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Summary The present investigation studied the seasonal variation between physico-chemical
parameters and phytoplankton diversity, community structure and abundance; quantitative
samples were collected on a monthly basis from April 2015 to March 2016 at Parangipettai coast,
the Bay of Bengal (BOB). Statistical analyses were performed on physico-chemical parameters
such as salinity, dissolved oxygen (DO), pH, temperature, nitrate, nitrite, silicate, and inorganic
phosphate (IP). The significant (P < 0.0005) variation among seasons as well as a high influence of
these parameters was observed on phytoplankton productivity. Totally, 117 species were identi-
fied, belonging to five different classes, Coscinodiscophyceae (62%), Bacillariophyceae (17%),
Fragilariophyceae (8%), Dinophyceae (8%) and Cyanophyceae (5%). Throughout the study period,
the occurrence of most dominant species was observed from class Coscinodiscophyceae and
Bacillariophyceae. The phytoplankton species also showed significant changes according to
seasonal variations as well as the nutrient availability. Phytoplankton attained their maximum
population density during premonsoon; whereas minimum population was observed during
monsoon. The performed statistical analysis on phytoplankton species, the Shannon & Wiener
diversity index was found to be higher during postmonsoon and lower during monsoon season. The
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Canonical Correspondence Analysis (CCA) was used, to find out the seasonal relationship between
phytoplankton and physicochemical parameters. Hence, the executed CCA results revealed that
temperature, salinity, silicate, DO and IP have a higher influence on phytoplankton abundance.
© 2017 Institute of Oceanology of the Polish Academy of Sciences. Production and hosting by
Elsevier Sp. z o.o. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Phytoplankton are the primary source of a food chain, which
contributes to the major fishery resource around the world.
They are responsible for the formulation of a biological
community and regulate the food web (Falkowski et al.,
2008; Field et al., 1998). Phytoplankton act as an important
component of the marine ecosystem, as they liberate oxygen
during photosynthesis and aid in energy exchange process
(Khan, 2003). They play a crucial role in mitigating the
climate change and global warming, thereby recede the
global CO2 levels (Santhosh Kumar and Perumal, 2012). Phy-
toplankton community structure, composition and species
diversity in aquatic ecosystem are determined by several
physico-chemical parameters (Sin et al., 1999). Spatial and
temporal variations in phytoplankton distribution are widely
affected by the hydrochemical and physical factors such as
temperature, salinity, pH, nitrate, nitrite, ammonia, silicate
and IP. The influence of these factors on phytoplankton
community alters species composition and their diversity
in the marine ecosystem (Durate et al., 2006; Madhu
et al., 2007). Generally, shallow water and estuaries show
seasonal fluctuations among variables depending on the
regional rainfall, tidal inflow and various abiotic and biotic
processes, which play substantial role in nutrient cycle
(Choudhury and Panigrahy, 1991).

The relationship between phytoplankton and nutrients is
highly dynamic and has always been the major focus among
researchers to explicate experimental ecology (Chattopad-
hyay et al., 2003). Recently, various anthropogenic activities
have increased, which in turn enhance the nutrient concen-
tration thus, leads to high productivity in coastal environ-
ment (Rakhesh et al., 2013). Availability of nutrient plays an
important role in phytoplankton diversity that reflects the
environmental condition of the ecosystem (Dugdale, 1967;
Rhyther and Dunstan, 1971; Smayda, 1980). Phytoplankton
species shows wide variation in distribution due to changes in
factor like hydro-chemical and physical parameters. These
dramatic changes in physico-chemical parameters, exhibit
differential effect in distribution and abundance of many
phytoplankton species, ultimately indicating the quality of
water (Shashi Shekhar et al., 2008). Phytoplankton species
can be very sensitive to slight modification in its environment
and hence, it provides good insight about water quality
before it reaches to extreme visible condition like eutrophi-
cation (Brettum and Andersen, 2005). Eutrophication is
caused by several factors such as substrate remineralization,
upwelling, increase river inflow and resuspension of particu-
late matter (Guinder et al., 2015; Su et al., 2015). It might
have both positive and negative impact on phytoplankton
diversity depending on the state of an ecosystem (Crossetti
et al., 2008; Marasović and Pucher-Petković, 1985; Skejić
et al., 2014; Su et al., 2015). Species diversity and commu-
nity composition are subjective to substantial changes by
environmental parameters and eutrophication. Phytoplank-
ton biomass increases due to eutrophication and causes
uniform distribution in species composition. Simultaneously,
opportunistic species start proliferating by dominating other
(McQuatters-Gollop et al., 2009). The factors such as eutro-
phication, changes in nutrients concentration and competi-
tion between species reduce the phytoplankton species
diversity (Spatharis et al., 2007). The phytoplankton biomass
(chlorophyll-a) is used as a good indicator of water quality
and eutrophication because it provides good insights of that
particular area (McQuatters-Gollop et al., 2009; Ninčević-
Gladan et al., 2015). Monitoring the seasonal changes in
phytoplankton diversity and its community structure pro-
vides the better understanding about the state of coastal
waters and they are one of the most important biological
elements that provide the ecological status of the sea (Barić
et al., 1992; Legović et al., 1994). A marine phytoplankton
community is mostly dependent on nutrients and physical
parameters in a coastal environment. The nutrient availabil-
ity is frequently considered as a key factor regulating the
phytoplankton abundance, growth and metabolism. Signifi-
cant work has been done in relation to seasonal variation in
phytoplankton species composition in the different coastal
ecosystem of India (Menon et al., 2000; Sahu et al., 2012; Siva
Sankar and Padmavathi, 2012; Sridhar et al., 2006). The
present study area is highly influenced by seasonal changes
in freshwater. In addition, aquaculture and anthropogenic
activities also significantly contribute to changes in the
coastal ecosystem of Parangipettai. Therefore, comprehend-
ing the dynamic environmental parameters and their influ-
ence on phytoplankton productivity is extremely important
as it plays a vital role in the food web and coastal productiv-
ity. This will also aid in assessing the water quality in future.
Hence, the present study aims to find out the seasonal
variation in phytoplankton diversity, composition and their
abundance in response to various environmental parameters.

