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The Asan Wetland is an important freshwater wetland in Uttarakhand’s Dehradun
district. It is known for its diverse flora and fauna and as a stopover for migratory
birds. Periphyton, an essential biological component of aquatic ecosystems,
serves as a bioindicator of water quality and ecosystem integrity. This study
fills a gap in our knowledge of the Asan Wetland’s ecological health by analyzing
periphyton populations and a number of physicochemical characteristics across
three selected sites fromNovember 2021 to October 2023. Selected sites named
as Site 1(S1), Site 2(S2), Site 3 (S3). Monthly variations in parameters such as water
temperature, pH, turbidity, transparency, total dissolved solids (TDS), electrical
conductivity, dissolved oxygen (DO), total hardness, alkalinity, biological oxygen
demand (BOD), chemical oxygen demand (COD), and nutrients were collected,
identified and assessed using Ms-excel and Past software. Phosphorus levels in
the Asan Wetland indicated amoderate to high nutrient load, peaking in August
(1.20–1.25 mg/L) across all three sites and dropping to their lowest in January
(0.35–0.65 mg/L). Nitrate levels were moderate, with the highest concentrations
inDecember (1.40–1.55mg/L) and the lowest in July (0.25–0.35mg/L), showing
similar seasonal patterns across sites. The periphyton was represented in this
study by 18 different periphytic taxa that belong to three different classes. These
classes include Bacillariophyceae (Cymbella, Navicula, Nitzschia, Fragilaria
Meridion, Synedra, Gomphonema, Tabellaria, and Diatoma), members of the
Chlorophyceae Ulothrix, Spirogyra, Cosmarium, Microspora, Chlorella,
Oedogomium, Zygnema, and Cladophora are, while Phormidium is a member
of the Cyanophyceae. The peak periphytic density (individuals/cm2) recordedwas
322.67 ± 89.08 × 103 in January, with all three classes exhibiting maximum values
at S3, the minimum periphytic density (individuals/cm2) recorded was 18 ± 5.57 ×
10³ in August. The annual percentage composition of periphytic flora in the Asan
wetland over 2 years indicates that Bacillariophyceae constituted the
predominant group (89%–90%), succeeded by Chlorophyceae (7%–9%) and
Cyanophyceae or Myxophyceae (1%–4%) across three sites. The canonical
correspondence analysis (CCA) of periphyton among different sites during
both years of the study suggested that S3 was more diverse, followed by
S1 and S2, represented 64.93%, 35.07% of the variance with eigenvalues of
0.01794, 0.00968 respectively. PCA suggested that PC1 and PC2 were
represented by 93.98% and 6.015% of the variance with eigenvalues
279.149 and 17.8675, respectively The multivariate cluster analysis showed the
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similarity of periphyton at three different sites during the 2-year study. The findings
of this study emphasize the need for targeted management strategies to maintain
the ecological health of the Asan Wetland.
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communities, ramsar site, water quality bioindicators

1 Introduction

Wetlands serve as critical interfaces between terrestrial and
aquatic ecosystems, offering ecological, hydrological, and social
benefits, including biodiversity conservation, water filtration,
nutrient cycling, and habitat provision (Blackwell, 2011).
Periphyton, a key component of freshwater ecosystems
composed of bacteria, fungi, algae, and protozoa, plays a vital
role in aquatic food webs by driving primary productivity,
nutrient dynamics, and water quality (Gulzar and Agric, 2017;
Kumar, 2017; Rojo et al., 2017; Saxena et al., 2024; Singh and
Singh, 2024). Found in diverse aquatic habitats, from
oligotrophic to eutrophic systems, Periphyton acts as a
sensitive bioindicator of ecological health and trophic states
(Rojo et al., 2017; Baluni et al., 2019). Its density and diversity
are influenced by physicochemical factors such as temperature,
pH, nutrients, dissolved oxygen, and turbidity, with disruptions
potentially impacting ecosystem balance (Tariq et al., 2021).
Elevated nutrient levels, particularly nitrogen and phosphorus,
can cause eutrophication and algal blooms, while stable
conditions promote diverse periphyton communities and
ecological integrity (Pastorino et al., 2024).

The Asan Wetland, located in Uttarakhand’s Dehradun district,
is a Ramsar site of global ecological importance, known for its rich
biodiversity and as a critical stopover for migratory birds (Khanna
and Natural, 2013; Pathak et al., 2024). However, anthropogenic
pressures such as agricultural runoff, pollution, habitat modification,
tourism, and boating are threatening its ecological health and water
quality (Kumar et al., 2018; Rai et al., 2024). Despite its significance,
there is a lack of focused research on the wetland’s periphytic
communities, which serve as crucial bioindicators of water
quality (Sabater and Admiraal, 2005). Although a substantial
body of literature exists on limnology at the international and
national level (Lai et al., 2018). studied the diatom communities
to describe their relationships with environmental variables and to
evaluate the impact of an extreme flash flood (Ruggiero et al., 2004).
examines the Inter- and intra-annual variation of water chemistry
and phytoplankton biomass were addressed. High species richness,
diversity, and evenness were found both in epiphytic and epilithic
assemblages (Beauger et al., 2020; Tanuja and Nautiyal, 2023)
investigated the diatom flora from mineral springs in Auvergne
(France) in which a total of 58 taxa were found (Gaiser, 2009;
Kaonga and Monjerezi, 2012; Vis et al., 2016)., studied the diatom
assemblage in different river basins (Hill et al., 2000; Sabater and
Admiraal, 2005; Montuelle et al., 2010; DeNicola and Kelly, 2014)
studied the role of periphyton assemblage and their role as an
indicator (Wetzel, 1983), recommendations for future work on
periphyton (Trbojević et al., 2017), studied the periphyton
assemblage in an urban reservoir (Goldsborough et al., 2005).,

investigates the periphyton in lakes and wetlands (Wetzel, 2005),
also demonstrates the role of periphytons and their management.

In other studies that were carried out in other parts on different
rivers and streams on diatom assemblage, their role, as indicators
were carried out by (Kelly et al., 1995; Stevenson et al., 2010; Hill
et al., 2001; Feio et al., 2007; Kelly et al., 2009; Rimet, 2012; Lavoie
et al., 2014; Lobo et al., 2016; Newton et al., 2020; Bartwal and
Nautiyal, 2023). Studies on the wetlands were carried out by
(Kennish, 2002; Lone et al., 2012; Alam et al., 2017; Mengesha,
2017; Newton et al., 2020; Asgher et al., 2021; Zainulabdeen and
Nagaraj, 2022), studied the streams of kashmir himalaya and
Arunachal pradesh (Haq et al., 2023; Mustfa et al., 2023; Singh
and Himalaya, 2024), studied the periphyton community in
uttarakhand (SAGIR and AK Dobriyal, 2020; Gogoi et al., 2021),
studied the periphyton community in ponds (Kumar et al., 2013;
Mustfa et al., 2023; Vivek Santhiya and Athithan, 2024), studied the
periphyton of manipur (Lobo et al., 2016; Trbojević et al., 2017;
Alikhani et al., 2023).

Research on periphyton in Uttarakhand state, especially in the
regions of the Himalayas. Notable contributions in this area include
the works of (Baluni et al., 2018) studied ecological characteristics
and the periphytic algal community of the Khankra stream of
Garhwal Himalaya, found that the periphytic algal community of
Khankra is represented by 21 taxa belonging to 3 major classes
(Chauhan and Sharma, 2016; Bahuguna et al., 2021). Found that
19 genera represented the periphytic algal diversity of the Mal Gad
stream (Rashid et al., 2013). studied the Periphytic Algal
Community of Doodh Ganga and Khansha-Mansha Streams of
Yusmarg Forests (Mustfa et al., 2023; SAGIR and AK Dobriyal,
2020). studied the periphyton community of the Nayar River and its
tributaries indicated that all these physicochemical parameters were
favourable for periphyton growth during the winter season (Badoni
et al., 1997; Nautiyal and Kumar, 2001; Nautiyal et al., 2014; Bisht
et al., 2019). studied the algal and faunal communities of the
Garhwal Himalayas (Lohani and Pant, B, 2017; Yadav et al.,
2018) studied the abundance and seasonal variation of Bhimtal
Lake and river Ganga (Tariq et al., 2021). investigate the distribution
patterns, density, diversity and ecology of the periphyton
community in the Balkhila stream, which is a glacier-fed
tributary of the Alaknanda River in the Chamoli district of
Uttarakhand (Gupta et al., 2008). examines the bio-physical
chemical parameters of the Motrowala swamp.

These studies show that periphyton is very sensitive to changes
in water quality factors and can show signs of ecological damage
early on. The objective of this study is to address the knowledge
deficit about the ecological status of the Asan Wetland and its
resilience to environmental pressures by evaluating the periphyton
density and diversity.

The objectives of this study are to:
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• Quantify the density and diversity of periphyton communities
in the Asan Wetland,

• Analyze the relationship between periphyton composition and
key physicochemical parameters such as pH, dissolved oxygen,
nutrient concentrations, and turbidity.

• Evaluate the potential of periphyton as a bioindicator for
monitoring water quality in the wetland.

This study investigates the interactions between periphytic
communities and environmental factors to develop sustainable
management strategies for conserving and restoring the Asan
Wetland ecosystem, emphasizing the importance of periphyton
in maintaining ecological functions. The findings will provide a
basis for future research on periphyton’s role in wetland
conservation and offer valuable insights into the health of the
Asan Wetland.

The paper is structured as follows: Section 2 details the study
area, sampling procedures, and statistical methods; Section 3
presents the results through graphs and figures; and Section 4
discusses the findings, supported by comparisons with
previous research.

2 Material and methods

2.1 Study area

Asan Wetland is a significant freshwater habitat in the Doon
Valley of Dehradun Uttarakhand, India. It is located at an altitude of
approximately 403.3 m MSL, with coordinates (30°26′N) and
(77°40′E). Figure 1 shows the map of the selected sampling sites
(S1, S2, S3) within the Asan Wetland in the Doon Valley. The
wetlands are located at the confluence of the Asan and Yamuna
Rivers, approximately 40 km west of Dehradun city. In 1967, the
Asan Barrage, a small dam, was constructed to redirect river water
for agricultural and electricity generation, resulting in the formation
of this wetland. Because it serves as a home for migratory waterbirds,
the AsanWetland is recognised globally as a Ramsar site. During the

winter, several endangered and threatened bird species use this 4.44-
square-kilometre wetland as a shelter. Many plant and animal
species inhabit this region, including aquatic vegetation, fish,
amphibians, reptiles, and invertebrates. The Asan Wetland is
defined by three primary seasons in the subtropical climate:
summer (April-June), monsoon (July-September), and winter
(October-March). The temperature during summer ranges from a
maximum of 38°C to a minimum of 14°C, while in winter, it varies
between a maximum of 21°C and a minimum of 2°C. The region
receives an average annual rainfall of 250–275 cm, primarily during
the southwest monsoon season from June to September. Wind
patterns in the area are influenced by the monsoon system, with
the southwest monsoon bringing moist winds during the rainy
season and humidity is 65%–80%.

