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Macroalgae are the valuable bioresources in the marine ecosystem. These renewable resources phase several challenges
for its existence due to industrial and anthropological activities. Thus, the present study aimed to examine the seasonal
patterns of the marine macroalgal species in Pulicat Lagoon, Tamil Nadu. The study was conducted from July 2015 to
June 2016. Fresh algal samples were collected once in a month from three different sites at a depth of around 0.5 m.
The collected samples were identified and analysed for species variation and distribution. Totally, 15 species of marine
macroalgae were noticed during the entire study period. Among them, the phylum Rhodophyta (Red algae) ranked the
maximum with 6 species followed by Chlorophyta (Green algae) with 5 species, and Phaeophyta (Brown algae) with 4
species. Maximum species variations (9) were observed from July 2015 to August 2015. Ulva intestinalis was found to be
dominant throughout the study, followed by Enteromorpha compressa. The changes in the macroalgal species
composition noticed at different seasons indicate the influence of environmental factors such as temperature and salinity.
This study describes for the first time, the diversity of marine algal species in Pulicat Lagoon in different seasons. Our
data provide the present status of macroalgal biodiversity in the Pulicat Lagoon and emphasize the importance of
preserving those renewable resources.

© 2024 Stephen et al. This is an open access article distributed under the Creative Commons Attribution 4.0 International
License (www.creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

1. Introduction

The marine ecosystem harbours exceptionally abundant and
promising sources of biological importance. Among the diverse
marine sources, marine macroalgae are considered as important
renewable resources that contain a wide range of nutritional and
health beneficial molecules with a broad spectrum of biological
activities (Kumar et al., 2009; Shahidi and Rahman, 2018; Pradhan
et al, 2021). A previous report reveals that researchers isolated
approximately 7000 marine natural products, of which 25 % are from
marine macroalgae (Kijjoa and Sawangwong, 2004). Moreover,
components isolated from marine macroalgae exhibited antioxidant,
anti-inflammatory, antiobesity, and anticarcinogenic  activity
(Ganesan et al., 2008; Ganesan et al., 2011; Yogendra Prasad et a/.,
2019; Manabe ef al, 2020). It was reported that seaweed-derived
extracts in the form of carrageenan, agar, and alginates make up
almost 40 % of the world’s hydrocolloid market in terms of food (Khan
and Satam, 2003). Among marine macroalgae, red and brown algae
are mostly considered food and industrially important resources in
Asia. These data provide economic importance to marine macroalgae
for its exploitation in chemical, food and pharmaceutical industries.
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In 2015, the total world marine macroalgae/seaweed production
was 30.4 million tonnes (wet weight), with culture and capture
production of 29.4 million tonnes and 1.1 million tonnes, respectively
(Ferdouse et al., 2018). This value of total production increased to 35
million tonnes in the year 2019 (FAO, 2021). Chile, China, Norway,
and Japan were the top four wild seaweed producers in 2015. Chilean
Kelp (Lessonia nigrescens) is the dominant species (22 %) harvested
from the wild, followed by L. trabeculata (7 %) and Gracilaria sp. (5
%). However, Indian seaweed market is mostly focused on the
natural stock of agar-yielding red algae, Gelidiella acerosa and
Gracilaria edulis, and alginate-yielding brown algae, Sargassum spp.
and Turbineria sp. (Ganesan et al., 2019).

India is a tropical country in South Asia with around 7500 km of
coastline interspersed with sandy and rocky beaches, mudflats,
estuaries, and lagoons (Mukhopadhyay and Karisiddaiah, 2014).
Around 830 species of marine macroalgae have been recorded from
the Indian coast, of which the maximum number of species belongs
to the phylum Rhodophyta (422), followed by Chlorophyta (217) and
Phaeophyta (191) (Oza and Zaidi, 2001). Most Indian marine algal
flora is defined as tropical and has a distinct seasonal periodicity.
However, global warming, associated climate change, and disrupted
rainfall could potentially affect this seasonal periodicity and the yield
of marine algal production. Studies emphasized that climatological
and extreme environmental events bring new drifted marine
macroalgae, and such events might have occurred on the Indian
coast (Hirata et al, 2003; Thakur et al., 2008; Rani et al., 2025). The
southeast coast of Indian Peninsula has large deltas formed by rivers
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due to abundant sediment supply, and receives rainfall from the
retreating monsoon during the winter. Pulicat Lagoon, a brackish
waterbody lying between the land-sea interfaces separated from the
Bay of Bengal is a rich natural and fragile ecosystem. It had
experienced many drastic changes due to a range of natural and
human-driven activities leading to decreased productivity and
increased pollution levels (Jeba Kumar and Natesan, 2015). Though
the availability of marine algal resources in coastal lines of Tamil
Nadu, India had been investigated earlier (Kaliaperumal et a/., 1998;
Sahayaraj et al, 2014), minimal data on the seasonal variations in
the species composition of marine macroalgae is available for the last
two decades. Moreover, the status of distribution of marine
macroalgal species in the Tamil Nadu coastal region of Pulicat
Lagoon, India’s second largest brackish water lagoon, is poorly
understood. With these backgrounds, this study aimed to
systematically examine the seasonal variation in species composition
of marine macroalgae along the Tamil Nadu region of Pulicate
Lagoon.

