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Riverine connectivity influences the phytoplankton ecology
in the open floodplain wetland of the lower river Ganga
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Abstract The river Ganga has several floodplain
wetlands that support its ecology and ecosystem. Phy-
toplankton is an important component of the aquatic
ecosystem, which plays an important role as a bioin-
dicator for the assessment of aquatic health. The pre-
sent study was conducted between 2018 and 2019 to
understand the seasonal variation in the phytoplank-
ton diversity of the Charaganga wetland and, paral-
lelly, in the river Ganga in Nabadweep, India. The
study explains how riverine connectivity affects the
structure of the algal community in the wetland eco-
system. In the study, it has been observed that in the
wetland, maximum mean phytoplankton density was
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noticed during pre-monsoon, i.e., 4079 unit 17! fol-
lowed by post-monsoon 3812 unit 1=! and monsoon
550 unit 17!, respectively. In the river system, the
phytoplankton density varied from 78 unit 17! to 653
unit 17! seasonally, i.e., highest during monsoon and
lowest during pre-monsoon. In both the ecosystems,
i.e., wetland and river, the supreme influential group
was Cyanophyceae followed by diatoms. One-way
ANOVA showed a significant variation (p > 0.05) of
three algal groups of phytoplankton (Bacillariophy-
ceae, Coscinodiscophyceae, Chlorophyceae) in the
river, while in the wetland, no significant variation (p
> 0.05) was found among the other algal groups. The
observed higher Shannon and Margalef’s species
richness value in the wetland was observed than in the
river defines the significance and importance of the
wetland ecosystem, which may support the growth
and conservation of various aquatic organisms as
well. The study highlighted that the influencing abi-
otic factors like water temperature, dissolved oxygen,
pH, and nutrients have affected the phytoplankton
community in both the water bodies, i.e., wetland and
river. We concluded that river connectivity is required
to restore the biotic flora of the wetland ecosystem.

Keywords Ganga basin - Phytoplankton - Diversity
index - Floodplain - ANOVA
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Introduction

Floodplain wetlands are the life providers for the
millions of relict aquatic organisms. It supports their
ecological niche and is considered the priority habi-
tat for the majority of aquatic organisms (Chaparro
et al., 2019). Wetlands are well known for their abil-
ity to generate higher productivity than coral reefs
or rainforests (Bijoy Nandan et al., 2014). Wetland
also provides favourable habitats to vast number of
aquatic organisms. The majority of fish depend on
the wetland ecosystem for their food and breed-
ing grounds (Frank et al., 2022). Many studies also
illustrate that it plays a significant role in the con-
servation of fish, as the fish organisms move either
in search of a breeding ground or to hatch their
young in relatively less flowing water (Sarkar et al.,
2020). Wetland provides several ecological services
as well as a source of income for nearby residents
(Kataki et al., 2021). It is also known as the “kidney
of the Earth” as it helps to reduce pollution status
by filtering it (Rai et al., 2013). It is the transitional
zone between terrestrial and aquatic points that pro-
vides distinct hydrological conditions (Mitsch et al.,
2013).

Plankton is well known for its role in the monitor-
ing of any water body (Meena et al., 2019). The role
of plankton as an ecological indicator for the assess-
ment of the environmental health of aquatic ecosys-
tems by means of their community structure, diver-
sity, distribution, and species richness is well known
(Mohanty et al., 2022). Phytoplankton occupies the
base position in the ecological pyramid due to its
autotrophic mode of nutrition (Tas & Gonulol, 2007;
Saravanakumar et al., 2008). A healthy aquatic eco-
system’s wealth is considered phytoplankton (Boyd
& Tucker, 1998), as their abundance and composi-
tion are required to form a healthy food chain (Srid-
har et al., 2006). The productivity of any water body
(Iotic and lentic) is chiefly influenced by multiple
environmental constraints (Ye et al.,, 2019). So, a
swift change in either their composition or abundance
can make effective changes in their productivity
(Hammer & Bastian, 2020). As a result, regular mon-
itoring of natural wetlands is required, with a focus
on the relationship between phytoplankton and its
surroundings at a minimum level of information. Like
fishes’ floodplain, wetlands also support the growth
of a vast number of planktonic groups (Kahsay et al.,
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2022). As plankton does not have specialized move-
ment organs, they flow with the help of flowing riv-
erine water (Shen et al., 2021). The riverine flow may
have also influenced the plankton assemblage and dis-
tribution pattern.

The biodiversity of the riverine water body is also
very rich, but due to its flowing nature, it cannot stay
on one side. The mighty River Ganga is believed to be
the most sacred and holy River in India. It originates
from the Himalayas and flows down to the Gangetic
plain before draining into the Bay of Bengal, form-
ing the world’s largest delta, the Sundarban (Tiwari
et al., 2022a, b). It supports a large variety of aquatic
flora and fauna because it covers several types of
ecoregions (freshwater, brackish water, and estuarine
water). The river Ganga is the largest river system in
India. It is the ecological niche for a vast number of
ecologically important biological organisms (Tiwari
et al., 2022a, b).

Charaganga is an open floodplain wetland and
oxbow lake situated in West Bengal (Nabadweep),
India, connected with the river Ganga through a nar-
row channel throughout the year (Ghosh & Biswas,
2015). The wetland sustains a large amount of mul-
tifariousness in terms of several aquatic microflora
and fauna. The wetland is used for many purposes,
i.e., fishery, jute retting, irrigation, etc. by the local
people.

