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Abstract

The present study investigated the taxonomic composition and seasonal dynamics of algal
communities in the Kosi River at two sampling sites, Betalghat and Ramnagar, located in the
Kumaun Himalaya of Uttarakhand, India, over a two-year period (2021-2023). A total of 35 algal
genera were recorded and classified into four major groups: Chlorophyceae, Bacillariophyceae,
Cyanophyceae, and Xanthophyceae. Among these, Chlorophyceae was the dominant class,
represented by 17 genera (44%), followed by Bacillariophyceae with 13 genera (39%),
Cyanophyceae with 4 genera (14%), and Xanthophyceae with a single genus (3%). Marked
seasonal variations in algal community composition were observed, with the highest diversity
occurring during the winter and pre-monsoon seasons, whereas the monsoon period exhibited
the lowest diversity. The predominance of Chlorophyceae and Bacillariophyceae was associated
with favourable environmental conditions, including lower water temperatures, higher dissolved
oxygen concentrations, and relatively stable flow regimes. These findings highlight the critical
role of seasonal environmental fluctuations in shaping algal community structure and provide
valuable baseline information for long-term biomonitoring, ecological assessment, and
conservation of Himalayan freshwater ecosystems.

Keywords: Algal diversity, Seasonal variation, Chlorophyceae, Bacillariophyceae, Kosi River,

Kumaun Himalaya.

1. Introduction
Freshwater ecosystems are celebrated for their remarkable biological productivity

and ecological significance, serving as vital habitats for a vast array of aquatic
organisms while delivering essential ecosystem services such as nutrient cycling,
water purification, fisheries enhancement, and biodiversity conservation. Algae
are a crucial element within these ecosystems, playing a pivotal role in their
functioning. As primary producers, algae transform solar energy into organic
matter via photosynthesis, markedly contributing to dissolved oxygen levels and
establishing the foundation of aquatic food webs. Moreover, algal communities
actively engage in nutrient cycling and biogeochemical processes, positively
influencing the overall productivity and stability of freshwater ecosystems. Due
to their quick responsiveness to environmental fluctuations, algae are recognized
as reliable indicators of water quality and ecological health, thereby serving as
invaluable tools for biomonitoring and ecological assessment'. The Himalayan
region is acknowledged globally as a biodiversity hotspot, distinguished by its
remarkable ecological diversity, varied topography, and multifaceted climatic
conditions. Rivers originating from the Himalayan mountain ranges nurture rich
aquatic biodiversity while providing freshwater resources vital for ecological
sustainability and socioeconomic development. Uttarakhand, located in the
Central Himalayan region of India, is endowed with numerous perennial river
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systems that arise from glaciers, springs, and
mountainous catchments. These rivers not only
support a variety of aquatic communities but also
substantially contribute to regional ecological
stability. However, increasing anthropogenic
pressures, such as urbanization, agricultural
intensification, tourism, riverbed mining, and
climate-induced environmental changes, present
significant  challenges to the freshwater

ecosystems in this region® °.

Among the
prominent river systems of the Kumaun
Himalaya, the Kosi River holds a key ecological
position. This river begins near Kausani in the
Almora district and flows through Someshwar
Valley, Almora, Nainital, and Ramnagar before
merging with the Ramganga River. As it navigates
diverse ecological zones characterized by
variations in altitude, geology, hydrology, and
land use, it creates a multitude of habitats suitable
for aquatic organisms. Owing to its ecological
and socioeconomic importance, the Kosi River
stands out as a critical freshwater resource for
domestic use, irrigation, fisheries, and ecosystem
maintenance. Previous research has revealed the
river’s rich aquatic biodiversity, especially
concerning planktonic organisms and fish
communities*”. The ecological functioning of
river ecosystems is significantly shaped by the
physicochemical characteristics of water. Key
parameters, including temperature, pH, dissolved
oxygen, electrical conductivity, alkalinity,
transparency, and nutrient availability, play
crucial roles in  determining  biological
productivity and species distribution. Seth et al.’
indicated that water quality variables are essential
determinants of biodiversity patterns and
ecological conditions in Himalayan rivers.
Similarly, Naganyal and Saxena’found that
seasonal variations in environmental parameters
markedly  influence  aquatic  ecosystem
functioning in the Kosi and Sharda rivers. More
recently, Negi and Maurya® recorded significant
temporal changes in the physicochemical
characteristics of the Kosi River, underscoring
the dynamic nature of the river ecosystem and the

necessity for ongoing ecological monitoring.

