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ABSTRACT

The current research investigates the Physico-chemical characteristics and biological diversity of
Kha-Potshangbam River, Manipur, India. The study was conducted on monthly basis starting from
April 2024 to March 2025 across two sampling sites to assess physico-chemical parameters and the
status of aquatic microphytes and fish. Analysis of water samples revealed that most parameters,
including pH, Calcium, Magnesium, and Nitrate, remain within the prescribed permissible limits.
However, Dissolved Oxygen (DO) levels were notably lower in the downstream site (mean 4.58
mg/l) compared to upstream site (mean 5.32mg/l), reaching a decrease of 2.02mg/l in May, 24
indicating organic pollution. Total Dissolved Solids (TDS) and Free CO2 were significantly higher
downstream, suggesting increased anthropogenic pressure and water stagnation. Inorganic
phosphate levels (0.165–0.213 mg/l) exceeded recommended standards for tributaries discharging
into lakes, signalling eutrophication.33 species of macrophytes (belonging to 28 genera and 23
families) and 20 species of fish (belonging to 15 genera and 9 families) were recorded during the
study period. The downstream area exhibited heavy macrophyte infestation, acting as a nutrient
sink. The presence of widely distributed, pollution-tolerant species both in flora and fauna
suggesting deterioration of ecological health of the river under study due to domestic sewage and
agricultural runoff. The outcomes emphasize the need for daily monitoring and conservation
strategies to protect river’s biodiversity and overall ecological health.
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INTRODUCTION

Streams, rivers, springs, ponds, lakes, and reservoirs
are the main sources of surface water (Shil et al.,
2019). Rivers are included under the freshwater
categories (Devi et al., 2015). The rivers are regarded
as one of the main freshwater resources for
industrial, agricultural, and human consumption. In
many nations, the exposure of these water bodies to
human effects and the deposition of pollutants in the
atmosphere becomes a delicate and serious matter.
In many nations around the world, rivers are
deteriorated by anthropogenic activities like
agricultural runoff, household wastewater, and
industrial sewage discharges. For efficient
management, it will be prudent to keep them safe
from pollution and to have trustworthy data on
water quality. Thus, to prevent, regulate and control

from deterioration, the routine assessment and
monitoring of rivers are necessary.

Vascular plants (ferns and angiosperms),
bryophytes (mosses and liverworts), and
macroscopic algae are examples of the essential
category of freshwater biotas known as macrophytes
(Gebler et al., 2024). They are crucial to the structure
and operation of ecosystems. In 2024, Schneider et al.
for river ecosystem management to be effective,
macrophyte diversity must be accurately assessed
(Vukov et al., 2025). Certain macrophyte species are
occasionally employed in evaluation of water
quality (Muratov et al., 2015). Additionally, they are
employed to evaluate the ecological condition of
bodies of water (Bytyçi et al., 2022). According to
Fentaw et al. (2024), macrophytes are essential
elements of aquatic ecosystems with significant
ecological significance. Macrophytes’ structural
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characteristics, such as species abundance and
composition, are intimately related to their function.
The biogeochemical cycling of nutrients is carried
out by the macrophytes, which also establish the
overall physiognomy of the ecosystem, indicating
the level of pollution (Wetzel, 1975 as quoted in
Reshi et al., 2021).

Moreover, Fish biodiversity study also provides a
better knowledge of fishes and becomes a tool for
conservation planning strategies of aquatic
environment to maintain fish biodiversity (Lalitha
and Ramakrishna, 2022). Understanding the
condition of fish fauna is crucial to preventing the
extinction of particular species. Despite their high
degree of natural fluctuation, fishes are important
indicators of ecological health and abundance. They
also play a crucial role in maintaining balance in
food chain by feeding on plankton and small
animals (Kumar et al., 2025).

Therefore, following research has been carried
out to determine physico-chemical properties of the
selected river under study with the following key
objectives below.