2. Materials and Methods
2.1 Ethical approval

Not applicable.
2.2 Study area and design

Pulicat Lagoon (13° 24'-13° 47' N latitude; 80° 03'- 80° 18' E
longitude) is formed by the backwater of the Bay of Bengal, which is
situated in the states of Andhra Pradesh and Tamil Nadu (Figure 1).
This lagoon is the second largest brackish water ecosystem situated
on the Coromandel Coast of the Indian subcontinent. It constitutes
an area of 720 sq. km, of which 84 % falls in Andhra Pradesh and the
remaining 16 % in Tamil Nadu. The lagoon has a length of about 60
km, and its breadth varies from 0.2 to 17.5 km. It is a shallow lake
with a depth of around a meter, with a north-to-south and west-to-
east slope connected with an estuary mouth of 200 m (Sanjeeva Raj,
2006; Saraswathy and Pandian, 2016). The study area is humid (up
to 90%) and tropical, with temperatures ranging from 18 °C to 40 °C.
It receives rainfall mainly from the North-east Monsoon (October-
December) and slightly from South-west Monsoon (June-September).
Pulicat is often exposed to extreme weather events like depressions
and cyclones during the onset of the two monsoons and receives an
annual rainfall of around 1,200 mm. During the summer season
(March to September), the temperature in this area soars to the
maximum of over 40 °C. The salinity values of the lagoon were
reported to vary from zero (during a monsoon season) to about 52
ppm (during the post and pre-monsoon seasons). The wind
throughout the year is majorly from the southwest (Kannan et al,
2008; Saraswathy and Pandian, 2016).
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Figure 1. (a) Map showing the study site of Pulicat Lagoon, India; (b and c pictures
of the sample collections on site) (d) sample processing at the
laboratory.

2.3 Sampling period

The sampling period was designed based on the influence of land-
atmospheric parameters on intra-seasonal variability as reported by
earlier studies (Jana et al., 2016; Ghosh et al.,, 2018; Deb Burman et
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al, 2020). It was classified as July to August 2015 (monsoon 1),
September to November 2015 (monsoon 2), December 2015 to
February 2016 (winter), March to May 2016 (summer), and June 2016
(late summer). The sampling was done at the end of each month,
and the data were collected for species variation and distribution
analysis.
2.4 Sampling

Three sampling sites were identified along the shore of the Pulicat
Lagoon, which was located on the Tamil Nadu coastal estuary mouth
(Figure 1a). Each sampling location was situated about one kilometre
away from the other. The intertidal marine macroalgae collection
procedure was followed as described by Dhargalkar (2004). Briefly,
sampling was conducted out once a month for one year, from July
2015 to June 2016. Fresh samples were collected at a depth of around
0.5 m, about 30 to 50 m off the shore (Figure 1b and c). The samples
collected were transported to the laboratory with proper labelling
under chilled conditions and cleaned thoroughly with clean water to
remove extraneous matters (Figure 1d). A portion of the samples was
preserved with 5 % formalin for identification in the laboratory
2.5 Species identification

The species were first recognized by studying their morphological
features using botanical approaches by the taxonomist. They were
identified based on gross morphology and internal features of the
respective species following genera algarum-1 and published
taxonomic references (Krishnamoorthy and Baluswamy, 2010;
Krishnamoorthy and Ezhili, 2013; Dixion et al, 2014). Gross
morphological characteristics used in this study are the type of the
holdfast, shape of the branches, vesicles, leaves, nature of
cryptostomata, and receptacles.
2.6 Statistical analysis

The SPSS statistical package for social science 26 (SPSS, 2020)
was used to analyse the data. One-way analysis of variance (One Way
ANOVA) was carried out to justify the significant difference between
different treatments. Tukey’s multiple range tests were performed at
p < 0.05. The values are expressed as mean % standard deviation.

