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Abstract

The phytoplankton diversity, distribution, density and their
relationships to physicochemical variables were investigated using
multivariate analyses. Day and night samples were collected monthly
between November 2011 and April 2012 from two different
stations, Chatham and Junglighat in South Andaman Island. A total
of 204 species and 65 genera were identified at these two stations.
Diatoms (135 species), dinoflagellates (63 species), cyanobacteria
(4 species) and silicoflagellates (2 species) were the most important
taxonomic groups represented. Bacteriastrum furcatum, Guinardia
flaccida, Leptocylindrus danicus, Rhizosolenia alata, Rhizosolenia
imbricata, and Meuniera membranacea were the major diatoms
abundant in the coastal waters. The relationships between the
phytoplankton and the environmental factors were studied by
canonical correspondence analysis with special attention to the
sampling time (day and night). The distribution patterns of the
phytoplankton communities during day and night were analyzed
indirectly by detrended correspondence analysis. Seasonal and
spatial variations in the phytoplankton density were largely resulted
from light and temperature. The long-term trends in phytoplankton
community dynamics would provide information about the change
in trophic status of the system, as well as a foundation for
distribution studies of these species in marine ecosystems.

Keywords: Phytoplankton community, diatoms, dinoflagellates,
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Introduction

Phytoplankton are the primary producers of marine food web
(McManus and Woodson, 2012). They act as major source of energy
for the higher trophic levels in aquatic ecosystems (Boney, 1975;
Ananthan et al., 2004; Tas and Gonulol, 2007; Cloem etal,, 2014;
Degerman et al., 2018). Hence, the knowledge regarding their
dynamics is essential for developing predictive ecosystem models
as well as ecological assessment. Phytoplankton assemblages have
also been used as indicators to water quality (Salmaso et al., 2006;
Chellappa et al., 2009; Pourafrasyabi and Ramezanpour, 2014),
pollution and human interference in the marine environment.
Differences in geographic specific anthropogenic activities, seasonal
variations and pollutants have an effect on water quality, and thus,
influences the phytoplankton community dynamics of estuaries
(Shekhar et al., 2008; Muylaert et al., 2009; Baliarsingh et al.,
2016). The variation in physical, chemical and biological conditions
determine changes in phytoplankton composition, abundance
and diversity over different spatial and temporal scales (Priddle
et al, 1994; Walsh et al,, 2001; Moore and Abbott, 2002). This
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variability in the phytoplankton community structure in turn reflects
in the efficiency of the food web and the global biogeochemical
cycles (Smetacek, 1996; Walsh et al., 2001). Hence this study was
under taken to assess the relative importance of the environmental
variables on phytoplankton community.

Material and methods

Phytoplankton samples were collected from the surface of two
different coastal stations during November 2011 to April 2012.
Station 1 (11°41'13"N and 92°43'28"E), Chatham, is a chief port
in South Andaman, connected with open ocean where major
shipping activities and oil spill occurs. Station 2 (11°39 '21"N
and 92° 43'56"E), Junglighat, is one of the major fish landing
centers in South Andaman, which receives a large amount of
sewage discharge from the adjacent areas (Fig. 1). Diurnal
variations of phytoplankton species assemblage was determined
by investigating samples collected during day and night.

Samples were collected in a 1-liter plastic container by filtering
50L of water through phytoplankton net (mesh size 20um) 50

L South Andaman

e

Fig. 1. Map showing the study area and sampling locations in South
Andaman

ml of concentrated sample was collected from all stations and
immediately preserved with 4% formalin and fixed with Lugol's
iodine solution (Achary et al., 2010; Guillard, 1978). Samples
were allowed to settle for two days and the supernatant water
was siphoned, leaving the settled cells in the bottom (Villalobos,
2010). The concentrated samples (1ml from each sample)
were counted in a Sedgwick-Rafter counting chamber under
an inverted microscope (Guillard, 1978). Species identification
was done using standard keys (Venkataraman, 1939; Cupp,
1943; Guillard, 1978; Tomas, 1997). Along with phytoplankton
samples, in situ measurements of water temperature, salinity,
dissolved oxygen, nutrients (NO,, NO,, PO, and SiO,) and pH
(Strickland and Parson, 1972) were also undertaken.

