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ABSTRACT

Phytoplankton species are sensitive to environmental and seasonal variability. This property of
phytoplankton can be used to predict and study fluctuations in the ecological health of the system. In this
study, phytoplankton diversity and its direct interactions with abiotic components of the ecosystem were
studied to evaluate the health and stability of the coastal waters of Veraval, Gujarat coast, India. Results
showed that diatoms dominated the ecosystem with a strong seasonal pattern of community succession.
Waters were well churned and turbidity hindered penetration of light into deeper layers during the fall
and winter monsoon season whereas stratification during spring inter-monsoon governed the distribution
of different phytoplankton groups in the water column. These seasonal shifts resulted in a sincere pattern
of annually re-occurring seasonal succession and formation of bloom events in the region. Apart from
general phytoplankton diversity and its seasonal succession, the study intended to understand the forces
governing the diversity and ecological system as a whole. To meet this objective, percent light intensities of
chlorophyll-a, at various depths and temperatures were studied in relation to phytoplankton density. The
correlation did not stand well for stations having active bloom formation showing that chlorophyll-a cannot
be used as a proxy of phytoplankton biomass during bloom conditions. Thus excluding the points
corresponding to active bloom conditions, second order polynomial equations were developed explaining
the changes in chlorophyll-a concentration with variations in phytoplankton cell counts for study seasons.
It was observed that most phytoplankton cells preferred upper well-lit layers of the water column with
100% light intensity followed by depths with 50% and 1% light intensities respectively. Study on temporal
dynamics of the phytoplankton community in relation to temperature showed that the winter monsoon
was characterized by a temperature range of 21.9 °C to 29 °C where Navicula distans was the most abundant
phytoplankton species. Skeletonema costatum was the most abundant species at 27.2 °C during fall inter-
monsoon. Spring inter monsoon had an abundance of Navicula distans at both 28.35 °C and 28.9 °C.
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Introduction

Phytoplankton community assemblage is the most
basic component of a marine ecosystem. Studies on

phytoplankton succession started in 1922 (Birge and
Juday) since then many authors have studied and
described phytoplankton succession and its ecologi-
cal implications (Green and Vascotto 1978; Mukai
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and Takimoto 1985; Bijumon et al., 2000; Motwani et
al., 2014). Still natural communities, their interac-
tions and ecology remains ambiguous and keep
ecologists pondering over them (Werner and
Peacor, 2003). Interplay and variations in physical
and chemical components of the environment form
a suitable habitat for the organisms. For unicellular
and short-lived organisms such as phytoplankton,
these environmental variations greatly drive the or-
ganization of the community (Green and Vascotto,
1978).

Coastal and shelf regions of Veraval, Gujarat
coast, form an essential part of the north-eastern
Arabian Sea that represents a human-dominated
ecosystem. Veraval is the biggest shipping and fish-
ing port in the state (Bhagirathan et al., 2014) having
low bathymetry (Rao et al., 1979) and high tidal in-
fluences. Such typical characteristics of the region
make it unique in itself and phytoplankton being
one of the most sensitive organisms to changes in
environmental fluctuations (Mukai and Takimoto,
1985), the study of phytoplankton diversity and its
direct interactions with the abiotic components of
the system can serve as a means of evaluating eco-
system health.

Phytoplankton species composition, community
structure and biodiversity for coastal and shelf re-
gions of Gujarat are understudied even though
Gujarat has the longest coastline (1214.7 kms) (Sanil
Kumar et al., 2006). Although phytoplankton diver-
sity in the Arabian Sea has been studied extensively
since the time of JGOFS expeditions, by many re-
searchers (Tiwari and Nair, 1998; Redekar and
Wagh, 2000a and c; Bijumon et al., 2000; Gopinathan
et al., 2001; Ramalingam et al., 2008; and Shivaprasad
et al., 2012, Motwani et. al., 2014) the work presented
in this study is first of its type for coastal waters off
Veraval, Gujarat. This study is a preliminary ap-
proach to understand the role of annual and sea-
sonal fluctuations in phytoplankton community
structure thereby facilitating to understand the eco-
system health and its prediction through variations
in phytoplankton communities and associated
physical components of the system.

