima - 20 .\ 
.! . Nitzschia delicatissima 20X ¥
;’ Leptocylindrus danicus 23 '
i  Hemiaulussp 25 i c
] | Thalassiothrix /();zg:ﬂund _ 9.' 107
S Thalassionema nitzschioides 5.0 x IU o
t—** . ' Rhizosolenia stolterfothii 165107 .
| y Pleurosigma directum 468107 |
| Navicula hennedyii L 50N 107
| Thalassiothrix frauenfeldii P 32107 !
l— ' Rhizosolenia setigera ' 305107

i - - . N - T
, Thalassiosira coramandeliana | 7.5 x 10"

i Thalassiosira subtilis 7 S5y 107

H R "j=l
t Prorocentrum micans

2.5x 107
| Oscillatoria nigroviridis

oo e e L

SON10° | 29 IO?'_;
l :
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< l() um SAe/emnema cos/a_tum ] () X I()

e Rh]:ﬁ.‘fie”’_' seugera 7 > X l() .

i  Nitzschia longissima _4§ \*l( . N

Ny icula hennedyii _1_.2_;5__1 0 _ i

e _E_q/@_smsua col qmqndelmna C 75X ]()’_ B
/(/7:-050_/&;110 stolterfothii S 1.3x 1()~

A Thalassionema nitzschioides 1_—@,-’_\',__1_0__ 9.6x 10

e —

* Observed number

- Table 4 4-Average concentration of planktonic algae of various size groups during
the pre-monsoon scason at station 2.

ESize oroups Species T No./l Total
. >500um  Thalassiothrix longissima L 72x10°
. Chaetoceros curvisetus 13« 10° o
. Bacteriastrum varians 25x 107 I.1x 10°
!
i <500 — 250 um : Thalassiothrix longissinu P13x 107 o
. Asterionella japonica 25x107 .
| - Oscillatoria nigroviridis L 1Ax 100 17x10°
[ : | i
ﬁ’S()- 150 um  Chaetoceros curviselus C1Ix 10T :
B i | Chaetoceros brevis 132x107 ¢ B
| . Asterionella japonica 1 2.9x 107 .
| . Hemiaulus sp L 13x 107 {
| iThalassiothrix longissima Ciix10t
L | Thalassiosira spp 119« 107 :
: " Bacteriastrum varians C13x 107 |
T " Chaetoceros affinis L 1.3x 107,
t Chaetoceros lorenzianus | 13x107 7 35x10° |
i I !
<150 — 105 um ! Chaetoceros curvisetus | 1.5x10° | !
| | Thalassiothrix longissima 10x10° | .
B | Thalassionema nitzschioides 13x IO2 |
Nitzschia delicatissima 25x10° | |
| Asterionella japonica 46x10" | !
| Schroderella delicatula 1 2.5x 10 |
| Hemiaulus sp 13x10° l
Bacteriasirum varians 3.8x 107 |
Chaetoceros brevis 38x 107 | |
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e 73/7" —05‘0)"’:”"1 stolterfothui ]2\}()7 o
o 1 Fragilaria oceanica | 1.3x] 0" :
| o Chaetoceros lorenzianus 25L_101_ o

Guinardia flaccida RS 10° f
Rhizosolenia styliformis 125« I )
Chaetoceros affinis 255107 |
o Rhizosolenia setigera 13x10°
- Thalassiosira coramandeliana | 3.8 x 1
Pleurosigma directum 1381070 63x10° |
|
| <105-53 w um Chaetoceros cunzsetus 1.0x 107
] | Asterionella japonica 1.0x10 |
.| Chaetoceros affinis 1.0x 10"
B Bacteriastrum varians FRER |
________ Schroderella delicatula 50x 107 |
| | Chaetoceros brevis 1 63x10° :
___{ Biddulphia mobiliensis 2.5x 107
______ Rhizosolenia setigera 8.7 x 10"
Planktoniella sol 1.3x 107
~ Thalassiosira coramandeliana | 1.1 x 10° B
L Nitzschia delicatissima [.3x lOz_
Coscinodiscus radiatus 13x107 i ;
Thalassiothrix longissima 11107 1
Peridinium depressum 2.5x10°
Thalassiothrix frauenfeldii 2.5%107 ¢
Thalassionema nitzschioides 25x 107
o Rhizosolenia stolterfothii 2.3 10"
i Cerativm furca 1] i N H)‘ o
Ceratium tripos 13X 107
Rhizosolenia clevei 13x10°
Pyrophacus horologicum 13x107 0 1.8x10°
<53 - 25 um | Thalassiosira subtilis 1.8x10° .
Thalassiosira coramandeliana | 1.3 x 107
Schroderella delicatula 10X 107
Coarethron inerme 2.5x lO2
Chaetoceros curvisetus 7.5x10° |
Nit=schia delicatissima 50107 |
Ceratium furca 88x10° |
Biddulphia mobiliensis 2.6x 10°
Nitzschia longissima 3.8x 10"
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| Asterionella japonica

f /__e___n_z_t_'au/us sp

Bacteriastrum varians

Skeletonema costatum 1.9 x 107
o Amphiprora gigantae 1.3x 107
- Rhizosolenia stolterfothii 5.1x10°
: ) Thalassiothrix longissima 57x 10
Peridinium tuba 1.3x 10"
Chaeloceros danicus 5.0 x 10°
. ) Pleurosigma directum 3.2 x 10" _
' ] Dictyocha fibula 2.5x 107
Rhizosolenia setigera 1.5x107 )
) | Coscinodiscus radiatus 1.3x 10°
Dinophysis caudaia 1.3x10°
Pyrophacus horologicum 25x 10°
Rhizosolenia clevei 13x10°]
. Gonyvaulax sp 1.3x 107
Thalassionema nitzschioides 13x10° | 14x10°
. <25-10 um | Nitzschia delicatissima 46x10°
Nitzschia longissima 2.1x10° )
_ Leptocylindrus danicus 4.6 x 107 _
Asterionella japonica 1.9 x 107
Schroderella delicatula 20x10°
Thalassionema nitzschioides 3.8x10°
; Skeletonema costatum 43x10°
Rhizosolenia stolterfothii 6.8 x 10
f_ | Corethroninerme 1.3 x10° “ )
Amphiprora giganiae 1.3x10°
Hemiaulus sp 2.5x 10
Thalassiosira coramandeliana | 2.5 x 10°
Thalassiothrix longissima 1.9 x 10°
Pleurosigma directum 5.0 x 107
Rhizosolenia setigera 1.4x10°
Johannesbaptistia pellucida 25x 107 [ 2.2x 10
<10 um Thalassiosira coramandeliana | 2.4 x 10°
Nitzschia longissima 1.0x 10°
Navicula hennedyii 1.0x 10°
Rhizosolenia stolterfothii 50x10° ] 49x10°*

*Observed number
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- Table 4.5-Avcrage concentration of planktonic algae of various size groups during
the monsoon season at station 2

—- P e, S oo

___S‘g oroup> . pccnc o \Jo /l lotll
>500 um Isreuon ella 1apomca 2,_5 N I()“ B 2_}} l_()_
! ?D(E_—f)(_ Em _._"i;éz/()ne//ajayonlcu - l.i___\_ 1067 o
S - Thalassiothrix I /()nwssnn(i R l()' o
- ) -(lmeroce/os curvisetus 25X V)* -
7 D Oscillatoria nigroy | 25x 107 26x U

- Oscillatoria nigrovir iricis

‘_{_250 — 150 um ! Asterionella japonica - 6.5X 10° i o
'__' | " Nitzschia delicatissima S 25x 10
o _Thalassiothrix longissima 85N 10°
L Niizschia longissima 19« I()’
E_( /zaefocelos cumselus P 25N H)
; (05(111()(/_1;__(_115 )adlalus 13X l(_')_2
____Pragilariaoceanica_____ 25x10° .
e .in__c_!'//qf_o_f_ti.aﬁ!’._gz‘,o__!m'd{-s_________ L 30N107 0 89N107
<150 - 105 um -ls/enone//ajapomca l 4xX 10 S
- Nuzschia delicatissima l 0x 10° B
_Chaetoceros curviselus - 25x ]0' -
- o LPlewosigma d” ectum __ 25X 10 e
L \n_sdua /onmssmza | S4x10° ; i
: i Thalassiothrix longissima ; hax ]O‘ 5 -
| ' Fragilaria oceanica 3 O x 107
) (__/mefoce;mlmen_zamls 1 25x !O"_ o
: O.Snl_l/_'/_(il_(il__{q nigroviridis 25N IO N S X [y’ ‘
<105-53 um | ASIEI’:'I'OHGHGJG[]OHIACCI 43 x 10"
' Nitzschia delicatissima 23 L )
' Chaetoceros curvisetus C23x 10
. Thalassiosira coramandefiana | 50x 10" =
é | Rhizosolenia setigera ; 7.5x 107 .
| \ Biddulphia mobiliensis P 7.8 x 107
] Skeletonema costalum | 92x10° | '
: ! Nitzschia longissima 58 x10% !
:r i Rhizosolenia stolterfothii {2.5x 10 ;
| Thalassionema nit=schioides } 1.9x10°
| Fragilaria oceanica | 2.5x 107 | !
| Pleurosigma directum | 3.8x10" |
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ST 77 T R (PSS
1 Thalassiothrix longissima 15 x 107 _
| Eucampia zoodiacus 25x 107
Coscinodiscus radiatus 75x% 10°
Thalassiosira subtilis 7.5x 10° !
' Oscillatoria nigroviridis 25x 107 56x10" ﬂ'
| -
<53 -25 um | Asterionella japonica 57x 107
| Thalassiosira subtilis 13x10" .
| Thalassionema nitzschioides ' 1.3 x 0"
) ] ____ﬁf__Pleuros_Qg_{_t)]_a directum 67 IOT_ B ]
;. . Thalassiosira coramandeliana = 7.3 x 107 ]
. ___|Skeletonema costam 21 x107 -
| Rhizosolenia stolterfothii  25x 10 ]
' Hemiaulus sp 25x 107 1'
o | Fragilaria oceanica 75x10°
: ) | Biddulphia mobiliensis 1.6x 10° ?
| Nitzschia delicatissima - 1.3 x 107 ]
! | Nitzschia longissima 7.5x 10°
] | Eucampia zoodiacus 30x 107
| Thalassiothrix frauenfeldii C1.3x10°
_ L Chaetoceros curvisetus ;| 1510
i Rhizosolenia setigera C75x 107 |
L | Coscinodiscus radiatus 27x 107 |
'? | Dictvocha fibula ' 25x10°7 !
| Thalassiothrix longissima C22x10° ]'
- | Leptocylindrus danicus L 25x 107 ¢
-~ \Chaetoceros spp 25x 107 ¢
: | Dinophysis caudata L 25x 107
, Oscillatoria nigroviridis " 32x10° | 44x10
_ | !
| <25-10 pm | dsterionella japonica 5.8x 107 |
| Nitzschia longissima £ 3.1x10° |
L Thalassiosira coramandeliana ! 3.6 x 10° |
i Guinardia flaccida L 2.5x 107
Pleurosigma directum 58x10% |
B Nit=schia delicatissima 3.4x 107 |




j ! S[\E{gone_ma cos/a/um [ S 0x H) i

[ _:_' R/7_(_~_0___sg/ema_§_{_0/le/ /Ol/zu ' 7.5 X l()

. | Thalassiothrix longissima 12X I 0° -

i i Iha/awolhrnﬁauen/eldu 2_3\ 10° e -
F_ ~ UHemiaulus sp 258107 '
; 5 >

' fha/asszonema mf_sc/nwa’es

L_ j__ B _: . Fragilaria oceanica CE3x l()f S
I i Thalassiosira subtilis 33X 1(): B

B N | Navicula hennedyii S U

|L o szlomes 5P _ 25100
IL - CosCﬂo_a_’z_s_gus____/_qd/afus - 3.0x 1(): o
; I Rhizosalenia setigera - 5.0x 107, e
N i Oscillatoria nigroviridis —_25x107+ 35x 107
L< 10 um SAelezonema coslazzug_ 1.9_._\'__1()‘T

L L f\ll_SChla longzssmm 45100
| Thalassiosira coramandeliana 8.8 x 1( j_ S
% | | Fragilaria oceanica 505107

! ' Rhizosolenia setigera 50x10° 0 98x10°*

*Observed number

- Table 4.6-Average concentration of planktonic algae of various size groups during
the post-monsoon season at station 2.

