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Abstract

Given that macrobenthic organisms are highly responsive to environmental changes—including alterations in the
physical and chemical parameters of water, as well as the impacts of industrial and agricultural pollution—the study
of benthic communities and the assessment of water quality according to biological indicators are widely regarded as
one of the most prevalent and cost-effective approaches for monitoring river health. Therefore, utilizing this method
with its unique and beneficial characteristics holds a very crucial position in water quality assessment discussions all
over the world, including in more waterscarce countries like Iran. This research was conducted to identify the
macrobenthic population and evaluate the health of the water in three key tributaries of the Kordan River—Sen,
Baraghan, and Aghasht—through monthly sampling using a Surber sampler, with three quantitative replicates and
one qualitative sample collected during the spring and summer of 2023. Alongside sampling at each branch, the
parameters of PH, electrical conductivity (EC), dissolved oxygen (DO), and temperature were also recorded. The
benthic organisms were identified to the genus level, belonging to 7 classes, 15 orders, 55 families, and 113 genera,
with aquatic insects being the most diverse and dominant group. Among the three investigated rivers, the Baraghan
River exhibited the highest diversity with 26 identified families, while the Senj River had the highest density, with
13,776 collected specimens. To assess the health of the three rivers, the Hilsenhoff, BMWP, ASPT, and EPT indices
were calculated. According to the Hilsenhoff index, all three rivers were classified as "Good." The EPT index rated the
condition of each branch as "Excellent," while the BMWP index indicated a "Good" status for all rivers. Based on the
ASPT index, the Baraghan River was evaluated as "Very Good," while the Senj and Aghasht Rivers were rated as
"Good." Although various agricultural, aquaculture, and tourism activities take place along the banks of these rivers,
particularly Baraghan and Aghasht, the results indicate that the current self-purification capacity of the three rivers
exceeds the impact of environmental pollutants.
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[. INTRODUCTION

By examining the distribution of water resources globally, we find that the majority of water resources are
either in the oceans or locked in the ice caps at the Earth’s poles (about 99%), making them inaccessible
for human use. Therefore, only a small portion of water resources (around 1%), which includes surface
running waters, wetlands, and lakes, are available for direct human exploitation and use [1]. Despite
freshwater representing a small share of total water resources, it has significant impacts on human societies.
Unfortunately, over the past century, the expansion of various industries, the development of human
communities, and the ever-growing global population have led to increased interference in aquatic
ecosystems, resulting in pollution and sometimes rendering these waters unusable. The pollution
resulting from human disturbances affects aquatic environments in two ways: as a “pulse” (limited and
identifiable) or as a “press” (long-term sequence), both leading to a reduction in water quality. This decline
in water quality has been one of the major concerns since the 1960s. (2]

Attention to preserving and maintaining water quality has led to the development of methods for
assessing water bodies. Initially, physicochemical studies were used to determine water quality, but
nowadays, limnological studies are conducted in three areas: physicochemical, bacteriological, and
biological. This is because identifying physical and chemical pollutants alone does not fully represent
water pollution. Among these methods, given the limitations of bacteriological approaches, the study of
the biology of running waters is of particular importance. [3] , [4]
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The biological method was first used In Europe In the early 20th century, under the concept of biological
monitoring based on the study of aquatic animals (such as benthic invertebrates, fish, and periphyton),
which serve as indicators of water quality. [5] Although fish, phytoplankton, and aquatic plants can also
be used in water quality control programs, benthic invertebrates are practically and widely used for
assessments because they are abundant in all surface waters. These organisms respond to a wide range of
physical and chemical stress factors affecting water quality, such as pH, temperature, oxygen, organic
pollution, and others. Different species of benthic invertebrates show varied reactions to changes in water
quality, their sampling is quick and inexpensive, and their identification is relatively affordable. They have
limited migratory patterns, and due to their relatively short life cycles compared to other aquatic
communities like fish, they quickly respond to stress factors. [6] , [7], [8] Another important role of benthic
invertebrates is their contribution to the decomposition of organic materials in river systems. They act as
a crucial link in the energy transfer chain within the food web. These organisms are a food source for
many fish, amphibians, and birds, providing energy and nutrients for higher trophic levels.[9] As a key
link in this chain, benthic invertebrates can influence the increase or decrease of energy production in
this cycle.

Given the inherent characteristics of benthic invertebrates and their close interaction and sensitivity to
environmental factors, their presence or absence, diversity, and population structure can be used for
continuous and reliable assessments of running water quality [5]. By identifying benthic invertebrate
populations with different resistance levels to environmental conditions, several biological indices can be
used in further studies for water evaluation, including EPT (Ephemeroptera, Plecoptera, Trichoptera
Index), HFI (Hilsenhoff Family-Level Index), BMWP (Biological Monitoring Working Party System), and
ASPT (Average Score Per Taxon), all of which are based on the accurate identification of benthic
invertebrates.