The wetland’s water level is primarily influenced by the passage
of the Asan and Yamuna Rivers and the monsoon rains, which
fluctuate with the seasons.

Despite its biological significance, the AsanWetland is currently
under increased stress due to anthropogenic activities. The
deterioration of water quality and the decline of biodiversity is
being exacerbated by the pollution from adjacent settlements,
agricultural effluent, habitat alteration, and tourism driven by
birdwatching. The delicate ecological balance has also been
disturbed by changes to the marsh’s hydrological cycle brought
about by new approaches to water management aimed at producing
hydropower. The Asan Wetland is an ideal location for the study of
the dynamics of aquatic ecosystems, particularly the periphyton
communities that are essential for the maintenance of water quality
and the support of aquatic food webs, as a result of its vulnerability
to human impacts and its status as a biodiversity hotspot.

To better understand the ecological health of the wetland and
guide conservation efforts, the current study aims to evaluate the
density and diversity of periphyton in this wetland as well as the link
between periphyton composition and important physico-chemical
parameters. Table 1 shows the description of the selected sampling
sites (S1, S2, S3) within the AsanWetland in order to ensure that the
study remained practical and yet captured a thorough picture of the
wetland’s general state, logistical, financial, and geographic
constraints led to the decision to limit the number of sample
sites to three.

2.2 Sampling procedure

2.2.1 Physico-Chemical collection and analysis
The Physico-Chemical Analysis at three selected sites was

conducted monthly from November 2021 to October 2023. Water
samples for the selected parameters were collected from the selected
sites and analyzed in the department laboratory as per the standard
Method recommended by APHA WEF, (2012) and Welch (Welch,
1948; APHA WEF, 2012). However, some parameters, like
Temperature, pH, DO, and free CO2, were analyzed on-site.

2.2.2 Methodology used for Physico-Chemical
parameters

For Physio-Chemical analysis water samples were collected and
analyzed by standard methodologies as provided by APHA WEF,
(2012) and Welch 1948. Temperature was measured on-site using a

FIGURE 1
Showing sampling sites (S1,S2,S3) (Tabassum et al., 2024).
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thermometer, while pH levels were recorded using a portable
pH meter. Free carbon dioxide (CO2) was determined during
sampling following Welch’s method (1948), and dissolved oxygen
(DO) levels were measured using the modified Winkler method by
APHAWEF, (2012). Turbidity was assessed using a digital turbidity
meter, and electrical conductivity was measured with a conductivity
meter. Transparency was determined using the Secchi disk
visibility method.

In the laboratory, additional parameters such as TDS, total
hardness, TA, sodium (Na), and potassium (K) were analyzed.
Total dissolved solids (TDS) were analyzed through the
evaporation method.

Total alkalinity was measured following Welch’s method
(Welch, 1948) using phenolphthalein and methyl orange
indicators, while total hardness was determined using the EDTA
titration method. Biochemical oxygen demand (BOD) and chemical
oxygen demand (COD) were evaluated using the 5-day incubation
method followed by titration. Total nitrogen and total phosphorus
levels were also analyzed in the laboratory using specific methods.
These methods are standard practices for assessing water quality and
provide comprehensive insights into the physico-chemical
parameters of aquatic ecosystems.

2.2.3 Periphyton collection and analysis
Periphyton samples, including two to three replicas, were

obtained from bottom substrates wherever feasible, as well as
from peripheral sources, including pebbles, cobbles, stones, and
macrophytes within a 1 cm2 region using a scraper. The collected
periphyton was then transferred into sample tubes and stored in 4%
formalin to ensure sample integrity throughout transit. The
conserved samples were later transported to the Department of
Zoology’s laboratory, where they were assessed using a stereo-zoom
trinocular Microscope for both quantitative and qualitative
assessments. The primary morphometric characteristics analyzed
encompassed overall body structure, chloroplast morphology, cell
wall attributes, and symmetry systems. Before analysis, the preserved
samples were carefully agitated, and 1 mL of the sample was placed
onto a Sedgewick-Rafter counting slide. In the lab, a Microscopic
Image Processing System (MIPS) was used to identify different algae
taxa using standard taxonomic keys and monographs, including the
APHA WEF, (2012) standards, Ward and Whipple (1992), and
Edmondson’s Freshwater Biology (1992). Further, the analysis of
periphyton was conducted using Equation 1.

n � ap1000pc (1)
Where n = is the number of units of periphyton in a specified

area (1 cm2), a = average number of periphyton in one chamber of
1 mm3 capacity and c = total amount of preservative used (20 mL).

2.3 Statistical analysis

The data obtained after the laboratory procedure was analyzed
using statistical techniques. Several statistical techniques, such as
Average, minimum, maximum, standard deviation, and ANOVA,
were employed. Multivariate statistical analysis like the Sorenson
index, Shannon-Weiner diversity index, Margelef index, CCA, PCA,
and Cluster analysis was employed using PAST software to analyze
and interpret the relationship between environmental factors and
the distribution of periphyton communities across different sites in
the Asan Wetland.

3 Results

For a better understanding of the overall water quality and
environmental conditions in the Asan Wetland, we examined
periphytons and other physicochemical factors at three different
sites (S1, S2, and S3) from November 2021 to October 2023. The
average monthly fluctuations in physicochemical parameters S1, S2,
and S3) in the Asan Wetland are illustrated in Tables 2–4,
respectively. The cumulative analysis of the three tables provides
a detailed overview of ecological variations among the three different
sites within the Asan Wetland. Water temperatures at all locations
exhibited analogous trends, with the lowest temperatures observed
in January (11.80°C ± 0.43°C at S1, 12.25°C ± 0.22°C at S2, and
11.35°C ± 0.22°C at S3), while peak temperatures were noted in June
(26.2°C ± 0.15°C at S1, 25.9°C ± 0.22°C at S2, and 26.0°C ± 0.08°C at
S3). The pH was consistently recorded as slightly alkaline across all
three sites, with the highest values (8.55 ± 0.08 at S1, 8.35 ± 0.15 at
S2, 8.75 ± 0.08 at S3) generally occurring in January, while lower
values (7.15 ± 0.08 at S1, 7.25 ± 0.08 at S2, 7.30 ± 0.15 at S3) were
noted in July-August. Turbidity levels were lowest in December
(29.5 ± 0.71 NTU at S1, 24.5 ± 0.71 NTU at S2) and in January at S3
(20.5 ± 0.71 NTU), with a significant rise observed in July (211 ±
1.42 NTU at S1, 201 ± 1.42 NTU at S2, 203.5 ± 2.13 NTU at S3).
Transparency exhibited an inverse correlation with turbidity, with
the highest transparency recorded in January across all locations
(60.6 ± 0.43 cm at S1, 57.2 ± 1.42 cm at S2, 63.6 ± 0.29 cm at S3) and
the lowest transparency occurring during the monsoon in August
(19.05 ± 1.35 cm at S1, 18.65 ± 0.64 cm at S2, 20.9 ± 0.85 cm at S3).
The total dissolved solids (TDS) levels were minimal in January
(164 ± 5.66 mg/L at S1, 173.5 ± 2.13 mg/L at S2, 178 ± 2.83 mg/L at
S3) and escalated during the monsoon, reaching a maximum in
August (308.5 ± 4.95 mg/L at S1, 311 ± 4.25 mg/L at S2, 272 ±
4.25 mg/L at S3). Electrical conductivity mirrored the trends of total
dissolved solids (TDS), with peak values of 240.9 ± 1.98 m/cm at S1,
250.75 ± 0.78 m/cm at S2, and 262.4 ± 4.11 m/cm at S3 during the

TABLE 1 Description of sampling sites.

S.No Sampling sites Id no. Description

1 Site-1 S-1 Gmvn conservation resort

2 Site-2 S-2 Confluence of reservoir and Yamuna canal

3 Site-3 S-3 Asan barrage bird sanctuary
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monsoon months of August, with the lowest values recorded in
January (122.4 ± 2.55 m/cm at S1, 122.85 ± 0.64 m/cm at S2 and
126.05 ± 1.35 m/cm at S3). Higher conductivity during the monsoon
reflects increased ionic content in the water due to runoff and
mineral dissolution. Dissolved oxygen levels were highest in January
with values (10.2 ± 0.57 mg/L at S1, 10.6 ± 0.22 mg/L at S2, and
10.4 ± 0.08 mg/L at S3) while lower values were recorded during the
warmer and monsoon month, especially in August (7.6 ± 0.36 mg/L
at S1, 7.7 ± 0.15 mg/L at S2, 7.4 ± 0.08 mg/L at S3). Total hardness at
all sites was generally higher in December (178.5 ± 0.71 mg/L at S1,
181.5 ± 0.71 mg/L at S2 and 184 ± 1.42 mg/L at S3) and dropped
during the monsoon season, with values (141 ± 2.83 mg/L at S1,
127 ± 5.66 mg/L at S2, 146 ± 1.42 mg/L at S3) in July and August.
Total Alkanity was found to be maximum in January at all sites
(129.5 ± 2.13 mg/L at S1, 125.5 ± 0.71 mg/L at S2, 131.5 ± 2.13 mg/L
at S3) while minimum values were observed in July and August (76 ±

8.49 mg/L at S1, 78 ± 2.83 mg/L at S2 and 85 ± 7.08 mg/L at S3).
BOD and COD values were found to be higher in August (3.50 ±
0.29 mg/L at S1, 3.60 ± 0.00 mg/L at S2, 3.75 ± 0.22 mg/L at S3) and
(4.75 ± 0.08 mg/L at S1, 4.85 ± 0.08 mg/L at S2 and 4.80 ± 0.15 mg/L
at s3) respectively while lowest in January with values of BOD
(1.65 ± 0.08 mg/L at S1, 1.80 ± 0.15 mg/L at S2, 1.90 ± 0.15 mg/L at
S3) and COD (2.40 ± 0.15 mg/L at S1, 2.95 ± 0.08 mg/L at S2, 2.45 ±
0.08 mg/L at S3).