Size groups | Species . No./l . Total
| >500 um | Thalassiothrix longissima 50x10° 0 50x10°
l ! :
<500 — 250 um | Thalassiothrix longissima 5.0 X 107 )
Chaetoceros diversus 255107
Nitzschia delicatissima L 7.5 x 107 ;
Chaetoceros lorenzianus C 13X 102 | :
Asterionella japonica 50x 107
Pyrocystis fusiformis 25x10° D 24x10°
<250 — 150 pm | Chaetoceros curvisetus L 34x10°
Chaetoceros affinis L 2.5x 107 |
Asterionella japonica 1 20x10° j
Ditylum sol ' 25x10°
Bacteriastrum varians L 25x107 | ;
{ Chaetoceros lorenzianus L 1.0x 107 | |




Chaeltoceros atlanticus

_ _. | Thalassiothrix | 0’7&"-?:_""’.’.7..".{.__.. 38x 10| __
i Leptocylindrus danicus 2.5x 107 _—__'
Biddulphia mobiliensis 2.5 x 10 |
Nitzschia delicatissima 50x 107 N
o Skeletonema costatum 20x10° | 11x IO{'_._E
<130 - 105 um | Chaetoceros curvisetus 1.0x 107 _.
1 Asterionella japonica 9.8 x10° ,
. Bacteriastrum varians 2.5x10° | ‘
Chaetoceros danicus 1.0x 107
Chaetoceros affinis 7.5x 10 ’
Chaetoceros lorenzianus 15x10° )
: | Streptotheca thamensis 2.5x 10
! Chaetoceros diversus 75x 10
f: Nitzschia delicatissima 12x10°
B Thalassiothrix longissima 8.8 x 10°
| Rhizosolenia alata 2.5 x 107
Biddulphia mobiliensis 25x10° .
Leptocylindrus danicus 5.0x 107 5
Skeletonema costatun 5.0x10°
Guinardia flaccida 50x 10° B
Oscillatoria nigroviridis 50x10° | 29x 10"
<105=53 um | Chaetoceros curvisetus 1.2x 10"
Asterionella japonica 4.8 x 10°
Rhizosolenia stolterfothii 1.0x10°
Nitzschia longissima 38x 107
r Nitzschia delicatissima 1.7 x 10°
Skeletonema costatum 1.8 x 10°
Chaetoceros affinis 50x 107
Thalassiothrix longissima 8.3 x 10%
Chaetoceros lorenzianus 1.5x 10°
Ditylum sol 6.3 x 10°
Ceratium furca 2.5x10°
Chaetoceros diversus 50x10°
Thalassiosira coramandeliana | 2.5 x 10°
Eucampia zoodiacus 25x10°
Biddulphia mobiliensis 50x 107
Streptotheca thamensis 2.5x10°
Bacteriastrum varians 1.0x 10°




C e afnunjusus

_"S\IO

{

i (“uuggz_c_{gaﬂacac/a o 1 5.0x 10°
o N Coxmoch_scus radm(us 2 (l_\_lO -
| Leptocylindrus danicus 50X 10° 3.1«x 10
___—_<§—3 —25um S/x'eletone;za costatum 85 x] _O1 ) B
] Ceratium furca 75x 107 o
Asterionella japonica 1.3x10° -
Nitzschia delicatissima 93x 10° B
i Thalassiothrix longissima 4.2x le
- Peridinium tuba - 50x 10° o
__t Peridinium spp 5.0x10°
o ____j_.Rhl'osolema stolterfothii 63x 107
i Thalassiosira subltilis 2.5x 107
Thalassiothrix frauenfeldii 63x107 |
- Navicula hennedyvii 18 «x IO“)____
_ Thalassionena nzl*scluozdes 2.5x 107 o
Nitzschia longissima 25x 10
| Dinophysis caudata 25x10°
Biddulphia mobiliensis 5.0x 107
Gomyaulax sp 2.5x 10° ,
Pleurosigma directum 63x10°} §
! Amphiprora gigantae 25x 107 f
Coscinodiscus radiatus 1.0x10°
Leptocylindrus danicus [Ox 10
Corethron inerme 5.0x 10°
Chaetoceros curvisetus 1.0x 107
N Chaetoceros danicus~ 1.0x 10° o
Guinardia flaccida C10x10° | 23x107 .
<25—10um | Skeletonema costatum - 40x10°
Rhizosolenia stolterfothii L5 1x 107
Thalassiothrix longissima L 6.3x10°
Leptocylindrus danicus - 29x10°
Chaetoceros curvisetus i 25x 107
Pleurosigma directum i 3.8x 10’
Thalassiosira coramandeliana | 5.0 x 10 .
Thalassiothrix frauenfeldii 5.0 x 10
Nitzschia delicatissima 1.7x10° ‘
Nitzschia longissima 1.4x10° 3
Thalassionema nitzschioides | 2.5 x 10
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'}: | Dinophysiscaudara [ 25x10° |
o . iMNaviewlahennedyii [ 50x10? )
e Iragilaria oceanica 1.0x 107 o
© Coscinodiscus radiatus ' 5.0x 10°
Nitzschia sp _ C1.0x 107
Oscillatoria nigroviridis | 25x 16‘7 57x 107
< 10 um | ' Skeletonema costatum - 68x10°
. Fragilaria oceanica L 2.5x10°
| Navicula hennedyii 1 35x10° B
Nitzschia longissima 1 43x10°
| Rhizosolenia stolterfothii 2.5x 10
' Thalassiosira coramandeliana | 7.5x 10" | 1.6 x10™* |

* Observed number
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- Table 4 7-Abundance of various size frachions ol planktonic algae (No /1)

l

_dunng lhe_dl__[ lerent scasons at shm()n I

§ Post-monsoon %«

Size groups ¥ | Pre-monsoon % ' Monsoon ! % y
>500pm  113x10° 16 (16x10° 04 135100 13
<500 - 250 ym; 2.3 x 10° 28 28x1 _p‘ 06 15x10° 14
250150 um 4210 150 14x10° ;3.1__'_____;5_6()\ 0° 63
<150—105um 1.1 x 107 133 57x10° 126 17x10° 163
<105~ 53 um 2.6x10‘ 313 19x10° 14271 19x10° 18.3
<33-25um 14x10° 1169 :64x10° 142 :20x 10*' 19.2
<25—-10um | 1.8x10° 1217 [ 94x10° 1208 :29x10° 280
<10 pm 161x10°% (74 [28x10°* 62 196x100* 92
fotal '83x10° 100 {4.5x10° 1100 [ 1.0x10° 100

* Observed number

- Table 4.8-Abundance of various size fractions of planktonic algae (No. /1)

during the different seasons at station 2.

Size groups V¥ | Pre-monsoon | % Monsoon % Post-monsoon. %

> 500 pm LIx10°  [15 (25x10° 104 |5.0x10° 0.3
<500 - 250 pm; 1.7 x 10° 23 [26x10° |15 [24x10° 14
<250 - 150 pm| 3.5x 10° 49 189x10° |51 [11x10' 6.5
<150~ 105 um 6.3 x 10° 88 118x10° [103129x10" 17.1
<105-53 um | 1.8 x 10 252 [36x10° 1320 131x10° 182
<53-25um | 14x10° 196 [44x10" 252 {23x10° 135 ]
1 <25-10um |22x10' 308 135x10° 1201 |57x10° 33.6 !
[ <10 um 49x10°* [69 198x10°* |56 ;16xI10°* 94 |
Total 7.2x 10° 100 {1.7x10° {100 {16x10° 100

* Observed number
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Table 4.9-Diversity indices for station 1 during the pre-monsoon season.

@_—5176 Lroups V | Shannon index §1mpson mdL‘( Richness index | Evenness mdc\{
S500um 0500 {0680 0140 0722 i
- <500 - 250 pm O ).979 10484 O 388 10707
<250 - 150 pm; 1. ] 790 0.186 0719 0.920

<150 — Oﬁ um! 2, 276_ 10.162 - 1.920 0775 |

<105 —-53 um | 2222 0217 2558 0.674 |
- <53-25um 12978 0.077 2,932 0.884
<25-10um | 263] 0.107 0 2.548 0.808 o

<10 pm 1.594 0.256 1 0.689 0.819 '

- Table 4.10-Diversity indices for station | during the monsoon season.

Size groups ¥V | Shannon index | Simpson index E_Richncss index | Evenness mdcx
> 500 um 0.706 0.609 0272 0.643
1 <500 — 250 um | 0.186 0912  0.126 0.269
<250 — 150 pm | 1.178 0.520 | 1.047 0.491
<150 — 105 pm| 0.744 0.712 1.187 0.282

'<105=53 um | 1.038 0.626 1.810 0.331 i
[ <53-25um [ 2.390 0.145 1.988 0.762
' <25-10pum | 2.787 0.173 1752 0.947
<10 um | 1.387 0.288 1 0.488 0.774 |

- Table 4.11-Diversity indices for station 1 during the post- monsoon season.

Size groups ¥ | Shannon index | Simpson index | Richness index | Evenness index
> 500 um 1.332 0.280 0.421 0.961

<500 — 250 um | 1.573 0217 0.549 0.977

<250 -~ 150 um| 2.145 0.157 1.249 0.863

<150 — 105 um| 2.168 0.184 1.970 0.724
<105-53 ym | 2.767 0.113 2.726 0.830
<53-25um |2.778 0.090 2,530 0.853
<25-10pum | 1.937 0.234 1.459 0.699

<10 pm 1.533 0.298 0.654 0.788 B
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- Table 4 .12- Diversity indices for station 2 during the pre- monsoon scason.

' Size Ql’OUp\ 'V Shannon index | Snmpson index ; Richness index  Lvenness md(,\

.i

(>500um 0867 0494 0 286 0789
<>oo 250 um_ 0691 0620 0269 0629
<250 - 150 um 1795 0219 0979 0817

| <IS0- 105 um 2544 0110 1.945 0.880 B
P <]05-53 um | 1.925 1 0.327 ©2.041 0632
;<>3~25 um . 2.942 - 0.068 2,734 0.893

1 <25- 10 um 2284 -0.129 1,502 0.824

[ <10um 1.23] . 0.334 £ 0.353 . 0.888

- Table 4.15- Daversity indices for station 2 during the monsoon season.

> 500 um 0,000

0.000

1.000 0.000
| <500 — 250 um: 1.110 L 0.401 10381 0.801 ;
| <250 - 150 um: 1.060  0.546 0769 0.510
1 <150-105um: 0997 10617 0816 0434
' <105-53 pum . 1.145 1 0.593 1555 0.396 :
L <53-25pum . 2425 1 0.147 ;70>Q 0.773 j
| <25-10um ;2465 1 0.096 1720 0837
(<10 um 1484 10286 0544 0828 B

- Table 4.14- Diversity indices tor station 2 during the post- monsoon season.

| Size groups ¥ ! Shannon index | Simpson index | Richness index . Evenness index

. |
>500 um . 0.000 1.000 0.000 70.000 B
<500 — 250 pm; 1.652 :0.213 - 0.643 0922
<250 — 150 um: 2.046 1 0.171 11.179 10.823
<150 - 105 ym! 1.872 0.242 | 1.459 1 0.675 |
<105-53 um ;2282 0.189 1.934 10.750 !
<53-25um {2559 0.157 2.289 1 0.805
<25-10um 11301 0.507 ' 1.461 1 0.459
<10 um 1 1.326 0.309 0.517 1 0.740
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Abundance of size fractions of planktonic algae (No. /l) during
the different seasons at station 1
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Abundance of various size fractions of planktonic algae
as percentage during the different seasons at station 1
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Abundance of size fractions of planktonic algae (No. /1) during the
different seasons at station 2
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Abundance of various size fractions of planktonic algae as

percentage during the different seasons at station 2
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Diversity indices for station 1 during the pre-
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CHAPTERS



CHLOROPHYLL ¢ CONCENTRATION OF SIZE FRACTIONS
OF PLANKTONIC ALGAE

INTRODUCTION:

All living organisms depend on the conversion of radiant solar energy
1o chemical energy that occurs in the process of photosynthesis. In the
photosvnthesis the conversion of light to chemical energy is greatly dependent
upon chlorophvll  Among the various pigments (chlorophylls. carotenes,
xanthophvlls and biliproteins) which hase been tound to be involved 1n
photosinthesis. only chlorophyvil @ 1s common 1o all photosvnthetic organisms.
Chlorophvll @ 15 recognized therefore to be the main pigment. and all other
pigments are considered to be accessory pigments.

Measurement of chlorophvil ¢ 1s one of the most frequently used
technigues in assessing standing crop ot pianktonic algae. since 1t s universally
present in them.