2. Material and methods

2.1. Description of study area

The present investigation was carried out from April 2015 to
March 2016 in Parangipettai coast of Tamil Nadu, Southeast
Coast of India. The freshwater influence is high due to
fluctuations in tide and incursion of freshwater during mon-
soon because of Vellar estuary debouching in the Bay of
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Bengal. Sampling sites are shown in Fig. 1. Totally five sam-
pling sites were fixed and monthly sampling was carried out.

2.2. Sampling

Monthly samples were collected at different depths using
Niskin water sampler. Seawater was collected for 1 L in poly-
propylene bottles to analyze chlorophyll and physico-chemical
parameters, which were then filtered through Whatman GF/F
filters for further analysis as described by (Strickland and
Parsons, 1972). Physical parameters such as temperature,
pH, salinity were measured on the site itself by using standard
instruments (a multistem digital thermometer (accuracy
� 0.1), a hand-held refractometer (ATAGO S/Mill-E), pH pen).

Nutrients such as nitrite (NO2), nitrate (NO3), ammonia
(NH4), inorganic phosphate (PO4), reactive silicate (SiO4) were
analyzed following the standard methodology described by
Strickland and Parsons (1972). Chlorophyll-a concentration was
estimated by pigment extraction method using 90% acetone.
Extracted samples were kept for incubation in refrigerator
under dark condition and the pigment concentration was
Figure 1 The GPS locat
obtained through UV—VIS spectrophotometer (Shimadzu-UV)
using 5 cm cells at 630 nm, 645 nm, and 665 nm (Strickland
and Parsons, 1972).

To estimate the total suspended solids (TSS) in seawater,
glass filter paper (Whatmann GF/C, 0.45 mm) was weighed
before filtration, the filtered paper was kept in an oven for
24 h at 758C and weighed again to find out the TSS.

Phytoplankton were collected at monthly intervals on
surface water by towing plankton net (mouth diameter —

1.5 m) made up of bolting silk cloth (mesh size 54 mm). The
flow meter (Hydro-bios, Germany) was attached at the cen-
ter of the net to calculate the volume of seawater passed
through the net. Collected phytoplankton samples were
preserved in 4% buffered formalin for further analysis. Qua-
litative and quantitative analysis of phytoplankton were
executed using an inverted microscope. Quantification of
phytoplankton was carried out using Sedgwick rafter count-
ing chamber and phytoplankton species were identified by
following standard manuals of Subramanyan (1946), Al-Kandari
et al. (2009), Venkataraman (1939), Perumal et al. (1998),
Santhanam et al. (1987) and Smith (1977).
ion of sampling sites.
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2.3. Statistical analysis

Canonical Correspondence Analysis was used to determine
the relationship between phytoplankton and environmental
parameters. Biological diversity (H0) and richness (S) were
calculated by following the equation of Shannon and Wiener
(1949), and Pielou (1966). One way ANOVA was performed
using Tukey's HSD test to observe the seasonal variation in
nutrients. Variations in physico-chemical parameters were
depicted using box plot. All of these analyses were run in R
software (R Version 3.4.0, 2016), vegan: community ecology
package. R (Oksanen et al., 2016) was used to run the CCA
and Shannon diversity index analysis. Box plot and line dia-
grams were plotted using ggplot2 package (Wickham, 2009).