Phosphorus is a key nutrient that promotes algal growth and is
often a limiting factor in freshwater systems. The phosphorus levels
at all three sites indicate a moderate to high nutrient load, with
almost similar values that were found to be higher in August (1.20 ±
0.15 mg/L at S1, 1.25 ± 0.08 mg/L at S2, 1.20 ± 0.15 mg/L at S3) while
fall in January with values (0.65 ± 0.22 mg/L at S1, 0.45 ± 0.08 mg/L
at S2, 0.35 ± 0.08 mg/L at S3. Nitrate levels across all three sites are
moderate, with relatively similar nitrate concentrations at all sites

TABLE 2 Average Monthly variations in the physico-chemical parameters of the Asan Wetland during 2 years of study (November 2021 to October 2023) at
site S1.

NOV Dec Jan Feb Mar Apr May June Jul Aug Sep Oct

Water Temp(’C) 18.95 ±
0.22

15.15 ±
0.08

11.80 ±
0.43

12.40 ±
0.15

16.45 ±
0.5

19.4 ±
0.29

22.75 ±
0.5

26.2 ±
0.15

25.7 ±
0.15

22.5 ±
0.57

22.95 ±
0.36

20.95 ±
0.22

PH 7.80 ±
0.15

8.25 ±
0.08

8.55 ±
0.08

8.00 ±
0.15

7.9 ± 0.15 7.7 ± 0.15 7.45 ±
0.08

7.35 ±
0.08

7.15 ±
0.08

7.25 ±
0.08

7.3 ± 0 7.4 ± 0

Turbidity(NTU) 48 ± 1.42 33 ± 1.42 34.5 ±
2.13

29.5 ±
0.71

37.5 ±
0.71

40 ± 1.42 49.5 ±
2.13

121 ±
1.42

211 ±
1.42

189.5 ±
0.71

162.5 ±
3.54

99.5 ±
0.71

Transparency(cm) 45.5 ±
0.43

51.65 ±
0.5

60.6 ±
0.43

48.9 ±
0.57

44.65 ±
0.78

36.8 ±
0.43

34 ± 0.29 23.25 ±
0.36

20.15 ±
0.5

19.05 ±
1.35

26 ± 0.29 33.3 ±
0.43

TDS(mg/L) 188.5 ±
3.54

179 ±
4.25

164 ±
5.66

171 ±
1.42

179.5 ±
2.13

202 ± 2.83 199 ± 2.83 243.5 ±
4.95

284.5 ±
6.37

308.5 ±
4.95

216 ±
4.25

192 ±
4.25

Electrical
Conductivity(ms/

cm)

123.95 ±
4.88

130.9 ±
0.85

122.4 ±
2.55

138.5 ±
2.69

142.45 ±
1.63

179.85 ±
3.75

186.85 ±
3.61

205 ±
0.71

212.5 ±
2.55

240.9 ±
1.98

165.3 ±
5.94

127.35 ±
3.05

Dissolved
Oxygen(mg/L)

8.8 ± 0.15 9.4 ±
0.15

10.2 ±
0.57

9.3 ±
0.15

8.8 ± 0.29 8.4 ± 0.57 8.2 ± 0.64 8.1 ±
0.36

7.7 ±
0.71

7.6 ±
0.36

7.5 ±
0.15

8.2 ± 0.15

Total
hardness(mg/L)

172.5 ±
0.71

178.5 ±
0.71

167 ±
1.42

166.5 ±
2.13

166 ± 4.25 161 ± 1.42 156 ± 4.25 150 ±
11.32

147 ±
2.83

141 ±
2.83

156.5 ±
2.13

166 ±
1.42

Total
Alakalinity(mg/L)

112 ± 2.83 121.5 ±
0.71

129.5 ±
2.13

116 ±
1.42

96 ± 5.66 90.5 ±
3.54

82.5 ±
10.61

81.5 ±
7.78

76 ± 8.49 90.5 ±
0.71

95.5 ±
0.71

106.5 ±
2.13

BOD (mg/L) 1.85 ±
0.08

1.75 ±
0.08

1.65 ±
0.08

1.95 ±
0.08

2.20 ±
0.15

2.55 ±
0.22

2.85 ±
0.08

2.90 ±
0.00

3.35 ±
0.22

3.50 ±
0.29

2.60 ±
0.43

2.45 ±
0.08

COD (mg/L) 2.75 ±
0.08

2.55 ±
0.08

2.40 ±
0.15

3.00 ±
0.15

3.20 ± 0 3.65 ±
0.22

3.85 ±
0.08

4.00 ±
0.15

4.70 ±
0.29

4.75 ±
0.08

4.15 ±
0.08

3.45 ±
0.22

Chlorides (mg/L) 21.5 ±
0.43

19.75 ±
0.64

18.1 ±
0.15

17.95 ±
0.22

17.3 ±
0.29

19.05 ±
0.22

20 ± 0.15 20.7 ±
0.15

21.6 ±
0.15

23 ± 0.29 22.1 ±
0.99

20.9 ±
0.85

Total Phosphorous
(mg/L)

0.80 ±
0.15

0.75 ±
0.22

0.65 ±
0.22

0.70 ± 0 0.85 ±
0.08

0.80 ± 0 0.80 ±
0.15

0.90 ± 0 1 ± 0.15 1.20 ±
0.15

1.1 ±
0.15

0.95 ±
0.22

Nitrate-N (mg/L) 1.25 ±
0.08

1.50 ±
0.15

1.35 ±
0.04

1.04 ±
0.03

1.52 ±
0.54

1.16 ±
0.08

0.88 ±
0.15

0.44 ±
0.03

0.35 ±
0.04

0.93 ±
0.08

1.09 ±
0.16

0.98 ±
0.04

Sodium (mg/L) 2.91 ±
0.02

2.88 ±
0.03

2.52 ±
0.04

3.12 ±
0.43

3.89 ±
0.18

3.66 ±
0.09

3.42 ±
0.63

3.40 ±
0.85

4.3 ±
0.29

4.65 ±
0.78

3.86 ±
0.01

3.06 ±
0.07

Free CO2 (mg/L) 1.15 ±
0.08

1.65 ±
0.08

1.85 ±
0.08

2.93 ±
0.25

2.60 ±
0.29

2.05 ±
0.36

1.70 ±
0.00

1.15 ±
0.08

1.55 ±
0.08

1.35 ±
0.08

1.10 ±
0.15

1.40 ±
0.85

Potassium (mg/L) 1.99 ±
0.01

2.07 ±
0.08

1.83 ±
0.08

1.69 ±
0.08

2.07 ±
0.03

2.20 ±
0.15

1.93 ±
0.11

2.15 ±
0.25

2.73 ±
0.02

2.45 ±
0.05

2.19 ±
0.18

2.27 ± 0
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with values higher in December (1.50 ± 0.15 mg/L at S1, 1.55 ±
0.08 mg/L at S2, 1.40 ± 0.15 mg/L at S3) and lower in July (0.35 ±
0.04 mg/L at S1, 0.25 ± 0.08 mg/L at S2, 0.33 ± 0.03 mg/L at S3).

Potassium is a vital element for plant growth; however, it is less
prone to induce eutrophication than nitrogen and phosphorus.
Although there is no explicit regulatory limit for potassium in
aquatic environments, potassium concentrations in natural waters
generally vary from 0 to 10 mg/L. Potassium concentrations were
measured at 2.73 ± 0.02 mg/L at S1, 2.50 ± 0.15 mg/L at S2, and
2.85 ± 0.08 mg/L at S3, while Sodium levels were recorded at 4.65 ±
0.78 mg/L at S1, 4.10 ± 0.15 mg/L at S2, and 4.05 ± 0.06 mg/L at S3.
Both elements exhibited elevated levels in July and August, followed
by a decline in January and February, with Sodium values of 2.52 ±
0.04 mg/L at S1, 2.70 ± 0.05 mg/L at S2, and 2.60 ± 0.02 mg/L at S3,
and Potassium values of 1.69 ± 0.08 mg/L at S1, 1.69 ± 0.03 mg/L at
S2, and 1.69 ± 0.02 mg/L at S3.

Free CO2 in water results from the breathing of aquatic
organisms and the breakdown of organic waste. It is a crucial
element for photosynthesis in aquatic flora and algae. Free CO2

concentrations were nearly uniform across all sites, peaking in
February (2.93 ± 0.25 mg/L at S1, 2.35 ± 0.22 mg/L at S2, 2.55 ±
0.08 mg/L at S3) and declining in September (1.10 ± 0.15 mg/L at S1,
0.80 ± 0.15 mg/L at S2, 0.75 ± 0.08 mg/L at S3).

The periphyton was represented in this study by 18 different
periphytic taxa that belong to three different classes. These classes
include Bacillariophyceae (Cymbella, Navicula, Nitzschia, Fragilaria
Meridion, Synedra, Gomphonema, Tabellaria, and Diatoma).
Ulothrix, Spirogyra, Cosmarium, Microspora, Chlorella,
Oedogomium, Zygnema, and Cladophora are members of the
Chlorophyceae family, while Phormidium is a member of the
Cyanophyceae. The average monthly variations in the density of
periphyton distributed in three classes at sites S1, S2, and S3 of the

TABLE 3 Average Monthly variations in the physico-chemical parameters of the Asan Wetland during 2 years of study (November 2021 to October 2023) at
site S2.