Generally. oceanic regions in temperate and modcrately high latitudes
have a fairly high standing crop whereas low latitudes. and the central areas of
oceanic gvres. are characterized by low standing crop. Long shore winds along
the coastal zone can cause up welling. such regions have very large algal crop. In
most regions of the world. whatever the latitude. the planktonic algae near the
coast 1s normally richer than that of the offshore and oceanic waters. In the lower
latitudes the standing crop over the vear shows relatively small variations,
whereas at high latitudes there are very clear seasonal fluctuations with high
standing crop in the spring, contrasting sharply with low standing crop in the
winter.  Significant differences may be seen between the standing crops of

planktonic algae in coastal and offshore areas.
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In contrast to the warm open occans, many coastal arcas ' the
tropics show large fluctuations in the standing crop of the planktonic algac. due
partly to local climatic conditions, partly to a different grazing intezsity.
Subramanyan (1939) suggested maximum amplitude ot algal standing crop <7 150
times tor some Indian waters. [n the eastern tropical pacific the average ¢r:zing
pressure in oceanic arcas 1s about three times that of inshore waters, so tr.:: the
crop of mshore waters is more variable than that of the open ocean (M:lone,
1971).

Planktonic algae irrespective of their size variations contrib_e to
the total amount of chlorophyli a. but the relative contribution of each size z—oup
varies. depending on the prevailing environmental conditions. Jochem i - 989)
found that. in western Baltic. picoplankton attained its greatest importer. 22 n
mid-summer, contributing 8 ~ 33 % ot the total chlorophyvll. Kawabatz <t al
(1993) observed that. in the Vellar estuary, south-east coast of India, the :zrgest
quantity of chlorophyll @ was found in the sizes fraction of 5 — 10 um. Lz et al
(1995) tound that. net phvytoplankton with cell size > 20 um in the socthem
Atlantic Ocean having abundant nutrients accounted for the highest proportica (65
%) of the total chlorophvll a. while in infertile southern Indian Ciwean.
picoplankton accounted for the highest proportion, for example. (47 %) of the
total chiorophyll . In the south-west Pacilic Ocean, subtropical convergercz and
in oceanic New Zealand waters, picoplankton (<2 um) formed more than 3t o of
chlorophyll a and primary production in most water types and seasons, except
when the 20 — 200 um size fraction dominated in western coastal waters in saring
and 1n the subtropical convergence in winter and spring (Bradford, 1997). L. et al
(1998) found that, in the East China Sea, picoplankton, nanoplankton ard net
plankton accounted on average for 47. 33 and 20 % of the total chlorophyll.

Subramanyan and Sarma (1965) in the area oft Calicut, south-
west coast of India. estimated the standing crop of microalgae by fraczional

filiration followed by pigment measurement and confirmed the very large size of
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the standing crop. especially during the south-west monsoon scason. Although in
some occasions (June 1939 August 1960) nanoplankton comprised more than 80
% of the standing crop. on average it constituted only about 40 %. Shah (1969)
found that. in the Laccadive Sea oft Cochin, chlorophvll @ values ranged between
almost nil and ehout § mg / m” at the surface and between zero and 6 mg / m’ at |5
m depth. If torzl column (0 — 16 m) pigments were considered. values ranged
berveeen approximately 5 and 210 mg / m® Taking total pigment content, June to
Octoner were the rich months and November to March the poor months, average
values being about 150 and 20 mg / m®, respectively. January was the poorest
momh with 5 - 10 mg ¢ n”

Land run-off, in addition to the coastal up welling off the south-
west coast of Irdia. during the south-west monsoon period. leads to a general

richness of the microalgal standing crop.

RESULTS:

All planxtonic algae irrespective of their size range contribute to the entire
photosynthetic potential.  An understanding of the distribution of chlorophyli a
among the various size tractions of planktonic algae at different seasons, in the
coasial waters o the south-west coast of India 1s guite useful for a more reliable
interpretation ot the seasonal fluctuation of fishery resources.

At station 1. durning the pre-monsoon season. the larger size group of >
500 um in size which mcluded the diatoms Chaeroceros curvisetus and
Thalassiothrix longissima contributed 0.10 mg / m”. 3.2 % of the total chlorophyll
a. The planktonic algae of the size fraction of < 500 — 250 um, consisting of the
diatoms Chaetoceros curvisetus. Chaetoceros affinis. Thalassiothrix longissima
and Adsrerionella japonica contributed 0.11 mg/m’, i.e. 3.6 % of the total pigment.
The size group of < 250 — 150 um, which was dominated by the diatoms

Thalassiothrix longissima and Chaetoceros curvisetus along with other diatoms
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such as Chaetoceros spp. Rhizosolenia setigera and  Asterionella japonica gave
012 mg/ m.ie 39 % to the total chlorophyll @ content. the contribution of the
size group of < 150 — 105 um to the total amount of chlorophyll @ was found to be
016 mg/ m'. ie 3.2%. Chaetoceros curvisetus was the dominant specics in this
size group, the other planktonic algac were Chaetoceros spp. Rhizosolenia spp.
Nitzschia  spp.  Thalassiosira  coramandeliana, — Pleurosigma — dirécium.
Bacteriastrum — varians.  Biddulphia — mobiliensis.  Asterionella  japonica.
Schroderella delicatnla.  Guinardia flaccida,  Ditylum sol and Strepiciheca
thamensis. The planktonic algae of the size group of < 105 — 53 pm in size
contributed 047 mg / m’. ie. 132 % of the total chlorophvll a, Chaeicceros
curvisetus was the dominant species. and the other species were Chaetocercs spp.
Thalassiosira coramandeliana. Nitzschia  spp. Pleurosigma  directum.
Bacteriastrum  varians. Thalassiothrix  longissima,  Asterionella  japonica,
Schroderella delicatula. Biddulphia mobiliensis. Corethron inerme. Hemiaulus
sp. Ditylum sol.  Planktoniellu sol. Rhizosolenia spp, Ceratium furca, Peridinium
spp. Dinophysis caudaia and Pyrophacus horologicum. The size {fraction of < 53
- 25 um contributed 0.33 mg / m. ie10.6 % of the total chlorophyll a. the
planktonic algae of this size group were Thalassiosira coramandelian: and
Rhizosolenia setigera as the dominant species, the other microalgae were.

Rhizosolenia siolierfothii. Chaetoceros spp. Pleurvosigma direcium. Coscinc.iiscus

radiatus,  Hemiaulus sp.  Schroderella delicatula.  Amphiprora gigantae,
Asterionella  japonica. Biddulphia  mobiliensis,  Nitzschia  delicatissima.
Stephanopyxis palmeriana. Thalassionema nitzschioides. Peridinium spp.

Ceratium furca. Prorocentrum gracile. Dinophysis caudata, Dictyocha fibula and
Johannesbaptistia pellucida. The contribution of the planktonic algae in the size
range of < 25— 10 um was 0.46 mg / m’, ie. 14.8 % of the total chlorophvll a.
The dominant species of this size group was Skeletonema cosiatum, the other
species being Nirzschia spp. Rhizosolenia spp, Thalassiosira spp, Pleurosigma

directum. Schroderella delicatula.  Leptocylindrus danicus.  Thalassionema



nitzschioides.  Ceratium  furca.  Prorocentrum micans. Gonvanlax sp and
Johannesbaptistia pellucida. "The major contribution was found to be that of the
smallest size group of < 10 um in size, with 1.35 mg/ m’. ie 43.5 % of the total
chlorophvil @. The planktonic algae icluded in this size fraction were [ragilaria
oceanica. Navicula hennedvii and Thalassiosira coramandeliana (as the dominant
species).  the other forms were Thalassiothrix frauenfeldii. Leptocylindrus
danicus. Nitzschia spp and Johannesbaptistia pellucida.

The total amount of chlorophyvll a during the pre-monsoon season

at station 1 was relatively low, with average value of 3.10 mg / m’ (Table 5.1).

- Table 5 1-Average values of chlorophyvll @ during the

pre-monsoon season at station 1.

Size groups ¥ Chlorophyll a (mg / m") Y%
> 500 um 0.10 32
<500 - 250 um 0.11 3.6
<250 — 150 pm 0.12 3.9
<150 - 105 um 0.16 52
<105 -353 um 0.47 152
<53-25um 0.33 10.6
<25—-10um 0.46 [4.8
<10 um 1.35 435
Total 3.10 100

In the monsoon season, dsterionella japonica. Eucampia
zoodiacus and Oscillatoria nigroviridis of the largest size group of > 500 um were
contributing with 0.24 mg / m*, ie. 1.6 % of the total chlorophyll a. The size
group of < 300 — 250 um which was formed of Asterionella Japonica and

Fragilaria oceanica contributed 0.27 mg / m’, i.e. 1.8 % of the total chlorophyll
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a the size fraction of < 250 — 150 pm was contributed 0.33 mg / m’, Qe 2.2 %
Asterionella japonica was the dominant species of this size group. the other
microflora were Nitzschia spp. Thalassiosira coramandeliana. Thalassiothrix spp.
Bacteriastrum varians. Hemiaulus sp.  Rhizosolenia -styliformis.  Chaetoceros
curvisetus and Fragilaria oceanica. The contribution of the planktonic algac in
the size range ot < 150 105 pm has been found to be 1.18 mg / m’, i.e. 7.9 % of
the total chlorophyll a, Asterionella japonica was dominating in this size group.
the other species were Chaeloceros spp. Rhizosolenia spp.  Nitzschia spp.
Pleurosigma directum. Ditylum sol, Eucampia zoodiacus, Fragilaria oceanica.
Thalassiothrix longissima and Oscillatoria nigroviridis. The size group of < 105 -
53 um contributed signiticantly during this season. vielding 4.59 mg / m’. ie.
30.8 % of the total chlorophyll a. this group was also dominated by the diatom
Asterionella japonica, the other members were Rhizosolenia spp, Nitzschia spp.
Thalassiosira spp. Thalassiothrix spp. Coscinodiscus spp. Pleurosigma spp.
Chaetoceros curvisetus, Eucampia zoodiacus, Thalassionema nitzschioides.
Ditylum sol. Skeletonema costatum. Biddulphia mobiliensis. Guinardia flaccida.
Planktoniella sol. Bacteriastrum varians. Fragilaria oceanica and Oscillatoria
nigroviridis. The microalgae of the size group of <353 — 25 um were contributing
257 mg / m’, ie 172 % of the total amount of chlorophvll a, Asterionella
Japonica was the domiant species, the other microalgae were Thalussiosira
coramandeliana.  Nitzschia  spp.  Rhizosolenia  spp.  Thalassiothrix  spp.
Pleurosigma directum, Coscinodiscus radiatus. Thalassionema nitzschioides.
Fragilaria oceanica. Skeletonema costatum. Eucampia zoodiacus, Corethron
inerme, Biddulphia mobiliensis. Peridinium depressum. Dinophysis caudata.
Dictyocha fibula and Johannesbaptistia pellucida. The planktonic algae within
the size range of < 25 — 10 um have been found to contribute by 1.28 mg / m’, ie.
8.6 % of the total chlorophyll a, Nitzschia longissima was the dominant
microalgae in this size group, the others were Asterionella japonica, Thalassiosira

coramandeliana, Navicula hennedyii, Pleurosigma directum, Rhizosolenia spp.
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Coscinodiscus — radiatus, Thalassiothrix — frauenfeldii. Thalassionema
nitzschioides. Nitzschia  delicatissima.  Skeletonema  costatum.  ['ragilaria
oceanica. Fucampia zoodiacus. Licmophora sp. Biddulphia mobiliensis and
Prorocentrum micans. The smallest size group of < [0 um was contributing 4.46
mg/ m’. i.e. 29.9 % of the total chlorophyll @ The planktonic algae belonged to
this size group were Thalassiosira coramandeliana, Niizschia longissima.
Fragilaria oceanica. Navicula hennedyii.  Thalassiothrix  frauenfeldii  and
Johammesbaptistia pellucida.

The total chlorophyll a was relatively the highest during the monsoon

season with average value of 14.92 mg / m’ (Table 5.2).

- Table 5.2- Average values of chlorophyll @ during the

monsoon season at station 1.