3. Results and discussion

3.1. Physico-chemical characteristics of water

Variation in phytoplankton distribution and abundance were
mostly influenced by the seasonal changes in environmental
parameters (DO, salinity, temperature, nitrate, IP, silicate).
It is of paramount importance to study the hydro-chemical
parameters to distinguish the difference in phytoplankton
diversity on a seasonal scale in marine ecosystem (Chang,
2008). The environmental parameters which drive the suc-
cession of plankton diversity were depicted seasonally in
Figs. 2 and 3. Physico-chemical parameters showed signifi-
cant difference among seasons.

Temperature is an important factor for marine environ-
ment as it influences the life of organisms and physico-
chemical parameters (Sukumaran et al., 2013). Temperature
showed significant variations between seasons (F = 191.9;
P < 0.0005) and varied from 27.158C (November 2015; mon-
soon) to 32.48C (May 2015; summer) with the mean of 29.538C
(� 1.23). Seasonal variations in temperature may attribute
with wind force, influx of freshwater and atmospheric tem-
perature. The low temperature could be attributed to the
heavy rainfall received during monsoon season. Earlier
reports also stated that temperature reduction in water
depends mainly on the intensity of rainfall received on
monsoon and less air temperature.

Salinity reached a maximum of 34.33 ppt (May 2015)
during summer and minimum was recorded as 27.11 ppt
(November 2015) with the mean value of 31.80 (�1.83).
Salinity showed significant difference among seasons
(F = 143; P < 0.0005). Salinity plays a major role as a limiting
factor since it controls the faunal and floral diversity of
coastal ecosystems (Govindasamy et al., 2000; Sridhar
et al., 2006; Subramanian and Mahadevan, 1999). Generally,
salinity shows seasonal variation in Parangipettai coastal
waters due to Vellar estuary as it brings continuous fresh-
water during monsoon (Soundarapandian et al., 2009). The
intrusion of neritic water and high intensity of solar radiation
during summer could be the reason for high salinity, and the
reduced salinity during monsoon might be due to the fresh-
water influence and fluctuation in tides (Jyothibabu et al.,
2008; Sukumaran et al., 2013). Thus the present investigation
evidenced earlier reports on variation in salinity.

Hydrogen ion concentration varied from 7.5 to 8.2 with
the mean of 7.97 (�0.22). Maximum pH was observed during
March 2015 and minimum was recorded in November
2015. pH was alkaline during summer and showed downward
pattern up to monsoon and remained alkaline during post-
monsoon, significant difference was observed in between
seasons (F = 52.47; P < 0.0005). Changes in pH will depend
on the factor like the removal of CO2 by photosynthesis
through bicarbonate degradation, fresh water influx, reduc-
tion in salinity and temperature and decomposition of
organic matter (Rajasegar et al., 2002). Higher pH in post-
monsoon could be attributed to the high photosynthetic
activity by phytoplankton whereas the lowered pH value in
monsoon was due to freshwater influx by Vellar estuary.

Dissolved oxygen is a major component in an aquatic
ecosystem which determines the quality of water and support
aquatic life. Dissolved oxygen in water ranged between
4.23 mg L�1 and 5.5 mg L�1 (4.77 � 0.34) registering the
maximum value during monsoon (November 2015) and mini-
mum in summer (April 2015). Analysis of variance showed
significance difference between seasons (F = 40.9;
P < 0.0005). Dissolved oxygen showed marked seasonal var-
iation throughout the study period. During summer and
premonsoon less dissolved oxygen content was recorded,
this could be due to the high temperature, salinity and
biological activity (Davis, 1975; Levinton, 2001). High concen-
tration of dissolved oxygen during monsoon and postmonsoon
is attributed to high fresh water input and evidenced by the
maximum occurrence of phytoplankton species (Morgan et al.,
2006).

Chlorophyll-a concentration varied from 0.35 mg L�1

(April 2015) to 3.72 mg L�1 (February, 2016) (mean = 1.28
� 0.88) and significant variation was observed between dif-
ferent seasons (F = 158.7; P < 0.0005). Chlorophyll-a, the
most principle pigment is responsible for primary production
in marine water. The elevated concentration of chlorophyll-a
in postmonsoon might be due to the availability of sufficient
amount of UV radiation, pristine water condition, consump-
tion of silicate and phosphate by primary producers, which
were brought up by river runoff during monsoon (Prabhahar
et al., 2011; Sardessai et al., 2007).