There are several studies available on seasonal
variation of phytoplankton community in wetland
and river (Li et al. 2022; Huang et al. 2023). Li et al.
(2022) investigated the seasonal variation of plank-
ton in Zhalong wetland of China and reported that
the density of plankton was noticed high during sum-
mer season. Gao et al. (2022) carried out the seasonal
variation study at the Xijiang River of China, and sea-
sonal variation has also been observed. But the study
of influence of river connectivity with open wetland
was scanty. However, there are some studies avail-
able like in the Rhoe river of France where the phy-
toplankton density as well as diversity is affected by
the riverine connectivity in wetland, as the wetland
is greatly impacted by the influx of water which has
impacted the plankton dynamics in the wetland eco-
system, by varying water quality measures. The study
exhibited by (Gogoi et al., 2021a, b) also explained
that riverine connectivity in two of the wetland eco-
systems, i.e., open and closed wetlands where the
relatively higher planktonic distribution was observed
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in the open wetland where higher plankton abundance
was observed. The present study evaluates the impact
of riverine connectivity in the wetland ecosystem.
The impact was evaluated by using the “plankton”
which are essential aquatic organisms and are used
as the indicators for the assessment of the ecologi-
cal habitat. As it is well known that the influx of river
water affects the wetland ecosystem by affecting the
ecological niche for the majority of aquatic organ-
isms, which acts as home for them, the study will
be helpful in terms management and conservation
aspects of wetlands and will give a better result for
stakeholders. As wetlands are important fish-breeding
grounds, the study will also help the policymakers to
make helpful strategies for the conservation of wet-
land ecosystem and entire food web for which plank-
ton have an important part.

Materials and methods
Study area

The present investigation was conducted for a period
of 2 years from January 2018 to December 2019 in
the river Ganga at Nabadweep as well as in the open
floodplain wetland “Charaganga” (23°25'56.9316"
N, 88°21" 55.3392" E) wetland of Nadia district,
West Bengal, India (Fig. 1). The studied wetland is
an open oxbow-shaped wetland receiving water from
the river Ganga with continuous inflow and outflow
through a narrow channel at the northeast corner of
a loop of the river (Ghosh et al. 2018). Five sampling
stations having GPS coordinates (23°27'34.53" N,
88°21'07.50" E), (23°27'44.14" N, 88°20'58.18" E),
(23°26'50.08" N, 88°19'41.80" E), (23°25'56.95" N,
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Fig. 1 Study area map of the studied sites
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88°21'50.34" E), and (23°26'09.71" N, 88°21'39.39"
E) were selected covering different sites of wetland
along with connectivity region to cover all diversity
and composition patterns of Charaganga wetland. For
river sampling, the Nabadweep sampling station was
selected at river Ganga, where the wetland is con-
nected with the river (23°26'2.86" N, 88°22'3.97"
E). The study area map was prepared with the help of
ArcGIS (Fig. 1).

Seasonal samplings were carried out by follow-
ing the categorization of the Indian Meteorological
Department (IMD), which were the pre-monsoon
(March to June), monsoon (July to October), and
post-monsoon (November to February).

Phyto-plankton collection, preservation, and analysis

Monthly sampling was performed between 7 AM
and 8 AM using a traditional small wooden boat.
The collection of the phytoplankton was carried out
by following the standard protocols used by Wetzel
and Likens (1991), APHA (2017), and Kumar et al.
(2020). During the sampling, 50 1 of water from
each sampling site of wetland and river was filtered
through a typical plankton net of a conical shape, fit-
ted with a stainless-steel ring of very fine mesh size
(20 pm). Plankton samples were collected in HDPE
plastic containers using 4% neutral buffered formalin
as a preservative. The identification was made by fol-
lowing various keynotes, viz., Desikachary (1959),
Prescott (1982), Bellinger and Sigee (2015), and Cox
and Cox (1996). For validation of updated names,
algae base (Guiry and Guiry 2014) was followed.
Taxonomic identification and quantitative assess-
ment were done by taking 0.5 ml of each mixed sam-
ple. The samples were analyzed under the trinocular
microscope (40x and 60X magnifications; Model-
Zeiss scope Al). Quantitative analysis was done by
the drop count method (Lackey 1938), and the den-
sity was expressed as unit per liter.

Physico-chemical parameter analysis

Throughout the study period, sampling was car-
ried out at five different sampling sites of wetland
and parallelly from the river. In situ analysis of
various parameters such as water temperature (°C),
conductivity (puS/cm), pH, and turbidity (NTU)
was carried out in the field by using YSI-Pro DSS
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multi-parameter probe. Depth was measured using
an ultrasonic depth sounder (Hondex Bx-7, Japan).
Transparency (cm) was measured with the help of the
Secchi disc. Dissolved oxygen, free CO,, total alka-
linity (carbonate and bicarbonate), and total hardness
were measured by following APHA (2017). For the
analysis of nutrient parameters such as nitrate (ppm),
phosphate (ppm), silicate (ppm), calcium (Ca>*), and
magnesium (Mg>"), water samples were taken in an
acid-washed HDPE bottle (1 1) and were analyzed
following APHA (2017). For chlorophyll analysis,
the water sample was filtered on-field by using mag-
nesium carbonate with the help of Whatman Filter
paper (45 pm). Then, the collected residue for chlo-
rophyll analysis was taken to the laboratory in cold
conditions (4 °C) and analyzed with the help of the
acetone-extraction method (APHA 2017).