Data were analyzed using multivariate techniques by PAST
(version 2.17¢) statistical package. Unconstrained (DCA)
and constrained ordination (CCA) methods were applied to
explore the relationship between environmental variables and
phytoplankton composition. Detrended correspondence analysis
(DCA) was used to determine the major variation in species
composition (presence/absence data) and to reveal patterns
in community structure. Canonical correspondence analysis
(CCA) was used to assess the relative importance of first and
second major gradients of environmental variables inferring
the species distribution patterns.

Results

Physicochemical variables

The fluctuations in physicochemical parameters of the coastal
waters during the studied period were investigated. Temperature
variations were significant at both the sampling periods. The
surface temperature ranged between 26°C and 26.8°C. pH
value had a range from 8.1 to 8.2. The monthly concentrations
of NO,, NO,, PO, and SiO, ranged from 1.6 to 2.1 umol L,
0.2to 3.1umol L', 0.2 t0 0.3 umol L' and 6.7 to 8.5 umol L

Table 1. Surface water environmental variables in the coastal waters of South Andaman Island.

Stations St.1 St.2

Parameter Day Night Mean D Day Night Mean D
Temperature (°C) 26.4 263 26.4 0.06 26.8 26.0 26.4 0.59
Salinity 315 31.8 317 0.24 323 318 320 0.29
pH 8.2 8.2 8.2 0.01 8.1 8.1 8.1 0.01
Dissolved Oxygen (mg/) 43 4.1 4.2 0.11 41 4.1 4.1 0.03
Nitrite (muol/) 1.9 1.6 1.7 0.18 2.1 18 1.9 0.21
Nitrate (myol/) 3.1 28 3.0 0.23 05 02 03 0.18
Phosphate (muol/) 02 0.2 0.2 0.03 03 02 03 0.09
Silicate (myol/) 7.7 6.9 73 0.54 8.5 6.7 7.6 1.27
Chlorophyll & (ug/l) 0.009 0.008 0.01 0.00 0.01 0.01 0.01 0.001
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respectively. The lowest nutrient concentration (0.02 umol L")
was registered at Station 1 during the month of Apr 2012. In
Station 2, silicate (14.41 umol L) and nitrate (3.82 umol L")
concentrations showed higher values in Dec 2011 (Table 1).

Phytoplankton community

Station 1 and Station 2 showed difference in phytoplankton
composition throughout the sampling periods. The first set
included all the samples from Nov 2011 to Apr 2012, the
second set included monthly samples and the third comprised
of samples taken during day and night for diurnal variation.
A total of 204 species and 65 genera were identified from
two stations. Station 1 comprised of 203 species and 63
genera, whereas 137 species and 50 genera were observed
at Station 2. Diatoms (135 species, 45 genera), dinoflagellates
(63 species, 16 genera) cyanobacteria (4 species, 4 genera),
and silicoflagellates (2 species, 1 genera) were predominant
taxonomic groups observed in these coastal waters. During
the sampling period, phytoplankton density of station 2 was
extremely high as compared to station 1, with a mean density
of 9500 cell.mL". Bacteriastrum furcatum, Guinardia flaccida,
Leptocylindrus danicus, Rhizosolenia alata, Rhizosolenia
imbricata and Meuniera membranacea were the main diatoms
abundant in these coastal waters.

Relationship between phytoplankton
assemblage and environmental influences

The relationship between the phytoplankton and
the environmental factors were studied by canonical
correspondence analysis (CCA) with special attention to
the sampling periods (day and night). CCA analysis clearly
shows the influence of nutrients such as nitrate, silicate and
phosphate as well as the salinity and temperature on the
phytoplankton productivity during day and night samples

Axis 2

Axis 1

Fig. 2. CCA biplot of the environmental variables and phytoplankton
distribution over the first and second ordination axes with a clear phase
between day (D) and night (N) at St. 1.
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Fig. 3. CCA biplot of the environmental variables and phytoplankton
distribution over the first and second ordination axes with a clear phase
between day (D) and night (N) at St. 2.