Nov Dec Jan Feb Mar Apr May June Jul Aug Sep Oct

Water Temp(’C) 19.5 ±
0.57

15.75 ±
0.22

12.25 ±
0.22

13.20 ±
0.43

17.15 ±
0.36

18.8 ±
0.43

22.35 ±
0.08

25.95 ±
0.22

24.45 ±
0.08

23.95 ±
1.21

23.0 ±
0.29

20.8 ±
0.99

PH 7.60 ±
0.15

7.85 ±
0.08

8.35 ±
0.15

7.90 ±
0.15

7.75 ±
0.08

7.65 ±
0.08

7.65 ±
0.36

7.55 ±
0.08

7.40 ±
0.15

7.25 ±
0.08

7.35 ±
0.08

7.45 ±
0.08

Turbidity(NTU) 46.5 ±
2.13

35.5 ±
0.71

34.5 ±
2.13

24.5 ±
0.71

31.5 ±
2.13

39 ± 1.42 53.5 ±
2.13

121 ±
1.42

201 ±
1.42

186 ±
1.42

155.5 ±
4.95

100 ±
1.42

Transparency(cm) 46.25 ±
1.49

49.2 ±
1.28

57.2 ±
1.42

46.5 ±
2.83

41.5 ±
2.69

34.75 ±
1.35

31.85 ±
0.64

21.75 ±
0.64

19.15 ±
0.08

18.65 ±
0.64

27.75 ±
2.06

31.85 ±
0.78

TDS(mg/L) 189 ±
1.42

181 ±
1.42

173.5 ±
2.13

176.5 ±
2.13

181.5 ±
2.13

206.5 ±
4.95

209 ±
4.25

240.5 ±
3.54

262.5 ±
3.54

311 ±
4.25

247 ±
2.83

195 ±
4.25

Electrical
Conductivity(ms/

cm)

125.85 ±
2.34

127.9 ±
3.68

122.85 ±
0.64

141.35 ±
1.35

152.05 ±
2.06

181.75 ±
2.06

193.75 ±
2.06

209.4 ±
1.28

219.1 ±
2.41

250.75 ±
0.78

161.1 ±
0.43

147.75 ±
3.61

Dissolved
Oxygen(mg/L)

9.1 ± 0.08 9.8 ±
0.15

10.6 ±
0.22

9.2 ± 0.08 9.1 ± 0 8.9 ± 0 8.7 ± 0.15 8.5 ±
0.15

7.8 ±
0.08

7.7 ± 0.15 7.7 ±
0.08

8.1 ±
0.22

Total
hardness(mg/L)

175.5 ±
0.71

181.5 ±
0.71

172 ±
2.83

168 ±
4.25

147 ±
2.83

152.5 ±
0.71

137.5 ±
2.13

131 ±
1.42

127 ±
5.66

132 ±
2.83

144 ±
5.66

147 ±
2.83

Total
Alakalinity(mg/L)

108 ±
1.42

119 ±
1.42

125.5 ±
0.71

114.5 ±
3.54

111 ±
1.42

100 ±
1.42

89.5 ±
0.71

83.5 ±
2.13

79 ±
1.42

78 ± 2.83 93 ±
1.42

99.5 ±
0.71

BOD (mg/L) 2.40 ±
0.15

1.95 ±
0.08

1.80 ±
0.15

2.45 ±
0.08

2.25 ±
0.08

2.45 ± 0.5 2.65 ±
0.22

2.90 ±
0.15

3.20 ±
0.15

3.60 ±
0.00

2.90 ±
0.29

2.85 ±
0.08

COD (mg/L) 3.55 ±
0.22

3.90 ±
0.43

2.95 ±
0.08

3.60 ±
0.29

3.10 ± 0 3.70 ±
0.29

3.85 ±
0.08

4.15 ±
0.08

4.50 ± 0 4.85 ±
0.08

4.10 ±
0.29

4.05 ±
0.22

Chlorides (mg/L) 23.95 ±
0.08

21.75 ±
0.78

20.3 ±
0.29

19.05 ±
0.22

18.4 ±
0.29

19.0 ±
0.29

21.45 ±
0.22

22.6 ±
0.29

22.7 ±
0.29

23.25 ±
0.22

22.7 ± 0 21.95 ±
0.08

Total Phosphorous
(mg/L)

0.55 ±
0.08

0.65 ±
0.08

0.45 ±
0.08

0.80 ±
0.15

0.70 ± 0 0.75 ±
0.08

0.85 ±
0.08

0.95 ±
0.08

1.00 ±
0.15

1.25 ±
0.08

1.10 ±
0.43

1.00 ±
0.29

Nitrate-N (mg/L) 1.20 ±
0.15

1.55 ±
0.08

1.39 ±
0.73

1.15 ±
0.22

1.61 ±
0.16

1.06 ±
0.21

0.83 ±
0.11

0.30 ±
0.43

0.25 ±
0.08

0.85 ±
0.08

0.89 ±
0.02

0.91 ±
0.13

Sodium (mg/L) 2.93 ±
0.17

2.83 ±
0.08

2.70 ±
0.05

3.29 ±
0.46

3.56 ±
0.14

3.33 ±
0.01

3.27 ±
0.03

2.09 ±
0.03

2.91 ±
0.02

4.10 ±
0.15

4.02 ±
0.13

2.71 ±
0.02

Free CO2 (mg/L) 1.05 ±
0.08

1.25 ±
0.08

1.40 ±
0.15

2.35 ±
0.22

2.20 ±
0.15

1.80 ±
0.15

1.20 ±
0.15

1.20 ±
0.15

1.10 ±
0.15

1.00 ±
0.15

0.80 ±
0.15

1.30 ±
0.15

Potassium (mg/L) 1.94 ±
0.06

1.98 ±
0.03

1.79 ±
0.02

1.69 ±
0.03

1.87 ±
0.02

2.15 ±
0.08

2.20 ±
0.00

2.23 ±
0.08

2.50 ±
0.15

2.45 ±
0.22

1.79 ±
0.01

2.19 ±
0.02
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Asan Wetland over a 2-year study period (November 2021 to
October 2023) are illustrated in Table 5.

The total density of all classes at sites S1, S2, and S3, as well as the
overall density of the Asan wetland throughout the 2-year study
period from November 2021 to October 2023, is given in Table 6.
The peak periphytic density (individuals/cm2) recorded was
322.67 ± 89.08 × 103 in January, with all three classes exhibiting
maximum values at S3: Bacillariophyceae (197 ± 1.42 × 103 at S1,
310 ± 25.46 × 103 at S2, 332 ± 2.83 × 103 at S3), Chlorophyceae (20 ±
11.32 × 103 at S1, 42 ± 2.83 × 103 at S2, 44 ± 11.32 × 103 at S3) and
Cyanophyceae (4 ± 2.83 × 103 at S1, 8 ± 0.00 × 103 at S2, 11 ± 1.42 ×
103 at S3. The monsoon months (June to August) had the lowest
densities, most likely as a result of increased sedimentation and
water turbidity, which hinder light penetration and have an impact
on periphyton growth. The minimum periphytic density

(individuals/cm2) recorded was 18 ± 5.57 × 10³ in August, with
Bacillariophyceae values of 5 ± 4.25 × 10³ at S1, 12 ± 5.66 × 10³ at S2,
and 20 ± 2.83 × 10³ at S3; Chlorophyceae values of 1 ± 1.42 × 10³ at
S1, 2 ± 2.83 × 10³ at S2, and 0 ± 0 × 10³ at S3; and no Cyanophyceae
detected at any site.

The current study illustrates the annual percentage composition
of periphytic flora in the Asan wetland over 2 years, as depicted in
Figure 2, indicating that Bacillariophyceae constituted the
predominant group (89%–90%), succeeded by Chlorophyceae
(7%–9%) and Cyanophyceae or Myxophyceae (1%–4%) across
various sites.

An annual percentage composition illustrates the proportion of
various species or groups within a community over 1 year, presented
as a percentage of the total community. This type of analysis is
commonly used in ecological studies to understand the relative

TABLE 4 Average Monthly variations in the physico-chemical parameters of the Asan Wetland during 2 years of study (November 2021 to October 2023) at
site S3.

Nov Dec Jan Feb Mar Apr May June Jul Aug Sep Oct

Water Temp(’C) 19.1 ±
0.15

15.80 ±
0.15

11.35 ±
0.22

13.65 ±
0.22

19.15 ±
0.5

21.0 ±
1.14

23.65 ±
0.22

26.0 ±
0.08

25.0 ±
0.15

23.75 ±
0.64

24.2 ±
0.43

20.85 ±
0.5

PH 7.95 ±
0.08

8.50 ±
0.00

8.75 ±
0.08

8.5 ±
0.15

8.05 ±
0.08

7.85 ±
0.08

7.50 ±
0.15

7.35 ±
0.08

7.35 ±
0.08

7.30 ±
0.15

7.35 ±
0.08

7.65 ±
0.22

Turbidity(NTU) 39.5 ±
0.71

31.5 ±
0.71

28 ± 1.42 20.5 ±
0.71

25.5 ±
0.71

35.5 ±
2.13

51.0 ±
1.42

193 ±
1.42

203.5 ±
2.13

174 ±
2.83

131.5 ±
0.71

80.5 ±
0.71

Transparency(cm) 55.3 ±
0.29

60.65 ±
0.64

63.6 ±
0.29

61.45 ±
0.5

54.8 ±
0.15

40.45 ±
0.5

37.7 ±
0.15

23.5 ± 0 23.5 ± 0 20.9 ±
0.85

25.55 ±
0.5

31.8 ±
0.43

TDS(mg/L) 191.5 ±
2.13

187.5 ±
0.71

178 ±
2.83

182 ±
2.83

190.5 ±
2.13

211.5 ±
4.95

216.5 ±
6.37

248.5 ±
12.03

265 ±
1.42

272 ±
4.25

211 ±
1.42

196 ±
2.83

Electrical
Conductivity(ms/

cm)

134.75 ±
0.78

152.75 ±
0.36

126.05 ±
1.35

143.9 ±
5.1

158.9 ±
0.57

184.25 ±
2.9

189.35 ±
1.21

236.15 ±
5.87

236.15 ±
5.87

262.4 ±
4.11

164.5 ±
0.71

127.55 ±
2.06

Dissolved
Oxygen(mg/L)

9.6 ± 0.15 10.2 ±
0.15

10.4 ±
0.08

9.1 ±
0.08

8.6 ±
0.29

8.4 ± 0.22 8.2 ± 0.15 7.6 ± 0 7.6 ± 0 7.4 ±
0.08

7.65 ±
0.36

8.1 ± 0.08

Total
hardness(mg/L)

174.5 ±
0.71

184 ±
1.42

181.5 ±
0.71

178.5 ±
0.71

179.5 ±
0.71

164.5 ±
0.71

161.5 ±
4.95

156 ±
2.83

146 ±
1.42

152.5 ±
2.13

155.5 ±
0.71

163 ±
1.42

Total
Alakalinity(mg/L)