Materials and Methods

Seasonal sampling was conducted from October
2010 to March 2017. Sampling seasons were catego-
rized into fall inter-monsoon (October-November),
winter-monsoon (December-March) and spring in-

ter-monsoon (April-May) seasons. Figure 1 shows
the geographical distribution of the sampling sites
(stations) for annual and monthly coastal cam-
paigns. To understand the effects of ecological com-
ponents (pigment content, light and temperature) on
phytoplankton diversity, abundance of various phy-
toplankton species and its seasonal succession were
studied as biotic factors of the ecosystem. Secondly
relation of these biotic factors with abiotic factors
such as pigment content (chlorophyll-a in this case),
percent light intensity at a given depth with respect
to surface and temperature were studied. Based on
these relationships a conceptual understanding of
the complex coastal waters off Veraval was devel-
oped.

Fig. 1. Geographic location of sampling points off
Veraval Coast (represented by green points)

Phytoplankton abundance was studied using
classical microscopic technique (Tomas, 1997). Chlo-
rophyll-a absorption was measured using UV-VIS
spectrophotometer (Shimadzu UV-1800) and quan-
tified following Jeffrey and Humphrey’s (1975)
equation. Percent light intensities at various sam-
pling depths were measured using Satlantic® under
water hyper-spectral radiometer.

Results

Biotic components of the ecosystem

Phytoplankton diversity

Coastal waters off Veraval showed a sincere pattern
of seasonal succession in phytoplankton species
composition. Although diatoms dominated in all the
seasons studied (Figure 2), the dominance of a par-
ticular species in a given season was observed. In
general, coastal waters of Veraval favoured growth
of diatoms that contributed to 79.81% of the total
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phytoplankton density. Among all diatoms,
Pseudonitzschia delicatissima occurred with highest
density and contributed to 20.26%. Percent density
of dinoflagellates was 1.89% whereas other algae
(including chlorophytes and cyanophytes) contrib-
uted to 18.29% of total phytoplankton density. The
major contributor to total dinoflagellates was
Prorocentrum balticum with 0.37 % and
Trichodesmium erythrium was the major cyanophyte
(considered under ‘other algae’) which contributed
to 8.17 %.

Trichodesmium erythrium formed bloom during
spring inter monsoon seasons. Spring inter monsoon
season is characterised by typically stratified water.
T. erythriumis (blue-green alga/ Cyanophyte), is eco-
logically considered a diazotroph or nitrogen fixer.
Bloom formation by this phytoplankton in spring
inter monsoon season is a recurring phenomenon.
Also, pointing out that the waters are nitrogen defi-
cit and stratified in the early spring inter-monsoon
season.

A. glaciallis dominated in the fall inter-monsoon
season. This A. glaciallis dominance shifted to the
dominance of P. delicatissima in the winter monsoon
season. With changes in seasonal conditions from
winter to spring inter monsoon season, phytoplank-
ton densities changed from dominance of P.
delicatissima to T. erythrium with extra-ordinarily
outcompeting cells of T. erythrium (Table 1). Over
the decade, this sincerity in seasonal patterns re-
peated every year. Annual convective mixing due to
winter cooling effects whereas stratification of the
water column during the inter monsoons (especially
in spring inter monsoon season) (Motwani et al.,
2015) can be considered as driving forces for the sea-
sonal patterns observed in the study. Availability of
nutrients and light is greatly affected by the convec-
tive mixing and stratification in the column thereby
influencing the phytoplankton community structure
across the seasons.