Size groups ¥ Chlorophyll a (mg / m’) %
> 500 um 0.24 1.6
<3500-250 um 0.27 [.8
<250-150 um 0.33 22
<150 =105 um 1.18 7.9
<1053 -53 um 4.59 30.8
<53-25um 257 172
<25-10um 1.28 8.6
< J0 um 4.46 299
Total 1492 100

During the post-monsoon season, 7Thalassiothrix longissima,
Chaetoceros curvisetus, Nitzschia delicatissima and Asterionella japonica were
recorded in the largest size group of > 500 um; their contribution to the total
chlorophyll @ has been found to be 0.10 mg / m’, 1.1 %. The size group of < 500

- 250 pum which included the diatoms Thalassiothrix longissima. Nitzschia
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delicatissima, Chaetoceros atlanticus.  Asterionella japonica and Bacteriastrum
varians recorded 0.12 mg / m’. contributing 1 3 % of the total chlorophyll ¢ The
contribution of the planktonic algae within the size range of < 250 — 150 um was
015 mg / m', ie 17 % The species included in this size fraction were
Chaetoceros  curvisetus,  Chaetoceros — spp.  Nitzschia — spp.  Rhizosolenia
stolterfothii.  Thalassiothrix  longissima.  Asterionella  japonica.  Biddulphia
mobiliensis. Bacteriastrum varians, Skeletonema costatum and  Oscillatoria
nigroviridis. The planktonic algae of the size fraction of < 150 — 105 um
contributed with 0.21 mg / m’, 2.3 % of the total pigment. the observed species
were Chaetoceros curvisetus (dominant). Chaetoceros spp.  Nitzschia  spp.
Rhizosolenia spp. Asterionella japonica. Strepiotheca thamensis. Thalassiothrix
longissima.  Bacteriasirum varians.  Biddulphia mobiliensis.  Skeletonema
costatum, Ceratium fusus and Oscillatoria nigroviridis. The size group of < 105
— 53 um, has been found to contribute 0.64 mg / m’. ie 7.1 % of the total
chlorophylt a, Chaetoceros curvisetus was the dominant species, the other
microfiora  bemng Chaetoceros spp. Asterionella  japonica. Nitzschia  spp.
Rhizosolenia stolterfothii.  Navicula henwnedvii,  Dinvlum  sol.  Eucampia
zoodiacus. Thalassiosira  subtilis.  Skeletonema  costatum.  Thalassionema
nitzschioides, Amphiprora gigantae. Diplonies sp. Thalassiothrix longissima.
Bacteriasirum varians.  Biddulphia  mobiliensis. — Leptocviindrus  danicus.
Ceratium spp. Peridinium depressum. Gonyaulax sp.  Pyrocystis fusiformis and
Oscillatoria nigroviridis. The contribution of the size fraction of < 33 — 25 pm
was 0.73 mg / m’. 81 %, the microalgae found in this size group were
Skeletonema costatum (dominant).  Asterionella japonica. Chaetoceros
curvisetus, Guinardia flaccida. Rhizosolenia spp. Thalassiothrix frauenfeldi,
Nitzschia spp. Thalassionema nitzschioides. Thalassiosira spp. Biddulphia
mobiliensis,  Navicula hennedyii,  Coscinodiscus radiatus. Leptocylindrus
danicus, Schroderella delicatula.  Amphiprora giganiae, Ceratium furca.

Gymnodinium veneficum and Dictyocha fibula. The micro tlora within the size
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fraction of < 25 = 10 pm contributed by (0. 80 mg / m*. & 8 % of the total pigment,
the members of this size group were Skeletonema costatun (dominant Specics).
Nitzschia  spp.  Leptocvlindrus — danicus.  Hemianlus — sp. Thalassionema
nitzschioides.  Rhizosolenia spp.  Pleurosigma  directum. Navicula  hennedyil,
Thalassiothrix frauenfeldii. Thalassiosira coramandeliana. Prorocentrum micans
and Oscillatoria nigroviridis. The highest coninbution was that of smallest size
group of < 10 um in size. They yielded 6.30 mg / m’. ie. 69.6 % of the total
amount of chlorophvll «. rhe microalgae belonged to this size group were
Skeletonema costatum.  Nitzschia longissima. Thalassionema nitzschioides and
Navicula hennedyri (dominant species). Rhizosolenia spp. Thalassiosira
coramandeliana and Gymnodiniim veneficum.

The average total chlorophyvIl @ recorded during the post-monsoon

season at station 1, was 9.05 mg/m’ (Table 5.3).

- Table 5.3-Average values of chlorophvil ¢ during the

post-monsoon season at station 1.

Size groups ¥ Chlorophyll a (mg / m’) %
> 500 um 0.10 1.1
<500 - 250 um 012 1.3
<250 =130 um 0.1 |.7
< 150 - 105 um 0.21 2.3
<105-353 um 0.64 7.1
<53-25um 0.75 8.1
<25-10 um 0.80 8.8
<10 um 6.30 69.6
Total 9.05 100
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Al station 2, in the pre-monsoon season. the largest size group of
> 500 um contributed 0.11 mg / m’. which is 2.4 % of the total chlorophyll «.
Thalassiothrix longissima (dominant). Chaetoceros curvisetus and Bacteriastrum
varians were found in this size group. The size group of < 500 — 250 um
contributed 0.13 mg/ m’, consisting 3.0 % of the total chlorophyll @. Two diatom
species Thalassiothrix longissima (dominant). Asterionella japonica and a single
species of blue green algae Oscillaforia nigroviridis were present in this size
group. The planktonic algae within the size range of < 250 — 150 um contnbuted
0.17 mg / m’, which is 3.8 % of the total pigment, the microalgae included
diatoms such as Chaeloceros curvisetus.  Thalassiothrix longissima (as the
dominant species). Asterionella japonica. Thalassiothrix frauenfeldii. Chaetoceros
spp.  Hemiaulus sp. Bacteriastrum varians. and Thalassiosira spp. The size
fraction of < 150 — 105 um recorded 0.19 mg / m’, contributing 4.2 % of the total
chlorophyll a, Chaetoceros curvisetus and Thalassiothrix longissima were the
dominant species. the other species were Chaetoceros spp.  Nitzschia spp.
Rhizosolenia spp.  Thalassiothrix frauenfeldii.  Thalassionema nitzschioides.
Asterionella japonica. Schroderella delicatula, Hemiautus sp. Bacteriastrum
varians, Fragilaria oceanica, Thalassiosira coramandeliana, Pleurosigma
directum. and Oscillatoria nigroviridis.  The size group of < 105 — 53 um
contributed 0.52 mg / m’, which is 11.5 % This size fraction included
Chaetoceros curvisetus, as the dominant species, the other microflora were
Chaetoceros spp. Rhizosolenia spp,  Nitzschia delicatissima, Thalassiosira
coramandeliana.. Biddulphia mobiliensis, Asterionella japonica, Bacteriastrum
varians, Schroderella delicatula. Plankioniella sol. Coscinodiscus radiatus,
Thalussiothrix  frauenfeldii, Thalassionema nitzschioides. Ceratium furca.
Ceratium tripos. Pyrophacus horo[ogiczun and Oscillatoria nigroviridis. The
contribution of the size fraction of < 53 — 25 um gave 0.47 mg / m’, which is
104 % of the total chlorophyll a.  Thalassiosira subtilis, Thalassiosira

coramandeliana and Rhizosolenia setigera were the dominant species, the others
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being Skeletonema costatum. Nitzschia spp. Rhizosolenia spp. Pleurosigma
directum. Corethron inerme. Schroderella delicanila.  Chaetoceros curvisetus.
Biddulphia mobiliensis. Asterionella japonica. [lemiaulus sp. Bacteriastrun
varians. Coscinodiscus radiatus. Thalassionema niizschioides.  Thalassiothrix
Sfrauenfeldii. Ceratium furca. Dinophysis caudata. Pyrophacus horologicum.
Gonvaulax sp and Dictvocha fibula. The planktonic algae of the size group of <
25 — 10 um were Nitzschia delicatissima.  Skeletonema  costatum  and
Thalassiosira coramandeliana. Nitzschia longissima.  Leptocylindrus danicus.
Asterionella  japonica. Schroderella delicatula. Thalassionema nitzschioides,
Rhizosolenia spp. Corethron inerme. Pleurosigma directum and Johannesbaptistia
pellucida.  They contributed 0.80 mg / m’.  which is 177 % of the total
chlorophyll @, The highest contnibution in terms of chiorophvii ¢ was by the
smatlest size group of < 10 um in s1ize, which recorded 2.12 mg / m’, which is
47.0 % of the total pigment. the members of this size group which could be
observed were Thalassiosira coramandeliana.  Nitzschia longissima.  Navicula
hennedyii . Rhizosolenia stolierfothii and the blue-green alea Johannesbaptistia
pellucida.

The total chlorophyll @ content recorded was the lTowest at
station 2, during the pre-monsoon scason. with an average value of 4.5] mg / m’

(Table 5.4).
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- Table 5.4-Average values of chlorophyll  during the

pre-monsoon season at station 2.

Size groups '¥ Chlorophyll @ (mg / m’) Yo
> 500 um 0.11 24
<500 - 250 um 0.13 3.0
<250 - 150 pm 0.17 3.
<150 = 105 um 0.19 472
<105-53 um 0.52 1.5
<53 -25pum 0.47 10.4
<25-10 um 0.80 17.7
<10 um 212 470
Total 4.51 100

During the monsoon season, the planktonic algae > 500 um
recorded 0.10 mg / m*. which is 1.9 % of the total chlorophyll a, Asterionella
Japonica was the only species recorded in this size group. The size group of < 500
— 250 wm recorded 0.12 mg / m’. which is 2.3 % The planktonic algae of this
size  fraction included Asterionella japonica. Thalassiothrix  longissima.
Chaetoceros curvisetus and Oscillaioria nigroviridis. The planktonic algae of the
size group < 250 - 150 wm were .Adsterionella japonica, Niizschia spp.
Thalassiothrix longissima.  Chaetoceros curvisetus. Coscinodiscus radiatus.
Fragilaria oceanica and Oscillatoria nigroviridis. They contributed 0.14 mg / m’,
2.7 % of the total pigment. The microalgae within the size range of < 150 ~ 105
um contributed 026 mg / m>, which is estimated to be 4.9 % of the total
chlorophyll a. Asterionella japonica. Nitzschia spp. Chaetoceros spp,
Pleurosigma directum, Thalassiothrix longissima and Oscillatoria nigroviridis
formed this size group. The size group of < 105 — 53 pum in size contributed 1.15

mg / m’, which is 21.8 % of the total chlorophyll a, Asterionella japonica was the
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dominant species here. the other species being Nitzschia spp. Rhizosolenia spp.
Thalassiosira coramandeliana. Plewrosigma directum. Coscinodiscus radiatus,
Chaetoceros curvisetus,  Biddulphia  mobiliensis. Skeletonema  costatuin.
Thalassionema nitzschioides.  Planktoniella sol, Thalassiothrix longissima,
Eucampia zoodiacus. fragilaria oceanica and Oscillatoria nigroviridis.  The
microalgae within the size fraction of < 53 — 25 pum contributed 1.10 mg / m
which form 20.8 % of the total chlorophyvll a, Thalassiosiva subtilis. Thalassiosira
coramandeliana and dsterionella japonica were the dominant microalgae, and the
other forms were Thalussiothrix spp, Thalassionema nitzschioides. Pleurosigma
directum, Skeletonema costatum, Rhizosolenia spp. Hemiaulus sp. Fragilaria
oceanica, Biddulphia mobiliensis.  Nitzschia  spp.  Eucampia  zoodiacus.
Chaetoceros  curvisetus.  Leptocylindrus — danicus.  Coscinodiscus — radiatus.
Dinophysis caudata. Oscillatoria nigroviridis and Dictvocha fibula. The size
group of < 23— 10 um contributed 0.33 mg / m’. 10.0 % of the total chlorophyll 4,
the microalgae found here were Asterionella japonica. Skeletonema costatum.
Thalassiosira coramandeliana and Nitzschia delicatissima as the dominant
species,  the other species were Rhizosolenia spp. Nitzschia longissima,
Guinardia flaccida. Fleurosigma directum. Thalassiothrix spp.  Hemiaulus sp.
Thalassionema nitzschioides.  Fragilaria oceanica.  Navicula hennedyii and
Coscinodiscus radiains. The highest amount of chlorophvil ¢ was recorded for the
smallest size group of < 10 um in size, its contribution was 1.88 mg/ m’, i.e. 35.6
% of the total chlorophyll a content. The species dominated in this group were
Nitzschia longissima. Skeletonema costatum and Navicula hennedyii; the other
forms are Thalassiosira coramandeliana. Rhizosolenia setigera and Fragilaria
oceanica.

The total amount of chlorophyll a was the highest during the monsoon

season, average value being 528 mg/ m’ (Table 5.5).
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- Table 5.5- Average values of chlorophvll a during the

MoNsoon $eason at station 2.

Size groups ¥ Chlorophyll a (mg/ m’) Yo
> 3500 um 0.10 1.9
<500 -250 um 0.12 2.3
<250~ 150 um 0.14 2.7
<150 =105 um 0.26 49
<105-33 um 115 21.8
<53-25um 1.10 20.8
<25-10um 0.35 10.0
< 10 um | 88 356
Total 528 100

During the post-maonsoon season, Lhe contribution of the largest
size group of > 3500 pm was 0.06 mg/ m’. ie 1.3 % of the total chlorophvil a.
The diatom Thalassiothrix longissima was the only planktonic algal species in this
size fraction. The size group of < 300 — 250 um in size contributed 0.10 mg / m’,
which form 2.2 % of the total chlorophyll a. The planktonic algae found were
Nitzschia  delicatissima.  Thalassiothrix — longissima. — Asterionella  japonica.
Nitzschia spp. Chaetoceros spp and Pyrocystis fusiformis. The microalgae within
the size range of < 250 — 150 um contributed 0.25 mg / m’, i.e. 5.4 % of the total
chlorophyll a. Chaetoceros curvisetus. Asterionella japonica, Skeletonema
costatum, Chaetoceros spp. Bacteriastrum varians, Thalassiothrix longissima.
Biddulphia mobiliensis. Nitzschia delicatissima and Ditylum sol were found in
this size group. The size fraction of < 150 — 105 um was contributed 0.40 mg /
m’, i.e. 8.6 % of the total chlorophyll a, Chaetoceros curvisetus and Asterionella

Japonica, Chaetoceros spp. Bacteriastrum varians. Sireplotheca thamensis.