Total suspended solids (TSS) varied from 18.04 mg L�1

(February 2016) to 44.60 mg L�1 (November 2015)
(mean = 31.28 mg L�1; �5.17) and the observed TSS values
showed significant variations in between seasons (F = 43.3;
P < 0.0005). High terrestrial runoff, along with heavy sus-
pended solid loads, was brought to coast during monsoon
season could be responsible for the increased suspended solid
concentration (Vinayachandran et al., 2002).

3.2. Nutrient dynamics

Nutrients such as nitrate, nitrite, IP, and silicate in the
coastal environment would exhibit substantial seasonal
variations depending on the rainfall, freshwater input, tidal
ingress and consumption of nutrients by autotrophs. Nitrate
concentration ranged from 1.24 mmol (August 2015) to
6.89 mmol (April 2015) and the significant difference was
observed between seasons in statistical analysis
(mean = 3.158 � 1.45; F = 42.62; P < 0.0005). Nitrite
concentration varied from 0.12 mmol (February 2016) to
0.88 mmol (February 2016) and varied significantly through-
out the season (mean = 0.41 � 0.17; F = 4.08; P < 0.0005).
The higher concentration of nitrate during summer and



Figure 2 Seasonal variation of physico-chemical parameters during the study period. Temperature (a), salinity (b), pH (c), DO —

dissolved oxygen (d), nitrite (e), nitrate (f).

118 M. Vajravelu et al./Oceanologia 60 (2018) 114—127



Figure 3 Seasonal variation of physico-chemical parameters during the study period. Ammonia (g), IP — inorganic phosphate (h),
silicate (i), Chl-a — Chlorophyll-a (j), TSS — total suspended solids (k).
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monsoon could be due to fresh water inflow, terrestrial
runoff, and high rate of biological production, oxidation of
ammonia, reduction of nitrate by recycling of nitrogen and
also by biodegradation of planktonic detritus present in the
environment (Govindasamy et al., 2000; Hutchinson, 1957;
Santhanam and Perumal, 2003). The registered lower con-
centration of nitrate during non-monsoon period might be
due to high consumption of nitrate by photosynthetic organ-
isms and the incursion of neritic water which constitute only
the smaller amount of nitrate (Das et al., 1997; Gouda and
Panigrahy, 1995; Govindasamy et al., 2000).

Ammonia concentration ranged between 0.0116 mmol
(August 2016) and 1.66 mmol (November 2016) with signifi-
cant variation (mean = 0.509 � 0.47; F = 63.28; P < 0.0005).
Increased concentration of ammonia during monsoon season
was due to the incursion of terrestrial runoff and de-
composition of phytoplankton (Segar and Hariharan, 1989;
Senthilkumar et al., 2008; Thangaradjou et al., 2013).
Decreased ammonia concentration during summer and pre-
monsoon, may be attributed to quick utilization of specific
phytoplankton community as they prefer ammonia more than
nitrate at certain environment (Dugdale et al., 2007;
Lipschultz, 1995).

Phosphate plays a major role in primary productivity in an
aquatic ecosystem as it promotes growth for organisms and
limits the phytoplankton production (Cole and Sanford,
1989). The recorded phosphate values ranged between
0.13 mmol (June 2015) and 1.91 mmol (mean = 0.79 � 0.36).
Statistical analysis also evidenced that the dissolved inor-
ganic phosphate concentration has a significant difference
within seasons (F = 6.899; P < 0.0005). Higher concentration
of inorganic phosphate might be attributed to the monsoonal
Table 1 Checklist of dominant phytoplankton species surveyed d

No. Species name Summe

Diatoms
Coscinodiscophyceae (Centric diatoms)

1 Bacteriastrum delicatulum + 

2 B. hyalinum + 

3 B. varians + 

4 Bellerochea malleus + 

5 Chaetoceros affinis + 

6 C. atlanticus + 

7 C. compressus + 

8 C. costatus + 

9 C. curvisetum + 

10 C. curvisetus 

11 C. decipiens 

12 C. didymus + 

13 C. diversus + 

14 C. laciniosus + 

15 C. lorenzianus + 

16 C. messanensis + 

17 Coscinodiscus centralis + 

18 C. asteromphalus 

19 C. concinnus + 

20 C. gigas + 

21 C. granii + 

22 C. marginatus + 
intrusion due to rainfall along with terrestrial runoff
(Satpathy et al., 2009) and the low value in summer might
be due to utilization of phosphate by photoautotrophs and
buffering process of sediment under varying environmental
conditions (Perumal et al., 2009).