Although factors governing diversity and distri-
bution of phytoplankton community structure are
complicated, light, temperature and availability of
nutrients have a key role in regulating phytoplank-
ton densities. As there is no influx of nutrients by
riverine runoff in the coastal waters of Veraval, high
doses of inorganic pollutants from fishing and ship-
ping activities, vertical mixing and high tidal ampli-

Table 1. Contribution of different phytoplankton groups in different seasons

Seasons Phytoplankton groups % Dominant % contribution by
contribution species  dominant species

Fall inter monsoon Diatoms 97.68 A. glaciallis 39.81
Dinoflagellates 1.75 Scrippsiellatrochoidea 0.32
Other algae 0.55 T.erythrium 0.37

Winter monsoon Diatoms 88.72 P.delicatissima 25.12
Dinoflagellates 1.46 P.balticum 0.42
Other algae 9.81 T. erythrium 4.54

Spring inter monsoon Diatoms 48.31 Nitzschialongissima 18.53
Dinoflagellates 2.29 P. balticum 0.63
Other algae 49.38 T. erythrium 46.36

Fig. 2. Percent contributions of major phytoplankton
species

On classifying phytoplankton abundance tempo-
rally into fall inter, winter and spring inter monsoon
seasons, it was observed that percent density of dia-
toms was 97.68 during the fall inter monsoon season
and Asterionellopsis glaciallis was the major species
contributing to 39.81 % of total diatoms of the sea-
son. Table 1 summarizes the contribution of differ-
ent phytoplankton groups during various seasons
studied. Summing up the results, it was observed
that phytoplankton diversity was at its maxima in
the winter monsoon season while it decreases in in-
ter-monsoon periods.
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tudes serve as a source of nutrients for the region.
According to Wetzel, 2001, light and temperature
are two inseparable components that affect the dis-
tribution of phytoplankton. Coastal waters of
Veraval represent a typical tropical condition where
the availability of light is generally never limiting for
the growth of phytoplankton (Raitsos et al., 2013)
with exception of highly turbid regions where the
light penetration in the water column is limited.

Except spring inter monsoon season, overall
dominance of diatoms reflects that the aquatic sys-
tem is physically unstable, having low salinity and
high amount of nutrient supply (possibly silica) due
to re-suspension (Smetacek, 1985; 1988; Fernandes
and Brandini, 2004). Unstable and mixed water
types prevent the cells from sinking thus making
them available for zooplankton (eg: copepods)
(Lopes et al., 1998). Evidently, in a diatom-domi-
nated unstable system, the cells have higher prob-
abilities of entering the food chain and contributing
to energy transfer to higher trophic levels rather
than acting as a direct sink of organic matter (car-
bon).

Surface chlorophyll-a in relation to average
phytoplankton abundance at the surface

To understand the factors governing variations in

phytoplankton diversity, its relation with chloro-
phyll-a was evaluated for surface waters. Chloro-
phyll-a is a well-established proxy for phytoplank-
ton biomass but its relation (Figure 3(a)) with over-
all phytoplankton cell count was not good (R2=3.16).
This was because the points corresponding to the
stations where the bloom was observed became out-
liers. Thus points corresponding to bloom stations
were removed and data were temporally classified
into seasons. Recalculated results showed a good
correlation between phytoplankton counts and chlo-
rophyll-a concentrations for all the seasons (Figure 3
b, c & d). From the above results, it can be inferred
that chlorophyll-a can be used as a proxy for phy-
toplankton only in non-bloom conditions. The corre-
lation of chlorophyll-a and cell counts showed a
positive second order polynomial curve. A positive
correlation of phytoplankton cells with chlorophyll-
a concentration implies that chlorophyll concentra-
tion increased when phytoplankton cells increase.
The rate of increase of chlorophyll content with an
increase in phytoplankton density is governed by
seasonal variations in the abiotic factors. Thus differ-
ent models (shown in Figure 3) were formed for dif-
ferent seasons.

Actively growing cells always tend to have
higher chlorophyll concentrations to meet their

Fig. 3(a). Correlation of phytoplankton cell count with chlorophyll-a concentration; (b) for wintermonsoon
season; (c) for fall inter monsoon season; (d) for spring inter monsoon season
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physiological needs. Variations in seasonal condi-
tions primarily alter the availability of nutrients and
temperature. Based on the response of phytoplank-
ton species to seasonal alterations, they can be clas-
sified as, first, the tolerant species. These are the
ones that can adapt to the changed conditions. Such
species outcompete others and either dominate or
form blooms. This adaptation is not straightfor-
wardly related to the increase in chlorophyll concen-
tration. Thus in most cases, chlorophyll-a concentra-
tion does not act as a proxy for phytoplankton bio-
mass.