Nitzschia  delicatissima, Thalassiothrix longissima, Rhizosolenia alata,



Biddulphia — mobiliensis. Guinardia  fluccida. — Leptocylindrus — danicus,
Skeletonema costatum and Oscillatoria nigroviridis were the microflora present.
The microflora within the size range of < 105 — 53 um contributed 0.43 mg / m’,
ie. 92 % of the total Chaetoceros curvisetus, — Astenonella japonica.
Chaetoceros spp. Nitzschia  spp. Coscinodiscus  radiatus.  Rhizosolenia
stolterfothii. Skeletonema costatum. Thalassiothrix longissima. Thalassiosira
coramandeliana. Ditylum sol.  Eucampia zoodiacus.  Biddulphia mobiliensis,
Streptotheca thamensis. Bacteriastrum varians. Guinardia flaccida.  Ceratium
Sfurca and Ceratium fusus were present in this size fraction. The size group of <53
~ 25 um contributed 0.39 mg / m>. ie. 84 % of the total chlorophyll a.
Skeletonema  costatum.  Asterionella  japonica. Nitzschia spp.  Thalassiosira
subiilis. Pleurosigma directum.  Coscinodiscus radiatus.  Rhizosolenia
stolterfothii, Thalassiothrix  frauenfeldii. Navicula hennedyii. Thalassionema
nitzschioides.  Biddulphia mobiliensis.  Lepiocylindrus danicus.  Corethron
inerme.  Chaetoceros cwrvisetus,  Guinardia fluccida.  Ceratium  furca.
Peridinium tuba. Dinophysis caudaia and Gomaulax sp were the microflora
present. The contribution of the microalgae of the size group of <25 — 10 pum was
0.63 mg / m’, ie 13.5 % of the total chlorophvll a.  Skeletonema costatum.
Nitzschia spp. Navicula spp. Coscinodiscus radiatus.  Pleurosigma directum.
Rhizosoleniu stolterfothii. Leptocylindrus danicus. Thalassiosira coramandeliana,
Thalassiothrix frauenfeldii. Thalassionema nitzschioides and Dinophysis caudata
were present at varying concentration. The most significant contribution was that
of the smallest size group of < 10 um in size. its contribution was 2.39 mg / m’,
51.4 % of the total chlorophyll a. The species present were Skeleronema costatum,
Nitzschia longissima. Navicula hennedyii. Fragilaria oceanica. Rhizosolenia
stolterfothii and Thalassiosira coramandeliana.

The total amount of chlorophyll a, at station 2, during the post-monsoon

season has been found to be 4.65 mg / m’ (Table 5.6).
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- T'able 5.6- Average values of chlorophyll a during the

poSt-MOoNsSooN season at station 2.

Size groups ¥ Chlorophyll a (mg/ m’) Yo
> 500 um 0.06 1.3
<500 - 250 um 0.10 22
<250 - 150 pm 025 54
<150~ 105 um 0.40 8.6
<105-353um 043 92
<353-25um 0.39 8.4
<25-10um 0.63 153
< 10 g 2.39 514
Total 4.63 100

DISCUSSION:

The quantum of primary photosynthetic piginent i.e. chlorophyll
« 1n the water sample 1s considered as a measure of the standing crop of primary
producers and potential productivity. Planktonic algae of the all size fractions
contribute to the total amount of the pigment. but the relative contribution of each
size group varies depending on the hydrographic parameters predominating in the
area as well as the selective grazing of herbivorous zooplankton.

In the coastal waters of Cochin, south-west coast of India. at
station 1, during the pre—monsoon. season, the amount of chlorophyll a was
increasing with the decrease in the size ot planktonic algae. It has been found to
increase from 0.10 mg / m’ in the size group of > 500 pm to0 0.47 mg / m’ for the

size group of < 105 — 33 um. In the next smaller size group of < 53 — 25 um
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chlorophyll @ concentration was decreased to (.33 mg / m’  The highest
chiorophyll a concentration was recorded by the size group ot < 1) um for which
the value was 1.35 mg / m’. The relatively low concentration of chlorophyli a
within the size groups of < 33 = 25 um and < 23 — 10 um might have been due to
the grazing eftect by herbivaorous zooplankton. Heinrich (1962) emphasized that
spatial and temporal variations in the standing crop must include consideration of
the timing and intensity of grazing. The total amount of chlorophyll a was
relatively low during this season with an average value of 3.10 mg / m’: this may
be due to the low concentration of nutrients i the coastal waters and/or intensive
grazing during the pre-monsoon season. Jayaraman and Sheshappa (1957)
assumed that the seasonal variations in the phyvtoplankton pigments are controlled
by phosphate concentration in the sea off Cochin.

During the monsoon season, the lowest value of 0.24 mg / m” was
observed for the largest size group of > 500 um. while the higher values were
found i the size groups < 103 — 53 um and < 10 um, with averages of 4 59 mg /
m’. and 446 mg/ m’. respectively. It was increasing trom 0.24 mg / m’ at > 500
um size group to 4.59 mg / m" at the size group of < 105 — 53 um. then decreases
to reach the value of 1.28 mg / m’ at < 25 — 10 um size fraction. then increases 10
446 mg / m’ at the smallest size group of < 10 um. The high values of
chlorophyll @ concentration at relatively larger size fractions of < 105 = 33 um and
< 53 —25 um can be attributed to the high concentration of nutrients in the coastal
waters duning the monsoon season which enhance the growth of larger planktonic
algae. The low concentration of chlorophyll a in the size group of < 25 ~ 10 um
might have been the result of the selective grazing by zooplankton. The total
content of chlorophyll a is relatively high during the monsoon period; this may be
due to the high concentration of nutrients in the coastal water during this time of
the year. The average value of total chlorophyll a concentration was 14.92 mg /

3

m.
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In the post-monsoon season, chlorophyll ¢ concentration was generally
mcreasing gradually with the decrease in the size of planktonc algae. The lowest
value of 0.10 mg / m® was recorded in the larger size group of > 500 um, whereas
the highest value of 6.30 mg / m’ recorded in the smallest size group of < 10 um.
I.1etal (1998), found the same trend in the East China Sea. in which chlorophyll
a content increases gradually with the decreasing size of microalgae. The iotal
amount of chlorophyll @ during the post-monsoon season was found to be
intermediate, higher than the amount observed during the pre-monsoon and lower
than that was reported during the monsoon season. The average value recorded

was 9.05 mg / m’

At station 2, during the pre-monsoon season, chlorophyvil

a concentration increases from 0.11 mg / m’ for the size fraction of > S00 um to
0.52 mg / m’ for the size group of < 103 — 53 um, then decreased to 0.47 mg / m’
for the size group of < 53 — 25 um. then mcreases again to reach its highest value
of 2.12 mg / m’ at the smallest size group of < 10 um. The low concentration at
the size group of < 53 — 25 pum may be due to the selective grazing effect of
zooplankton. The total chlorophy!l a concentration was found to be low in the
pre-monsoon months, that i1s may be due to the low concentration of nutrents
and/or intensive grazing. The average value recorded during this season was 4 51
mg/ m”.
In the monsoon season, the amount of chiorophyll a was

fluctuating between 0.10 mg / m" at the largest size group of > 500 um and 1.88
mg / m’ at the smallest size group of < [0 um. It has been found to increase from
0.10 mg/ m’ at the largest size fraction to 1.15 mg/ m’ at the size group of < 105
— 53 um, then decreases to reach 0.53 mg / m® at < 25 — 10 um size group: the
smallest size fraction of < 10 pm was having the highest chlorophyll a value, 1.88
mg / m’. The high concentration of chlorophyll a at the relatively larger size

groups of < 105 — 53 pm and < 53 — 25 pm may be attributed to the higher
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concentration of nutrients in the coastal water during this scason which enhances
the growth of relatively larger planktonic algac.  The low concentration of
chlorophyll « for the size group of < 25 — 10 um might be due to the selective
grazing of plankton feeders. The total amount of chlorophyll a during the
monsoon season was relatively high, with average value ot 5.28 mg / m®; this is
due to the higher concentration of nutrients in the coastal waters during the
monsoon period.

During the post-monsoon season. the distribution of the total
chlorophyll @ among the various size fractions had shown the same trend, with the
lower concentration of 0.06 mg / m’ existing in the larger size group of > 500 pm
and the highest of 2 39 mg / m> in the smallest size fraction of < 10 um. With the
same trend. 1t was increasing {from (.06 mg / m" at the larger size group of > 300
umto 043 mg/ m’ at the size group of < 105 - 53 um. then decreases at the size
group of < 53 =25 um, with only 0.39 mg/ m’. then increases to reach its highest
value of 2.39 mg / m’ at the smallest size fraction of < 10 um. The low
chiorophvll @ content in the size group of < 33 — 25 pm can be recalled again as a
result of selective grazing of the herbivorous zooplankton. The total amount was
shightly higher than that of the pre-monsoon value. The average total chlorophyll
a value was 4.65 mg / m>. The lower chlorophvll a values at station 2_ during the
monsoon and the post-monsoon seasons mav be occurred due to the environmental
stress as well as the grazing etfect at this station

Generally, in the coastal waters of Cochin, south-west coast of
India. the contribution of various size fractions of planktonic algae to the total
chlorophyvll @ has been found to increase with the decrease in the size of
microalgae. Li et al (1998) found the same trend in the East China Sea, he
reported that, picoplankton, nanoplankton and net plankton accounted on average
for 47, 33 and 20 % of the total chlorophyll. The relatively low concentration of
chlorophyll a which may be observed in the size fractions of < 53 — 25 um and <

25— 10 pm can be attnbuted to the selective grazing of zooplankton.
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During the pre-monsoon and post-monsoon seasons, the contribution
of the planktonic algae < 25 um 1in size to the total chlorophyll a 1s significantly
higher than that of the larger planktonic algac, whercas during the monsoon

season, the contribution of the microflora > 25 um 1s more important.
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Average values of chlorophyll a during the pre-
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Average values of chlorophyll a during the monsoon
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Average values of chlorophyll a during the post-monsoon
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Average values of chlorophyll a during the
monsoon season at station 2
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CHAPTER 6



FRACTIONATED PRIMARY ORGANIC PRODUCTIVITY

- INTRODUCTION:

Production of organic matter by planktonic algae 1s of uimost
importance as the entire tishen resources are dependém on this phenorenon.
Productivity of planktonic algae depends on the hvdrographic parameters of the
particular environment such as light mtensity, temperature, salinity. nuisients,
grazing etc. which vary spatially and seasonally.

Seasonal vanauons in primary production In oceanic regions are
generally correlated with latitudes.  In general. productivity in warm cceans,
especially in the centre of major gvres, is low, apart from areas of up welling and
divergences. and is subjected 10 relatively small and ofien nrregular fiuctuations
throughout the vear. By contrast. seas at moderately high latitudes mav show a
much higher level of primary production though this is strongly influencad by
pronounced seasonal fluctuations. In most regions of the world, whatever the
latitude. primary production in the coastal regions is normally higher than that of
the oceanic areas.