(Fig. 2 & 3). Dec, Jan and Feb were correlated with the highest
concentrations of nutrients (Nitrate, Nitrite, Silicate and
Phosphate), while other months (Mar and Apr) were related
to temperature at St. 1. Nov and Jan were correlated with
temperature and pH at St.2 (Fig. 2 & 3). The higher biomass
of the phytoplankton was observed in day samples at both
stations (Night 12783 and day 19169 cell/ml). During Dec/
Jan/Feb at St.1 and Dec/Jan/Mar at St.2, the phytoplankton
composition and diversity was very less due to the high saline
(32.3) and high temperature (26.8°C) during the summer.
These periods might have low radiation and frequent mixing
of the water column. The results revealed that the major
leading factor influencing the phytoplankton might be light
and temperature which support the primary production and
development of abundant biomass.

The phytoplankton community variation on the day and night
scale was confirmed statistically by detrended correspondence
analysis (DCA) at two sampling stations. The ordination of
the sites revealed six month intervals of the day and night
variations. Eigenvalues for axis 1 (0.60, 0.62) was larger than
that of axis 2 (0.35, 0.30) for St. 1 and St. 2 respectively (Fig.
4 and 5). The two sampling sites along the first and second
axis in the DCA showed the diurnal variability of plankton
community assemblages. Centric diatoms were dominant
in the samples collected during day time (Bacteriastrum
furcatum, B. hyalinum, Guinardia striata, Guinardia flaccida,
Leptocylindrus danicus, Rhizosolenia alata and R. imbricata),
whereas cyanobacteria (Trichodesmium erythraeum) and
dinoflagellates (Ceratium furca, C. fusus, Prorocentrum
micans, Protoperidinium depressum) dominated in night
samples. The diurnal phytoplankton community assemblages
were distinct in both the sampling stations and the variation
was more during March than other month intervals. Some
species that did not demonstrate almost any light dependency,
appeared in both day and night samples. Further, some
phytoplankton species, Asterionella glacialis, Chaetoceros
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Fig. 4. Detrended Correspondence Analysis (DCA) of phytoplankton
species in the coastal waters for St. 1, with distinct influence pattern
during day (D) and night (N).
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Fig. 6. SHE analysis plot for phytoplankton genera richness (In S),
Shannon—Wiener index (H), and evenness (In E) at St.1.
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Fig. 5. Detrended Correspondence Analysis (DCA) of phytoplankton
species in the coastal waters for St. 2, with distinct influence pattern
during day (D) and night (N).

orientalis, Cymbella sp., Mastogloia smithii, Nitzschia
closterium, Pleurosigma angulatum, Rhizosolenia robusta
and Thalassiosira decipiens that were present only in very low
percentage throughout the sampling period did not show any
particular trend. Rare species or those that appear with low
frequency do not really add more information to the present
analysis. The present findings clearly depicts that changes
in light conditions can influence phytoplankton composition
of the two sampling sites. Phytoplankton tend to dominate
considerably during daytime. SHE (S (species richness), H’
(information), and E (evenness)) analysis examined the
relationship between the species richness, the diversity,
and the evenness in the sampled community, in order to
determine if the community data resembles a log series. A
SHE diagram, which plots InS, H and InE vs. InN on a single
graph, was constructed for six months. All SHE measures
have illustrated minor fluctuations in the values throughout
six-month sampling intervals. The fluctuations in SHE values
for InS and H was relatively constant throughout the study
period at St.1 and St.2 (Fig. 6 and 7). InE shows relatively
small oscillations. This implies that the phytoplankton
community fitted better to a log-normal distribution which
suggests a non-fully random niche partition.

Fig. 7. SHE analysis plot for phytoplankton genera richness (In S),
Shannon—Wiener index (H), and evenness (In E) at St.2.

