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Introduction

Hydrological processes and the physicochemical characteristics of rivers have been altered by climate
change, particularly due to anthropogenic influences, resulting in significant consequences for riverine
habitats and aquatic ecosystems (Gilvear et al., 2002).The combined effects of severe pollutant loading
and disrupted hydrodynamics associated with dam construction further diminish the ecological capacity of
river systems (Zhang et al., 2019). Advances in our understanding of the structural and functional
dynamics of aquatic communities now provide opportunities for more effective management of
environmental instability and pollution (Ekpo, 2013). Aquatic organisms, through their continuous
interactions with one another and with the surrounding water environment, play a critical role in sustaining
ecosystem integrity (Caroni et al., 2013). In flowing waters, where hydrological changes are rapid and
difficult to estimate, physicochemical measurements due to their instantaneous nature cannot reflect the
integration of multiple environmental factors or the long-term stability of river ecosystems. Consequently,
biological monitoring, employing living organisms as bioindicators, is indispensable for assessing
ecological conditions and detecting change (Oertel and Salanki, 2003). This study, conducted for the first
time in the Khersan River basin, focuses on the Khersan 3 Dam, a double-arch concrete dam currently
under construction in Lordegan County, Chaharmahal and Bakhtiari Province. In this study, biological
Indices based on periphyton and zooplankton communities were used to assess the water quality status of
the Marbareh and Bashar tributaries entering the Khersan River, in order to better understanding and
implement necessary conservation strategies.

Methodology

Five stations were selected for investigation: St1: Marbareh River (under the entrance bridge of Ab-
Malakh village); St2: Marbareh River (under the bridge of Narmeh village);St3: Upstream of the dam site
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(at the beginning of the reservoir); St4: Confluence of the Bashar and Marbareh rivers (before the village
of Dowrah Ghamashkeh); St5: Location of the Khersan-3 Dam reservoir (the dam is under construction).
Seasonal sampling was conducted throughout 2023 and 2024. Laboratory analyses of periphyton and
zooplankton followed the protocols of APHA (2017), Wetzel and Linkens (1991), and Postel ez al. (2000).
Taxonomic identification was guided by references including Tiffany and Britton (1971), Habit and
Pankow (1976), Hartley et al. (1996), Boltovskov (2000), Kuticova (1970), and Manolova (1964). Indices
of species diversity and evenness were calculated according to Mason (1982). The saprobic index was
computed following Sladechek (1973), Papadimitriou et al. (2010), and Li et al. (2017), while the Diatom
Trophic Index was determined using the method of Kelly and Whitton (1995). Physicochemical
parameters were measured in accordance with APHA (2017) standards. Statistical analyses were
performed using SPSS version 22. Data were tested for normality, and non-normal distributions were
normalized through logarithmic transformation. Temporal and spatial variations were examined using one-
way ANOVA and Duncan’s post hoc test, and Pearson correlation was applied to explore relationships
between selected physicochemical factors and biological indices.

Results

The annual qualitative and quantitative data analysis of microalgae in periphyton at sampling stations
revealed the presence of 68 species. Periphyton organisms were identified across five
phyla:Bacillariophyta,Cyanobacteria,Chlorophyta, Euglenozoa, and Xanthophyta. Bacillariophyta
accounted for the highest percentage of species (74%). Dominant species were introduced at each
station.Variance analysis comparing the mean total density of periphyton showed no significant
differences between stations (p>+/+°).The lower densities occurred in warmer seasons and higher
densities in colder seasons.The annual analysis of zooplankton at sampling stations revealed 13 species, 4
genera, and 1 family. Zooplankton were identified across four phyla: Rotifera, Ciliophora, Cladocera, and
Copepoda. Rotifera accounted for the highest percentage of species (56%). Dominant species were
introduced at each station. Duncan’s test in the comparative analysis of mean total density across stations
identified Station 4 as significantly different (p<+/+°). zooplankton, also showed lower densities in
warmer seasons and higher densities in colder seasons. Abiotic factors were measured to support
biological data analysis and index values. Most stations, based on Shannon diversity index for both
biological groups, fell within the range of 1 to 3, indicating moderate pollution. Species evenness index
ranged: For periphyton: 0.67 to 0.97, For zooplankton: 0.44 to 0.98. Saprobic index based on periphyton
ranged from 1.78 to 2.01, and for zooplankton from 1.51 to 2.01. The organic pollution index across all
stations and seasons for both groups indicated B-mesosaprobic conditions, or moderate organic pollution.
Diatom index values ranged from 2.17 to 3.74, indicating mesotrophic to eutrophic conditions in spring

and summer, and eutrophic conditions in colder seasons suggesting moderate to high nutrient loading.
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Discussion and conclusion