Algal communities demonstrate a marked
sensitivity to environmental changes, making
them effective indicators of freshwater
ecosystem health. Variations in water quality are
frequently mirrored by shifts in algal species
composition, abundance, and diversity. Thus,
algal assemblages have been widely employed to
assess ecological status, nutrient enrichment,
pollution levels, and habitat quality in freshwater
environments’.  Phytoplankton = communities
represent a vital component of freshwater
biodiversity and significantly enhance ecosystem
productivity. In the Kosi River, Bhatt et al.’
documented an array of diverse phytoplankton
assemblages, predominantly comprising
Bacillariophyceae, followed by Chlorophyceae,
Cyanophyceae, and Euglenophyceae. Their
research demonstrated substantial relationships
between  phytoplankton diversity  and
environmental variables such as dissolved
oxygen,  conductivity,
highlighting  the
significance of algal communities in assessing

transparency,  and
temperature, ecological
river health. Furthermore, Sofi et al."
demonstrated that algal assemblages effectively
reflect both natural and anthropogenic
environmental changes and can serve as valuable
bioindicators  for  freshwater  ecosystem
monitoring.

1.1. Study area

The Kosi River constitutes a captivating
perennial freshwater system located within the
Kumaun Himalaya, gracefully flowing through
the Ramnagar area of the Nainital district. This
river finds its source in the Dharpani Dhar range
near Kausani and journeys through diverse
physiographic zones before entering the Terai—
Bhabar belt at Ramnagar (29.399325°N,
79.132804°E), which is situated in proximity to
the renowned Jim Corbett National Park.
Betalghat (29.658743 °N, 79.306276°E) serves as
a notable mid-altitudinal valley in this study area,
where the Kosi River prominently meanders. The
region displays quintessential Central Himalayan
characteristics,

geomorphological featuring

undulating terrain, steep hill slopes, and narrow
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valleys, all of which play a significant role in shaping river morphology, influencing flow dynamics, and

enhancing habitat diversity.

¢ UTTAR A

- “‘

=4 G .

2 GARHWAL

o T O PO\ Al
/ . IORNAD

A e LR DIVISION | e
L = AR a

< Rajsthan %a ""\5\"'-—\‘ A

& / Ny, 2 =t “*v;-"-é
» ) r_"‘?.( ﬁ,—«é {\)L»nﬂ;;\:&&v_,\,{ <_M,, 'Z,

Aa & (.\,
AL
»

s Gulwat S M“w 5 ‘} : S‘.
= % i . § /) e ] o I 1 il
A Fr T
FEETTE e o Vi N A g
Aol
r"f’__ Telnngnn:::{.;‘/_)
o Sl : G
A ) .’ ® R Tl |
o 3 b Divisions of Uttarakhand
¢ " P K
T4, e amen a4
- *"‘:", E Kar. i(' !}‘\5(_‘ A
\\ ¢ )/ s

7

-

O e

Figure 1. Map Showing study area
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Figure 2. Map showing the two Sampling sites, Betalghat (S1), Ramnagar (S2), in the Kosi River of the
Kumaun Himalaya
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2. Materials and Methods
Algal samples were collected monthly from
selected sites along the Kosi River, Kumaon
Himalaya, Uttarakhand, over two years from May
2021 to April 2023. Sampling was conducted
during the morning hours (07:00-09:00 h) using
a plankton net (55 pum), hand collection, and
scraping techniques from submerged substrates
to ensure comprehensive representation of
planktonic, epiphytic, benthic, and attached algal
communities. Collected samples were transferred
to sterile plastic vials and wide-mouth bottles and
transported to the laboratory for further analysis.
Fresh samples were examined microscopically
whenever possible. For long-term preservation,
samples were fixed with Lugol’s iodine solution
and 4% formalin. Microscopic analyses were
performed using a Labomed 1.X400 binocular
research microscope.