Statistical analysis

To evaluate the density and distribution of planktonic
groups, the descriptive analysis was carried out in MS
Excel. Water variables were subjected to a one-way
analysis of variance (ANOVA) to understand the sig-
nificant variations of water variables among seasons
using SPSS (22) software. In addition to one-way
ANOVA, the post hoc test (Duncan’s) was performed
in the phytoplankton groups of the wetland of dif-
ferent seasons. Bray—Curtis similarity is based on
hierarchical clusters of stations manifested through
a dendrogram. Different indices (Simpson’s index,
Shannon-wiener index, and Pielou’s evenness index)
were analyzed using PAST (4.02) software. The CCA
was done to know the influencing water parameter
that affects the phytoplanktonic community of the
studied wetland and river in PAST (4.02) software.

Algal Genus Pollution Index (Palmer, 1969)

Palmer’s Algal Genus Pollution Index is used to iden-
tify the pollution status of an aquatic body by using
certain plankton genera as a pollution indicator. A
pollution index factor of 1 to 5 is being allocated
to twenty phytoplankton genera that are tolerant to
organic pollution. After identification of the phyto-
plankton, the genera-allocated factor was given and
the index factor is then calculated. When the value
of the index was more than 20, indicates high organic
pollution, a value between 15 and 19 indicates
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probable organic pollution, and a value of less than
15 indicates low pollution. The Algal Pollution Index
is calculated for wetlands and rivers during the 3
seasons.

Trophic State Index (TSI)

TSI is used to determine the algal biomass in the
production of the aquatic ecosystem. The range of
the index varies from O to 100. The range of TSI for
lakes and reservoirs varies between 30 and 50 indicat-
ing oligotrophic to mesotrophic trophic status, while
the index value between 50 and 60 indicates meso-
trophic to eutrophic trophic status (Carlson, 1977). It
has been calculated using multiple variables such as
chlorophyll-a, Secchi depth (transparency), and total
phosphorus. Where chlorophyll-a is a better predictor
of algal biomass than either of the other indices (Carl-
son and Simpson, 1996), Secchi depth provides the
transparency value of the aquatic system, while total
phosphorus is the major nutrient contributing to the
production status of the aquatic system.

Results
Analysis of physico-chemical parameters of wetland

The average physico-chemical parameters of the wet-
land were analyzed and given in Fig. 2. Among the
17 water variables, six parameters (water tempera-
ture, pH, specific conductivity, total alkalinity, nitrate,
phosphate) varied significantly (p < 0.05) during
different seasons. The mean water temperature var-
ied between (24.86 + 0.4 °C) and (30.78 + 0.93 °C).
The maximum temperature was recorded during pre-
monsoon, and the minimum was during post-mon-
soon. The highest value of pH was recorded during
post-monsoon (8.31 + 0.27 ppm), and the lowest was
observed during monsoon (7.44 + 0.29 ppm). Total
alkalinity was noticed high during post-monsoon
(149 + 7.4 ppm) and lowest during monsoon (103.6
+ 3.2 ppm). The mean value of specific conductivity
fluctuated between (205.8 + 1.8 pS_l) and (3104 +
16.6 pS™!) (maximum during pre-monsoon and mini-
mum during monsoon). Among the nutrients, total
phosphate was found to be low as compared to other
nutrients. Total phosphate was noticed high during
post-monsoon (0.05 + 0.02 ppm) and lowest during

monsoon (0.02 + 0.01 PPM). Nitrite was found to
be in the optimum range having higher values dur-
ing pre-monsoon (0.83 + 0.23 ppm), while relatively
lower values were found during monsoon and (0.18 +
0.03 ppm).

Analysis of physico-chemical parameters of river

The mean physico-chemical parameters of the river
are given in Fig. 3. Among the 17 water variables,
seven parameters (water temperature, dissolved oxy-
gen, transparency, specific conductivity, hardness,
total alkalinity, and calcium) varied significantly (p
< 0.05) among seasons. Water temperature ranged
from (24.55 + 0.35 °C) to (31.92 °C + 0.17 °C); the
maximum temperature was recorded during monsoon
and the minimum during post-monsoon. The highest
value of dissolved oxygen was recorded during the
post-monsoon (8.55 + 0.45 ppm) and the lowest dur-
ing monsoon (4.86 + 0.26 ppm). Transparency was
found highest during post-monsoon (38.25 + 2.75
cm) and lowest during monsoon (28.62 + 0.02 cm).
The mean total alkalinity was found higher during
pre-monsoon (161.5 + 0.5 ppm), while a relatively
lower value was observed during the monsoon (125
+ 7 ppm). Specific conductivity was found high dur-
ing pre-monsoon (369.5 + 0.5 pS™") and lowest dur-
ing monsoon (254.95 + 2.4 uS™'"). The mean total
hardness of the water body varied between (119 + 0.7
ppm) and (161 + 0.5 ppm).

Algal composition of studied wetland

Overall, a total of 55 genera of 11 distinct taxonomic
classes, Bacillariophyceae (11 genera), Coscino-
discophyceae (2 genera), Mediophyceae (1 genus),
Dinophyceae (1 genus), Xanthophyceae (2 genera),
Ulvophyceae (2 genera), Chlorophyceae (13 genera),
Trebouxiophyceae (4 genera), Zygnematophyceae (5
genera), Euglenophyceae (3 genera), and Cyanophy-
ceae (12genera), were recorded from the studied wet-
land. The percentage density of different algal groups
in 2 years is shown in Fig. 4; the highest abundance
was contributed by Cyanophyceae (33%), followed
by Bacillariophyceae (21%), Dinophyceae (16%), and
Zygnematophyceae (12%). In different seasons, aver-
age abundance value of phytoplankton was observed
highest during pre-monsoon (4049 unit 17!) and the
least dominance was observed during monsoon (548
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Fig. 2 Recorded physico-chemical parameters of wetland (mean + SE) in which significant variations (p < 0.05) were observed

unit 17!). The percentage of algal contribution of the
studied wetland is illustrated in Fig. 4.