Various size groups of planktonic algac synthesize food at the
primary trophic level, and have a significant role in the bio productiviny of the
marine ecosystem. The relevance ot the contribution ot various size fractions is
more in the diet of consumers. The larvac of pelagic fishes and shelitishes need
very small size of planktonic algae; their requirements increase with the
increasing size of larvae. Since the various size tractions of planktonic algae form
the food of the different varieties of consumers. many of them being selective
feeders, the study ot different size fractions of microalgae and their relative
contribution to the primary organic production is a useful tool for the estimation of

the quantities and qualities of fisheries.
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Several attempts have been done for studying the contribution of
various size fractions of planktonic algae to the prunary production in different
parts of the world occan. Broeckel (1985) found that, in the south-castern
Weddell Sea. 70 % ot the total primary production (670 mg C / m? / day) was
contribuied by the < 20 um size fraction (usually pennate and / or centric diatoms).
In the temperate neritic water of Funka Bav. Japan. 66 % of the annual primary
production occurred during the spring phytoplankton bloom with 95 % being
accountad for by the > 10 um size fraction. which was dominated by diatoms
(Maita. 1988).  Under low nutrient concentrations during summer, small
phytoplankters (< 2 um) accounted for 40 to 75 % of the total primary production
at the central station. and from 25 to 59 % at the coastal station. A sudden
nutrient enrichment at the coastal station during the summer triggered the growth
of the large size traction. Hopcrott (1990) showed that. in the shelf waters south
of Kingston. Jamaica. the contribution of net plankton (> 20 um). nanoplankton
(2 — 2G um) and picoplankion (0.2 — 2 um) to the total primary production was 27.
30 and 43 %. respecuvely. Gradinger et al. (1992) reported that, in the central
Red Sea and Gulf of Aden. 76 — 77 % of the total chlorophyll a and primary
production was contributed by picoplankton (0.2 — 2 um). Ning et al. (1993)
found that. 1n the Indian sector of the southern Qcean. the contribution of
nanoplaikton with picoplankton to the total productivity was 69 %o which prove
their importance in phytoplankton community of the Antarctic waters. Wang et al.
(1996) found that, nanoplankton (3 — 20 um) contributed 58.32 % and 41 14 % of
priman productivity of Ziamen western waters and the northern Taiwan strait.
respectively. Picoplankton (0.2 — 3 um) dominated the productivity (66.09 %) in
the southern Taiwan Strait. Bradford (1997) showed that. off the west and east
coasts of south Island. New Zealand, in austral winter and spring, picoplankton
(< 2 um) formed > 30 % of the integrated chlorophyll ¢ and daily potential

primary production in most water types and seasons, except when the 20 — 200
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wm size fraction dominated in west coast waters in spring and in subtronical
convergence in winter and spring.

In the Indian waters. Joseph {1988) tound that, in the coastal waters
of the south-west coast of India. 62.6 % of the total primary production is
contributed by microalgae of < 60 um in size. Gomes et al. (1992) reported that,
in the Andaman Sea. of the total mean euphotic column production, 37 %; was
attributed to picoplankton.  whereas nano and net phytoplankton contributed 40
and 23 %, respectively. Kawabata (1993) showed that. in Vellar estuary (south-
east coast of India); the highest gross production is attributed to the microalgae of
the size fraction of 5 — 10 um.

The present chapter aims at the etucidation ot the contribution
of >500. < 500-230. < 230-150. < 150-105, <103-33, < 53-25. < 25-1G and
<]0 um size groups of planktonic algae to the primary organic productivity ot the

south west coast of India.

- RESULTS:

The contribution of various size fractions of planktonic algae to the total
primary productivity 1s not uniform which again shows seasonal and spatial
fluctuations.

in the coastal waters of Cochin, south-west coast of India. at
station 1, during the pre-monsoon season. the rate of primary production of the
largest size group ol > 500 um has been tound to be 5.8 mg C/ m’ / day, which
was 1.9 % of the total production. Productivity ot the planktonic algae within the
size range ot < 500 — 250 um increased to 6.9 mg C / m’ / day, ie. 22 % ot the
total primary production. The contribution of the size group of < 250 — 150 um
increased to 7.6 mg C / m’ / dav. ie. 2.5 %. The planktonic algae of the size
fraction of < 150 — 103 um contributed 12.1 mg C / m’ / day, ie. 3.9 % of the
total primary production. Planktonic algae of the size group of < 105 — 53 um

gave 199 mg C/ m° / day. conwmibuting 6.5 % of the total productivity. The size
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group of < 33 — 25 uum gave only 11.8 mg €/ m’ /day. recording 3.8 % ol the
total production. The size fraction of < 25 ~ [0 pum recorded 21 4 me €/ m’
day, 1e 7.0 %. The highest contribution to the total primary production was that
of the planktonic algae of the smallest size group of < 10 um. in which the
productivity was 2224 mg C / m” / day. composing 722 % of the total primary
productivity.  The total primary production during the pre-monsoon season was
relatively low, 307.9 mg C/ m" / dav. (Table 6.1).

In the monsoon season, the largest size fraction of > 500
um contributed 9.6 mg C/ m” / dav. which is only 1.1 %. The planktonic algae
within the size range of < 500 — 250 um were found to contribute by 15.0 mg C
m’ / day. which is 1.7 % of the total primary production. Primary production of
the plankionic algae in the size group of < 250 — 150 um has been found to be 23 .1
me C / m’ / day. 2.7 % of the total productivity. The increase in priman
production continues also in the size group of < 150 — 105 um. in which the
productivity was 31.7 mg C / m’ / dav. 38 % A significant increase in the
primary production has been noticed in the size fraction of < 105 — 33 um, In
which the recorded productivity was 2214 mg C / m’ /day. Qe 258 %. A
decrease in productivity has been recorded in the size group of < 53 — 25 um, n
which the microalgae were contributing by 101.2 mg C/ m® / day. whichis 118
% of the total primarv production. A sharp decrease m primary production has
been found in the size Ifraction of <25 — 10 um, where the recorded productivity
was onlv 34.4 mg C / m’ / day, i.e 4.0 % of the total production. The highest
contribution was that of the planktonic algae within the smallest size group of < 10
um. which was contributing by 421.3 mg C / m’ / day, 49.1 % of the total primary
production. Generally. the total primary production during the monsoon season is
relatively high, 857.7 mg C /m’ /day. (Table 6.2).

During the post-monsoon season, the contribution of the largest size
group of > 500 um to the total productivity was found to be 4.0 mg C / m’ / day.

composing 0.9 % of the total primary production. The planktonic algae of the size
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fraction of < 500 - 250 um contributed by 7.6 mg C / m’ / day. which was 1.6 %,
The rate of primarv production of the planktonic algae within the size range of <
250 — 150 um wes found to be 14.3 mg C / m’ / day, contributing 3.0 % ot the
total productivity  The planktonic algae of the size fraction of < 150 — 165 um
were found to coniribute by 16.1 mg C /m’/day. 3.4 % of the total production.
Productivity of the microalgae of the size group of < 105 — 53 um recorded 18.8
mg C /m’ /day. <0 %. The increase in productivity was also observed in the size
group of < 33 - 23 um, 1n which the primary production was 21.8 mg C m /
day, 4.7 % of the total productivity. In the size group of < 25 — 10 um,
productivity also increased recording 24.9 mg C * m’ / day. which was 33 %.
The highest contricution to the total primary production was that of the planktonic
algae within the smallest size group of < 10 um. which contributed by 361 6 mg
C/m’/dav. 77.1 % of the total productivity. The total productivity during the
post-monsoon season was higher than that of the pre-monsoon season but iower

than that of the monsoon season recording 469.1 mg C / m’ / day (Table 6.3).

Atstation 2, during the pre-monsoon season, primary production of
the largest size group of > 500 pm has been tound to be 7.8 mg C / m’ day,
contributing 1.8 %, of the total productivity. The planktonic algae within the size
group of < 300 - 250 um contributed by 169 mg C / m® / day, ie. 3.9 % of the
total production. The increase in productivity continues in the size group of < 250
~ 150 pm. in which productivity was recorded to be 23.5 mg C / m’ / day, 5.5 %.
The increase in productivity has been seen in the size fraction of < 150 — 103 um,
where primany productivity was 257 mg C / m’ / day, 6.0 % of the total
production. The increase in production has been also recorded in the size group of
< 105 — 53 um, in which productivity was 42.2 mg C / m’ / day, 9.8 %. A
remarkable decrease in primary production has been recorded in the size group of
< 53 — 25 um, where productivity was only 283 mg C / m’ / day, 6.6 %.

Productivity increases again in the size group of <25 — 10 um, recording 52.6 mg
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C/m’/day. 122 % of the total carbon fixed The highest contribution to the
total primary production was that of the planktonic algae within the smallest size
group of < 10 um. which was contributing by 2333 mg C / m’ / day, 542 %
The total primary production was relatively low during the pre-monsoon season.
430.3 mg C / m’ / day (Table 6.4).

In the monsoon season, the contribution of the largest size group
of > 500 um to the total productiviry was found tobe 11.3 mg C/ m’ / day. 2.2 %
The size group of < 500 — 250 um contributed by 16.2 mg C / m’ / day, 3.1 % of
the total primary production. The increase in primary production continues in the
size group of < 250 — 150 um, in which productivity was found to be 35.8 mg C /
m /day. 6.8 % The plankionic algae within the size range o' < 150 — 105 um
have been tound to contribute with 79.7 mg C / m’ / dav. 15.2 % of the total
productivity. The chmax ot the gradual increase in producuivity was reached n
the size group of < 105 — 53 um, which was contributing by 88.6 mg C / m’ / day.
16 9 % to the total primary production. A decrease was noticed in the size group
of <53 — 25 um, n which primary productivity has been found to be 86.5 mg C
m' / day. 16.5 %. A sharp decrease in productivity was found in the size group of
<25 — 10 pm, where the recorded primary production was only 27.1 mg C / m’
dav. 5.2 % of the total carbon fixed. The major contribution was that of the
planktonic algac of the smallest size group oi < 10 um. which was contributed by
1788 mg C / m' / day. 34.1 % of the total productivity. The total primary
production was refatively high during the monsoon season. 524.0 mg C / m’ / day
(Table 6.5).

During the post-monsoon season. productivity of the largest two
size groups (> 250 um) was practically nil.  The planktonic algae within the size
range of < 250 — 150 pm contributed by 28.0 mg C / m’ / dav. 5.6 % of the total
primary production. Productivity of the size group of < 150 — 105 um has been
found to be 37.5 mg C / m’ / day. which is 7.5 % of the total carbon fixed.

Primary production continues to increase in the size group of < 105 — 53 pm, in
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which the recorded productivity was 39.2 mg C / m’ / day, 7.8 %. A decrease in
productivity was noticed n the size group of < 53 — 25 um, where the recorded
productivity was 37.4 mg C / m® / day, 7.5 % of the total production. Primary
production increased again in the size group of < 25 - 10 um, contributing by
80.7 mg C / m’ / day, 16.1 % to the total productivity. Here also, the highest
contribution to the total primary organic productivity was attributed to the
planktonic algae < [0 um i size. which have been found to contribute by 277.5
mg C / m’ / day, 55.5 % of the total production. The total primary production
during the post-monsoon season has been found to be higher than that of the pre-
monsoon season, but lower than that of the monsoon season, recording 500.3 mg

C/m’/day (Table 6.6).

- DISCUSSION:

Primary organic productivity in the coastal waters of Cochin,

south-west coast of India 1s controlled by the hydrographic parameters, especially
nutrients which determine also the contribution of various size fractions of
planktonic aigae to the total primary production.

At station 1. during the pre-monsoon season. productivity was found
to increase gradually from 5.8 mg C / m’ / day for the largest size group of > 500
um t0 19.9 mg C / m’ / day for the size group of < 105 — 33 um, then decreases to
11.8 mg C/ m° / day for the size group of < 53 — 25 um. then increases again to
reach the highest value for the smallest size group of < 10 um, in which the
recorded productivity was 222.4 mg C / m’ / day. The low productivity at the size
group of < 33 — 25 pum could be attributed to the selective grazing of zooplankton
which reduce the standing crop of p'lanktonic algae of this size group and hence
lower their primary production. During this season, the contrnibution of the
planktonic algae < 25 pm in size. to the total productivity was highly signiticant,

this may be due to the low concentration of nutrients in the coastal waters, in such
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conditions the smallest planktonic algac grow well and better than the larger
microalgae, thatis. due to their higher efficiency to absorb nutrients as compared
with the larger micro flora. The total primary production has been found to be
low, 3079 me C/ m’/day. this may be attributed to the low concentration of
nutrients, especially phosphate, in the coastal waters. during the pre-monsoon
period.

In the monsoon season. primary production was gradually increasing
from 9.6 mg C / m’ / day for the largest size group of > 500 um to 221.4 mg C /
m’ / day for the size group of < 105 — 353 um. then decreases to reach 34.4 mg C /
m" / day for the size group of < 25— 10 um The major contribution was that of
the smallest size group of < 10 wm. where the recorded productivity was 4213
mg C/ m® / day. The low productivity in the size groups of < 33 - 23 um and <
25 — 10 um can be attributed to the selective grazing by zooplankton. During the
monsoon season. the microalgae > 10 um contribute significantly to the total
primary production, this is due to the availability of high concentration of
nutrients in the coastal waters. which enhance growth and productivity of the
larger microalgae. The total primary production. has been found to be high.
8577 mg C/ m° / dav. during the monsoon months. this may be due to the
availability of high concentration of nutrients. brought to the coastal waters by the
seasonal up welling and Jand-run of1 associated with rams.