Morphological

characteristics, including cell shape, size,

3. Result and Discussion

arrangement, chloroplast structure, branching

pattern, and reproductive features, were
examined for taxonomic identification of algal
taxa using standard taxonomic keys and
monographs, including those of Desikachary'’,
Prescott'”, Randhawa? and other relevant
literature'.

Physicochemical parameters, including pH, total
dissolved solids (TDS), electrical conductivity
(EC), and water temperature, were measured in
situ using a calibrated digital multiparameter
meter. Dissolved oxygen (DO), total hardness,
and nitrate concentrations were determined in
the laboratory following standard procedures
recommended by the American Public Health

Association'.

Table 1. Monthly variation in physicochemical parameters of the Kosi River, Ramnagar, Nainital, from May 2021
to April 2023

Months | pH TDS EC DO BOD Hardness Nitrate
May-21 7.82 187 180 8.1 1.8 106 0.84
Jun-21 7.42 195 192 6.6 2.2 134 0.67
Jul-21 7.62 267 240 52 3.8 146 0.68
Aug-21 7.22 233 234 7.23 3.2 134 0.62
Sep-21 7.73 295 250 6.24 2.8 146 0.73
Oct-21 7.92 232 235 7.32 2.3 220 0.68
Nov-21 | 8.2 193 162 8.49 1.2 238 0.77
Dec-21 8.12 198 165 8.8 1.2 216 0.69
Jan-22 7.95 187 154 8 1.4 224 0.66
Feb-22 7.97 192 145 8.2 1.6 248 0.83
Mar-22 7.45 146 162 8 1.8 122 0.92
Apr-22 7.67 167 176 8.6 2 138 0.88
May-22 | 7.72 181 172 8.4 2.1 136 0.98
Jun-22 7.44 187 186 8.2 2.2 140 0.68
Jul-22 7.44 262 256 4.9 4.8 108 0.68
Aug-22 7.46 219 232 5.9 3.5 110 0.68
Sep-22 7.57 259 200 7.2 34 142 0.64
Oct-22 7.92 222 154 9.2 2.56 204 0.62
Nov-22 | 7.95 198 134 9.8 1.6 202 0.67
Dec-22 7.97 195 125 9.8 1.2 226 0.66
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Jan-23 8.14 199 143 8.2 1.3 234 0.74
Feb-23 8.12 163 152 7.4 1.2 208 0.72
Mar-23 7.67 137 198 7.9 2.54 115 0.86
Apr-23 7.84 154 192 7.3 2.2 116 0.84
Average | 7.76375 202.833333 | 184.958333 | 7.7075 2.24583333 | 167.208333 | 0.73916667
SD 0.2711459 | 39.6195677 | 38.562743 1.2661075 | 0.94534979 | 49.4763704 | 0.10116352

Table 2. Monthly vatiation in physicochemical parameters of the Kosi River, Betalghat, Nainital, from May 2021

to April 2023

Months pH TDS EC DO BOD Hardness | Nitrate
May-21 7.95 147 150 8.4 1.8 132 0.84
Jun-21 7.544 195 210 8.2 1.4 140 0.62
Jul-21 7.15 227 234 7.1 3.6 148 0.69
Aug-21 7.42 245 230 7.8 3 158 0.62
Sep-21 7.52 255 190 7.4 2.8 164 0.66
Oct-21 8.2 217 210 8.6 1.8 234 0.55
Nov-21 7.97 193 180 9.8 0.9 235 0.52
Dec-21 7.24 183 178 9.5 1.4 232 0.42
Jan-22 7.84 186 189 9.2 1.4 234 0.58
Feb-22 7.72 174 220 8.6 1.2 226 0.57
Mar-22 7.12 153 234 8 1.6 140 0.92
Apr-22 7.32 183 210 8.6 2.2 148 0.82
May-22 7.82 153 198 8.6 22 130 0.88
Jun-22 7.52 182 240 8.4 2 144 0.62
Jul-22 7.22 229 230 6.9 3.8 152 0.66
Aug-22 7.55 241 232.5 6.8 3.2 162 0.61
Sep-22 7.35 235 245 7.2 3.6 170 0.66
Oct-22 8.12 232 189 9.2 2.4 208 0.52
Nov-22 7.92 168 167 10 1.2 205 0.42
Dec-22 8 189 151.5 9.9 1.7 238 0.44
Jan-23 7.8 185 168 8.6 1.2 232 0.52
Feb-23 7.98 171 146 8.4 1.8 228 0.53
Mar-23 7.62 130 189 8.4 1.4 114 0.82
Apr-23 7.72 160 187 8.9 1.8 132 0.82
average 7.6505833 | 193.041667 | 199.083333 8.4375 | 2.05833333 | 179.416667 | 0.63791667
SD 0.3168478 34.554908 | 30.1260636 | 0.9130991 0.8489977 43.442032 | 0.14560158
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Table 3. Occurrence (%) of algal genera at Betalghat and Ramnagar sites of the Kosi
River during 2021-2023 (P indicate — Plate)