Objectives

1. To study the physico-chemical characteristics of
Kha-Potshangbam River.

2. To study diversity of macrophytes and fish in
the above said river.

Description of study sites

The Kha-Potshangbam River originates from
northern part of the eastern side of Thangjing Hill
range, from Charoilok, Kangvai Sub-Division of
Churachandpur District of Manipur. The total

length of the river is observed to be 13.46 km and
has a catchment area of 29.78 km². In the Bishnupur
District of Manipur State, India, the river flows
through Charoi Khullen, Thenjang, Nachou, Kha-
Potshangbam, and Upokpi before emptying into
Loktak Lake close to Upokpi Khunou. Two
sampling sites were selected for detailed study of
the above-mentioned river. Site I is located at
western side of river where river just started
entering Kha-Potshangbam Village with a
coordinate of 93° 45' 8.392" E & 24° 35' 49.296" N
(hereafter called upstream site) and Site II is located
at Upokpi Khunou where the river enters Loktak
Lake with a coordinate of 93° 46' 24.446" E & 24° 35'
23.684" N (hereafter called downstream site).

MATERIALS AND METHODS

For a year, from April 2024 to March 2025, water
samples, microphytes, and fish were collected from
the two sampling sites, and water sample analysis
was done every month. Water temperature (WT),
pH, dissolved oxygen (DO), free carbon dioxide
(Free CO2), total dissolved solids (TDS), chloride
(Cl-), calcium (Ca2+), magnesium (Mg2+), sodium
(Na+), potassium (K+), nitrate (NO3-), and
inorganic phosphate (PO43-) were among the water
quality limitations that have been analyzed during
study. The water samples’ physico-chemical
properties were examined using the techniques
described in APHA (2005) and Trivedy and Goel
(1984). Macrophytes were identified using Curtis
(1959), Misra (1968) and other relevant flora
literature, while the various fishes collected from the
study sites during the study period were identified

Table 1. Monthly differences in physicochemical properties of upstream water sample of Kha-Potshangbam River (All
parameters are in mg/l except pH & water temperature)

Par/ Apr May June July Aug Sept Oct Nov Dec Jan Feb Mar Mean SD
Month

WT (0C) 22.0 25.0 22 25 23 21 21 21 18 18 21 21 21.5 2.20
pH 7.7 8.4 8.97 7.38 7.70 8 8.01 7.3 7.8 7.2 7.8 6.8 7.75 0.57
DO 3.0 2.43 5.67 7.49 5.47 5.27 8.10 8.10 3.46 3.4 5.4 6.1 5.32 1.95
Free CO2 7.9 8.8 4.4 11 6.6 8.8 6.6 6.6 5.5 4.4 6.6 15.4 7.72 2.95
TDS 51 54 75 124 78 44 53 70 76 80 70 78 71.1 20.83
Cl- 24.1 49.7 28.4 42.6 31.2 29.8 29.82 29.82 27.7 20.6 9.94 15.62 28.3 10.67
Ca2+ 13.6 45.7 22.4 29.65 5.61 14.42 47.29 47.29 40.4 19.3 21.28 16.83 27.0 14.06
Mg2+ 11.2 14.6 2.43 4.38 4.87 3.41 11.20 11.20 4.04 6.87 9.78 10.23 7.85 3.98
Na+ 2.0 3.9 3.8 2.4 2.4 1.5 2.9 2.9 2.7 2.04 4.9 4.3 2.98 1.03
K+ 0.7 1.6 1.0 21.6 21.6 1.0 1.0 1.0 0.7 0.6 1.5 1.2 4.46 8.01
NO3

- 0.40 0.16 0.29 0.24 0.26 0.27 0.17 0.17 0.19 0.15 0.149 0.137 0.22 0.079
PO4

3+ 0.27 0.24 0.10 0.39 0.39 0.30 0.07 0.34 0.05 0.18 0.099 0.124 0.21 0.125
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following Vishwanath (2002).

RESULTS AND DISCUSSION

Tables 1 and 2 display the physicochemical
characteristics of water samples that were taken
upstream and downstream of the river under
investigation.

Water temperature varies from 18 0C (Dec, 24; Jan,
25) to 25 0C (May and July, 24) with a mean value of
21.5 0C and SD of 2.20 in the upstream and 25 0C
(July, 24) to 18 0C with a mean value of 21.25 0C and
SD of 2.01 in the downstream.

The range of pH value is from 6.8 (March, 25) to
8.97 (June, 24) in the upstream site while the range
value is from 7.23 (July, 24) to 8.92 (June, 24) in the
downstream site with highest value observed in the
month of June, 24 in both the sites under study. The
higher pH of river water in June is typically caused
by a combination of maximising photosynthetic
activity by aquatic plants and algae as well as the
effects of warmer water temperatures. During
photosynthesis, these organisms consume dissolved

carbon dioxide ( ) from the water. The removal
of CO2 (which forms carbonic acid in water) reduces
the water’s acidity, thus increasing its pH.

