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o ‘ ABSTRACT
Phytoplankters grown at different. salinities show varying growth rates. The
maximum growth is. at a salinity of about 15 %o . ¥n most of the cases growth at
salinities 10 and 30%. are greater than 50% of the maximum observed. The
values of chlorophyll cja {or bju) and carotencidichlorophyll ¢ do not vary very
much with changes in salinity.

INTRODUCTION

Estuaries are characterised by marked diurnal and seasonal changes in
salinity. These changes arc brought about either by the tidal variations or by
the influx of freshwater from rivers and land runoff caused by the monsoon
system. As a result, the organisms inhabiting the estuaries have to adapt them-
selves to wide changes in salinity.

Investigations have been carried out carlier on phytoplankton growth
rates (expressed in cell numbers) in relation to salinity changes (Braarud 1951,
1961, Jones et al 1963, McLachlan 1961, Nordli 1957, Smayda 1969). More
recently, phytoplankton growth has been estimated from the changes in chloro-
phyll concentration (Thomas 1970) and photosynthetic rates (Qasim er al
1973). In the present study the growth rates of four tropical phytoplankton
organisms have been estimated from their pigment concentrations.

MATERIALS AND METHODS

Organisms isolated earlier (sec Qasim et al 1972) were subcultured and
maintained at room temperature. From the actively growing clones, aliquots
were transferred to filtered seawater of salinities ranging from 2 to 31%.
Distilled water was used for diluting thc secawater. These were kept at room
temperature (28-31°C) under constant illumination of 5000 lux with a dark|light
cycle of 14[10, hours. Occasionally the samplcs were aerated, Aliquots were
drawn from each sct at intervals and the chlorophyll concentrations were esti-
mated by the procedure given by Strickland and Parsons (1968). The phyto-
plankters investigated were Chaetoceros lorenzianus, Coscinodiscus radiatus, As-
terionella japonica and Tetraselmis gracilis.
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Growth rates of the organisms at different salinities were calculated from
the variations in the concentration of = chlorophyll @. Specific growth rate was
7 . . o 1 _ 1 Ct?..
found out from the relation = , o
| from the reation B =y -ty n2 " Cy

where H is division per day, Cfl and Cyy are cholorophyll a . con-
centrations at time t; and ty (days).

RESULTS .AND DISCUSSION

The relative growth rates of each organism in relation to salinity have
been shown in Fig. 1. For all the organisms, a sudden enhancement of growth
rate, almost reaching 100%, at salinities' 15-20%, was observed. However, at
. salinities 10 and 30 % the growth rates were 60% and 40% of the maximum
in the case of Asterionella, 80% and 72% for Chaetoceros, 75% and 75% for
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Fic. 1. Rate . of growth '(as a

percentage of maximum) 'Fic. 2. Relative increase in total

of unialgal - cultures of " chlorophyll of diatom and "
" diatoms and flagellate at . * flageliate cultures  at dif- . -
different . salinities. (a) ferent saliniti.es S (a): As-

Asterionella japonica, (b) terionella  japonica  (b) -
Chaetoceros  lorenzianus, ‘ Chaetoceros  lor enzianus,

(¢) Coscinodiscus radia- ‘ (c) Coscinodiscus fadla-

tus and (d) Tetraselmts" “tus and (d) Tetraselrms

gracilis. . . ‘gracilis.
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Coscinodiscus and 60% and 72% for Tetraselmis. At the lowest salmlty inves-
ngated (2%0) none of the phytoplankters showed any growth

The photosynthetlc rates of several organisms at varying salini-
ties, have been investigated by Qasim ef al (1972). It was found that Asterionel-

" la, Chaetoceros and Coscinodiscus showed maximum photosynthesis at salinity

- range '10-20 %, . Sumlar results were observed during the present investigation,
which show that’ maximum nrowth occurs at lowered  salinities. Red-pigmented
blue-green alga, Phormldzum persicinum has been found to have decreased
growth rate at NaCl concentration below 15%, and above 30 %, (Pintoer and
Provasoli 1958). Growth of Calothrix scopulorum was found to be not signifi-
cantly different in salinities 0.1 to 4.5 %, (w{v), though there was slightly better
growth at salinities between 1 and 3.5 %, (Stewart 1964). Nostoc entophyta
showed similar growth rates at salinity range 1.0 to 3.5 %,, but had much low
rates at 4.5%, (Stewart 1964).

Braarud (1961) found that many dinoflagellates had their peak growth
at salinity 209%, . Thus at salinitics 10 and 30%, the growth rates in terms of
_percentage of the maximum were: Peridinium triquetrum 64% and 92%:; Peri-
dinium trochoideum 61% and 81%; Prorocentrum micans 28% and 78%; Am-
phidinium cf. operculatum 72% and 92%:.; Ceratium tripos 39% and 56%. In
the case of Ceratiun fusus, C. furca and C. lineatum, the growth rates at salini-
ties 15 and 30%, were 62% and 72%, 83% and 89% and 94% and 39%
respectively.