Algal Genera Betalghat (%) Ramnagar (%) | Plate and figure
Ankistrodesmus 87.5 83.3 P1, Fig.1
Chlorococcum 50.0 45.8 P1, Fig.2
Chlorella 75.0 70.8 P1, Fig.3
Cladophora 33.3 37.5 P1, Fig.4
Pithophora 62.5 62.5 P1, Fig.5
Cosmarium 75.0 75.0 P1, Fig.6
Desmidinm 54.2 58.3 P1, Fig.7
Hydrodictyon 37.5 41.7 P1, Fig.8
Microspora 58.3 58.3 P1, Fig.9
Oedogonium 54.2 58.3 P2, Fig.10
Oocystis 45.8 50.0 P2, Fig.11
Pediastrum 33.3 41.7 P2, Fig.12
Plenrococcus 50.0 50.0 P2, Fig.13
Selenastrum 45.8 45.8 P2, Fig.14
Spirogyra 45.8 45.8 P2, Fig.15
Stigeocloninm 33.3 16.7 P2, Fig.16
Ulothrix 37.5 41.7 P2, Fig.17
Cyclotella 50.0 50.0 P2, Fig.18
Cymbella 62.5 62.5 P3, Fig.19
Diadesmis 45.8 41.7 P3, Fig.20
Encyonema 79.2 79.2 P3, Fig.21
Gomphonema 20.8 20.8 P3, Fig.22
Gyrosigma 58.3 58.3 P3, Fig.23
Fragilaria 45.8 45.8 P3, Fig.24
Melosira 58.3 54.2 P4, Fig.25
Nitzschia 62.5 45.8 P3, Fig.26
Navicitla 60.7 50.0 P3, Fig.27
Pinnularia 58.3 45.8 P4, Fig.28
Skeletonema 66.7 41.7 P4, Fig.29
Synedra 66.7 58.3 P4, Fig.30
Vaucheria 33.3 20.8 P4, Fig.31
Anabaena 50.0 45.8 P4, Fig.32
Calothrix 37.5 37.5 P4, Fig.33
Spirulina 29.2 29.2 P4, Fig.34
Oscillatoria 58.3 41.7 P4, Fig.35
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Plate 1
A
()

5. Pithophora sp.

7. Desnidinm sp. 8. Hydrodictyon sp. 9. Microspora sp.
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Plate 2

11. Oogystis sp.

13 Plenrococcus sp.

16. Stigeocoloninm sp. 17. Ulothrix sp. 18. Cyclotella sp.
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Plate 3

3

19. Cymbella sp.

100px
i

22. Gomphonema sp.

25. Melosira sp. 26. Nitzschia sp. 27. Navicula sp.



Negi and Mautrya (2026)

Plate 4

Synedra sp.

30

29. Skeletonma sp.

28. Pinnularia sp.

Calothrix sp.