The mean value of DO is lower in the
downstream (4.58 mg/l) as compared to mean value
of upstream (5.32 mg/l). General lower DO in the
downstream implies that the river water was more
polluted at downstream. Rivers generally have
lower Dissolved Oxygen (DO) downstream than
upstream because upstream areas have cooler water,
faster flow, and more turbulence for re-aeration,
while downstream sections accumulate organic

pollutants, leading to increased microbial
consumption (Biochemical Oxygen Demand) and
warmer water, all of which reduce oxygen levels.

The range values of free CO2 are from 4.4 mg/l
(June, 24; Jan, 25) to 15.4 mg/l (March, 25) and from
4.4 mg/l (July and Aug, 24) to 30.8 mg/l (March, 25)
in Site I and Site II respectively. Highest during the
month of March, 25 in both downstream and
upstream might be due to rise in temperatures in
early spring, increasing microbial activity and
accelerating CO2 production. Moreover, high flow in
early spring that increases baseflow from aquifers
may significantly contribute to CO2 rich water to the
river system.

The total dissolved solids were highest in the
month of July in both the upstream and downstream
with a value of 124 mg/l and 138 mg/l, respectively.
Higher TDS value in the downstream indicates
more human activities or anthropogenic influences
in the downstream. Total Dissolved Solids (TDS) are
often highest in July due to the combined effects of
high evaporation rates, high temperatures, and the
potential for increased agricultural runoff. These
factors concentrate existing minerals and introduce
new contaminants into the river.

The values of chloride in both upstream and
downstream of river were found to be within the
permissible limit. Chloride infiltrates the soil and
becomes stored in groundwater systems, acting as a
“salt reservoir”. During summer, especially during
dry periods, rivers rely more on groundwater for
their flow (baseflow). This might be the reason for
high observed values of chloride during dry
summer (May, Aug, 24). However, all the observed
chloride values were well within the range of

Table 2. Monthly variation in physicochemical characteristics of downstream water sample of Kha-Potshangbam River
(All the parameters are in mg/l except pH & water temperature)

Par/ Apr May June July Aug Sept Oct Nov Dec Jan Feb Mar Mean SD
Month

WT (0C) 21 24 23 25 22 20 21 21 19 18 20 21 21.25 2.01
pH 7.71 8.05 8.92 7.23 7.43 7.3 7.90 7.5 8.1 7.9 7.8 7.8 7.82 0.45
DO 2.8 2.02 3.44 7.49 3.85 5.87 7.49 7.49 3.02 4.34 3.5 3.7 4.58 2.00
Free CO2 13.9 6.6 6.6 4.4 4.4 11 6.6 6.6 8.8 4.3 24.2 30.8 10.68 8.10
TDS 90 86 79 138 43 42 56 74 77 83 95 97 80 26.04
Cl- 17.5 34.08 24.14 41.18 22.72 24.14 28.4 28.4 26.09 18.24 40.02 11.36 26.36 8.88
Ca2+ 20.04 32.06 28.05 36.87 2.80 14.42 15.23 15.23 14.23 24.48 25.84 19.23 21.20 9.57
Mg2+ 19.97 4.87 2.92 11.69 1.70 1.46 13.20 13.20 4.03 17.88 18.73 18.51 10.68 7.27
Na 2.4 4.1 3.5 2.1 2.1 1.4 2.8 2.8 2.8 5.02 6.7 4.8 3.38 1.52
K+ 0.6 2.0 0.4 1.5 1.5 0.6 1.1 1.1 0.7 2.1 5.01 2.2 1.56 1.19
NO3

- 0.304 0.145 0.281 0.288 0.339 0.258 0.168 0.168 0.186 0.187 0.177 0.172 0.223 0.066
PO4

3- 0.202 0.232 0.105 0.216 0.216 0.275 0.078 0.273 0.031 0.131 0.119 0.106 0.165 0.080
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tolerance limit (ISI, 1982).
The calcium levels of river water in both

upstream and downstream were within the
fascinating limit of 75mg/l (BIS, 2012). Highest
concentration of calcium in upstream site of the river
during the post-monsoon (Oct, Nov, 24) period
might primarily due to a combination of reduced
water volume (less dilution) and continued influx
from mineral weathering that occurred during the
wet season while highest concentration of calcium in
the downstream site of the river during monsoon
(July, 24) might be due to runoff carrying dissolved
minerals from agricultural areas, and flushing of
accumulated sediments/wastes from upstream.