Variation in silicate concentration is driven by physical
mixing of seawater with a freshwater addition, adsorption
and sediment particles, interaction between chemicals and
minerals, co- precipitation with humic components, and
biological removal by phytoplankton, particularly diatoms
and silicoflagellates (Satpathy et al., 2009). The minimum
concentration of 2.29 mmol (February 2016) was observed
during postmonsoon whereas the maximum concentration of
11.10 mmol (October 2015) was recorded during premonsoon
season. The high significant difference was found with the
mean value of 5.43 (�1.92) (F = 48.55; P < 0.0005).
Increased concentration of silicate in premonsoon was due
to the intermittent rainfall which might have brought up the
terrestrial runoff to the coast. High consumption of silicate
by silicoflagellates and diatoms might have contributed to
the less availability of silicate concentration during post-
monsoon (Satpathy et al., 2009).

3.3. Phytoplankton composition, population
density, and diversity

Phytoplankton species composition, development, prolifera-
tion and quantification are majorly influenced by physico-
chemical parameters of that particular environment. The
abundant and common species recorded during the study
period are presented in Table 1. Totally 117 species of
phytoplankton were identified in the present study belonging
uring the study period.

r Premonsoon Monsoon Postmonsoon

+ + +
+ + +
+ +
+ +
+ + +
+ + +
+ + +
+ +
+ + +
+ + +
+ + +
+ + +
+ +
+ +
+ + +

+ +
+ + +
+ + +
+ + +

+ +
+ + +
+ + +



Table 1 (Continued )

No. Species name Summer Premonsoon Monsoon Postmonsoon

23 C. oculus-iridis + + +
24 C. wailesii + + + +
25 Ditylum brightwelli + + + +
26 Guinardia flaccida + + + +
27 G. striata + + +
28 Hemiaulus membranaceus + + +
29 Hemiaulus sinensis + + + +
30 Lampriscus shadboltianum + + +
31 Lauderia annulata + + +
32 Leptocylindrus danicus + + +
33 Odontella mobiliensis + + +
34 Palmeria hardmaniana + + +
35 Proboscia alata + + +
36 Pseudosolenia calcar-avis + + +
37 Rhizosolenia imbricata + + + +
38 R. setigera + + +
39 R. shrubsolei + + +
40 Skeletonema costatum + + + +
41 Stephanopyxis palmeriana + + +
42 Streptotheca thamensis + + +
43 Triceratium cf. broecuii + + +

Fragilariophyceae (Pennate diatoms)
44 Asterionella japonica + + +
45 Asterionellopsis glacialis + + + +
46 Thalassionema nitzschioides + + + +

Bacillariophycea (Pennate diatoms)
47 Bacillaria socialis + + + +
48 Nitzschia longissima + + +
49 N. seriata (Pseudo-nitzschia seriata) + + +
50 N. sigma + +
51 Pleurosigma cuspidatum + + +

Dinoflagellates
Dinophyceae

52 Alexandrium leei + + +
53 Ceratium breve + + +
54 C. furca + + + +
55 C. fusus + + +
56 C. massiliense + + +
57 C. trichoceros + + +
58 C. tripos + + + +
59 Dinophysis caudata + + +
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to five different classes, Coscinodiscophyceae (62%), Bacil-
lariophyceae (17%), Fragilariophyceae (8%), Dinophyceae
(8%), Cyanophyceae (5%). Chaetoceros atlanticus, Chaeto-
ceros curvisetum, Coscinodiscus granii, Coscinodiscus waile-
sii, Coscinodiscus marginatus and Guinardia flaccida of
Coscinodiscophyceae, Nitzschia longissima, Nitzschia seriata
( peudo nitzschia seriata group) of Bacillariophyceae, Aster-
ionellopsis glacialis of Fragellariophycea and Ceratium
tripos, Ceratium furca of Dinophyceae were most common
group observed throughout the study period. Species com-
position of phytoplankton was more diverse during postmon-
soon period, especially diatoms found to be more dominant
group than the others. This could be due to the terrestrial
runoff during monsoon season might have brought up the
sufficient amount of silicate which in turn enhanced the
species composition. It has been reported that the suitable
environmental condition, late monsoonal effects such as land
runoff and upwelling which favors the growth and prolifera-
tion of diatoms (Dehradrai and Bhargava, 1972; Dupuis and
Hann, 2009).