114 ±
1.42

127 ±
1.42

131.5 ±
2.13

122 ±
2.83

117.5 ±
0.71

111 ±
1.42

100 ±
2.83

88 ± 4.25 88 ± 4.25 85 ±
7.08

85 ±
1.42

105 ±
2.83

BOD (mg/L) 2.35 ±
0.08

2.20 ±
0.15

1.90 ±
0.15

2.45 ±
0.22

2.65 ±
0.22

2.15 ±
0.08

2.75 ±
0.08

2.95 ±
0.08

3.35 ±
0.22

3.75 ±
0.22

3.25 ±
0.36

2.4 ± 0.57

COD (mg/L) 3.10 ±
0.15

2.65 ±
0.08

2.45 ±
0.08

3.65 ±
0.22

3.80 ±
0.00

3.80 ±
0.15

3.95 ±
0.08

4.15 ±
0.22

4.55 ±
0.08

4.80 ±
0.15

4.45 ±
0.22

3.45 ±
0.08

Chlorides (mg/L) 21.95 ±
0.36

20.55 ±
0.36

18.75 ±
0.22

18.3 ±
0.29

17.95 ±
0.08

18.6 ±
0.29

19.95 ±
0.5

21.25 ±
0.08

21.25 ±
0.08

21.7 ±
0.29

22.55 ±
0.08

22.05 ±
0.22

Total
Phosphorous(mg/

L)

0.50 ±
0.15

0.55 ±
0.08

0.35 ±
0.08

0.75 ±
0.08

0.60 ±
0.15

0.70 ±
0.15

0.80 ± 0 1.01 ±
0.02

1.01 ±
0.02

1.20 ±
0.15

0.65 ±
0.08

0.55 ±
0.08

Nitrate-N (mg/L) 1.35 ±
0.08

1.40 ±
0.15

1.86 ±
0.08

1.61 ±
0.11

1.79 ±
0.04

0.96 ±
0.05

0.73 ±
0.02

0.33 ±
0.03

0.33 ±
0.03

0.99 ±
0.01

1.2 ±
0.29

1.01 ±
0.14

Sodium (mg/L) 2.81 ±
0.02

2.74 ±
0.01

2.60 ±
0.02

2.89 ±
0.02

3.51 ±
0.02

3.29 ±
0.02

3.15 ±
0.08

3.99 ±
0.01

3.99 ±
0.01

4.05 ±
0.06

3.83 ±
0.08

3.15 ±
0.08

Free CO2 (mg/L) 1.25 ±
0.08

1.35 ±
0.08

1.45 ±
0.08

2.55 ±
0.08

2.40 ±
0.15

2.05 ±
0.22

1.75 ±
0.22

1.45 ±
0.22

1.15 ±
0.08

0.85 ±
0.08

0.75 ±
0.08

1.20 ± 0

Potassium (mg/L) 1.94 ±
0.02

1.98 ±
0.01

1.87 ±
0.03

1.69 ±
0.02

2.1 ±
0.01

2.17 ±
0.05

1.92 ±
0.05

2.55 ±
0.08

2.85 ±
0.08

2.58 ±
0.1

2.20 ±
0.15

2.18 ±
0.08
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abundance and dominance of different species or taxonomic groups
(e.g., classes, genera) throughout the year.

The Sorensen Similarity Index illustrates the pairwise similarity
values between months, which are determined by periphyton
community data or ecological conditions at various times of the
year. Table 7 shows the average values of the Sorenson similarity
index during the 2 years of the study period at S1. Monthly values
approaching one imply similar periphyton communities or
environmental conditions. The December (D) and January (J)

communities are quite similar, with a similarity score of
0.814815. February (F) and March (M), with 0.818182, may have
similar species composition and environmental conditions affecting
periphyton. Moderate Similarity Scores (0.5–0.8) Values in this
range indicate moderate community or condition overlap
between months. The similarity index is 0.608696 in March (M)
and July (J), suggesting some common species but presumably
influenced by environmental changes. Low Similarity is Almost
0. Seasonal changes in periphyton diversity and abundance may

TABLE 5Monthly Average density of periphyton of the AsanWetland during 2 years of study (November 2021 toOctober 2023) at sites S1, S2, and S3. (units x
103. Cm−2).

Baccilariophyceae Chlorophyceae Myxophyceae

S1 S2 S3 S1 S2 S3 S1 S2 S3

Nov 146 ± 8.49 243 ± 1.42 250 ± 11.32 7 ± 4.25 24 ± 5.66 29 ± 4.25 2 ± 0 6 ± 0 3 ± 1.42

Dec 170 ± 2.83 267 ± 7.08 289 ± 21.22 5 ± 1.42 27 ± 1.42 17 ± 7.08 1 ± 1.42 6 ± 5.66 10 ± 0

Jan 197 ± 1.42 310 ± 25.46 332 ± 2.83 20 ± 11.32 42 ± 2.83 44 ± 11.32 4 ± 2.83 8 ± 0.00 11 ± 1.42

Feb 139 ± 12.73 259 ± 12.73 281 ± 24.05 6 ± 2.83 26 ± 14.15 28 ± 8.49 3 ± 1.42 6 ± 5.66 9 ± 1.42

March 90 ± 8.49 228 ± 28.29 225 ± 24.05 0 ± 0.00 15 ± 15.56 15 ± 9.90 1 ± 1.42 3 ± 4.25 5 ± 4.25

April 60 ± 2.83 161 ± 9.90 167 ± 9.90 0 ± 0.00 6 ± 2.83 10 ± 2.83 0 ± 0 2 ± 0 3 ± 4.25

May 46 ± 8.49 127 ± 1.42 125 ± 18.39 1 ± 1.42 3 ± 4.25 2 ± 0 0 ± 0 0 ± 0 2 ± 2.83

June 27 ± 9.90 54 ± 14.15 77 ± 29.7 6 ± 5.66 2 ± 2.83 0 ± 0 0 ± 0 0 ± 0 1 ± 1.420

July 18 ± 0 22 ± 5.66 36 ± 16.98 1 ± 1.42 12 ± 14.15 2 ± 2.83 0 ± 0 0 ± 0 1 ± 1.420

Aug 5 ± 4.25 12 ± 5.66 20 ± 2.83 7 ± 1.42 7 ± 1.42 3 ± 4.25 0 ± 0 0 ± 0 0 ± 0

Sep 20 ± 25.46 27 ± 35.36 39 ± 18.39 11 ± 9.90 6 ± 2.83 9 ± 7.08 1 ± 1.42 1 ± 1.42 3 ± 1.42

Oct 60 ± 5.66 135 ± 4.25 133 ± 4.25 9 ± 7.08 10 ± 2.83 23 ± 7.08 3 ± 1.42 4 ± 2.83 4 ± 2.83

Nov 146 ± 8.49 243 ± 1.42 250 ± 11.32 7 ± 4.25 24 ± 5.66 29 ± 4.25 2 ± 0 6 ± 0 3 ± 1.42

TABLE 6 The total density of all classes at sites S1, S2, and S3, as well as the overall density of the Asan wetland throughout the 2-year study period from
November 2021 to October 2023. (units x 103. Cm−2).

Mean density of all genera Overall density of asan wetland

S1 S2 S3

Nov 155 273 282 236.67 ± 70.87

Dec 176 300 316 264 ± 76.63

Jan 221 360 387 322.67 ± 89.08

Feb 148 291 318 252.34 ± 91.36

March 91 246 245 194 ± 89.21

April 60 169 180 136.34 ± 66.34

May 47 130 129 102 ± 47.64

June 33 56 78 55.67 ± 22.51

July 19 34 39 30.67 ± 10.41

Aug 12 19 23 18 ± 5.57

Sep 32 34 51 39 ± 10.45

Oct 72 149 160 127 ± 47.95
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cause broader differences in community composition or ecological
circumstances. The winter months (e.g., December, January, and
February) exhibit a high degree of similarity, suggesting that the
cold-season conditions are stable and conducive to the growth of
specific periphyton communities. The summer or pre-monsoon
months (e.g., April, May) are also comparable, which is likely
attributable to the stable temperatures and nutrient levels that
occur prior to monsoon disruption, rainfall and fertilizer runoff
cause ecological alterations. Hence, monsoon and post-monsoon
months (July, August, September) have lower similarity scores than
winter months.

The average values of the Sorenson similarity index during the
2 years of the study period at S2 are presented in Table 8. The ecological
conditions ofNovember (N) and January (J) are similar, as evidenced by
their similarity of 0.909091. A similarity of 0.965517 is observed

between December (D) and March (M), indicating a significant
degree of similarity in the periphyton community or water quality
between these months. As an illustration, the similarity between April
(A) and August (A) is 0.75, suggesting that there are seasonal
fluctuations. A value of 0.8 in June (J) and September (S) indicates
that there is an overlap in conditions, which may be associated with late
summer or post-monsoon outcomes.

Potentially due to seasonal fluctuations or environmental
transitions, lower values suggest more pronounced disparities
between the months. For instance, August (A) and May (M)
have a low similarity of 0.4, indicating varying biological
circumstances due to monsoon influences. The similarity between
August (A) and February (F) is 0.56, suggesting that monsoon
conditions may induce modifications in periphyton or other
ecological characteristics.

FIGURE 2
The annual percentage composition of periphytic flora of Asan wetland during the 2 years of study at different sites (S1, S2, S3).

TABLE 7 Average values of the Sorenson similarity index at S1 of Asan wetland during the 2 years of the study period.

N D J F M A M J J A S O

N 1 1 0.814815 0.916667 0.9 0.842105 0.8 0.695652 0.666667 0.4 0.615385 0.8

D 1 0.814815 0.916667 0.9 0.842105 0.8 0.695652 0.666667 0.4 0.615385 0.8

J 1 0.896552 0.72 0.666667 0.64 0.714286 0.608696 0.56 0.83871 0.866667

F 1 0.818182 0.761905 0.727273 0.72 0.6 0.454545 0.714286 0.888889

M 1 0.941176 0.888889 0.761905 0.75 0.444444 0.666667 0.782609

A 1 0.941176 0.8 0.8 0.470588 0.608696 0.727273

M 1 0.857143 0.75 0.555556 0.666667 0.695652

J 1 0.736842 0.761905 0.814815 0.846154

J 1 0.5 0.545455 0.666667

A 1 0.666667 0.608696

S 1 0.827586

O 1
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The average values of the Sorenson similarity index during the
2 years of the study period at S3 are presented in Table 9. In winter
(November–February), Winter months have high similarity ratings,
indicating consistent winter conditions and similar periphyton
ecosystems. The similarity between January (J) and December
(D) is 0.909091, showing no substantial ecological changes.
Months May, June, and July show moderate similarities due to
biological changes caused by warming and increased precipitation,
which can alter periphyton composition. Monsoon and post-
monsoon values are comparable due to settling runoff and
ecological stabilization. The maximum similarity was found
between the winter months at all the sites.