Although some higher values of magnesium
were observed during April and May, 24 which
might be due to mixtures of low water levels, high
evaporation rates, and concentration of dissolved

salts, all the observed magnesium values of both
upstream and downstream were also within
desirable range of 50 mg/l (BIS, 2012).

Generally, concentration of sodium in water
samples has been lower during the wet season and
greater during the dry season. Rain dilution during
wet seasons and increased concentration from
sources such as groundwater, sewage, and
agricultural runoff during dry spells when river
flow was low, which allows salts to accumulate in
the river water, may be the cause of higher sodium
concentrations during dry seasons and lower
concentrations during wet ones. Even though there
was fluctuation in the levels of sodium in water
samples during the course of investigation, the
observed values were well within the tolerance limit
in both upstream and downstream sites (ISI, 1982).

All the observed values of potassium were also

Table 3. Macrophytes found in Kha-Potshangbam River during the study period

Sl. No. Species Family Habitat

1. Acorus calamus L. Acoraceae Emergent
2. Alisma plantago-aquatica L. Alismataceae Emergent
3. Alternanthera philoxeroides (Mart.) Griseb. Amaranthaceae Floating
4. Alternanthera sessilis (L.) R.Br. ex D.C. Amaranthaceae Floating
5. Azolla pinnata R.Br. Sallviniaceae( Pteri) Floating
6. Brachiaria mutica (Rorssk.) Stapf Poaceae Emergent
7. Centella asiatica (L.) Urban. Apiaceae Emergent
8. Ceratophyllumdemersum L. Ceratophyllaceae Submerged
9. Colocasia esculenta (L.) Schott. Araceae Emergent
10. Commelina benghalensis L. Commelinaceae Emergent
11. Commelinadiffusa  L. Commelinaceae Emergent
12. Pontederia crassipes Pontederiaceae Floating
13. Eleusine indica (L.) Gaertn, Poaceae Emergent
14. Equisetum ramosissimum Desf. Equisetaceae (Pteri) Emergent
15. Phragmites karka (Retz.) Trin. ex Steud Poaceae Emergent
16. Hydrilla verticillata (L.f.) Royle Hydrocharitaceae Submerged
17. Hydrocotylesibthorpioides Lam. Araliaceae Submerged
18. Hydrolea zeylanica (L.) Vahl Hydroleaceae Emergent
19. Ipomoea aquatica Forssk Convolvulaceae Floating
20. Marsilea minuta L. Marsileaceae (Pteri) Floating
21. Monochoria vaginalis (Burm.f.) C.Presl ex Kunth Pontederiaceae Emergent
22. Nymphoides indica (L.) Kuntze Menyanthaceae Floating
23. Oenanthe javanica (Blume) DC Apiaceae Emergent
24. Pistia stratiotes L. Araceae Floating
25. Plantago major L. Plantaginaceae Emergent
26. Portulaca oleracea L. Portulaceae Floating
27. Ranunculusscleratus L. Ranunculaceae Emergent
28. Rotala rotundifolia (Buch.-Ham.exRoxb.) Koehne Lythraceae Emergent
29. Rumex maritimus L. Polygonaceae Emergent
30. Rumex nepalensis Spreng. Polygonaceae” Emergent
31. Salvinia cucullata Roxb. Salviniaceae (Pteri) Floating
32. Salvinia natans (L.) All. Salviniaceae (Pteri) Floating
33. Utricularia aurea Lour. Lentibulariaceae Submerged
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within the tolerance limits of ISI, 1982 with some
higher values during July and August in the
upstream and during February in the downstream.
High values of potassium during rainy season in the
upstream might be due to surface runoff that carries
soil detachments containing potassium and high
value during February in the downstream might be
attributed to anthropogenic sources like sewage
discharge and agricultural runoff, which become
concentrated due to low river flow and reduced
dilution in the cold dry season.

The mean concentrations of nitrate in upstream
(0.215 mg/l) and downstream (0.223 mg/l) were
within permissible limit of 45 mg/l (BIS, 2003).
General lower values of nitrate observed in both
upstream and downstream sites might be due to

natural biological processes such as plant (e.g.
macrophytes) and algae uptake and microbial
denitrification.