33

32. Anabaena sp.

SRR g

31. Vaucheria sp.

35. Oscillatoria sp.

34. Spirulina sp.
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Table 4. Seasonal richness of algal taxa recorded at the two sampling sites of the Kosi River (2021-2023)

Betalghat Betalghat Betalghat Ramnagar Ramnagar Ramnagar
(Winter) (Summer) (Rainy) (Winter) (Summer) (Rainy)

Chlorophyceae 102+ 15 92+ 26 58+ 13 92112 98126 58+ 13

Algal Group

Bacillariophyceae 9.3 + 1.4 95+ 1.1 58+ 15 8.7+ 1.0 7.0+ 2.0 6.8+15

Cyanophyceae 3.0+ 09 3.0+ 0.8 1.0£0.8 1.8£0.8 28+ 0.7 1.0£0.8

Xanthophyceae 0.3 £ 0.5 1.0 £ 0.0 0.0 03+ 0.5 0.5+ 0.5 0.0

Total Richness 228 £22 227+32 128 £ 2.0 20.0 2.0 20.0 £ 3.4 132+ 29

Values represent the mean number of genera per season * standard deviation.

Table 5. Taxonomic Composition of Algal Genera Recorded from the Kosi River (2021-2023)

Number Percentage
Class of Contribution Recorded Genera
Genera (%)

Abnkistrodesmus, — Chlorococcum, — Chlorella, — Cladophora,
Pithophora, Cosmerium, Desniidium, Hydrodictyon, Microspora,

Chl h 17 44
orophyceac Oedogonium, Oocystis, Pediastrum, Pleurococcus, Selenastrum,

Spirogyra, Stigeocloninm, Ulothrix

Cyclotella, Cymbella, Diadesmis, Encyonema, Gomphonema,
Bacillariophyceae 13 39 Gyrosigma,  Fragilaria, ~ Melosira, ~Nitzschia, Navicula,
Pinnularia, Skeletonema, Synedra

Cyanophyceae 4 14 Anabaena, Calothrix, Spirnlina, Oscillatoria

Xanthophyceae 1 3 Vancheria

Total 35 100 —
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Table 6. Dominant Algal Genera Recorded in the Kosi River

Group Dominant Genera Ecological Significance

Chlorophyceae  _Ankistrodesmus, Chlorella, Plenrococcus Indicators of moderate nutrient availability

Bacillariophyceae Navicula, Nitzschia, Synedra, Cymbella Characteristic riverine diatoms

Cyanophyceae  Anabaena, Oscillatoria Tolerant to nutrient enrichment

Xanthophyceae aucheria Restricted occurrence

® Chlorophyceae

u Bacillariophyceae

u Cynophyceae
Xanthophyceae

Figure 3. Algal Diversity at Ramnagar (2021-2023)

WINTER SUMMER RAINY
B Chlorophyceae m Bacillariophyceae = Cynophyceae © Xanthophyceae

Figure 4. Seasonal variation in Algae at Kosi River, Ramnagar (2021-2023.

WINTER SUMMER RAINY

m Chlorophyceae m Bacillariophyceae  m Cynophyceae Xanthophyceae

Figure 5. Seasonal Variation in Algae in Kosi River (Betalghat, 2021-2023)
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M Bacillariophyceae
m Cynophyceae
Xanthophyceae

Chlorophyceae

Figure 6. Algal diversity in Kosi River Betalghat (2021-2023)

Uttarakhand
3.1 Correlation Analysis Between
Physicochemical Parameters and Algal

Diversity in the Kosi River

Pearson's correlation coefficient (r) was used to
assess the relationship between algal diversity and
selected physicochemical parameters at two study

sites, namely Betalghat (Site-I) and Ramnagar
(Site-1II), during the study period from May 2021
to April 2023. Correlation values range from -1
to +1, where positive values indicate a direct
relationship and negative values indicate an
inverse relationship between variables.

Table 7. Pearson's Correlation Coefficient (r) Between Physicochemical Parameters and Algal Diversity
Parameter Betalghat (Site-I) Ramnagar (Site-IT)

pH -0.295 -0.179

TDS 0.158 0.103

EC 0.273 0.372

DO -0.108 -0.202

BOD -0.015 0.043

Hardness 0.017 -0.123

Nitrate 0.058 0.111

The correlation analysis revealed varying degrees
of association between algal diversity and
physicochemical parameters at both sites.
Conductivity (EC) exhibited the
strongest positive correlation with algal diversity
at Betalghat (r = 0.273) and Ramnagar (r =
0.372), that
concentration and nutrient availability may

Electrical

indicating increased  ionic
promote the growth and distribution of algal
communities. Similar observations have been

reported in freshwater ecosystems where
conductivity serves as an important factor
influencing algal productivity.