Second, the sensitive species. These are the ones
that cannot adopt and either reduce their growth
rates or turn completely dormant.

Abiotic components of the ecosystem

Phytoplankton diversity with respect to percent
light in the water column

In this study, it was observed (Figure 4) that dia-
toms, dinoflagellates and all other algae had prefer-
ential distribution in the vertical column of water,
where most phytoplankton occupied the well-lit
upper layer of water with 100% light availability.
Secondary preference was to occupy the depths
with 50% light intensities where availability of light
and nutrients was better optimised than the depths
with 1% light level. Turbid waters did not allow
penetration of light in the lower depths thus phy-
toplankton diversity decreased at lower depths
(with 50% and 1% light intensities). According to
Harris, (1986), phytoplankton communities can be
preserved and perpetuated in stable systems. In case
of the coastal waters off Veraval, the nutrients are
well mixed due to re-suspension of the particulate
matter. Such physically disturbed (unstable) sys-

tems are turbid and can affect the penetration of
light into the deeper layers thus influencing the
translocation of the phytoplankton communities
along the vertical column of water (Leland, 2003;
Walks and Cyr, 2004 and Rejas et al., 2005).

Surface temperature in relation to average
phytoplankton abundance at surface

The influence of temperature on phytoplankton
abundance was better understood by pooling the
data seasonally (Figure 5). Variations in phytoplank-
ton density with changes in temperature showed a
sincere seasonal pattern. Each season marked a
range of temperatures where average phytoplank-
ton abundance was maximum and a specific tem-
perature where a specific species outcompeted oth-
ers. Winter monsoon was characterized by a tem-
perature range of 21.9 °C to 29 °C (Figure 5(b)). Nav-
icula distans was the most abundant phytoplankton
species with maximum abundance at 24.8 °C.
Skeletonema costatum and Asterionellopsis glacialis
were the most abundant species at 27.2°C and
26.1°C respectively during fall inter monsoon spe-
cies. Fall inter monsoon was characterized by a tem-
perature range of 25.5°C to 27.9°C (Figure 5(c)).
Similarly, spring inter monsoon is characterized by
a narrow temperature range of 28 °C to 29 °C (Fig-
ure 5(d)) and abundance of Navicula distans at both
28.35 °C and 28.9 °C was observed.

A. glacialis can form bloom at temperatures
around 26 °C. S. costatum was considered a cold wa-
ter species by Fernandes and Brandini, 2004. The
maximum abundance of S. costatum at around 27 °C
contradicts the consideration of Fernandes and
Brandini in coastal waters of Veraval, Gujarat Coast,
India, showing that it can flourish at higher tem-
peratures as well. N. distans outcompetes the aver-
age phytoplankton abundance during both winter
as well as spring inter monsoon season. This brings
out that S. costatum and N. distans are highly tolerant
species that can flourish at wider ranges of tempera-
tures. N. distans comes out to be the most tolerant
species with respect to temperatures and stratifica-
tion in the water column.

Discussion

Primary observational results provided insights of
associated ecosystem conditions of the region. Dia-
toms formed the major group contributing to phy-
toplankton diversity in all the seasons studied indi-

Fig. 4. Distribution of phytoplankton groups along the
vertical column of water with respect to percent
light intensities



MOTWANI ET AL S319

cating that the waters were well mixed and repre-
sented a turbulent system. Seasonal shifts from the
dominance of A. glaciallis in the fall inter monsoon,
the dominance of P. delicatissima during winter, and
the dominance of T. erythrium in the early spring,
were observed to follow a sincere pattern over the
entire study period. The dominance of diatoms dur-
ing fall inter and winter monsoon indicated a physi-
cally unstable system with a high nutrient supply
while the spring inter monsoon season was
characterised by stratified water. In diatom domi-
nated unstable systems where water is well
churned, phytoplankton cells are more prone to re-
main suspended and enter the food chain rather
than acting as a direct sink for organic matter.