Among diatom, the dominating genera were Aula-
coseira sp., Navicula sp., Nitzschia sp., and Fragilaria
sp. Under Cyanophyceae, dominating genera were
Microcystis sp. Chroococcus sp., Oscillatoria sp., and
Phormidium sp. In the group, Chlorophyceae Oedogo-
nium sp. and Eudorina sp. were found to be domi-
nated under the group Ulvophyceae Ulothrix sp. and
Cladophora sp. were found. In Group Xanthophyceae,
the recorded genera were Centitractus sp. and Tribo-
nema sp. Under the group, Dinophyceae and Medio-
phyceae single genera were found, i.e., Ceratium sp.
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and Cyclotella sp., respectively. In the group Zygne-
matophyceae, Spirogyra sp., Mougeotia sp., Cosmar-
ium sp., etc. were found. Finally, in the class Eugleno-
phyceae, Trachelomonas sp., Euglena sp., and Phacus
sp. were found. ANOVA followed by post hoc test
portrayed no significant variation between seasons (p
> 0.05) for the phytoplankton groups.

During the post-monsoon, highest densities of dia-
tom (483 unit 17"), Cyanophyceae (169 unit 17!), and
Zygnematophyceae (185 unit 1) were found at St-4;
Chlorophyceae (54 unit 17!) and Euglenophyceae (17
unit I7") were in St-3; and Dinophyceae (643 unit 17!
and Xanthophyceae (17 unit 1™") were in St-1 and St-2,
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Fig. 3 Recorded physico-chemical parameters of river(mean + SE) in which significant variations (p < 0.05) were observed
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Fig. 4 Percentage of
different algal groups at
Charaganga wetland in a
different season
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respectively. During the monsoon season, distribution
and dominance patterns of algal groups were followed in
this manner: Bacillariophyceae (60 unit 17!) and Cyano-
phyceae (28 unit 17!) were found in the highest density in
St-3, Chlorophyceae (31 unit 17!) was in St-2, Eugleno-
phyceae (49 unit I7!) was in St-1, and Conjugatophyceae
was recorded dominant in St-2. During the pre-monsoon
group, Chlorophyceae (188 unit 1™') and Cyanophyceae
(607 unit 17") were found to be the dominating group in
St-1, and Dinophyceae (29 unit 1=') and Xanthophyceae
(16 unit 17") were at St-3. Bacillariophyceae (251 unit
1™!) was found to be dominant at St-2.

Algal composition of River Ganga

A total of 29 genera belonging to 8 algal classes Bacil-
lariophyceae (5 genera), Coscinodiscophyceae (2 gen-
era), Mediophyceae (1 genus), Zygnematophyceae (3
genera), Trebouxiophyceae (4 genera), Chlorophyceae
(5 genera), Cyanophyceae (6 genera), and Eugleno-
phyceae (2 genera) were recorded from the studied
site of river Ganga. The contribution pattern of the
different groups contributed differently as the group
Cyanophyceae (74%) contributed the highest density
followed by Coscinodiscophyceae (16 %). During the
different seasons, the density of phytoplankton was

maximum during monsoon 653 unit 17! and minimum
during pre-monsoon 77 unit 1=!. Among Coscinodis-
cophyceae, Aulacoseira sp., Navicula sp., Fragilaria
sp., Cyclotella sp., etc. were found. In the group Chlo-
rophyceae, the recorded genera were Pediastrum sp.,
Volvox sp., Eudorina sp., etc. In the group, Zygnema-
tophyceae, Closterium sp., Spirogyra sp., and Mouge-
otia sp. were recorded. Cyanobacteria are represented
by the genera Oscillatoria sp., Microcystis sp., Phor-
midium sp., Dolichospermum sp., and Merismopedia
sp. Three groups of phytoplankton (Bacillariophyceae,
Coscinodiscophyceae, Chlorophyceae) had shown sig-
nificant pre-monsoon and monsoon seasonal variation
(p > 0.05). The percentage of algal contribution of the
studied site of river Ganga is in Fig. 5.

Species richness and diversity

In the case of season, the expected number of spe-
cies during different seasons was in the order of pre-
monsoon (42) > monsoon (41) > post-monsoon (36).
Among the different sampling stations, the expected
number of species was in the order of St-3 (42) >
St-4, St-1, St-2 (39) > St-5 (36). Diversity indices var-
ied seasonally in the Charaganga wetland, and details
are shown in Fig. 6. The Shannon—Weiner index (H')

Fig. 5 Percentage of dif-
ferent algal groups at river 100% 1
Ganga seasonally 90% -
80% |
70%
60%
50%
40%

Percentage Contribution

Post =M m Pre monsoon

30%
20%
n
0% - T T T T T T T
BAC MED CoS CHL CYA EUG

ZYG TRE
Algal groups
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was high during monsoon (3.13) and lowest during
post-monsoon (2.23). Margalef species richness was
also found to be high during monsoon (6.35) and low
during post-monsoon (4.33). The result of the index
value showed that the Shannon—Wiener diversity (H')
ranged between 2.66 and 2.93 and was highest at sta-
tion St-3 while lowest at station St-1. Margalef species
richness had shown similar observations, highest at
station St-3 (4.28) and lowest at station St-1 (4.89).