3. Results and Discussion

Pulicat Lagoon is considered an excellent storehouse of biological
resources rich in flora and fauna that support active commercial
fishery activity in those areas. It is a well-known nursery and breeding
ground for many species of coastal-marine fauna and serves as a
prime livelihood source for a large population through fishing. Since
the lagoon is becoming a fragile ecosystem with polluted sediment
and water columns due to sustained anthropogenic pressure, we
examined seasonal variation in the composition of marine macroalgal
species as they contribute directly or indirectly to the nutritional
status of the human population.

The species composition of marine macroalgae in Pulicat Lagoon
from July 2015 to June 2016 is presented in Table 1. Fifteen species
of marine macroalgae belonging to the three phyla, viz. Rhodophyta,
Chlorophyta, and Phaeophyta, were identified during the entire study
period. A previous study by Sahayaraj et al. (2014) observed that red
algae are dominantly distributed over green and brown algae on the
coast of four southern districts of Tamil Nadu from July 2009 to July
2010. Similarly, we found a higher number of red algae (6 species)
followed by green (5 species) and brown (4 species) algae. The genus
Gracilaria belongs to red algae and had three species during the study
period, viz. Gracilaria crassa, G. edulis, and G. verrucosa.

Table 1. Marine macroalgae identified in Pulicat Lagoon, Tamil Nadu
during July 2015 to June 2016.
Type of algae Total number of
species identified
Red algae (Rhodophyta) 6

Name of the species

Gracilaria crassa
Gracilaria edulis
Gelidium corticata
Geledliella indica
Gracilaria verrucosa
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Kappaphycus alvarezii December 2015 to February 2016 (Winter)
Brown algae (Pheophyta) 4 Sargassum wightii Green algae 2 Enteromorpha
Turbinaria conoides (Chlorophyta) compressa
Padina tetrastromatica Ulva intestinalis
Dictyota dichotoma March 2016 to May 2016 (Summer)
Green algae (Chlorophyta) 5 Ulva lactuca Red algae (Rhodophyta) 1 Kappaphycus alvarezii
Chaetomorpha linoides Green algae 2 Ulva intestinalis
Enteromorpha compressa (Chlorophyta) Enteromorpha
Caulerpa sertularioides compressa
Ulva intestinalis June 2016 (Late summer)
Red algae (Rhodophyta) 2 Gracilaria edulis
The season-wise species composition of marine macroalgae in Kappaphycus alvarezii
Pulicat Lagoon is given in Table 2. A maximum species variation (9) Brown algae (Pheophyta) L Sargassum wightii
Green algae 2 Enteromorpha
was observed between July 2015 and August 2015 (monsoon 1), (Chiorophyt3) compressa

followed by September and November 2015 (monsoon 2) with eight
species. The green algal species dominated during the winter
(December 2015 to February 2016) through the summer (March 2016
to May 2016). No brown algal species were noticed from winter to
summer; however, they appeared from late summer (June 2016).
The distribution frequency of marine macroalgae of Pulicat Lagoon at
different seasons is shown in Figure 2. As shown in Figure 2b and 2c,
the frequency of macroalgae distribution varies with different
seasons. The highest distribution frequency of red and green algae
was observed during Monsoon 1 (July to August 2015). In contrast,
the highest distribution of brown algae was observed in Monsoon 2
(September to November 2015). Interestingly, Ulva species were
identified throughout the sampling period. It was reported that Uiva
is a commonly found genera of chlorophytes worldwide (Riddin and
Adams, 2008). Earlier studies identified that salinity plays a critical
role in the natural environment, and decreased salinities limit the
distribution of macroalgae by reducing its photosynthetic rate, and in
turn, the growth rate (Kamer and Fong, 2000; Biber and Irlandi,
2006). It was reported that species belonging to the genera Ulva and
Enteromorpha are likely to grow at a wide range of salinities. This
might be why Ulva sp., the filamentous euryhaline species, is found
throughout our study, followed by Enteromorpha sp. These
submerged macrophytes are long-known algal species of Pulicat
Lagoon (Kannan and Krishnamurthy, 1978). In addition, we found the
presence of Chaetomorpha linoides and Caulerpa sertularioides as
other green algal species. The lower distribution of macroalgae from
the winter to summer might be due to heavy rainfall and flooding
during those seasons in India. It was reported that sea level rise
reduces the distribution and abundance of macroalgae (Sunny,
2017). Our study indirectly provides the background knowledge of
the conditions required for the growth of different types of
macroalgae. Further, it allows future studies to identify various
physical, chemical, and nutritional compositions at different seasonal
conditions to better corroborate this present investigation.