A species grows and multiplies in favourable
conditions. It is also a fact that no species continues
to dominate a region forever because environmental
factors keep changing seasonally. Seasonal alter-
ations in abiotic factors of the environment turn one
or the other factor unfavourable or limiting even if
all the other unchanged factors continue to remain
favourable (Odum, 1971). In this study, when verti-
cal distribution of phytoplankton cells was studied,
light acted as a limiting factor at depths with 50%
and 1% light intensities. Increase in phytoplankton
abundance did not ensure a consistent increase in
chlorophyll-a concentration within the cells. Avail-
ability of nutrients and temperature check upon the
growth and multiplication of cells as also on the

Fig. 5(a). Correlation of phytoplankton cell count with Temperature; (b) for winter monsoon season; (c) for fall inter
monsoon season; (d) for spring inter monsoon season

chlorophyll-a concentrations within them. In this
ecological fight for growth, multiplication and sur-
vival, N. distans turned out to be the most tolerant
species with a wide range of tolerance for tempera-
ture as well as the availability of nutrients.

Based on the observations of diversity, coastal
waters off Veraval can be considered eutrophic in
almost all seasons, but seasonal blooms and a strong
pattern of seasonal shift in species composition
makes the region complicated. Many ecological laws
such as ‘seasonal succession’, ‘law of resource
competition’, ‘law of limiting factor’, ‘laws govern-
ing species dominance, ecological diversity and for-
mation of blooms’ in sync with geographical phe-
nomena such as ‘convictive mixing during winter
monsoon’ and ‘stratification during spring inter
monsoon’ all act synergistically to balance the eco-
system health of the region. The results are impor-
tant for future ecosystem modelling and remote
sensing based studies where wind can act as an ad-
ditional input variable.

Acknowledgement

We are grateful to Dr. Ashish Jha and Sreejith
Thilakan from Central Institute of Fisheries Tech-
nologies, Veraval and the entire marine ecosystems
team from Space Applications Centre, ISRO,
Ahmedabad and Department of Botany, Gujarat
University for their support during sample collec-



S320 Eco. Env. & Cons. 29 (January Suppl. Issue) : 2023

tion. Special thanks to Department of Science and
Technology, Govt. of India, for funding the project.

References

Bhagirathan, U., Meenakumari, B., Panda, S. K. and
Madhu, V. R. 2014. Impact of bottom trawling on the
epifauna off Veraval Coast, India. Indian J.
Geomarine. Sci. 43(2) : 297-312.

Bijumon, K. B. Robin and Orusep, P. 2000. Phytoplankton
characteristics of Parries estuary along the southwest
coast of India. Abstract No. 59. Recent trends in life
science. Fourth National Symposium, Department of
Aquatic biology. University of Kerela, Trivandrum.

Fernandes, L. F. and Brandini, F. P. 2004. Diatom associa-
tions in shelf waters off paraná state, southern Bra-
zil: annual variation in relation to environmental
factors. Bras. Oceanogr. 52(1) : 19-34.

Gopinathan, C. P., Giresh, R. and Smitha, K. S. 2001. Dis-
tribution of chlorophyll ‘a’ and ‘b’ in the eastern Ara-
bian Sea west-coast of India in relation to nutrients
during post monsoon. J. Mar. Biol. Ass. India. 43 : 21-
30.

Green, R. H. and Vascotto, G. L. 1978. A method for the
analysis of environmental factors controlling pat-
terns of species composition in aquatic communities.
Water Research. 12 : 583-590.

Harris, G. 1986.  Phytoplankton Ecology: Structure, Function
and Fluctuation. Chapmann and Hall, New York.

Ibid, 2000c. Growth of fouling diatom from Zuari estuary,
Goa (west coast of India) under different salinities
in the laboratory. 22(1 & 2): 121-124.

Jeffrey, S. W. and Humphrey, G. F. 1975. New spectropho-
tometric equation for determining chlorophyll a, b,
c1 and c2. Biochem. Physiol. Pflanz. 167: 194-204.

Leland, H. V. 2003. The inuence of water depth and ow
regime on phytoplankton biomass and community
structure in a shallow, lowland river. Hydrobiologia.
506(1-3) : 247-55

Lopes, R. M., Vale, R. and Brandini, F. P. 1998.
Composição, abundância e distribuição espacial do
zooplâncton no complexo estuarino de Paranaguá
durante o inverno de 1993 e o verão de 1994. Rev.
Bras. Oceanogr. 46(2) : 195-211.