Season-wise diversity indices were calculated in
the river Ganga and shown in Fig. 7. All the indi-
ces like Simpson, Shannon, Evenness, and Margalef
index were found high during the post-monsoon
(0.80, 2.21, 0.48, and 3.92) and lowest during the
monsoon (0.21, 0.49, 0.16, and 1.39). Both Mar-
galef’s species richness and Shannon diversity
index were found comparatively high in the wetland
depicting moderately rich phytoplankton diversity
in the system than in the river.

Bray—Curti’s hierarchical cluster

Station-wise Bary—Curti’s cluster analysis (Fig. 8) was
done to know the degree of similarity of the algal group’s
distribution among the sampling stations of Charaganga
wetland and river Ganga. The cophenetic correlation was
calculated as 0.9194 indicating that the clustering result
was good and shown by the dendrogram. The highest

Fig. 6 Diversity indices
of Charaganga wetland in
different seasons

RANGES

SIMPSON

Fig. 7 Diversity indices
of river Ganga in different
seasons
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M Pre monsoon M Monsoon
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similarity of algal groups was found between St-5 and
river, followed by St-3 and St-4. Another group was
formed between St-3 and St-4 and St-5 and river. Later
on, St-2 and St-1 formed a separate group.

Algal Genus Pollution Index

A total of 20 phytoplankton genera are scheduled as
pollution indicators by Palmer (1969); in the present
study, out of which, twelve genera were recorded from
the wetland and ten genera were recorded from the
river during all three seasons. The recorded algal pol-
lution indicates genera, and the index value is given
in Table 1. The index value is noticed to be more than
20 in wetland during the three-season indicating high
organic load, while in the river, the calculated value is
less than 15 during pre-monsoon and monsoon indi-
cating low pollution load in the riverine water.

Tropic State Index (TSI)

The TSI value of wetland was recorded highest dur-
ing pre-monsoon (37.61) and comparatively lower
during monsoon (34.35), while in the riverine water,
the index is found maximum during monsoon (41.71)
and minimum during post-monsoon. The Tropic State
Index of both river and wetland in three different sea-
sons is given in Fig. 9.

Post monsoon

SHANNON

EVENNESS_EAH/S MARGALEF

INDICES

Post monsoon

SHANNON_H

EVENNESS_EAH/S MARGALEF
INDICES

@ Springer



1403 Page 10 of 19

Environ Monit Assess (2023) 195:1403

Fig. 8 Cluster analysis of

different sites of wetland S\”B S\’A SVS S\"l
and river
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Table 1 Algal Pollution Index of wetland and river
Wetland River
Genus Pre-monsoon  Monsoon  Post-monsoon  Genus Pre-monsoon  Monsoon  Post-monsoon
Nitzschia sp. 3 3 3 Nitzschia sp. 0 0 3
Navicula sp. 3 3 3 Navicula sp. 3 0 3
Gomphonema sp. 1 0 0 Synedra sp. 2 0 2
Cyclotella sp. 1 1 1 Cyclotella sp. 1 0 1
Synedra sp. 2 2 2 Chlorella sp. 0 3 0
Scenedesmus sp. 4 4 4 Scenedesmus sp. 4 0 0
Pandorina sp. 0 1 1 Euglena sp. 0 0 5
Closterium sp. 1 1 0 Phacus sp. 0 2 0
Euglena sp. 5 5 5 Oscillatoria sp. 4 4 4
Phacus sp. 2 2 0 Phormidium sp. 0 0 1
Oscillatoria sp. 4 4 4 Total 14 9 19
Phormidium sp. 1 1 1
Total 27 27 24

Effect of different physico-chemical parameters on
phytoplankton communities

After considering the seasonal variation of an algal
community of both wetland and river, the CCA was
performed to recognize the relation between phyto-
plankton groups and environmental parameters.

@ Springer

Canonical correspondence analysis of wetland

Canonical correspondence analysis (CCA) was done
(Fig. 10) to find the relationship and distribution of
17 different environmental attributes like water tem-
perature, DO, pH, turbidity, transparency, specific
conductivity, free CO,, depth, total alkalinity, total
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Fig. 9 Tropical State Index
of wetland and river

45.00
40.00 -
35.00 -
30.00 -
25.00 -
20.00 -
15.00
10.00
5.00

u Wetland River

0.00
Pre monsoon

Monsoon Post monsoon

hardness, Chl-a, calcium, magnesium, and nutri-
ents (nitrate, nitrate, phosphate, silicate) along with
11 different planktonic groups. CCA biplot was
formed, taking into consideration all three seasons,
i.e., pre-monsoon, monsoon, and post-monsoon at
five different sampling stations. The length of the
arrow displays the negative and positive correlation
on axis 1 and axis 2. The calculated eigenvalues
were found higher on axis 1 than on axis 2, 3, and 4
having an eigenvalue of 0.34 elucidating 70.8 % cor-
relation, and axis 2 exhibits a 0.14 eigenvalue hav-
ing 29.2% value between different algal groups and
water parameters. The analysis depicted that Eugle-
nophyceae, Coscinodiscophyceae, Mediophyceae,
and Chlorophyceae were positively correlated with
water temperature, depth, nitrate, and total nitro-
gen. These groups were found to be dominant dur-
ing monsoon. The class Bacillariophyceae and Tre-
bouxiophyceae were negatively correlated with the

Fig. 10 CCA analysis of
wetland

Axis 2

majority of the parameters like water temperature,
depth, nitrate, and total nitrogen. Zygnematophy-
ceae and Dinophyceae were positively correlated
with transparency, free CO,, specific conductivity,
total hardness, total alkalinity, pH, phosphate, and
magnesium. The densities of these recorded groups
were found high during post-monsoon. The group
Xanthophyceae, Ulvophyceae, and Cyanophyceae
were positively influenced by turbidity, DO, silicate,
and Chl-a. These groups were found to be dominat-
ing during pre-monsoon.