During the post-monsoon season, primary productivity has been
found to increase from 4.0 mg C / m’ / day for the largest size group of > 500 um
to 361.6 mg C/ m" / day for the smallest size group of < 10 um. this may indicate
a decreased grazing intensity or shifted grazing towards the smallest si1ze group of
microalgae or both. The total productivity was higher than that of the pre-
monsoon season, but lower than that of the monsoon season, recording 469.1 mg
C / m’ / day (Table 6.3), and this is showing a positive correlation between

productivity and phosphate concentration in the south-west coast of India. During
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this season. the major contribution to the total productivity was that of the

planktonic algac < 25 um in size

At station 2, during the pre-monsoon season, productivity of the
various s17¢ eroups has shown the same trend as that at station 1. Productivity
increases trom 7.8 mg C / m’ / day for the largest size group of > 500 um to 422
mg C /m*  day for the size group of < 105 — 53 um, then decreases for the size
group ot < 53 - 25 um, recording only 28.3 mg C/ m’ / day, then increases again
to reach the highest value, 2333 mg C/ m’ / day at the smallest size group of <
10 um. The low productivity at the size group of <33 — 25 um could be attributed
to the intensive and selective grazing by zooplankton during this season of the
vear. Here also. the microalgae < 25 wmn in size contributed significantly to the
total primany production. The total primary production was found to be low,
4303 mg C/ m’ / day, during the pre-monsoon season, this may be occurred due
to the intensive grazing by zooplankton associated with the relatively low
concentrauion of nutrients in the coastal waters during the pre-monsoon penod.

In the monsoon season, the contribution of various size fractions
of planktonic algae to the total productivity increases from 11.3 mg C / m’ / day
for the largest size group of > 500 um to 88.6 mg C / m’ / day for the size group of
< 105 - 55 pm. then decreases at the size groups of <53 - 25 um and <25 - 10
um recording 86.5 mg C / m’ / day, and 27.1 mg C / m’ / day, respectively. The
major contribution was that of the microaigae within the smallest size group of <
10 um. in which primary production was found to be 178.8 mg C / m’ / day. Low
productivity at size groups of < 53 — 25 um and < 25 - 10 um may be attnbuted to
the selective grazing by zooplankton. During the monsoon period, the major
contribution of planktonic algae to the total primary production was that of the
microalgae > 10 um in size. The total productivity was relatively high, 524.0 mg
C/m’ /day: this may be due to the availability of high concentration of nutrients

In the coastal waters during the monsoon season.
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During the post-monsoon scason. productivity of the planktonic
algae > 250 pm was practically nil. A gradual increase in the contribution of
various size groups of planktonic algae to the total productivity was noticed. It
was increasing from 28.0 mg C/ m’ / day at the size group of < 250 — 150 um to
392mg C/ m> / day for the size group of < 105 — 53 um. The size group of < 33
—~ 25 umrecorded 37.4 mg C/ m’ / day. Highest production value of 277.5 mg C /
m’ / day was recorded at the smallest size group of < 10 um. Low productivity for
the size group of < 53 — 25 um can be attributed to the selective grazing by
zooplankton. Here also. the major contribution to the total primary production
was that of the planktonic algae < 25 um in size. The total productivity has been
found to be greater than that of the pre-monsoon season and less than that of the
monsoon season recording. 5003 mg C m’ / dav. indicating low grazing

intensity during the post-monsoon season.

Generally, high primary production was observed in the coastal
waters of Cochin. south-west coast ot Indra during the SW monsoon season.
when high concentration of nutrients 1s available m the coastal waters. Kabanova
(1968)., summarizing the results of primary production measurements in the
Indian Ocean by the expeditions of various countries. indicated that the period of
summer SW monsoon was more productive than the period of winter NE
monsoon. Maximova (1971) summarized the distribution of nutrients in relation
to primary production. The distribution of primary production in the areas north
ot 40 ° S followed the same general pattern as that of nutrients. There was positive
correlation between the average values in 3° latitudinal zones of the primary
production and of the nutrients in the surface 100 m laver.

During the pre-monsoon season, productivity was low at both
stations. due to the low concentration of nutrients n the coastal waters associated

with intensive grazing by zooplankton.
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In the post-monsoon period. productivity values have been
found to be intermediate between that of the pre-monsoon and the monsoon
seasons, due to the presence of relatively low concentration of nutrients
accompanied with mild grazing activity by zooplankton.

Regarding the contribution of various size groups of planktonic
algae to the total productivity in the south-west coast of India. 1t has been noticed
that productivity increases with the decrease in size of planktonic algae except in
the case of the size groups of <33 - 25 umand <25 - 10 um. This 1s may be due
to the selective grazing by zooplankton, which in turn reduce the standing crop of
planktonic algae at these size groups and hence lower the rate of their primary
production.

Generally. in the coastal waters of Cochin, south-west coast of
India, during the pre and the post-monsoon seasons, the major contribution to the
total primary production was that of the planktonic algae < 25 um in size. This
may be due to the relatively low concentration of nutrients in the coastal waters.
in such conditions. smaller microalgae. due to their higher efficiency to absorb
nutrients. grow well and reproduce betier than the larger microalgae. During the
monsoon season, the microalgae > 10 um in size contribute significantly to the
total primary production, as there is high concentration of nutrients in the coastal
waters, which enhance growth and reproduction ol the larger microalgae. Maita
(1988) found that, in the temperate nentic water of Funka Bay, Japan, 66 % of
the annual primary production occurred during the spring phytoplankton bloom
with 95 % being accounted for by the size fraction of > 10 um. which was
dominated by diatoms. Under low nutrient concentrations during summer. small
microalgae (< 2 um) accounted for 40 to 75 % of the total primary production at
the central station, and from 25 to 59 % at the coastal station. A sudden nutrient
enrichment at the coastal station during the summer triggered the growth of the

larger microalgae.
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- Table 6.1- Contribution of size fractions of planktonic algae to productivity

during the pre-monsoon season at station 1.

E Size groups ¥ ' mg C/m’ / day %
T ¥500um 58 19
500 =250 um 69 22
2250 150 um 76 25
T<150— 105 um | 121 39
<105-53um 19.9 65
<5325 um ik I
<25-10 um DES 70
< 10 pum 2224 722

Total

- Table 6.2- Contribution of size fractions of planktonic algae to productivity

during the monsoon season at station 1.

 Sizegroups ¥ mgC/m’/day %
"> 7500 um 96 T
<500-250um 150 17
<250~ 150 pm 231 27
§<150—105 um 317 3.8
T<105-s3um 2214 258
<53—25um 1012 118
. <25-10um 34.4 4.0
T <10um 3 Taon
 Total 8577 1 100
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- Table 6.3- Contribution of size fractions of planktonic algae to productivity

during the post-monsoon season at station 1.

' Size groups ¥ [ mg C / m’ / day %
5500 m 4.0 09
g e
<250~ 150 pm | 43 30
<150 105um 161 34
<105-53um | 188 40
<33-25um 2138 47 .'
1 <25-10um 249 53
<10 um 361.6 BEEA ;
T Toml | 4690 100 |

- Table 6.4- Contribution of size fractions of planktonic algae to productivity

during the pre-monsoon season at station 2.

Sizegroups ¥ mgC/m’/day % |

e - : ———

- >3500 um : 7.8 18

<500~ 250 um 169 39

<250~ 150 um 235 TS5

< 150 - 105 pm 25.7 - 6.0 |

T<105-53um | 422 1 98

T <33-25um 283 T 66
<25-10um , 52.6 ; 12.2

T <i0um : 2333 ; 542

T Toml | 403 | 10
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- Table 6.5- Contribution of size fractions of planktonic algae to productivity

during the monsoon season at station 2.

" Size groups v ‘ mg C/ m’ / day 9%

>500 um (13 22
<500 — 250 um 162 3.1
22507750 am 358 6.8
TZ150-105 um 797 152
- <105-53 um 88.6 16.9

<353-25um 85 165
<352 10um 271 52
<10um 178 8 391

" Total | 524.0 100

- Table 6.6- Contribution of size tractions of planktonic algae to productivity

during the post-monsoon season at station 2.

Size groups ¥ . mg C/ m’ / day %
> 500 um [ _ _
T<500- 250 um | B T
<250~ 130 um 280 56
"<150— 105 um | 375 75
TK105- 53 am | 392 78
T<53-25um 374 75
<25-10um 80.7 16.1
C <iOpm T 2775 555

" Total 5003 100
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Contribution of size fractions of planktonic algae to
productivity during the post-monsoon season at station 1
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Contribution of size fractions of planktonic algae to
productivity during the pre-monsoon season at station 2
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SUMMARY



SUMMARY

The bioproducuivity of the marnne environment 15 dependent on
various primary producers, ranging in size trom picoplankton to larger macro
phytoplankton. The quantity and quality of various size fractions of planktonic
algae at any locality depend mainly on the hydrographic conditions of the area
under study.

Iindia 1s characterized by a steady annually occurring phenomenon.
viz., the “monscon™ or the rainy season. Accordingly. the climatic seasons in
India are divided into: 1) the pre-monsoon season (Februarny — May).,  2) the
monsoon season (June — September) and the post-monsoon season (October -
January). In the south west coast ol India. temperature has been found to be
within the limits of tolerance throughout the vear. and does not have a significant
effect on growth and productivity of planktonic algac. The sea surface has been
found to receive sufficient light throughout the vear. Salinity appears to have hule
or no significant role on the growth and productivity ot planktonic algae.
Nutrients have been found to be the most important ecological factor controiling
growth and productivity of planktonic algae. Higher concentrations of nutrient
salts during the monsoon scason n the coastal waters occur due to the up welling
of subsurface cold-nutrient rich waters, and also as a result of land-run otf
associated with heavy rains during this season.

In the coastal waters of Cochin. south west coast of India. planktonic
algal commumty 1s composed mainly of the diatoms. the dinoflagellates, the
blue-green algae and the silicoflagellates, the former two contributing the major
flora and found distributed in the all size fractions. The maximum number of
species of diatoms at station 1 and station 2 was found in the pre-monsoon season.
33 species and 32 species, respectively, comprising 73.4 % and 76.2 % of total

number of species of planktonic algae. The minimum number of species of
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diatoms was observed during the monsoon scason. 28 species at station 1, and 22
species at station 2, 82.4 % and 88.0 % of the total flora, respectively (tabies 3.1
& 3.2). Dinotlagellates have been found to be more abundant during the pre-
monsoon season with 9 species at station 1; and 7 species at station 2. The jowest
number of species of dinoflagellates was recorded during the monsoon s¢ason
with 3 species at station]: and only 1 species at station 2 (tables 3.1 & 3.21 The
maximum number of species of planktonic algae was recorded in the pre-monsoon
season. with 45 species at station 1; and 42 species at station 2. The minimum
number of species has been found at both stations during the monsoon season,
with 34 species at station 1. and 25 species at station 2 (table 3.3).

Generally. the size groups of planktonic algae greater than 53 um are
dominated by filtamentous. chain forming and colonial diatoms. while the size
groups smaller than 53 um usually formed of small and unicellular pennate and
centric diatoms, dinoflagellates and some other flagellates and blue-green algae.
In the coastal waters of the south-west coast of India, during the pre-monsoon
season, the chain forming diatom Chaetoceros curvisetus was found to pe the
dominant microalgae, whereas in the monsoon season. the colonial diatom
Asterionella japonica was the dominant species.

At both stations. on average, the abundance of microalgae <33 um
in size. tends to be higher than that of plankionic algae > 53 um during ine pre
and the post-monsoon seasons. while the density of microalgae > 53 um becomes
significant during the monsoon season, this may be related to the concentration of
nutrients.  During the pre and the post-monsoon seasons the concentration of
nutrients in the coastal waters is normally low. and in such conditions. the
smaller planktonic algae with their higher efficiency of nutrients utilization grow
and reproduce well and outnumber the larger microalgae; while during the
monsoon season, when the concentration of nutrients is high, the chance is more
favorable for the larger plankionic algae to grow and reproduce with higher

efficiency and outnumber the smaller size fractions.
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At station 1. during the pre and post-monsoon seasons, the lowest
species diversity was found for the largest size group of > 300 um. while the
highest species diversity and the lowest species dominance have been reported for
the size group of < 533 — 25 um. So. during the pre and the post-monsoon seasons
the microalgae within the size fraction of < 53 — 25 um become the most
important among all other size groups in providing food for a large number of
species of consumers in the coastal waters of the south-west coast of India,

[n the monsoon season, the lowest species diversity was observed
for the size group of < 500 — 250 um, n which the highest species dominance was
recorded. High diversity was seen for the size groups of <33 - 25 umand <25 —
10 um, so they might be a significant source of food for a large number of species
of marine organisms.

Station 2, showed the same trend, with the highest species diversity
in the size fraction of < 35 - 25 um during the pre and the post-monsoon seasons,
and within the size groups of < 53 — 25 um and < 25 - 10 um i the monsoon
season. The size groups of < 33 — 25 um. during the pre and the post-monsoon
seasons, and with the size fraction of < 25 — 10 um during the monsoon season,
serve as a very important source of food for a large number of marine organisms
inhabiting the coastal waters of the south-west coast of India.