According to Trivedy and Goel (1986), the
average concentrations of inorganic phosphate in
the upstream (mean 0.213 mg/l) and downstream
(mean 0.165 mg/l) of the current study were higher
than the permissible range (50 µg/l) as advised by
USEPA (1976) for any tributary discharging to a
lake. Higher values of phosphate observed during
monsoon months (July, Aug, Sept, 24) in both the
sites studied might be due to soil erosion in case of
upstream and increased surface runoff from the
surrounding agricultural fields which accumulate
phosphates to the river in case of downstream site.

Tables 3 and 4, respectively, display the

Table 4. Fish diversity in Kha-Potshangbam River during the study period

Sl. No. Genus Order Family Species Local name

1. Amblypharyngodon Cypriniformes Cyprinidae Amblypharyngodon mola Muka nga
 (Hamilton-Buchanan)

2. Esomus Cypriniformes Cyprinidae Esomusdnaricus Ngasang
 (Hamilton-Buchanan)

3. Puntius Cypriniformes Cyprinidae Puntius chola Phabounga
 (Hamilton-Buchanan)

4. Puntius Cypriniformes Cyprinidae Puntius sophore Phabounga
(Hamilton-Buchanan)

5. Puntius Cypriniformes Cyprinidae Puntius ater (Linthoi and Phabounga
Vishwanath)

6. Garra Cypriniformes Cyprinidae Garralissorhynchus Ngamu
(McClelland) sengum

7. Lepidocephalicthys Cypriniformes Cobitidae Lepidocephalicthysberdmorei Nganap
8. Lepidocephalicthys Cypriniformes Cobitidae Lepidocephalicthysguntea Ngakijou

(Hamilton-Buchanan)
9. Lepidocephalicthys Cypriniformes Cobotidae Lepidocephalicthys irrorate Nganap

 (Hora)
10. Mystus Siluriformes Bagridae Mystusbleekeri (Day) Ngasep
11. Clarius Siluriformes Clariidae Clariusbatrachus (Linnaeus) Ngakra
12. Heteropneustes Siluriformes Heteropneustidae Heteropneustesfossilis Ngachik

(Bloch)
13. Aplocheilus Cyprinodontiformes Aplocheilidae Lanmeithanbi

Aplocheilusponchax
(Hamilton-Buchanan)

14. Glossogobius Perciformes Gobiidae Glossogobiusgiuris Nailon ngamu
15. Trichogaster Anabantiformes Osphronemidae TrichogasterfasciataNgapemma
16. Channa Perciformes Channidae Channa gachua Meitei ngamu

(Hamilton-Buchanan)
17. Channa Perciformes Channidae Channa punctatus (Block) Ngamubogra
18. Mastacembelus Synbranchiformes Mastacembelidae Mastacembelus

armatus (Lecepede) Ngarin
19. Osteobrama Cypriniformes Cyprinidae Osteobramacotio Ngaseksha
20. Pethia Cypriniformes Cyprinidae Pethiamanipurensis Ngakhamein

 (Menon, Rema Devi & gangbi
Vishwanath
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macrophytes and fishes that were gathered and
identified throughout this investigation. The
collection comprises 20 species of fish from 15
genera and 9 families and 33 species of macrophytes
from 28 genera and 23 families. The majority of the
plants and animals are widely dispersed species that
could flourish in the contaminated waters. The
downstream macrophytes may be regarded as a
nutrient sink, and their heavy infestation indicates
that the river is nutrient-rich.

CONCLUSION

High temporal variations were observed in the
parameters such as TDS and DO with higher values
of TDS and lower values of DO in the downstream
site suggesting more human interference in the
downstream. The mean value of nitrate is also
higher in the downstream.

The Kha-Potshangbam River contains 33 species
of macrophytes (28 angiosperms and 5
pteridophytes) under 28 genera representing 23
families; more macrophytes are found downstream.
During the investigation, 20 fish species from 6
orders, 9 families, and 15 genera were identified.
The majority of the plants and animals discovered
were widely dispersed and could flourish in the
contaminated waters, indicating that the river water
under investigation was contaminated. At the end,
authors recommended regular monitoring and
development of a comprehensive conservation plan
for the river under study.
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