Canonical correspondence analysis for river

CCA was done between 17 different environmental
attributes like water temperature, DO, pH, turbidity,
transparency, specific conductivity, free CO,, depth,
total alkalinity, total hardness, Chl-a, calcium, mag-
nesium, and nutrients (total N, nitrate, phosphate,

Axis 1
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silicate) along with 8 different planktonic groups
(Fig. 11). CCA biplot was formed taking into consid-
eration all three seasons, i.e., pre-monsoon, monsoon,
and post-monsoon at the river. The calculated eigen-
values were found higher on axis 1 than on axis 2,
having an eigenvalue of 0.43 elucidating 84.15% cor-
relation, and axis 2 exhibits a 0.08 eigenvalue having
a 15.85% value. From the analysis, it was observed
that Coscinodiscophyceae, Chlorophyceae, and Zyg-
nematophyceae were positively influenced by total
alkalinity, total hardness, specific conductivity, mag-
nesium, and calcium during pre-monsoon. Similarly,
algal groups like Bacillariophyceae, Mediophyceae,
and Euglenophyceae were influenced by dissolved
oxygen, transparency, phosphate, and chlorophyll-a
during post-monsoon. Trebouxiophyceae and Cyano-
phyceae were influenced by turbidity, depth, water
temperature, silicate, and pH.

Discussion

Wetland is the most enriched ecosystem of the Earth,
which endeavors a large variety of aquatic flora and
fauna including livelihood to the resident fishers (Sin-
gha et al. 2023; Sandilyan et al. 2022). But with the
change in the climatic condition and the global warm-
ing, the riverine ecology as well as wetland ecology
changed a lot over the years across the globe. Signifi-
cant global warming changes have been observed in
many of the wetlands such as Nenjiang river basin. In
India, also the impact of global warming in relation
to climatic variation has been addressed in many of
the wetland ecosystem (Nag et al. 2023). The present

Fig. 11 CCA analysis of
river illustrating influence
of phytoplankton and differ-
ent water quality parameters

study evaluated the impact of riverine connectivity
on the wetland ecosystem, by taking plankton as the
important bioindicator tool. In the wetland ecosystem,
it is also important that seasonal influence and varia-
tion of the planktonic genera are assessed carefully,
so that their dependency on the other aquatic organ-
isms can be monitored, which might have affected
the entire aquatic food web. Additionally, wetlands
serve also as a connecting link between the flowing
and stagnant water system, acting as a kidney for the
conservation of the aquatic biota. The impact of the
wetland ecosystem as well as riverine water quality
affects the plankton which are the important bioindi-
cators in any of the aquatic environment.

Seasonal variation in the environmental parameters

In the freshwater ecosystem, the physico-chemical
parameters play a vital role in regulating the biotic com-
munity present in the water body (Sharif et al. 2017). In
the present study, the wetland water temperature ranged
between 24.86 and 30.78 °C; the maximum tempera-
ture was observed during pre-monsoon and minimum
during post-monsoon which may be due to climatic
changes and solar radiation (Palit and Mukherjee 2010).
The result was observed similar in line with the studies
made by Gogoi et al. (2019) in the Kailash Khal wetland
of Sunderban region, India. The level of total alkalin-
ity reached a peak during post-monsoon might be due
to the faster decomposition of plants and other organic
wastes in the wetland and the slower dilution of riverine
water in the system (Chaurasia and Pandey 2007). The
minimum value of nutrients (phosphate and nitrate) was
recorded during the monsoon which might be due to the

Axis 2
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higher rate of dilution of rainwater and riverine water
in the wetland, which might have diluted the wetland’s
water as has been observed in the wetlands of Punjab,
India (Singh et al., 2022). So, from the above discussion,
it may be noted that significant effect of river water as
well as spatio-temporal variations has been observed in
the entire wetland ecological condition.

Similar to wetland, the monitoring of the different
water quality parameters has been made for the river
system. In the river, the water temperature was recorded
minimum during post-monsoon and maximum during
monsoon, which signifies the impact of climatic vari-
ability in the river system. Bera et al. (2022) and Haque
et al. (2021) observed similar water temperature vari-
ations during their study period in a tropical river such
as Kangsabati river of India. Similarly, transparency
was recorded at a minimum during the monsoon which
might be due to heavy rainfall washing off sediments
and silts, incorporating organic and inorganic particles
from the surrounding into the river which helps in reduc-
ing the transparency at that time. Sharif et al. (2017)
and Haque et al. (2021) reported an increase in dissolve
oxygen which was similar to our findings. Other water
parameters, like specific conductivity, hardness, and total
alkalinity, were recorded lower during monsoon. Various
workers gave similar findings (Sayeed et al. 2015; Varol
and Sen 2018; Venkateshwarlu et al. 2011).

The impact of climatic as well as seasonal varia-
tions has been observed in both of the ecosystems, i.e.,
wetland as well as river ecosystem, which might have
affected the wetland as well as riverine ecology illus-
trating to change in the plankton ecology. The change
in the plankton composition can alter the entire wetland
as well as riverine food web of the dependent aquatic
organisms (Balzer et al. 2023).