The values of the Shannon–Wiener diversity index during both
study years are presented in Figure 3 for the year 2021–22 &
2022–23 respectively. The Shannon–Wiener diversity index

values at all sites were high during both years in winter in
January (2.427 at S1, 2.495 at S2, 2.562 at S3) and (2.29 at S1,
2.435 at S2, 2.467 at S3) during 2021–22 & 2022–23 respectively
while minimum in the monsoon season (1.099 at S1, 1.099 at S2,
1.676 at S3) in 2021–22 and (1.311 at S1, 1.834 at S2, 1.594 at S3)
in 2022–23.

The values of the Margelef index during 2021–22 and
2022–23 are presented in Figure 4. The Margalef Diversity Index
measures species richness in a community by counting species and
individuals. It is especially beneficial for comprehending the
diversity of biological communities, such as periphyton, in
aquatic ecosystems. The higher Margalef Index values suggest
that the community has a greater diversity of species. Poor
numbers indicate poor species richness. In both years, the
highest values were found in January (2.763 at S1,2.694 at S2,

TABLE 8 Average values of the Sorenson similarity index at S1 of Asan wetland during the 2 years of the study period.

N D J F M A M J J A S O

N 1 0.866667 0.909091 0.903226 0.827586 0.846154 0.72 0.72 0.785714 0.583333 0.8 0.866667

D 1 0.909091 0.83871 0.965517 0.846154 0.8 0.8 0.785714 0.666667 0.933333 0.933333

J 1 0.941176 0.875 0.758621 0.714286 0.714286 0.83871 0.666667 0.909091 0.909091

F 1 0.866667 0.814815 0.692308 0.615385 0.827586 0.56 0.83871 0.83871

M 1 0.88 0.833333 0.75 0.814815 0.608696 0.896552 0.896552

A 1 0.857143 0.761905 0.75 0.4 0.769231 0.769231

M 1 0.9 0.782609 0.526316 0.8 0.72

J 1 0.695652 0.631579 0.8 0.72

J 1 0.545455 0.785714 0.714286

A 1 0.666667 0.666667

S 1 0.866667

O 1

TABLE 9 Average values of the Sorenson similarity index at S1 of Asan wetland during the 2 years of the study period.

N D J F M A M J J A S O

N 1 0.9375 0.971429 0.971429 0.9375 0.83871 0.740741 0.692308 0.785714 0.740741 0.903226 0.909091

D 1 0.909091 0.909091 0.933333 0.896552 0.8 0.75 0.769231 0.8 0.827586 0.903226

J 1 1 0.909091 0.875 0.714286 0.666667 0.758621 0.714286 0.875 0.941176

F 1 0.909091 0.875 0.714286 0.666667 0.758621 0.714286 0.875 0.941176

M 1 0.827586 0.8 0.75 0.692308 0.72 0.827586 0.903226

A 1 0.833333 0.782609 0.8 0.75 0.714286 0.866667

M 1 0.947368 0.857143 0.8 0.666667 0.769231

J 1 0.9 0.842105 0.695652 0.72

J 1 0.857143 0.8 0.740741

A 1 0.75 0.769231

S 1 0.866667

O 1
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2.84 at S3) in 2021–22 (2.05 at S1, 2.745 at S2, 2.867 at S3) in
2022–23. The lowest values (1.116 at S1, 1.11 at S2, 1.573 at S3) in
2021–22 and (1.038 at S1, 1.447 at S2, 1.417 at S3) in 2022–23. were
in the monsoonmonths. Hence, Themaximum similarity was found
between the winter months at all the sites.

In both years of the investigation, the canonical correspondence
analysis (CCA) of periphyton among various sites is illustrated in
Figure 5. Multivariate Canonical Correspondence Analysis (CCA) is
used to investigate and illustrate species composition (or community
structure) and environmental variables. CCA helps ecological
researchers determine how environmental gradients (temperature,
pH, nutrient levels) affect species distribution and abundance. CCA
suggested that S3 was more diverse than S1 and S2. Results show that
Axes one and two represented 64.93% and 35.07% of the variance
with eigenvalues of 0.01794 and 0.00968, respectively. The dominant
genera found at Site one included Synedra, Cladophora, Nithchia,
Oedogonium, Fragillaria, and Ulothrix.

These genera are typically more tolerant of higher turbidity, free
CO2 and nutrient conditions like total nitrogen, total phosphorous,
chlorides, sodium, and potassium. These environmental conditions
favour periphyton species that are tolerant of fluctuating and often
challenging water quality conditions. Algal populations such as
Spirogyra, Diatoma, and Cosmorium were connected with S2,
which DO, TDS, COD, and BOD govern. The presence of

Cosmarium (a desmid) indicates favourable growth conditions,
such as slightly alkaline pH and good light availability. S3 was
associated with most of the genera Genera such as Cymbella,
Phormidium, Gomphonema, Navicula, Tabellaria, Microspora,
Meridion, Chlorella, Zygnema was governed by factors such as
electrical conductivity, water temperature, pH, Total Alkalinity,
transparency, Total hardness.

The multivariate cluster analysis in Figure 6 shows periphyton
similarity at three sites during the 2-year study period. The
dendrogram formed thus suggested that sites S2 and S3 were
similar, while S1 showed a different group. S3 is different from
these similar groups. The difference in S3 compared to the other
groups in Figure 7 is primarily due to its higher abundance of
periphyton, whereas S2 has some genera present but shows a lower
abundance. This contrast arises from the varying levels of
disturbance in these areas; S3 experiences significant boating and
tourism-related disturbances, which influence its community
structure. Despite these differences, the similarities between
S2 and S3 are due to shared genera and comparable
environmental impacts. In contrast, S1 forms the outgroup
because it has the least abundance of periphyton populations,
likely due to minimal anthropogenic disturbances.

The principal component analysis (PCA) of periphyton among
different sites during both years of the study is presented in Figure 7.

FIGURE 3
Showing Shannon-Weiner diversity index (H′)2021-22 and 2022-23 at sites S1, S2, S3.

FIGURE 4
Showing margelef index 2021-22 and 2022-23 at sites S1, S2,S3.
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Here, PCA suggested that PC1 and PC2 were represented by 93.98%
and 6.015% of the variance with eigenvalues 279.149 and 17.8675,
respectively. Results show that SITE-1 is not directly associated with
any of the genera clustered near the centre, suggesting that the
environmental conditions at this site are not conducive to the
growth of most of the periphyton genera. Instead, it suggests that
SITE-1 is likely to be characterized by highly disturbed or extreme
conditions such as high turbidity or nutrient contamination.

The genera Fragilaria (FRAG), Ulothrix (ULOT), Nitzschia
(NIT), Diatoma (DIA), Cosmarium (cos), Spirogyra (spi), and
Oedogoni-um (oed) are all closer to SITE-2. This shows that these
taxa have adapted adequately to the SITE-2 environmental

conditions. These genera are close to SITE-2, indicating that they
provide ideal conditions, including stable substrates, moderate
nutrition levels, and sufficient dissolved oxygen.

Many genera are linked to SITE-3, including Cladophora (Clad)
Microspora(Micro), Meridion(Mer), Phormidium(Phor),
Zygnema(Zyg), Synedra(Syn), and Tabellaria(Tab). Other genera
include Gomphonema (GOMPHO), Navicula (NAV), and
Chlorella (CHLO). These genes usually indicate steady, clear
water that is well-oxygenated, has adequate light penetration and
has balanced nutrition levels.

One-way ANOVA of periphytic at S1, S2, and S3 in the Asan
wetland during the study period (November 2021–October 2022). is

FIGURE 5
The canonical correspondence analysis (CCA) of periphyton at the sites (S1, S2, S3) in the Asan wetland during the study from November 2021 to
October 2023. (Average values). Acronym: Fragilaria (FRAG), Ulothrix (ULOT), Nitzschia (NIT), Diatoma (DIA), Cosmarium (COS), Spirogyra (SPI),
Oedogonium (OED), Cladophora (CLAD), Microspora (MIC), Meridion (MER), Phormidium (PHOR), Zygnema (ZYG), Synedra (SYN), and Tabellaria (TAB),
Gomphonema (GOMPHO) Navicula (NAV), and Chlorella (CHLO).

FIGURE 6
Cluster analysis of Periphytes at site (S1, S2, S3) in the Asan Wetland during the study from November 2021 to October 2023. (Average values).
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represented by Table 10. The p-value thus obtained (0.0796)
indicates that there is no significant difference between the three
sites in the density of periphyton.

4 Discussion

This study fills a gap in our knowledge of the Asan Wetland’s
ecological health by analyzing periphyton populations and a number
of physicochemical characteristics across three selected sites (S1, S2,
and S3) from November 2021 to October 2023. The findings
emphasize site-specific environmental factors and monthly
fluctuations and their impact on periphyton density and diversity.

The findings reveal significant ecological fluctuations among the
three sites, influenced by variations in water quality parameters such
as temperature, pH, turbidity, total dissolved solids (TDS),
transparency, dissolved oxygen (DO), electrical conductivity, total
alkalinity, total hardness, BOD, COD, and nutrients.

4.1 Site-specific physicochemical variability

The water temperature at each site exhibited consistent seasonal
patterns, with summer temperatures reaching their highest point and
winter temperatures plummeting to their lowest. In all of the selected
sampling sites, a consistent pattern was observed, which was attributed
to the current environmental conditions. Prior research on wetland
ecosystems has shown that temperature fluctuations have a substantial
impact on biological activities, including the metabolic rates of aquatic
organisms and periphyton growth, as well as the same seasonal pattern.
These variations are consistent with this. Site 3’s higher temperatures

could be explained by its unique features, such as less shade, lower
depth, andmore exposure to direct sunlight. These circumstances could
lead to localized warming, which would impact the structure and
metabolism of periphyton communities (Bhatt et al., 2022).
identified the analogous trend of low temperatures in winter and
high temperatures in summer and monsoon months in the Kosi
River and also shows that Temperature plays a central role in the
growth, dispersal and reproduction of aquatic flora and fauna (Kumar
et al., 2016) observed similar patterns in the Rawsan stream of Garhwal
Himalayas, and (Semwal and Rayal, R, 2023). The same trend was
observed in the earlier studies of Asan Wetland in relation to water
quality and limnology by (Sharma and JS Rawat, 2009; Singh et al., 2016;
Kumar et al., 2018).