In the diatom Detonula confervacea, Smayda (1969) observed that the
growth rate (at 12°C) was low at salinity 5%, but showed an increase at the
salinity range 5-15%,. The cell division remained more or less constant from
salinity 15 to 30%, . Smayda (1969) further observed that optimal growth
occurrpd at the salinity 15-35 %, at 2°C with illumination range of 200-600 ft
C; saljnity 15-30'%, at 7°C and 1200 ft C, and at salinity 20-259%, at 12°C
and 1800 ft C.

Guillard and Ryther (1962), while investigating the influence of salinity
on the division rate of Cyclotella nana, found that the estuarine clone has very
wide adaptability for the salinity range of 0.5 to 32% and the rate of division
was two to three times a day. Similarly in Detonula confervacea although growth
occurred at salinity 8%, the maximum division rate was noticed when salinity
was around 16%e¢ (Guillard and Ryther 1962), Takano (1963) reports that
the relative growth rate (in cell numbers) in Skeletonema costatum was 0.88,
1.00, 0.88 and 0.89 at salinities 10, 20, 30 and 35%, respectively.

Thus,' the. foregoing account shows that salinity is an important
- ecological factor controlling the abundance of many phytoplankton organisms in
estuaries (Gessner and Schramm 1971). However, it has to be mentioned that
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though there are large variations in the response pattern both at the inter- and
intra-specific levels, most of the phytoplankters show within limits, a higher rate
of growth at lowered salinity. But in most cases, it is not easy to single
out the sole factor responsible for the responses observed.

The relauve changes in total chlorophyll (a'*'b) or (atc) values are
given in Fig. 2. Values at the beginning of the experiment have been taken as
unity in all cases. Thus total chlorophyll values of Asterionella on the 9th
day were 22.8, 27.0, 107.9 and 85.3 at salinities 10, 18.7, 26.7 and 31.0%,.
respectively. For Coscinodiscus the chlorophyll concentrations were 6.0, 27.2,
5.2 and 11 at salinities 9.2, 16.5, 24.0 and 30.5%,. In the case of Chaetoceros
the maximum increase of 31.4 in chlorophyll was at a salinity of 16.5 %,. At
other salinities the increase was still lower. However, T etraselmis did not show
very high increase in chlorophyll w1th changes in salinity. The maximum change
was at salinity 24.2 %,

TABLE 1. Changes in phytoplankton-pigment values at different salinities.
Organisms Sali‘niy Chlcorbd Carbtenoids
Yos Chl a Chl a
Asterionella japonica _
8.5 0.45 — 0.53 0.10 — 0.26
16.5 0.47 — 0.63 0.18 — 0.26
23.8 0.35 — 0.56 0.16 — 0.23
30.5 - 0.17 — 0.35 0.18 — 027
Chactoceros lorenzianus
92 0.60 — 0.71 0.25 — 044
16.5 0.39 — 0.53 0.22 — 045
24.0 0.41 — 0.54 0.30 — 0.46 .
30.5 0.50 — 0.57 0.25 — 047
Coscinodiscus radiatus
10.0 0.56 — 0.71 0.24 — 0.50
18.7 0.38 — 0.80 0.30 — 0.38
26.7 0.24 — 045 0.27 — 0.40
31.0 0.25 — 0.70 0.27 — 0.49
Tetraselmis gracilis
8.5 0.27 — 0.44 023 — 0.38
15.5 0.29 — 045 0.23 — 0.40
242 0.21 — 0.44 0.26 — 0.35
30.0 0.23 — 0.38 0.25 — 0.36
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_ Table 1 shows the variation in the values of chlorophyll c|a (or b|a) and
plant carotenoids to chlorophyll ‘a. The range in cla values for Chaetoceros was
lowest (0.17-0.35) at salinity 30.5%, and highest (0.47-0.63) at  salinity
16 5%o:- At other salinities, the values were within the above range. The ratio
between plant carotenoids and chlorophyll a was always iow and in the same
range- (0.10-0.27). For Coscinodiscus the cla values were highest at salinity
10%, and lowest at 18.7%,. Carotenoid to chlorophyll @ ratios varied from
0.2 to 0.6, the highest values being at the lowest salinity. In Asterioneila, the
cja values ranged from 0.25 to 0.80. In this case, the highest value was obtained
at- salinity 18.7%,. while at still higher salinities the values ranged from 0.24
to 0.50 and were more or less within a similar-range at other salinities. The
flagellate Tetraselmis showed variation in bla ratios from. 0.2 to 0.45 and the
values fall within a similar range at the salinities investigated. Carotenoid to
chlorophyll a values ranged from 0.23 to 0.40:

These results show that salinity does not seem to influence the values of
<ither chlorophyll cja (or bla) or carotenoid to chlorophyll a, though there is an
overall difference in growth rates. According to Yentsch and Vaccaro (1958)
carotenoid to chlorophyll a ratio is a quantitative index of the physiological state
of the phytoplankters. Since the values obtained were low it can be assumed
that all the phytoplankters were in good physiological state.
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