Noticeable seasonal and spatial differences in population
density were observed among phytoplankton communities
and the density of phytoplankton ranged between
8771 cells L�1 (November 2015) and 1,303,142 cells L�1

(September 2015). In the present study, the phytoplank-
ton population density was observed in the order of
premonsoon > summer > postmonsoon > monsoon. Phyto-
plankton population density attained its maximum



Figure 4 Seasonal variation in phytoplankton population den-
sity.

Figure 5 Shows seasonal variation in phytoplankton species
diversity and richness. Phytoplankton species diversity (a), phy-
toplankton species richness (b).
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(1.303 � 106 cells L�1, and 1.086 � 106 cells L�1) during
premonsoon (September 2015) and summer (April 2015)
are shown in Fig. 4. The investigated high population
density during premonsoon was due to the prevalence of
N. seriata ( pseudo-nitzschia seriata group) and Skeleto-
nema costatum. The same phenomenon has been reported
earlier with other few different species during premonsoon
season (Senthilkumar et al., 2002; Thillai Rajsekar et al.,
2005). The observed high density during summer might
have attributed to more stable hydrographical parameters
(Babu et al., 2013). However, species composition was
comparatively higher in postmonsoon and summer than
premonsoon. Phytoplankton abundance was low during
monsoon season and this could be due to heavy rainfall,
decreased salinity, temperature, pH and high turbidity
(Babu et al., 2013; Rajasekar et al., 2010).

Seasonal variations in phytoplankton species diversity
index and species richness is illustrated in Fig. 5. The phy-
toplankton diversity index and species richness ranged from
1.39 to 3.60 and 1.68 to 1.96 respectively. The highest values
were found during postmonsoon and the lowest values were
observed during monsoon season. The observed highest value
in postmonsoon was due to high species composition
observed during the study. Dupuis and Hann (2009) also
reported desirable environmental condition promotes the
growth of diatoms during postmonsoon season. Low species
richness and diversity indices on monsoon might have asso-
ciated with lower salinity and temperature as reported by
Rajasegar et al. (2000) and Mani (1992).

3.4. Canonical Correspondence Analysis of
phytoplankton and environmental parameters

Canonical Correspondence Analysis was intended to find out
the relationship between environmental variables and phy-
toplankton distribution (Ariyadej et al., 2004). Important
environmental variables responsible for the phytoplankton
community changes were identified with CCA are repre-
sented in Fig. 6.
During summer axis 1 and 2 explained 71% of the varia-
bility in the species environment biplot (Fig. 6). Tempera-
ture, DO, silicate, pH, chlorophyll-a, IP, and nitrite had
positive correlation in axis 1 and highly associated with
A. glacialis, Bacteriastrum delicatalum, Bacteriastrum hya-
linum, Leptocylindrus minimus, Chaetoceros curvisteum,
Chaetoceros decipiens, Chaetoceros lorenzianus, S. costa-
tum, Lauderia annualta, C. tripos among these A. glacialis,
Chaetoceros curviesteum, C. decipiens, S. costatum, Dity-
lum brightwelli, Lauderia annualata and C. tripos exhibited
maximum canonical values (1.246, 0.656, 1.025, 0.913,
0.938, 0.541 and 0.920). In previous studies, it has been
proven that stable environmental parameters like increased
salinity, pH, high temperature, high nutrients and high inten-
sity of light penetration during summer favor these species
proliferation especially S. costatum, Dityum spp., Chaeto-
ceros spp., Odontella spp. (Gouda and Panigrahy, 1996;
Rajasegar et al., 2000; Saravanakumar et al., 2008; Vengadesh
et al., 2009). In axis 2 C. furca, Chaetoceros tortissimum,
Chaetoceros diversus, and C. granii, had a strong positive
correlation with salinity. CCA biplot explained that tempera-
ture, pH and salinity had a close relation with phytoplankton
species than other variables which indicated the increased
temperature in summer is responsible for its positive relation-
ship. Concurrently DO, IP, silicate, and chlorophyll-a also
expressed strong positive relation in both axis 1 and 2, which