Phytoplankton abundance
In wetland ecosystem

The present study recorded 58 genera belonging to
7 distinct taxonomic groups, i.e., Bacillariophyceae,
Chlorophyceae, Cyanophyceae, Dinophyceae, Xan-
thophyceae, Conjugatophyceae, and Euglenophyceae,
in the wetland ecosystem. The numbers of observed
genera were comparatively higher than the previous
findings in the same wetland carried out by (Ghosh
and Biswas, 2015), during which the impact of jute
rating was observed in the study.

The study had shown differentiation in the algal
groups in different seasons at all five sampling sta-
tions of the wetland. The study was similar to the
other studies which were made in the different wet-
land ecosystems for the diversity, density, and assem-
blage pattern of the plankton that vary seasonally and
site-wise (Lakshminarayana 1965; Gogoi et al. 2019).
Considering the average data of phytoplankton for
2 years, it had been observed that the highest abun-
dance of phytoplankton was recorded during pre-
monsoon which might be due to stable evaporation
and transpiration of water that enhances the nutrient
loading of water (Harris and Gurel 1986). The lowest
abundance has been recorded during monsoon which
might be due to the dilution of water due to rainfall
as well as from the river which promotes a sudden
change in physico-chemical parameters of water like
decreased water temperature, pH, and higher turbidity
(Sahu et al. 2012; Gogoi et al. 2019) and jute retting
(Ghosh and Biswas 2015). The group Cyanophyceae
was found to be a dominating group among all algal
groups which may be due to the influence of influxes
of river water in the wetland ecosystem and have
influenced the wetland’s ecology. The similar obser-
vations have been made in the Zhalong wetland (Li
et al., 2022). The study reported many of the filamen-
tous genera (Lyngbya sp., Oscillatoria sp., Nostoc sp.,
etc.) of this group were noticed high during pre-mon-
soon, which may be due to relatively higher tempera-
ture and their mechanism of buoyancy (Ernst et al.
2006; Visser et al. 2016), along with nitrogen-fixing
capability (Chan et al. 2004; Issa et al. 2014). Next to
all these, the Cyanophyceae and diatoms were found
to be a dominating group. Among the diatoms, Navic-
ula sp., Fragilaria sp., Aulacoseira sp., and Pinnu-
laria sp. were found to be dominating species. A high
density of diatom was found during the post-monsoon
(Mitbavkar and Anil 2008). The considerable pres-
ence of filamentous algae (Cyanophyceae, Chloro-
phyceae,) during pre-monsoon, can be explained due
to sufficient amount of light availability (Das Sarkar
et al. 2019; Gogoi et al. 2021a, b), and the nutrient
load comes from the local area and through the river
channel. Post hoc analysis reveals there was no sig-
nificant variation observed in the algal community
among the three seasons in the wetland. This may
be possible due to the continuous inflow and out-
flow of river water which regulates the phytoplankton
community.
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In riverine ecosystem

In the river, high density of the algal community was
found high during the monsoon which may be due
to the high nutrient load by runoff water from the
city area. The growing industries on the bank of the
river and the several wastewater outflows in the river
mainstream are one of the major challenges affect-
ing the river water quality. For instance, on the bank
of Nabadweep, there are large cities and it is a tour-
ist place. Indeed, the moderately purified municipal
wastes elevated the nutrients downstream, which influ-
ences the phytoplankton species richness significantly.
The maximum abundance of Cyanobacteria during the
monsoon was related to high nutrient load (phosphate
and nitrate) and specific conductivity (Dixit et al.
2017) carried by influx of fertilizers by nearby farm-
lands and efflux of effluents from the jute rating. Simi-
lar to the results of wetland, the river also has chief
abundance of diatoms which occupy the second posi-
tion in the case of density. The density and diversity
of the algal community in the wetland was observed
comparatively very high than the river, representing a
unique observation, as very few studies are available
which describe the similarity or differences of plank-
ton in the river as well as wetland system (Xiao et al.,
2020). The changes in the plankton dynamics are due
to influx as well as efflux of river and wetland water in
two of the different symbiotic ecological habitats. Post
hoc analysis reveals there was significant variation in
Bacillariophyceae, Coscinodiscophyceae, and Chloro-
phyceae among the three seasons in the river, which
was similar to the studies made in the other rivers like
Yellow River of China (Liu et al. 2023).

Phytoplankton assemblages and diversity

The condition of an aquatic ecosystem can be meas-
ured by diversity which is regarded as a true biotic
indicator (Cardoso et al. 2012). Shannon—Weiner
index and Margalef index were found high during
monsoons; it might be due to the high-water inflow
towards the wetland through the narrow connection
that enhances the nutrient condition. The Margalef’s
species richness and Shannon diversity index were
found >2.7 in the Charaganga wetland during all the
seasons which indicated moderately rich phytoplank-
ton diversity in the system which coincides with the
observation by Arumugam et al. (2016).
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All the diversity index of phytoplankton in the
river was recorded as high during post-monsoon
(0.80, 2.21, 0.48, and 3.92), while the lowest record
was observed during monsoon (0.21, 0.49, 0.16, and
1.39). High index value during post-monsoon might
be due to elevated nutrient levels in a water body as
Dupuis and Hann (2009) have reported. The rela-
tively lower value of diversity during monsoon might
be due to higher and fluctuating water level that
causes unfavorable condition for the phytoplankton
community (Haque et al. 2021). The significant sea-
sonal variation of the phytoplankton communities in
riverine water was due to fluctuation in the available
limiting nutrients.