Planktonic algae irrespective of their size variations contribute to
the total amount of chlorophyll @. but the relative contnibution of each size group
varies, dependmg on the prevailing environmental conditions. The amount of
chlorophyll a has been found to increase with the decrease in the size of
planktonic algae The relatively low concentration of chlorophyll @ within the size
groups of < 53 — 25 um and < 25 — 10 um might have been due to the grazing
effect by herbivorous zooplankton. During the pre-monsoon and post-monsoon
seasons, the contribution of the planktonic algae < 25 um in size to the total

chlorophyll a is significantly higher than that of the larger microalgae, whereas
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during the monsoon scason, the contribution of the micro flora > 25 um :: more
important.

Production of organic matter by planktonic algae 1s of utmost imp:tance
as the entire fishery resources are dependent on this phenomenon. Siti:e the
various size fractions of planktonic algae form the food of the ditterent varizzies of
consumers, many of them being selective feeders, the study of differet size
fractions of microalgae and their relative contribution to the primary <rganic
production 1s a useful tool for the estimation of the quantities and qual~=es ot
fisheries. Generally, high primary production was observed in the coasta! vaters
of Cochin, south-west coast of India during the SW monsoon season, whs= high
concentration of nutrients is available in the coastal waters. During = pre-
monsoon season. productivity was low at both stations. due to = low
concentration of nutrients in the coastal waters associated with intensive zazing
by zooplankion. In the post-monsoon period. productivity values hav: been
[ound to be intermediate between that ol the pre-monsoon and the m:nsoon
seasons, due to the presence of relatively low concentration of n.ments
accompanied with mild grazing activity by zooplankton.

Regarding the contribution of various size groups of planktom: algae
to the total productivity in the south-west coast of India. it has been noticzd that
productivity increases with the decrease in size of planktonic algae excep: 0 the
case of the size groups of < 53 — 25 wm and <25 — 10 um. This is may be Zue to
the selective grazing by zooplankton, which in tumn reduce the standing cop of
microalgae at these size groups and hence lower the rate of their pmmary
production.

Generally, in the coastal waters of Cochin, south-west coast of
India, during the pre and the post-monsoon seasons, the major contributior. -0 the
total pnmary production was that of the planktonic algae < 25 um in size This
may be due to the relatively low concentration of nutrients in the coastal v.aters.

In such conditions, smaller microalgae, due to their higher efficiency to zosorb
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nutrients. grow weil and reproduce better than the larger microalgae. During the
monsoon season. the microalgae > 10 um n size contribute significantly to the
total primary production. as there is high concentration of nutrients in the coastal
waters, which enhance growth and reproduction of the larger microalgae, ie.
above 10 um in size.

- Table 7 1-Average values of primary production. chlorophyll a and cell numbers
during the pre-monsoon season (February — May 2000) at station 1.

|f ) PP ' Chla | ] |
ESizegroup mgC/m"/d, % mg/m- , % | No./L | Yo ;
:>500um_" 58 1 19 010 1 32 | 13x10°, 1.6J;{
1500 - 250um 69 122 01l 36 123x10°1 28 |
250 - 150 um 16 | 25 012 39 142x10°] 50 |
150-105pum 120 1397 016 ! 52 'L1x10°1 133
105 -53 um 199 165 047 152 726x10°] 313
| 53-25um 118 138 033 106 14x10°| 169 |
25-10pm 214 [ 70 | 046 148 118x10°| 217

| < 10 pm 2224 17227 135 1435 61x10°| 74

| Total 3079 1001 310 0 100 [83x 107! 100 |

- Table 7.2- Average values of pnimary production. chlorophyll a and cell
numbers during the monsoon season (June — September 2000) at station 1.

PP ' Chla ¢ | !
; Size group meC/m’/d { %  mg/m’ : % ‘l No./L %
> 500 um 96 11 024 16 | 16xI0° | 04
| 500 - 250 um 150 {17 1 027 18 [28x10" ] 06
1250-150pm . 231 127 033 22 [14x10" 1 31
[ 150-105pym 317 (38 ; 118 79 [57x10° [ 126
[05-53pm | 2214 1258 | 459 1308 | 1.9x10° | 4211
55-25pum 1012 (118 257  [172]64x10" [ 142
125-10pum = 344 40 | 128 186 [ 94x10" 208
| <10 um 4213 [491 1 446 1299 128x10" | 62
Total 8577 100 | 1492 100 [ 45x10° | 100
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-Table 7.3- Average valucs of primary production, chlorophyll a and cell numbers
during the post-monsoon season {October 2000 — January 2001) at station 1.

{ | T)'.Ti—”'"ir - IChLa ] "’*r“m‘
| Size group i mgC/m’/d | % | mg/m’ % ; No. /L | %
R S L I L o _
> 500 um | 40 | 0.9 0.10 lll . 13\10 1 1.3
S500-250pum | 76 116 T 012 13,,4‘;___1.3,\10“; .4
250-150pm | 143 130 | 015 1.7 6.6x10*i

150 — 105 um 16,0 134 1 021 123 117x10" | 16.“‘
105~ 53 um 18.8 Fi.o 0.64 71 ] 19x10" | 183
53 —-25 um 218 |47 | 073 8.1 120x10" 192
25 - 10 pm 249 :“3 080 188 ! 29x10" 280
<10 um 3616 (7710 630 (6961 96x10° 1 92
Total 14691 11001 905 1100 1 1.0x10° I 100

- Table 7.4-The hydrographic parameters during the pre-monsoon. the monsoon

and the post-monsoon at station 1.

.‘[ Temperature | Salmmﬂl Nitrate Nitrite | Phosphate 'rSih'cate 1
| Season C : Pt | He. at/l pg at/l | pg at/l i ug. at/l l
| ‘ L i | |
| Pre- monsoon 31 344 5 521 052 , 027 + 971
\ : i | i
| Monsoon 26 360 | 4.4 128 | 271 | 2540 |

Post- monsoon 29 T 33.0 1.08 0.83 iT 113 : 8.58 ;
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- Table 7.5-Avcerage values of primary production, chlorophyll @ and cell numbers

during the pre-monsoon season (February — May 2000) at station 2.

T —
Size group  meC/m/d | % . mgim’ . % | No/L % {
SS00um 1 78 08 on ';_ﬂ_:'_l Ix10° (15 Jl
S00-230pm ;169 139 015 130, 17x10° | 23 |
250150 pm | 235 155 017 138 135x10°]49
50— 105um | 257 160 019 42 763x10° 88
105-55pum ¢ 422 198 052 115 18\10“252';
'53-25um - 283 166 047 |o4| 14x10" 1196
25—i0um | 526 122 080 177 22x10"1308,
<10 pum 2333 342 2,12 \470| 49x10° i 69 g
“Total 4303 1100 451 1700 72x10° [ 100 |

- Table 7.6-Average valucs of primary production. chiorophyll a and cell numbers

during the monsoon season (June — September 2000) at station 2.

PP Chl.a | i
Size group meC/m’/d ; % me/m’ ' % ! No. /L ' % '
"> 500 pm 13 22 010 1925510701
500-250pm ¢ 162 131, 012 123126x10° [ 15 |
250— 150um | 358 | 68 . 014 | 27| 89x10° s
150-105um | 797 1527 026 149 | 18x10" 103
105-53um | 886 169 LI5 | 218] 5.6x10“32.1
53-25um | 865 165, 110 [208| 44x107 252
25— 10pm | 271 1527 035 1100]35x10° rzo.l
£ < 10 um 1788 1341 188 :356]98x10° | 56
' Total 5240 [100( 528 1100 | 1.7x10° | 100
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- able 7.7- Average values of primary production. chlorophyll ¢ and cell numbcers
during the post monsoon season (October 2000 - January 2001 ) at station 2.

}Size group mgC/m3 d % me/m” f %  No./L %
>s00um - - 006 ¢ £3 0 5007 03
500-250 um - 7010 22 1245107 14
350150 pum 280 36 025 154 11x107 65
150~ 105um . 375 75 040 86 1 29x10° 171
105—-53um 392 78 043 92 31Ix10" 182
'53-25um 374 7135 039 84 23x10° 135
25 10pm 807 161 063 135, 57810° 336
L < 10 pm 2775 3530 239 514 16x107 94
Towl 5003 100 465 100 1.6x10° 100

- Table 7.8-The hvdrographic parameters during the pre-monsoon. the monsoon
and the posi-monsoon at station 2.

] - Temperature  Salinity * Nitrate - Nitrite J’h(;Sphate }Silicate
| Season 'C 0 | ue atl ng. at/] ug.at/l | pg. avl

A i -

| Pre- monsoon 5] 357 292 ¢ 036 1.05 | 11.08
| ] i e T : i

| Monsoon 26 30 589 | 177 . 268 | 3195
' Post- monsoon 30 3 144 1 032 098 | 976
! : i L i
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Average values (%) of primary production, chlorophyll a
and cell numbers during the pre-monsoon season at
station 1

P.P mgC/m3/d
B Chl.a mg/m3
" [ONo./L




Average values (% ) of primary production, chlorophyll a
and cell numbers during the monsoon season at station 1
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Average values (%) of primary production, chlorophyll a
and cell numbers during the post-monsoon season at
station 1
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The hydrographic parameters during the pre-monsoon,the
monsoon,and the post monsoon at station 1
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Average values (% ) of primary production, chlorophyll.a
and cell numbers during the pre-monsoon season at

station 2
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Average values (% ) of primary production, chlorophyll a_
and cell numbers during the monsoon season at station 2
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Average values (%) of primary production,
chlorophyll a and cell numbers during the post-
monsoon season at station 2
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The hydrographic parameters during the pre-monsoon, the monsoon
and the post -monsoon at station 2

40 -

@ Tempreture °C
m Salinity %o
O Nitrate ug.at/|

O Nitrite ug.at/I
= Phosphate ug.at/|
@ Silicate ug.at/l

Pre-monsoon Monsoon Post-monsoon

\2\ h




CONCLUSION



Conclusion

Planktonic algae form the first link in the marine food chain and thei'r rate
of synthesis of organic matters being influenced by various environmental
parameters.  The bioproductivity at higher trophic levels is dependent on the
productivity at the tirst trophic level.

In the coastal waters of Cochin, south west coast of Ilndia, the
environmental parameters such as light, temperature and salinity exhibit small
variations throughout the year. Nutrients exhibit significant seasonal variations,
and there 1s a positive correlation among the standing crop and productivity of
planktonic algac and nutrients. Nutrients, especially phosphate. seems to be the
most important limiting factor, controlling growth and productivity of planktonic
algae. Jayaraman and Sheshappa (1957) assumed that the seasonal variations in
the phytoplankton pigments are controlled by phosphate concentration in the sea
off Cochin. Grazing also an important factor, zooplankton and the other
herbivorous organisms may reduce the quantity of planktonic algae and hence
reduce the rate of their primary productivity.

The study of different size fractions ot planktonic algae and their
relative contribution to the primary organic production is a useful tool for the
estimation of the quantity and quality of fisheries. As the primary consumers,
small zooplankton including the early larval stages ot fishes and shellfishes are
very small in size, they require very small size fractions of planktonic algae to be
used as food. The availability of smaller size fractions of planktonic algae in
divers and enough quantities can be used as an indicator for the presence of rich
fishery resources. Concurrent mnformation on planktonic algae, zooplankton,
fishes and of the contribution of various size fractions of the microalgae to
primary production would be useful for the assessment of the magnitude of
fisheries. To be precise, an understanding of the phenomenon of the selective

grazing of certain fishes and shellfishes especially their larval stages which feed
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exclusively on certain species of planktonic algae.  would be uselul tor the
prediction of the possible occurrence of specific type of ishes or a particular
fishery.

In the coastal waters of Cochm. planktonic algae less than 53 um in
size contribute significantly to pnimary productivity and the biodiversity of the
microflora, indicating the presence of rich fisherv resources in the south west
coast of India.

On analysis of the contribution of various size fractions of planktonic
algae it is found that the predominant flora in the sea belong 1o the size group of <
10 wm in size, contributing on average. 46.2 % of the wral chiorophyll @ and 57.0
% of the total primary production. The contribution ot planktonic algae having <
10 um has so far been underestimated as they would not be traced by ordinary
fight microscope. As a considerable percentage of chiorophvit and productivity 1s
the contribution of picoplankton and the predominant species among the
picoplankton bemg cvanobacteria it may be concluded that cvanobacteria are one
among the dominant taxonomic classes ot planktonic algae. The assessment of
potential fisheries excluding the contribution of picoplankton would be far from
near approximation. The area of investigation would also be extended from the
euphotic zone to deeper zone where the picoplankton mav be disiributed.

Any assessment of the magnitude of primany productivity based on
the observed standing crop of algal plankton larger than 10 um in size alone would
lead to substantial underestimation. Lack of information on these small microflora
would result 1n illogical conclusion. A deeper investigation on the occurrence of
these microalgae and proper identification of their species would be of immense

help for the assessment of the specificity and magnitude of fishery resources.
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