A weak negative correlation was observed
between pH and algal diversity at both sites (r =
-0.295 at Betalghat and r = -0.179 at Ramnagar).
This suggests that slight increases in alkalinity

may not favor the occurrence of a wider range of

algal taxa. However, the correlation was relatively
weak, indicating that pH remained within a
suitable range for most algal groups throughout
the study period.

Dissolved Oxygen (DO) also demonstrated a
weak negative relationship with algal diversity (r
= -0.108 at Betalghat and r = -0.202 at
Ramnagar). This trend may be attributed to
increased algal decomposition and microbial
activity during periods of high algal abundance,
which can reduce oxygen concentrations in the
water.

Total Dissolved Solids (TDS) showed weak
positive correlations with algal diversity (r =
0.158 at Betalghat and r = 0.103 at Ramnagar).
Higher TDS
availability of dissolved minerals and nutrients,

levels often reflect greater

which can support algal growth. However, the

937
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low correlation values suggest that TDS alone
was not a major determinant of algal diversity in
the Kosi River.

Biochemical Oxygen Demand (BOD) displayed
negligible correlation with algal diversity at both
sites (r = -0.015 at Betalghat and r = 0.043 at
Ramnagar). This indicates that organic pollution
levels during the study period had limited
influence on the composition and diversity of
algal communities.
Water  hardness exhibited

relationships at the two sites. A very weak

contrasting

positive correlation was recorded at Betalghat (r
= 0.017), whereas a weak negative correlation
was observed at Ramnagar (r = -0.123). The
results suggest that calcium and magnesium
concentrations had little effect on algal diversity
within the observed range.

Nitrate concentration showed weak positive
correlations with algal diversity at both sites (r =
0.058 at Betalghat and r = 0.111 at Ramnagar).
Since nitrate is an essential nutrient for algal
growth, a positive relationship was expected.
However, the low correlation values indicate that
nitrate availability was not the sole factor
controlling algal diversity and that other
environmental variables likely contributed to
community dynamics.

4. Conclusion

The present study identified that the algal flora of
the Kosi River is primarily composed of
Chlorophyceae and Bacillariophyceae,
underscoring their ecological importance within
the freshwater ecosystem. These groups
significantly enhance the overall algal diversity
and function as the main primary producers,
which are essential for nutrient cycling and
energy transfer in the aquatic food web.
Moreover, the research highlighted notable
seasonal variations in algal diversity, with peak
species richness and abundance observed during
the pre- and post-monsoon periods. These
seasonal  peaks  suggest that favorable
environmental conditions, stable flow regimes,
and improved nutrient availability during
transitional seasons promote algal growth and
colonization. However, Pearson’s correlation

analysis revealed that none of the measured
physicochemical parameters demonstrated a
strong relationship with algal diversity at either
study site. Among the variables analyzed,
electrical conductivity (EC) exhibited the most
substantial positive correlation with algal
diversity,
concentration and nutrient availability may

indicating  that greater  ionic

enhance algal growth in the Kosi River.
Conversely, pH, dissolved oxygen, total dissolved
solids, biochemical oxygen demand, hardness,
and nitrate showed weak correlations with algal
diversity, suggesting limited individual influence
on algal community structure. The observed
weak correlations for most environmental
variables imply that algal diversity in the Kosi
River is influenced by the combined effects of
various interacting factors rather than by a single
physicochemical parameter. Seasonal
hydrological fluctuations, water temperature,
nutrient dynamics, light availability, flow velocity,
and ecological interactions collectively shape the
composition and diversity of algal communities.
Consequently, the algal assemblages in the Kosi
River reflect the integrated response of the
ecosystem  to  changing  environmental
conditions. Overall, this study provides valuable
baseline information regarding the taxonomic
composition,  seasonal  distribution,  and
ecological dynamics of algal communities in the
Kosi River of the Kumaun Himalaya. The
findings reveal the sensitivity of algal populations
to environmental variability and emphasize the
significance of long-term monitoring programs
for assessing freshwater ecosystem health.
Ongoing assessment of algal diversity and water
quality parameters will be essential for effective
river management, biodiversity conservation, and
the sustainable utilization of freshwater resources
in the Himalayan region.
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