Figure 6 CCA biplot showing the seasonal variation between phytoplankton species and environmental parameters. Environmental
variables are depicted by long arrows and species are given in code words. The correlation between species and environmental
variables are explained by the length of the arrows. (DO — dissolved oxygen, Chl-a — chlorophyll-a, IP — inorganic phosphate:
Agla — Asterionellopsis glacialis, Bdel — Bacteriastrum delicatulum,Bhya — Bacteriastrum hyalinum, Bvar — Bacteriastrum varians,
Caff — Chaetoceros affinis, Cast — Coscinodiscus cf. asteromphalus, Catl — Chaetoceros atlanticus, Cbre — Ceratium breve,
Ccen — Coscinodiscus centralis, Ccom — Chaetoceros compressus, Ccos — Chaetoceros costatus, Ccur — Chaetoceros curvisetum,
Cdec — Chaetoceros decipiens, Cdiv — Chaetoceros diversus, Cfur — Ceratium furca, Cfus — Ceratium fusus, Cgra — Coscinodiscus
granii, Clac — Chaetoceros laciniosus, Clor — Chaetoceros lorenzianus, Cma — Ceratium massiliense, Cocu — Coscinodiscus oculus-
iridis, Crad — Coscinodiscus radiatus, Ctor — Chaetoceros tortissimum, Ctri — Ceratium trichoceros, Ctrip — Ceratium tripos,
Cwai — Coscinodiscus wailesii, Dbri — Ditylum brightwelli, Gfla — Guinardia flaccida, Gstr — Guinardia striata, Hsin — Hemiaulus
sinensis, Lann — Lauderia annulata, Ldan — Leptocylindrus danicus, Lmin — Leptocylindrus minimus, Nlon — Nitzschia longissima,
Omob — Odontella mobiliensis).
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implies the stable and favorable condition of water para-
meters for phytoplankton. However, temperature, pH and
salinity exhibited the maximum relationship with phytoplank-
ton species indicating that light and salinity are the major
source for supporting the phytoplankton species positively
during summer (Cetin and Sen, 2004; Litchman, 2000; Richard-
son et al., 2000).

In premonsoon the variation explained by CCA analysis was
64% (Fig. 6). The variable that positively correlated in axis
2 were nitrite, pH, ammonia and salinity, DO, silicate had a
negative correlation in the same axis. Chlorophyll-a and
temperature were in a positive relationship in both axis
1 and 2, they explained the closer association with C. wailesii,
C. tripos, Ceratium breve, B. hyalinum, S. costatum. How-
ever, some species were negatively correlated in axis 2 with
salinity and inorganic phosphate (A. glacialis, C. diversus,
Odontella mobilensis, C. tripos). In axis 1 diatoms and dino-
flagellates exhibited both positive and negative correlation,
especially species of dinoflagellates (Ceratium massilensis,
C. breve, C. furca, Ceratium fusus, C. tripos, Ceratium
trichoceros) explained very strong positive association by
having high canonical values of 0.500, 0.643, 0.659, 0.677,
0.615, and 0.640 respectively. This must be due to the favor-
able intermediate salinity values and moderate nutrient con-
centrations that might have favorably increased their
abundance during premonsoon (Kannan, 1980; Mani et al.,
1986; Mani, 1992; Perumal et al., 1999).

As for postmonsoon, the variation explained by CCA ordi-
nation was 57% (Fig. 6), the main environmental parameters
which had a positive correlation with axis 1 and 2 were
salinity, DO, chlorophyll-a, ammonia, SSC and inorganic
phosphate. Silicate showed a positive and a negative corre-
lation in axis 1 and 2, genera like Leptocylindrus danicus,
Thalassionema nitzschioides, Coscinodiscus centralis,
S. costatum, Stephanopyxis palmeriana were in the negative
relation with silicate. Species like Guinardia striata,
A. glacialis, Rhizosolenia shurbsolei, Bacteriastrum delica-
tulum, B. hyalinum, C. diversus found to have the positive
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correlation with salinity in axis 1 whereas in axis 2 species
such as Ceratium massiliense, C. breve, C. fusus, C. furca,
Chaetoceros compressus, Bacteriastrum variance were hav-
ing a close association with IP. This result confirms with
Rajkumar et al. (2012) observation with presence of similar
species in abundance during postmonsoon and he also
reported that high nutrient input caused by northeast mon-
soon rainfall might have contributed in their abundance. The
same observation also reported during postmonsoon season
by several authors (Kannan, 1980; Mani et al., 1986). Both
diatom and dinoflagellates showed a positive and negative
relationship with different environmental variable but most
of the species showed a significant positive relationship in
axis 2 with IP, and salinity. This confirms that IP and salinity
plays a vital role in phytoplankton abundance and com-
position (Thangaradjou et al., 2012). On the contrary the
dinoflagellate species (C. breve, C. furca, C. fusus, C. tripos,
C. trichoceros) which had a high positive relationship in
premonsoon showed a significant negative correlation in axis
2. This implies that the shift in physico-chemical parameters
can dramatically change the species composition and
abundance.