Motwani, G., Rajan, R., Raman, M. and Solanki, H. 2015.
Seasonal variations in chlorophyll-a concentration
in coastal waters off Veraval, Gujarat coast. Eco. Env.
& Cons. 21(2): 795-799.

Motwani, G., Raman, M., Matondkar, P., Parab, S.,
Pednekar, S. and Solanki, H. 2014.  Comparison be-
tween phytoplankton bio-diversity and various in-
dices for winter monsoon and inter monsoon peri-
ods in north-eastern Arabian Sea. Indian J. Geo ma-
rine. Sci. 43(8) : 1513-1518.

Mukai, T. and Takimoto, K. 1985. Effects  of  Environmen-
tal  Gradients concerning  Water  Qualities  on  the
Structure  of  the  Phytoplankton Community  in  the
Coastal  Sea. Estuarine, Coastal and Shelf Science. 20 :
169-181.

Odum, E.P. 1971. Fundamentals of Ecology. Third Edition,
W.B. Saunders Co., Philadelphia, 1-574.

Raitsos, D. E., Pradhan, Y., Brewin, R. J. W., Stenchikov,
G. and Hoteit, I. 2013. Remote Sensing the Phy-
toplankton Seasonal Succession of the Red Sea. PLoS
ONE. 8(6) : e64909.

Ramalingam, R., Natanamurugaraj, G., Muruganadam,
A., Senthilkumar, T., Arulmurugan, P. and
Jeyachandran, J. 2008. Seasonal distribution of phy-
toplankton in the Kaduvaiyar estuary and
Nagapattinam coast, southeast Tamil Nadu. Seaweed
Res. Utiln. 30 : 39-47.

Rao, D. S. Ramamirtham, C. P. and Kunhikrishnan, N. P.
1979. Hydrography of water along the Gujarat Coast
during the summer period in the year 1963. J. mar.
biol. Ass. India. 21(1&2): 133-142.

Redekar, P. D. and Wagh, A. B. 2000a. Relationship of
fouling diatom number and chlorophyll ‘a’ value
from Zuari estuary, Goa (west coast of India). Sea-
weed Res. Utiln. 22(1 & 2): 173-181.

Rejas, D., Declerck, S., Auwerkerken, J., Tak, P. and de
Meester, L. 2005. Plankton dynamics in a tropical
floodplain lake: fish, nutrients, and the relative im-
portance of bottom-up and topdown control. Fresh-
water Biol. 50: 52"69.

Sanil Kumar, V., Pathak, K.C., Pednekar, P. Raju, N.S.N.
and Gowthaman, R. 2006. Coastal processes along
the Indian coastline, Curr. Sci. 91(4): 530-536.

Shivaprasad, A., Vinita, J., Ravichandran, C., Reny, P. D.,
Deepak, M. P., Muraleedharan, K.R. and Naveen
kumar, K. R. 2012. Seasonal stratification and prop-
erty distributions in a tropical estuary (Cochin estu-
ary, west-coast, India). Hydro. Earth Syst. Sci. Discuss.
9(7).

Smetacek, V. S. 1985. Role of sinking in diatom life-history
cycles: ecological, evolutionary and geological sig-
nificance. Mar. Biol. 84 : 239-251.

Tiwari, L. R. and Nair, V. R. 1998. Ecology of phytoplank-
ton from Dharamtar creek west coast of India. Indian
J. Mar. Sci. 27 : 302-309.

Tomas, C. R. 1997. Identifying Marine Phytoplankton. Aca-
demic Press, New York, 858.

Walks, D. J. and Cyr, H. 2004. Movement of plankton
through Lake-Stream Systems.  Freshwater Biol. 49(6):
745-759.

Werner, E. E. and Peacor, S. D. 2003. A review of trait-
mediated indirect interactions in ecological commu-
nities. Ecology. 84(5) : 1083–1100.

Wetzel, R. G. 2001. Limnology. 3rd Edition. Academic Press,
California.