Table 2. Changes in the distribution of marine macroalgae in Pulicat
Lagoon, Tamil Nadu, India at different seasons.
Type of algae Total number of species Name of the species
identified
July 2015 to August 2015 (Monsoon 1)

Red algae (Rhodophyta) 4 Gracilaria crassa
Gracilaria edulis
Gelidium corticata
Gelediella indica
Sargassum wightii
Padina tetrastromatica
Ulva lactuca
Chaetomorpha linoides
Enteromorpha
compressa

September 2015 to November 2015 (Monsoon 2)
Red algae (Rhodophyta) 2 Gracilaria edulis
Gracilaria verrucosa
Sargassum wightii
Turbinaria conoides
Padina tetrastromatica
Dictyota dichotoma
Ulva lactuca
Caulerpa sertularioides

Brown algae (Pheophyta) 2

Green algae 3
(Chlorophyta)

Brown algae (Pheophyta) 4

Green algae 2
(Chlorophyta)
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Ulva lactuca

One of the abiotic factors that primarily contribute to the
assemblages of macroalgae in estuaries is the flow rate, as water
mobility brings and circulates nutrients and other elements into the
system (Kang et al, 2011). Moreover, faster flow rates increased
macroalgal species diversity in estuaries due to increased nutrient
exchange and decreased sedimentation (Bunn and Arthington, 2002).
A previous study identified a large number of brown algae in the Gulf
of Mannar region from July to November, when a strong sea breeze
was observed (Rani et al, 2015). Likewise, we also noticed a
maximum number of brown algae (four species out of five) during
this period in Pilicat Lagoon (Figure 2b). The present study observed
a maximum number of red algae (five species out of six) during the
sampling period from July to November, which indicate the influence
of increased flow rate. The green algae observed during this period
are Ulva lactuca, Chaetomorpha linoides, Enteromorpha compressa,
and Caulerpa sertularioides.
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Figure 2. (a) Percentage macroalgal distribution; (b and c) distribution frequency
of macroalgal types in Pulicat Lagoon, Tamil Nadu from July 2015 to
June 2016.

During summer, the mouth of the estuary closed, affecting the
tidal exchange between the lake and the sea. This changes the water
quality and salinity, vastly affecting the lake's biodiversity (Mantri et
al, 2011, Saraswathy and Pandian, 2016). In our study, the
composition of marine algal species was considerably reduced from
March to June with two red algae (Kappaphycus alvarezii and
Gracilaria edulis), three green algae (Ulva intestinalis, Ulva lactuca,
and Enteromorpha compressa) and only one brown alga (Sargassum
wightii). This reduction might be due to changes in the salinity and
nutritional content that do not favour the growth of marine algae.
The period from October to December is referred to as the Monsoon
season over peninsular India. It has been reported that the diversity
and biomass of algal species decline towards the end of the monsoon
due to the fluctuation of salinity (Rani et a/., 2015). Another study
found the monsoon period as a lean period with the scanty growth of
a few species (Thakur et al, 2008). Consistent with the previous
observations, the present study did not find any brown or red algal
species from December to February. Still, we noticed the occurrence
of two green algal species, Ulva intestinalis, and Enteromorpha
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compressa. The representative pictures of two significant marine
algae from each phylum (Red, brown and green algae) collected from
Pulicat Lagoon, Tamil Nadu, from July 2015 to June 2016 are
presented in figure 3. It is noticed through this study that monsoon
season might not provide favourable ecosystem for macroalgal
growth at Pulical Lagoon, Tamil Nadu, India.

Red Algae

o I \‘v N B ,l‘,.:‘.

Gracilaria edulis Gracilaria verrucosa
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Figure 3. Pictures of two major macroalgae of each phylum collected at Pulicat
Lagoon, Tamil Nadu.

4. Conclusions

This study report the seasonal pattern data for the occurrence of
macroalgae from India's second-largest brackish water ecosystem for
the first time. We found a marked seasonal variation in the frequency
of occurrence of most dominant macroalgal species belong to the
family Rhodohyceae (red algae), Phaeophyceae (brown algae) and
Chlorophyceae (Green algae). Green algal species, Ula intestinalis
and Enteromorpha compressa were the dominant algae throughout
the seasons at Pulicat Lagoon. The present study emphasizes
sensitity of the marine macroalgae to seasonal changes. Since this
valuable ecosystem is fragile due to anthropogenic pressure, steps
toward protecting biodiversity are urgently needed to maintain the
balance of nature and preserve these renewable resources for future
generations. As India has recently started cultivating marine
macroalgae in certain coastal districts of the Tamil Nadu state, this
report directly or indirectly provide an information on conceivable
ecosystem for macroalgal growth.
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