Cluster analysis is the multivariate statistical tool
used for the classification of different study sites
based on their similarities between them (Alam et al.
2021). Bray—Curtis cluster analysis is the authenti-
cated cluster analysis tool used for the classification
based on different similarities. In our study, the high-
est similarity of algal groups had shown between St-5
of wetland and river. It was confirmed that the riv-
erine connection has a significant effect on the algal
community of the wetland.

The algal genius pollution index is used to identify
the status of aquatic ecosystems (Parakkandi et al.
2021). The calculated pollution index of wetlands
was comparatively higher than that of the river, which
might be due to stagnant water in the ecosystem. In
the wetland, high organic load was recorded during
monsoon and pre-monsoon. During monsoons, inten-
sive rainfall triggers high organic and inorganic sus-
pended particles (Bera et al., 2014).

The Trophic State Index of the wetland was
noticed at a minimum during monsoon; then, the
value increases in post-monsoon and reaches the
maximum during the pre-monsoon. In the case of the
river, the index was highest during the monsoon. This
indicates the algal biomass of the wetland is regulated
due to riverine connectivity.

Effect of different physico-chemical parameters on
phytoplankton communities

Canonical correspondence analysis of wetland
Water temperature has a significant effect on algal

growth and its proliferation as it regulates entire
physiological mechanism of plankton and dependent
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aquatic organisms (Smith 1950; Munn et al. 1989).
In our study, Euglenophyceae, Coscinodiscophyceae,
Mediophyceae, and Chlorophyceae were positively
correlated with water temperature. Bacillariophyceae
had shown a negative correlation with water tem-
perature. It indicates diatoms favor low temperatures
for growth (Prants et al. 2015). The photosynthetic
activities of phytoplankton are intensified during the
day, and when the number of phytoplankton is higher,
more oxygen is produced in the aquatic ecosystem
(Sekerci and Petrovskii 2018). Thus, dissolved oxy-
gen (DO) had a positive correlation with total phyto-
plankton abundance. It should be noted that the den-
sity of phytoplankton is dependent on nutrient levels
as reported by Harris (1986). Many algal communi-
ties had shown positively regulated by phosphate,
nitrate, nitrite, and silicate. Zygnematophyceae and
Dinophyceae were positively correlated with total
alkalinity and pH. Photosynthesis affects the carbon
equilibrium which tends to increase pH (Lopez-Arch-
illa et al. 2004). Similarly, alkaline water could act as
a trap for carbon dioxide, and thereby, photosynthetic
groups are benefited (Imhoff et al. 1979). Therefore,
highly alkaline water leads to positive relationships
with phytoplankton (Zhao et al. 2017).

Canonical correspondence analysis of river

Coscinodiscophyceae, Chlorophyceae, and Zygnema-
tophyceae were positively influenced by total alkalin-
ity, specific conductivity, magnesium, and calcium.
A similar observation was given by Potapova and
Charles (2003). In the river also, many algal groups,
due to photosynthetic activities, correlated with DO.
The production and abundance of phytoplankton are
regulated by depth and water transparency (Reynolds
1995). In our study, Trebouxiophyceae and Cyano-
phyceae were influenced by depth while Bacillari-
ophyceae, Mediophyceae, and Euglenophyceae were
influenced by transparency. Higher temperatures
resulted in higher fractions of cyanobacteria in phy-
toplankton communities (Naskar et al. 2020). In the
present study, Cyanophyceae were positively influ-
enced by water temperature as similar observations
were also recorded in the different studies by Seeta
et al. (2018).

Climatic uncertainties like rise in air temperature
and rainfall irregularities also play an important role

in altering the physico-chemical condition of water-
body. Due to global warming, some wetland reduces
its size and became dryland. This is leading to loss of
biodiversity in future (Desta et al. 2012). To maintain
the ecological stability of wetland the riverine con-
nection is mandatory. It will help in maintaining the
rich diversity of the wetland as well as the nutritional
security, income, and livelihood of the surrounding
people.

Conclusion

Nowadays, the assessment of the aquatic environment
can be best carried by the help of the resident aquatic
organisms, in which plankton plays a vital role as the
ecological indicator. The present study reports the rel-
atively higher pollution indicating planktonic genera
in the wetland ecosystem in all the seasons. However,
the riverine connectivity encourages the purification
of the wetland water by the help of dilution. Many of
the organisms have uniqueness due to their ecologi-
cal niche, which can be illustrated by the presence of
Ceratium sp. which illustrates its relatively higher
suitability for growth and proliferation in the wetland
ecosystem. The different ecological variables in the
form of water quality parameters have also influenced
the plankton assemblage pattern. The present investi-
gation highlighted the significance of common influ-
encing factors like water temperature, dissolved oxy-
gen, pH, turbidity, transparency, specific conductivity,
free CO,, depth, total alkalinity, total hardness, Chl-
a, calcium, magnesium, and nutrients (total nitrate,
nitrate, phosphate, silicate) in influencing the algal
community of both water bodies, i.e., wetland and
river. Among the biodiversity indices, the observed
higher Shannon and Margalef’s species richness value
in wetland also describes its ecological importance.
The present work also explains how riverine connec-
tivity is essential for the restoration of biotic flora of
wetland. The observed higher density of plankton in
wetland also illustrates its favorability for the breed-
ing ground and food availability of the aquatic organ-
isms such as fish. The study will be helpful for the
policymakers, researchers, and environmentalists to
make the future research and planning strategies for
the monitoring and conservation of riverine as well as
wetland’s biodiversity.
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