Discussion

The phytoplankton community structure and species succession
have been regulated by temperature, salinity and trophic
conditions (Madhav and Kondalarao 2004; Gasiunaite et al.,
2005; Vinithkumar et al,, 2011; Karthik et al.,, 2012; Begam et
al., 2015; Karthik and Padmavati, 2017; Karthik et al., 2017).
Other environmental determinants have been reported to be
low light intensity, high nutrient availability (Popovich et al.,
2008; Jha et al., 2014; Karthik et al., 2014a; Franklin et al.,
2018), zooplankton grazing (Huang et al., 2004) and a strong
tidal mixing of the water column (Trigueros and Orive, 2001). In
our study, the observed variation in coastal water temperature
followed an irregular pattern. The salinity gradient also played
a major role in determining the distribution of communities of
phytoplankton. Coastal species and communities are well adapted
to the variations in salinity that are related to tidal cycles and
seasonal rainfall patterns. Such variation reduces competition
among different phytoplankton groups, possibly causing high
rates of primary productivity (Lueangthuwapranit et al., 2011).

Dramatic changes in both the total abundance and species
composition of phytoplankton in St.1 and St. 2 were observed
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during the study period. Bacillariophyceae dominated in the two
stations and subsequently increased their density significantly
towards March 2012. Marked changes in this dominant algal
group alternating with dinophyceae and dictyochophyceae
were also observed in the other regions of Andaman coast
(Vinithkumar et al., 2011; Sankar and Padmavathi, 2012;
Begum et al., 2012; Elangovan et al., 2012; Karthik et al.,
2012; Goswami et al., 2020). Diatoms (92%) dominated over
dinoflagellates (7%) in cell concentrations and in species diversity
in station 1 when compared to station 2. Major changes were
seen at the genus level of the phytoplankton community from
the coastal waters at St.1 and St.2 as compared with the former
reports (Sankar and Padmavathi, 2012; Karthik et al., 2012;
Karthik and Padmavati 2014; Karthik et al.,, 2014a; Karthik et
al,, 2014b). Diatoms (Bacteriastrum hyalinum, Guinardia striata,
Meuniera membranacea, Rhizosolenia alata, R. imbricata) were
found in higher concentrations at station 1, whereas diatoms
(Bacteriastrum furcatum, Guinardia flaccida, Leptocylindrus
danicus, Rhizosolenia alata, R. imbricata) were present at station
2. Lowest phytoplankton density was observed during the month
of Nov 2011 and Jan 2012. Similar results were also recorded
during the same period (Sarojini and Sarma, 2001; Karthik et
al., 2012; Chakraborty et al,, 2014). Although dinoflagellates
were found consistently in relatively low concentrations in
the coastal waters, they have occasionally been reported as
the major species responsible for red-tide blooms (Eashwar et
al., 2001; Dharani et al., 2004; Kumar et al., 2012; Sahu et
al., 2014; Karthik and Padmavati, 2017). The phytoplankton
community presented lower diversity and abundances during
night time. A reduction of light energy could be the major reason
for extreme decline of algal biomass (Kirk, 1994; Shikata et al.,
2008; Karthik et al., 2020).

Although the total number of species was found to be high
compared with other coastal waters of Andaman (Sarojini and
Sarma, 2001; Madhav and Kondalarao, 2004; Vinithkumar et al,,
2011; Sankar and Padmavathi, 2012; Elangovan et al.,, 2012;
Karthik et al., 2012) only a few species can be considered as
common or frequent. The criteria used to separate rare species
yielded a total of 12 rare species Bacteriastrum furcatum,
Chaetoceros curvisetus, Coscinodiscus centralis, Ditylum
brightwellii, Leptocylindrus danicus, Pleurosigma elongatum,
Pseudonitzschia australis, Rhizosolenia alata, Rhizosolenia
imbricata, Ceratium furca, Protoperidinium divergens and
Protoperidinium depressum. These rare species most probably
are those with low populations and make little contribution to
community processes that do not colonize successfully the site
due to competition, unfavorable conditions and/or predation;
they are maintained in the ecosystem at low densities or
through repeated immigration (MacArthur and Wilson, 1967,
Hutchinson, 1961). Finally, the results support the view that
temporal variation, even in the coastal waters, located in a

Ecological and diurnal diversity of phytoplankton

region of high seasonal weather variation, enhances the global
phytoplankton diversity and explains in part, the coexistence
of a much larger number of species in a specific environment
(Reynolds, 2006). The importance of temporal variation in the
conditions of the coastal waters has been one of the main
factors that explain this coexistence of a large number of species
(Hutchinson, 1961).