Numerous studies have been conducted on various rivers using macroinvertebrates for biological
assessments, such as the study by Nasri et al on the Zayandeh Rud River in Isfahan Province. In this study,
the HFI, BMWP, ASPT, and Shannon-Wiener indices were calculated, and the water quality of this river
was ultimately reported as acceptable but unstable based on different indices. It is recommended that
monthly sampling be conducted in significant rivers like the Zayandeh Rud to provide a clear perspective
over a long period [10].

In the study conducted by Foomani on the Shanbeh Bazar River in Anzali, 17 families of
macroinvertebrates were identified, and different stations showed pollution levels ranging from moderate
to severe using biological indices[11]. In the studies by Taban, which were geographically close to the
current research sampling locations and stations, 22 families of macroinvertebrates were reported in the
Jajrud River and 24 families in the Karaj River, indicating significant diversity [12]. Repeating sampling
in the following years will help clarify the management and maintenance of these rivers, which will be
highly beneficial.

In the study by Aazami on the Tajan River, macroinvertebrates, fish, and physicochemical factors were
simultaneously used to assess water health. Ultimately, using invertebrates and fish was found to be more
appropriate for evaluation [13].

Among studies from different geographical regions, Ibezute’s research in Nigeria examined the impact of
brewery effluent on the macroinvertebrate population of a river receiving the effluent. Seven genera were
identified, showing the impact of the effluent on the population, with significant differences from the
populations identified in the present study. This indicates the effects of effluent on macroinvertebrate
diversity [14]. In a study by L. Wang on the Fenhe River in China, the impact of urbanization on
macroinvertebrate populations and water quality was investigated. Results showed that the habitats in the
middle and upper parts of the river were severely deteriorating due to population growth and economic
issues, with an increase in pollution-resistant benthic populations [15].

Febriani & Harahap studied the diversity of macroinvertebrates in the New River Flow of Pinang City,
Labuhan Batu Selatan, identifying 11 genera, which were reported as favorable[16]. Raghad Zidan
conducted a study on the Shatt al-Arab River, where monthly sampling was carried out at three stations
over six months, identifying 12 species. Given that biological indices were not calculated for water quality
assessment, it would be advisable to calculate these indices [17].

In the research by Y. Wang conducted in the Heihe River Basin, China, a total of 50 species were
identified, with macroinvertebrate populations being more influenced by human factors than natural
conditions [18]. Lowe, in another study on a wet-dry tropical estuary in northern Australia, concluded
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that benthic diversity is influenced by seasonal changes [19].In studies by Sajeeb on the Karnafully River
estuary, eight groups of benthic organisms were identified. It would be beneficial to calculate additional
biological indices and provide more detailed information in the article [20].

Finally, in a study by Musavi, conducted in the present study area during 2008-2009, the population and
diversity of benthic organisms were shown at two stations, Baraghan and Aghasht. Fifty-six families were
identified, and biological indices were calculated, providing a good research background for reassessing
this region, which can offer a better understanding of the area over time.

Given the importance of the Kordan River and its tributaries in providing water for aquaculture,
agriculture, and the development of Alborz Province and its watershed, continuous monitoring of water
health is among the effective measures for their conservation. In a previous study in this region by Musavi,
conducted on two tributaries, Aghasht and Baraghan, and the main course of the Kordan River, the
benthic populations of these stations were determined, and the EPT and HFI biological indices were
calculated [21]. Considering the significant time lapse since this research and that the Senj River, one of
the important tributaries of the Kordan River, was not examined by them, a follow-up and comprehensive
study was conducted after 14 years. The Senj River, along with the Aghasht and Baraghan Rivers (the
three main tributaries of the Kordan River), was sampled to identify and compare benthic populations,
so all three main tributaries of the Kordan River would be simultaneously evaluated in this research. The
Aghasht and Baraghan Rivers were reassessed using the BMWP, ASPT, EPT, and HFI biological indices
to complete the previous study in terms of both the number of tributaries and biological indices. As a
result, this study offers a more comprehensive comparison of their health status with the inclusion of the
three main tributaries.

II. METHOD & MEASURES

The Kordan River, the case study, is located north of Karaj city and approximately 40 kilometers west of
Tehran, at an elevation of 1,408 meters within the Alborz Mountains. The river has an approximate
length of 75 kilometers and its key tributaries are Aghasht, Senj, Baraghan, and Velian.