During monsoon the variation explained by CCA in first two
axes was 53% (Fig. 6) ammonia, DO, nitrate, IP in axis 1 and
temperature, salinity, silicate in axis 2 had positive and
negative correlations in CCA biplot, implying the influence
of freshwater on contributing hydrochemical parameters.
Species such as Coscinodiscus cf. asteromphalus, C. diversus,
C. lorenzianus, C. centralis, C. granii, L. minimus were
positively correlated with temperature, silicate, nitrite in
axis 1, and few species of phytoplankton (T. nitzschioides,
D. brightwelli, Triceratium cf. broecii) were negatively cor-
related with salinity in the same axis. In axis 1 most of the
species were in negative correlation with high canonical
values especially genera like A. glacialis (�0.921), B. deli-
catulum (�1.038), C. tripos (�0.703), Chaetoceros affinis
(�1.091), C. atlanticus (�0.986), C. compressus (�0.898),
C. decipiens (�1.174), C. diversus (�0.627), Chaetoceros
tortissum (�1.047), and Coscinodiscus asteromphaus
(�0.588). This pattern clearly shows that less temperature
and salinity results in scarce phytoplankton diversity and
abundance. The revealed results coincide with the earlier
investigation as monsoon season causes dramatic changes in
environmental parameters due to heavy freshwater dis-
charges and high turbidity thereby reduces the phytoplankton
diversity and abundance (Rajkumar et al., 2009; Vengadesh
et al., 2009). Similarly, high positive association with DO and
ammonia indicates the freshwater influence and high organic
matters.

The CCA executed on the phytoplankton data in the preset
study revealed that the abundance of phytoplankton was
dynamic and was controlled mainly by temperature, DO,
salinity, inorganic phosphate and silicate. In CCA analysis,
several phytoplankton species showed a significant positive
relationship with environmental parameters irrespective
to season specifically centric diatoms such as A. glacialis,
B. delicatulum, B. hyalinum, C. decipiens, C. diversus, and
S. costatum implying their persistent nature and high
tolerance to wide variation in environmental parameters.
Similarly, earlier investigations also reported the occurrence
of these diatom species in all the season (Kobayashi
and Takahashi, 2002; Paul et al., 2008). In the present
investigation phytoplankton showed a positive correlation
with salinity during summer and had a negative correlation
in premonsoon and monsoon, implying that the estuarine
regions are subjected to considerable fluctuations in envir-
onmental parameters, which enable phytoplankton to
adapt such dynamic environment (Lionard et al., 2005).
Phosphate and nitrogen are crucial chemical elements for
phytoplankton survival (Dawes, 1981). In CCA, inorganic
phosphate showed a high positive correlation in all the
seasons except, premonsoon. This could be due to less
concentration of IP or rapid recycling. Similar results have
been stated by Steinhart et al. (2002), Hergenrader
(1980). However, certain species restricted their abundance
to a particular season. For example pseudo nitzschia seriata
species proliferated abundantly during premonsoon season
which implies that suitable nutrient availability for their
growth on premonsoon. Similarly, CCA result for dinoflagel-
late species showed a positive and negative correlation in
premonsoon and postmonsoon season implying the seasonal
shift of physico-chemical parameters influence their occur-
rence and abundance. A similar scenario was observed in the
Bay of Bengal with particular species as it appeared to be
seasonally dominant (Paul et al., 2008). In addition, it had a
high tolerance to large variation in environmental para-
meters (Bonilla et al., 2005). It is evidenced from CCA results
that the environmental parameters played a vital role in
phytoplankton abundance and species composition and influ-
ence the occurrence of phytoplankton species with respect to
seasonal changes in physico-chemical parameters.

4. Conclusion

The present investigation summarizes the seasonal fluctua-
tions in physico-chemical parameters and phytoplankton
diversity at Parangipettai coastal waters seasonally. Para-
ngipettai waters are highly subjective to riverine fresh-
water influence as the Vellar estuary debouches in the
Bay of Bengal. The addition of nutrients such as nitrate
and silicate to the coastal waters are mainly during monsoon
season. Introduction of the high organic load during mon-
soon season containing phosphate, silicate, and nitrate
plays the substantial role in phytoplankton growth in the
forthcoming seasons, which helps the phytoplankton to
avail the nutrients and proliferate. It is clearly evidenced
from ANOVA that the nutrients have significant variation
between seasons and substantially influenced the phyto-
plankton diversity and abundance. Phytoplankton diversity
is highly dynamic depending on the nutrient availability
which is clearly explained by Canonical Correspondence
Analysis in the present study. From CCA biplot, it is clear
that temperature, salinity, silicate, DO and IP played a
tremendous role in phytoplankton growth and abundance.
Thus, the overall study gives a good outline of the seasonal
dynamic relationship between phytoplankton and environ-
mental parameters.
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