The biological data from various stations along Khersan river during the 2023-2024 indicated that the
ecological conditions of these rivers generally fall within the range of moderate organic pollution. The
Shannon species diversity index for both biological groups ranged between 1 and 3, corresponding to
semi-stable conditions and moderate pollution levels.The saprobic index, calculated based on periphyton
(1.78-2.01) and zooplankton (1.51-2.01), also placed all stations within the B-mesosaprobic range,
indicating moderate organic pollution. The species evenness index showed relative balance, especially
among periphyton, and species indicative of severe pollution were neither abundant nor dominant. The
widespread presence of dominant diatoms such as Diatoma vulgaris and Navicula sp. both indicators of
moderate pollution aligns with the saprobic index values. Similarly, the dominant zooplankton species
across all stations were indicators of moderate organic pollution (Kulas et al., 2021). Station 4 exhibited
the highest density of both periphyton and zooplankton communities, as well as the highest species
diversity index for both groups. However, the lowest populations of these organisms were recorded in
spring, likely due to flood conditions and high water discharge (50—66 m?*/s) across all stations. The lowest
Shannon diversity index values were also calculated for spring. The Shannon index for periphyton showed
a strong inverse correlation with water flow (r = -0.67) and total suspended solids (TSS) (r=-0.59). The
latter maybe affects light penetration, sediment abrasion, and substrate conditions (Yuli Herawati et al.,
2024). The Shannon index for zooplankton showed a strong direct correlation with dissolved oxygen
concentration (r = 0.5) and nitrate concentration (r = 0.53), and a strong inverse correlation with total
phosphorus (r=-0.59). This may be influenced by the positive correlation (r=0.55) between phytoplankton
and zooplankton diversity indices in the basin. In spring, floodwaters and wastewater inflows increased
total phosphorus concentrations across all stations compared to colder seasons, while total nitrogen
concentrations decreased in warmer seasons. This imbalance in the nitrogen-to-phosphorus ratio with high
discharge and suspended solids, likely reduced light penetration resulting in lower diversity and density of
periphyton, phytoplankton, and subsequently zooplankton (Liu ef al., 2023). The saprobic index for
periphyton showed a moderate direct correlation with BODs (r = 0.45). Higher BOD:s levels in winter,
along with elevated saprobic index values, suggest increased organic pollution, altered nutrient cycles, and
higher trophic levels (Sulastri et al., 2021). The Diatom Trophic Index (TDI), indicated eutrophic
conditions with clear nutrient loading in autumn and winter, and mesotrophic to eutrophic conditions with
moderate to critical nutrient loading in spring and summer.The dominance and species richness of
Bacillariophyta (diatoms) in most stations (2—5) suggest favorable conditions for their high density
compared to other microalgae like Cyanobacteria and Chlorophyta. Diatoms thrive in cold temperatures
and turbid waters with high suspended solids, and their ability to attach to substrates and form biofilms
helps them resist being washed away in high-flow environments (Yoo et al., 2025). The Khersan River
basin represents a system with moderate to high nutrient loading. However, due to physical constraints
such as strong water flow, turbidity, and high suspended solids, this nutrient richness does not translate

into high biomass. Bacillariophyta dominate not by sheer density but through resilience and competitive
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advantage under harsh and variable conditions. Upstream activities, flow changes due to dam construction,
and gradual inflow of runoff and organic pollutants may soon disrupt the relative balance of biological
species distribution. This study is the first of its kind in this watershed, and future monitoring at shorter
intervals is essential to assess nutrient loading and trophic status.
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Table 2: Classification of water trophic levels based
on the diatom index (Kelly and Whitton, 1995)

Nutrient Loading Trophic Level Index
Natural Oligotrophic 1.0-1.4
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Figure 2: Percentage of Species number in different periphytic phyllum (2023-2024)
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Figure 3: Seasonal Variations in Periphytic Density at Sampling Stations(2023-2024)
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Figure 4: Percentage of Species number in different zooplankton phyllum (2023-2024)
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Figure 5: Seasonal variations in zooplankton density at sampling stations (2023-2024)
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Table 3: The seasonal range of physical and chemical parameters

Parameter Autumn Winter Spring Summer
Water Temperature(°C) 6.6-10.2 5.9-12.8 9.4-17.4 17.9-26.8
Water Flow(m?/s) 26.9-46.9 18.18-36.8 50.3-68.3 20.8-41.16
TSS(mg/l) 100-140 21-75 237-1297 5-26
EC(ms/cm) 431-560 425-532 272-435 373-512
pH 8.1-8.3 8.3-8.4 8.15-8.31 8.4-8.8
DO(mg/1) 7.9-9.4 10.2-11.28 6.6-8.4 6.6-8.9
BODs(mg/1) 1.08-2.0 2.64-3.48 1.2-1.8 0.93-2.08
COD(mg/l) 5.6-18.7 17.2-23.9 6.3-14.5 6.34-16.05
PO4*(mg/1) 0.03-0.1 0.03-0.08 0.27-0.3 0.28-0.56
NOs(mg/l) 13.3-16.7 15.8-20.3 8.09-12.8 6.8-10.7
NO2(mg/l) 0.05-0.13 0.05-0.14 0.01-0.2 0.05-0.12
NH4"(mg/1) 0.1-0.4 0.06-0.26 0.03-0.17 0.006-0.19
NHi(mg/1) 0.002-0.01 0.002-0.01 0.001-0.005 0.001-0.02
TP(mg/1) 0.07-0.1 0.05-0.21 0.39-0.53 0.44-0.91
TN(mg/l) 4.4-8.4 4.62-5.04 2.27-3.05 2.21-3.26
Sio2(mg/1) 3.5-42 3.01-3.79 3.33-4.65 3.94-5.7
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