The majority of chemical reactions that occur in soil and water
are governed by pH, making it one of the most crucial factors. Many
living biotas may perish as a result of pH levels that are too high or
too low. All three sites had a constant, slightly alkaline pH, with
January typically recording the highest pH values and July and
August showing the lowest values. The wetland water is consistently
alkaline, with higher pH values at Site 3. This could be because of
carbonate-rich substrates or because of increased biological activity,
such as photosynthesis, which consumes CO2 and raises pH.

The urban wetland of Delhi and Harike Wetland both exhibited
a comparable pattern of elevated and decreased pH levels, as
reported by (Mabwoga et al., 2010; Joshi et al., 2021),
respectively. The growth of sensitive periphyton species is
supported by stable pH values, which are maintained by
alkalinity, a critical parameter in wetlands. All of the sites had
moderate alkalinity levels, which suggests that the wetland is
protected from acidification and provides a stable habitat for
aquatic life. Numerous researchers have indicated that pH levels

FIGURE 7
The principal component analysis (PCA) of periphyton at the sites (S1, S2, S3) in the Asan wetland during the study from November 2021 to October
2023. (Average values). Acronym: Fragilaria (FRAG), Ulothrix (ULOT), Nitzschia (NIT), Diatoma (DIA), Cosmarium (COS), Spirogyra (SPI), Oedogonium
(OED), Cladophora (CLAD), Microspora (MIC), Meridion (MER), Phormidium (PHOR), Zygnema (ZYG), Synedra (SYN), and Tabellaria (TAB), Gomphonema
(GOMPHO) Navicula (NAV), and Chlorella (CHLO.
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are elevated in winter months (7.9-8.2) due to algal proliferation,
while they are diminished during the monsoon season (7.2-7.4)
(Chauhan and Sharma, 2016; Bahuguna et al., 2018; Baluni et al.,
2018; Kumar et al., 2018; Tariq et al., 2020; Mamgain et al., 2021;
Bhatt et al., 2022; Tariq et al., 2022; Mustfa et al., 2023) also reported
the highest pH levels during the monsoon season in different water
bodies. The permissible limit of turbidity in the drinking water is up
to 0.5 NTU as per WHO standards and 1.0 NTU as per BIS
standards. Turbidity levels were found to be lowest in December
and January and increased drastically during July, which
collaborates with the findings of (Tuboi et al., 2018) in Loktak
Lake (Kant Shukla et al., 2020) Study of the water quality and
pollution status of some significant rural village ponds situated in the
industrial activity zone of Allahabad district, Uttar Pradesh (Sonal
et al., 2010). The study deals with the interactions between these
abiotic factors and bird diversity of one such pond in the semiarid
zone of Gujarat, India (Rana et al., 2018). reported the same trend of
turbidity minimum in January and maximum in June during the
rainy month. It also explained that turbidity and the intensity of
scattered light are directly proportional to each other. It also meant
that as the turbidity of water increases, the amount of sunlight that
penetrates the water decreases. The permissible limit of turbidity in
the drinking water is up to 0.5 NTU as per WHO standards and
1.0 NTU as per BIS standards. Increased turbidity during the
monsoon is linked to sediment runoff, leading to lower water
clarity. Higher turbidity affects periphyton growth, reducing light
penetration. Sites one and 2 may be more exposed to runoff or
human activities, contributing to greater suspended particulate
matter, especially during rainy seasons. Transparency was
inversely related to turbidity; this reflects the effect of suspended
particles in reducing water clarity during periods of high runoff. The
higher transparency at Site 3 correlates with its lower turbidity levels,
indicating clearer water that allows more sunlight to penetrate. This
could benefit aquatic plants and periphyton, enhancing primary
productivity at Site 3 compared to the other sites (Sharma and RC
Chhipa, 2016; Kumar, 2017; Rana et al., 2018; Sharma et al., 2018;
Sharma et al., 2021; Sharma et al., 2022) also reported the same trend
of turbidity and transparency.

Electrical conductivity followed the TDS trends; TDS and EC
levels were lowest in January and increased during the monsoon
season in August. At all of the sampling places, the patterns were the
same. There was a strong correlation between EC and TDS. The
value of EC increases in proportion to the value of TDS. The higher
the EC value, the more salt is dissolved in water. Another factor
contributing to the elevated TDS levels in wetlands is the substantial
amount of tourists during non-winter months, in addition to runoff
from the catchment basin (G Matta, 2014; Tripathi, et al., 2015; Seth
et al., 2016; Matta et al., 2017). reported the same findings of
EC and TDS.

DO is crucial for aquatic life, and any abrupt decrease in it would
be fatal. Its relationship with water bodies provides both direct and
indirect information on bacterial activity, photosynthesis, nutrient
availability, and stratification (Malik et al., 2023a). Dissolved oxygen
levels were highest in January, while lower values were recorded
during the warmer and monsoon months, especially in August. A
similar pattern was observed in all selected sites. The decrease in DO
during the monsoon season is likely due to increased microbial
activity and the decomposition of organic matter, which reduces
oxygen availability. High dissolved oxygen during winter months
and low during monsoon months were also reported by (Sharma
et al., 2007; 2021; Rashid et al., 2013; Gulzar et al., 2017; 2017; Baluni
et al., 2018; Kumar et al., 2018; SAGIR and AKDobriyal, 2020; Tariq
et al., 2020; Malik et al., 2023b).

Total alkalinity is another essential factor in an aquatic
ecosystem, and it neutralizes the acid present. Total Alkanity was
found to be maximum in January at all sites, while minimum values
were observed in July and August. Similar results in alkalinity were
also reported by (Tariq et al., 2022; Malik et al., 2023a; Semwal et al.,
2023). The moderate alkalinity values suggest that the AsanWetland
is not highly susceptible to acidification, maintaining a stable
environment conducive to aquatic life. However, the slightly
lower alkalinity observed during the monsoon season may be due
to dilution effects from heavy rainfall, which could lower the
concentration of carbonate compounds in the water. Total
hardness is a vital parameter indicating the presence of calcium
and magnesium ions in water. Hardness at all sites was generally
higher in December and dropped during the monsoon season in July
and August (Bahuguna et al., 2019). Determined that the total
hardness was elevated (134.5 mg/L) in January during the
winter season.

BOD and COD values were found to be higher in August while
lowest in January. An almost similar pattern of BOD and COD
during the previous studies was observed at selected sampling sites
by (Malik et al., 2023a; Ishaq and Khan, 2013; Malik et al., 2023b) in
the Asan wetland.

4.1.1 Nutrient enrichment
The wetland’s primary source of nitrate is nitrogenous fertilizers.

The monsoon season exhibited the highest concentration of
nitrogen, while the winter season exhibited the lowest
concentration of nitrogen at all sites. The highest potassium
concentration was observed in July, while the lowest was
observed in February. Although potassium is necessary for plant
growth, it is less likely than phosphate and nitrogen to produce
eutrophication. The chloride concentration levels in this study were
shown to be highest in August and lowest in March. A consistent
pattern was observed in all of the selected sampling sites. In
numerous studies, the concentrations of nutrients and organic

TABLE 10 One-way ANOVA of Periphytes at sites (S1, S2, S3) in the Asan wetland during the study from November 2021 to October 2023.

Source of variation SS df MS F P-value F Crit

Between Groups 68201.72 2 34100.86 2.734828 0.079621 3.284918

Within Groups 411480.6 33 12469.11

Total 479682.3 35

Acronyms: SS-Sum of squares, df- Degree of freedom, MS- mean square, F- F statistic, P-value, F crit- Critical F- value.
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matter in several ecosystems have been significantly elevated by
water discharge from agricultural lands, forests, and pastures. (Malik
et al., 2023a).

When phosphorus levels are too high, eutrophication can occur,
which in turn can cause the wetland’s water to become unclear,
infested with algae, and oxygen-depleted (Jones and GF Lee, 1982;
Rathore et al., 2016). It is essential to control phosphorus inputs,
which are probably from domestic or agricultural runoff, in order to
stop additional nutrient enrichment and preserve the wetland’s
natural equilibrium. According to USEPA recommendations, the
acceptable range for total phosphorus in streams to prevent
eutrophication is 0.01–0.03 mg/L. Still, the OECD rules state that
the desired limit of phosphorus for lakes and reservoirs is less than
0.05 mg/L. The phosphorus levels at the Asan Wetland are
substantially higher than the acceptable threshold for preventing
eutrophication. Phosphorus concentrations exceeding 0.05 mg/L
can stimulate excessive algal proliferation and adversely affect
water quality, potentially resulting in eutrophication. Nitrate is a
crucial nutrient for plant growth; nevertheless, high levels can result
in eutrophication (Ansari et al., 2010; Ngatia et al., 2019). The
USEPA’s recommended limit for nitrate in freshwater to prevent
eutrophication is less than 1 mg/L (Dodds and EB Welch, 2000).
Nitrate concentrations at all three sites are moderate, suggesting that
nutrient inputs are relatively consistent throughout the wetland,
presumably from agricultural runoff or wastewater discharge. These
concentrations are relatively similar. These are hardly concerning
levels, but continued nitrate intake may make nutritional
enrichment worse, especially if it is coupled with high
phosphorus levels. To avoid detrimental ecological effects, nitrate
sources must be continuously monitored and controlled.

Potassium is also an important component of plant growth; it is
less likely to contribute to eutrophication than nitrogen and
phosphorus (Sardans and Peñuelas, 2015). The regulatory limit
for potassium in water bodies is not specified; however,
potassium levels in natural waters typically range from 0 to
10 mg/L (Bhateria and Jain, 2016). Although potassium and
sodium are both in the moderate range and are not expected to
impact the quality of the water negatively, they do add to the
wetland’s total nutrient load. They may promote the growth of
macrophytes and algae. The breathing of aquatic life and the
breakdown of organic substances produce free CO2 in water. In
algae and aquatic plants, it is a necessary part of photosynthesis. At
all sites, free CO2 levels were nearly almost similar, rising in
February and falling in September. All sites have comparatively
mild CO2 levels, which suggests that aquatic plant life can thrive
there without negatively affecting pH or other water quality
indicators. On the other hand, a large rise in CO2 levels might
cause pH shifts that could pressure aquatic life. For aquatic life to
thrive, free CO2 levels in freshwater should normally not be more
than 5 mg/L. The respiratory system of aquatic species may be
impacted by concentrations of more than 5 mg/L (Singh et al., 2016;
Arya et al., 2020).