Relationship between phytoplankton density and the
physicochemical variables were investigated using multivariate
analysis, focusing on the determination of significant factors
affecting the changes in the density of phytoplankton species.
The developments of mixed assemblages of coastal water
species varied monthly throughout the study period and varied
predominantly during the monsoon periods, when heavy
rainfalls regulated the increasing amount of nutrient runoff
from domestic sewage into the coastal waters leads to nutrient
content accumulation and influencing primary productivity. This
explains the cause behind high values recorded for nutrients
especially nitrate and silicate at both stations. Consequently,
some species such as R. alata and R. imbricata were most
dominated in this study sites. In the 2 stations sampled during
the monsoon season in March, the algae community was found
to distribute regularly along a nutrient gradient. Along with
nutrient axis, the phytoplankton assemblage dominated by
sensitive and clean water species was replaced by nutrient-
tolerant phytoplankton taxa, indicating that algal growth was
affected mainly by nutrient status. The absence of monsoon in
South Andaman during January to April 2012 has been attributed
especially to low precipitation, and discharge regulation,
which probably influenced the low values of species richness,
especially in our study area. It indicated that a good relationship
existed between phytoplankton community and monsoon water
quality parameters.

The major coastal water inhabitants in the two stations, as in
the other coastal waters, were diatoms and dinoflagellates,
which were positively correlated with the salinity factor. Some
species such as Eucampia zoodiacus, Leptocylindrus danicus,
Nitzschia closterium, Nitzschia sigma, Guinardia flaccida,
Odontella mobiliensis and Rhizosolenia alata were observed
that is repeated at almost the same time in all the intervals
of month. In case of Amphora acuta, A. alata, A. ostrearia,
Bacillaria paxillifera, Climacosphenia elongates and Entomoneis
sulcata, low densities without a clear cyclical pattern was
observed. In the present investigation it was observed that
species like Rhizosolenia alata and Rhizosolenia imbricata were
showed population peaks of short duration, most probably as a
result of changing environmental conditions, and disappeared
quickly. It is also possible that the community goes through
a period of rapid change as a response to environmental
conditions, and then remains fairly constant for a long time
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without major shifts in species composition as long as conditions
remain stable (Villalobos, 2010). A similar behavior has been
observed in both stations, where rapid changes were followed
by periods of relative stability, such as the case for Bacteriastrum
hyalinum, B. furcatum, Guinardia striata, Guinardia flaccidaand
Leptocylindrus danicus which resist to all variations. Despite all
the variations, the analysis of phytoplankton species composition
was more at St. 2, which was similar to the composition of the
phytoplankton observed in the coastal waters (Madhav and
Kondalarao, 2004; Karthik et al., 2012). Further some species
(Meuniera membranacea and Hemidiscus hardmannianus) were
dominated in a short period of time. These species were not
detected prior to its dramatic increase, and remained at low
abundances afterwards.

The degree of influence that environmental conditions had on
the dominant taxa during March and April show that specific
taxon abundances observed are not the whole picture with
respect to defining the environment. From the present data, it
seems that the minor variations during the day to day weather
changes, especially fluctuations in wind strength, are more
important in determining the water column behavior and
changes in the plankton community. This short term variation
can preclude the establishment of a well-defined successional
variation in the plankton communities as stated by the general
theory of plankton succession (Sommer, 1989; Padisak, 2003;
Reynolds, 2006). Our findings in the present investigation on
phytoplankton were similar to the results of previous studies
related to seasonal changes (Perumal et al., 2009; Muduli et
al., 2011), salinity (Sridhar et al., 2006; Mohanty et al., 2010)
and nutrient availability (Karthik et al., 2012).

Seasonal variability of phytoplankton communities in the south
Andaman Island is dependent on light, temperature, and
nutrients. Diatoms and dinoflagellates have strong relationship
with environmental parameters such as light and temperature.
Plankton families such as Lauderiaceae, Stephanopyxidaceae,
Coscinodiscaceae and Rhizosoleniaceae have displayed diurnal
occurrence in the study areas. The occurrence of 12 rare plankton
species in the study areas is needed to be monitored with
reference to physio-chemical properties. The variations in
the plankton composition in south Andaman Island are to be
monitored further to identify the influencing factors of local or
global climate change.
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