4.1.2 Periphyton density and diversity
The investigation of periphyton density and diversity revealed

the existence of 18 periphytic taxa from three classes.
Bacillariophyceae (diatoms) provided the most significant
contribution to the periphyton community at all sites, followed

by Chlorophyceae (green algae) and Cyanophyceae (blue-green
algae). January had the highest periphytic density, with all three
classes reaching their maximum S3 during that month. The
monsoon months (June to August) had the lowest densities.
Because of the stable environmental conditions, such as ideal
temperature, pH, and a healthy quantity of DO, as well as light
penetration, the winter months (December, January, and February)
exhibited the highest density. However, because of disrupted
ecological circumstances such as turbidity, the monsoon months
(July, August, and September) had the lowest density.

The maximum density of periphyton in winter and lower in
monsoon is in agreement with the findings of (Baba et al., 2011;
Khanna and Natural, 2013; Harkal and sciences, 2015; Singh
et al., 2016; Sabater and Admiraal, 2005; Kumar, 2017; Lohani
et al., 2017; Moss, 2017; Dutta et al., 2018; Kumar et al., 2018;
Srivastava et al., 2019; Baluni et al., 2018; Bahuguna et al., 2021;
Tariq et al., 2021; Tariq et al., 2022; Mustfa et al., 2023). They also
reported Bacillariophyceae dominance in periphyton count.
According to them, the factors that influence the growth of
the periphyton population are light, temperature, water
current, substrate, scoring effects of floods, water chemistry,
and grazing. The influence of light on periphyton assemblages
can be substantial. The dominance of periphytic communities
belonging to Bacillariophyceae was also reported in the glacier-
fed streams of the Himalayan region by (Singh and Himalaya,
2024) in the western and central Himalayas (Acharjee, 2013) in
Teesta and Rell rivers (Sharma and MK Hatimuria, 2017). In the
Brahmaputra river basin (Kumar et al., 2020) in the Mandakini
River (Pandit et al., 2020) in the River Ganga at Bihar (Jain et al.,
2018) in the Alaknanda River.

The Sorensen Similarity Index is a valuable and intuitive way to
measure the degree of similarity between two sets, making it an
essential tool in ecological studies to assess the overlap of species
between different habitats or study areas. The maximum similarity
was found between the winter months at all the sites. This is because
there are strong positive correlations between similar conductive
environmental features throughout the sampling sites. Comparable
trends in similarity were also observed by (Dobriyal, 2021) in the
Nayar River in the Garhwal Himalaya throughout the winter
months (Lone et al., 2021). observed the periphytonic
community of seven springs of Kashmir. They noticed a total of
50 taxa of periphytic algal community, of which 33 belonged to
Bacillariophyceae, nine to Chlorophyceae, five to Cyanophyceae,
two to Chrysophyceae and one to Euglenophyceae. Periphyton
species activity is restricted to a specific temperature range
(Butola and Samant, 2010; Tiwari et al., 2018). stated that
temperature is recognized as a significant role player in species
distribution in spring water. A maximum abundance of periphyton
was observed during the winter season (November - February) in the
Lastar Gad Springs. This may be due to the increased growth
efficiency of periphyton during this period, in addition to
favourable physicochemical attributes (Marcus, 1959;
Chakraborty, 2021). suggested that the adverse effect of velocity
and turbidity is always due to the blanketing bottom effect of the
suspended bottom material, which interferes with the
photosynthetic activity (Baluni and Kumar, 2017). noticed that
high turbidity during monsoon floods significantly reduced light
penetration, which adversely affected the rate of photosynthesis.
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4.2 Statistical analysis

The Shannon-Weiner Index provides a balanced view of species
diversity, accounting for both the number of species and how evenly
the individuals are distributed among them. The Shannon–Wiener
diversity index values at all sites were high during both years, in
winter in January, while they were at minimum during the monsoon
season. This signifies an extensive diversity of species during the
winter months and a limited diversity in the monsoon months.

Canonical Correspondence Analysis (CCA) illustrates the
relationship between biotic and abiotic elements. The CCA
analysis determines the importance of a specific variable based
on its vector length. Eleven environmental variables were
analyzed alongside eighteen genera to determine the association
of each genus with the selected physicochemical characteristics. This
indicates a good diversity of species in the winter months and
limited diversity in the monsoon months.

4.3 Multivariate statistical analysis

The Canonical Correspondence Analysis (CCA) shows the
correlation between biotic and abiotic factors. The analysis of the
CCA indicates the significance of a given variable by its vector
length. For analysis, eleven environmental variables were examined
with the eighteen genera to establish the relationship of each genus
with the selected physicochemical parameters. The presence of genera
likeNitzschia and Synedra suggests that these species are well-adapted to
higher turbidity conditions, can tolerate pollution, and can be used as
sewage pollution indicators. (Macintyre et al., 2011; Jana, 2024). Usually,
suspended particles in the water cause increased turbidity because they
might hinder light penetration. These taxa are capable of surviving and
thriving on substrates in these low-light conditions, which suggests their
resilience to sediment-rich and disturbed environments. The greater
concentrations of free CO2 indicate that respiration and organic
decomposition have increased, which may be linked to an increased
input of organic matter. Genera such as Ulothrix and Oedogonium can
effectively utilize the additional CO2 for photosynthesis in these
conditions, which gives them a competitive advantage. In general, the
genera that are present at Site one are more tolerant of nutrient-rich
conditions. Fundamental determinants of primary productivity include
total nitrogen and total phosphorus. Genera that can thrive in conditions
with high nutrient levels include the filamentous green alga Cladophora
and the Diatom Fragilaria. This implies that Site one is susceptible to
elevated nutrient discharge or point-source contamination inputs.

Due to the high levels of chloride, Site one might have been
impacted by urban discharge or agricultural runoff. Tolerating
moderate increases in chloride concentrations, genera like
Synedra and Nitzschia demonstrate their capacity to control
internal ionic balances for life in such conditions. Agriculture or
soil runoff may induce elevated sodium and potassium
concentrations. The dominance of Ulothrix and Cladophora at
Site one is attributed to their capacity to tolerate a variety of
ionic concentrations. The growth and metabolic functions of
these periphyton species are also influenced by these ions, which
contribute to the osmotic balance. A somewhat nutrient-rich
environment with good oxygenation and stable ionic
concentrations is suggested by the presence of Spirogyra,

Diatoma, and Cosmarium at Site 2. Favourable environmental
conditions facilitate the proliferation of various diatoms and
green algae, which utilize the available organic matter. S3 was
associated with the majority of the genera. Several variables, such
as electrical conductivity, water temperature, pH, total alkalinity,
transparency, and total hardness, influenced genera, including
Cymbella, Phormidium, Gomphonema, Navicula, Tabellaria,
Microspora, Meridion, Chlorella, and Zygnema. The significant
species at Site 3 include Cymbella, Phormidium, Gomphonema,
Navicula, Tabellaria, Microspora, Meridion, Chlorella, and
Zygnema, indicating a well-balanced and stable ecosystem. The
presence of a varied assortment of diatoms, green algae, and
cyanobacteria signifies that Site 3 offers ideal circumstances for a
diversified range of periphyton species. Cluster analysis is a
statistical method that is employed to organize sampling sites
according to environmental parameters or species composition,
thereby facilitating the identification of similarities between sites.
The generated dendrogram helps identify areas that need
comparable management approaches by highlighting which
locations have ecological characteristics that are closely related.
The resulting dendrogram in this investigation indicated that,
whereas S1 displayed a distinct group, sites S2 and S3 were similar.

The S3 is different from these similar kinds of groups. CCA and
cluster was also performed by (Nautiyal et al., 2015; Chauhan and
RC Sharma, 2016; Rana et al., 2019; Malik, 2020; Tariq et al., 2020;
Ikram et al., 2022; Tariq et al., 2022; Mustfa et al., 2023; Tabassum
et al., 2024) to study the lineage of physicochemical parameters
toward the different benthic and algal communities in the Rivers and
streams of Uttarakhand. They found that the CCA plot clearly
depicted the lineage of different physicochemical parameters toward
the benthic biota.

A statistical technique known as Principal Component Analysis
(PCA) is employed to investigate the relationships between
environmental factors and the distribution of species. The results
suggest that SITE-1 is not conducive to the growth of the majority of
periphyton genera, which is likely a result of extreme or disturbed
conditions, such as high turbidity or nutrient contamination. SITE-2
is linked to groups like Fragilaria, Ulothrix, Nitzschia, Diatoma,
Cosmarium, Spirogyra, and Oedogonium, which suggests that it has
good conditions with average amounts of nutrients, enough
dissolved oxygen, and stable substrates. Site-3, on the other hand,
is home to more genera, such as Cymbella, Gomphonema, Navicu-la,
Chlorella, Cladophora, Microspora, Meridion, Phormidium,
Zygnema, Synedra, and Tabellaria. This means that the water is
clear, well-oxygenated, stable, and has good light penetration and
balanced nutrients. An analysis of variance, or one-way ANOVA, is
a statistical technique used to ascertain whether the means of three
or more independent groups differ in any statistically significant
way. Periphyte density has not been observed to vary significantly
among the three locations in this investigation.

5 Conclusion

This research sheds light on the periphyton communities’
relationship with physicochemical characteristics and the ecological
variability of the Asan Wetland across the three sites (S1, S2, and S3).
The novelty of this research lies in its comprehensive analysis of
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periphyton diversity in conjunction with detailed physicochemical
profiling, which provides a unique insight into unexamined
relationships between environmental factors and periphyton dynamics
in this wetland. Site 3 demonstrated optimal conditions for diverse
periphyton growth, while Site one faced ecological stress due to high
turbidity and nutrient enrichment. Site two supported moderate
ecological conditions and mixed periphyton populations. Seasonal
changes in water quality, such as fluctuations in temperature, pH,
turbidity, and dissolved oxygen, were closely tied to periphyton
density and diversity. Winter months showed higher periphyton
densities, while monsoon months experienced reductions due to
turbidity and nutrient runoff. Elevated phosphorus levels, particularly
during the monsoon, underline the need for nutrient management to
prevent eutrophication. Statistical analyses identified strong correlations
between environmental factors and periphyton genera, reinforcing the
necessity for site-specific management strategies. Addressing turbidity,
nutrient inputs, and sedimentation is essential to maintain
ecological balance.

The findings of this study emphasize the need for targeted
management strategies to maintain the ecological health of the
Asan Wetland. The distinct differences in environmental
conditions and periphyton diversity among the three sites
highlight the importance of controlling external inputs such as
nutrient runoff and sedimentation. Reducing turbidity levels and
managing nutrient sources are critical to preventing further
degradation of water quality and ensuring the sustainability of
the wetland ecosystem.
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