The Kordan River watershed spans an area of 838 square kilometers, situated between 35°55' to 36°05'
N latitude and 50°45' to 51°05' E longitude. This watershed is bordered by the Alborz mountain range
and the Taleghan watershed to the north, the ridge separating the Fashand River watershed to the west,
the Karaj-Qazvin road in the Sardaran mountains to the south, and the Lik Joochal mountain range
(Baraghan River watershed) to the east. According to the De Martonne climate classification, the study
area features a macroclimate that ranges from semi-arid and Mediterranean to semi-humid and humid.
The region receives an average annual precipitation of 450 millimeters, with snowfall occurring in winter
and thunderstorms in summer. The average annual temperature is 13°C, with recorded absolute
maximum and minimum temperatures of 38°C and -10°C, respectively.

To assess the water quality of the Kordan River, three of its most significant tributaries were selected for
study: Aghasht Station, Baraghan Station, and Senj Station. The geographical details of these stations are

provided in Table 1.
Table I: Characteristics of Sampling Stations
latitude Longitude  Sea Levl (m) Station
N35059'21.4"  E050° 51'53.0" 1491 Aghasht
N35°57'10.9” E050° 55’ 53.3" 1795 Baraghan
N360 00’ 00.9”  EQ050° 57’ 53.3" 1985 Senj
I
/./
50°, 50

36°, 05 35°, 55
Fig .1: Schematic map of Kordan Stream and location of stations (not to scale). Source of photos & map:
the writer
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In order to collect samples and obtain the necessary data, during the spring and summer of 1402,
macroinvertebrate samples were collected monthly from the rivers at three stations—Aghasht, Senj, and
Baraghan. Sampling was conducted simultaneously at each station, with four replicates (three quantitative
and one qualitative) collected each month. For a quantitative sampling of benthic invertebrates, a Surber
sampler (30 cm x 30 cm, 250 um mesh) was used. The Surber sampler consists of two metal frames, each
30 x 30 cm, with one frame placed perpendicularly on top of the other. A 250 um mesh net is attached
to one of the frames.

The Surber sampler was positioned on the riverbed, and all stones and objects within the frame were
washed into the net. The net's contents were then passed through a sieve, with larger stones, branches,
and leaves separated and placed into labeled containers, which were preserved using 4% formalin. This
process was repeated three times to account for different habitats at each station (such as riffles, low-flow
areas, and high-flow areas) to capture maximum benthic invertebrate diversity. For qualitative sampling,
a hand net was used to collect samples from aquatic plants and calm sections of the riverbank, which were
then transferred to their respective containers. In the laboratory, the samples were carefully sorted under
a stereomicroscope (dissecting microscope) and stored in containers with 75% ethanol. The specimens
were then identified to the genus level using relevant identification guides. [22], [23], [24], [25], [26], [27].
Alongside the sampling of benthic organisms, the most important physical and chemical water parameters
were analyzed due to their significant impact on factors such as the distribution of benthic organisms,
their living conditions, and overall water quality. Based on these criteria, water temperature, pH, electrical
conductivity (EC), and dissolved oxygen (DO) were identified as the primary factors for analysis, and all
related data were recorded.

Water temperature was measured using a mercury thermometer with an accuracy of 0.5°C. The
thermometer was placed in the water without direct contact with the hand, and the temperature was read
after 2 minutes. To measure the water's pH, a portable pH meter with the specifications of a Waterproof
Double Junction PH TestR30 was used, and the readings were documented. Dissolved oxygen levels were
measured using a portable DO meter, specifically the Jenway 970 DO meter. Electrical conductivity was
measured with a portable EC meter, the Dual Range EC Test 11, and all data were systematically recorded.
In addition to these considerations, the water quality of the three discussed tributaries was classified using
biological indices such as HFBI, EPT, ASPT, and BMWP. The EPT diversity index is equal to the total
number of families from the three orders—Ephemeroptera (mayflies), Plecoptera (stoneflies), and
Trichoptera (caddisflies)—present in the sample. To calculate the Hilsenhoff Family Biotic Index (HFBI)
at the family level, the following formula was used:

HFBI= X (X_ixT_i)/n

Where:

X_i= Number of individuals in a family

T_i= Tolerance value of that family

n = Total number of organisms in the sample

The Biological Monitoring Working Party (BMWP) index is calculated using the following formula:
BMWP=X¢t_i

Where:

t_i = Tolerance value of each family to organic pollution

In this study, due to the similarity in the diversity of various aquatic groups to those in North America,
the tolerance values for each family were based on the North American reference, as revised by Mackie in
2001. Moreover, to estimate the Average Score Per Taxon (ASPT) index, the following formula is used:
ASPT=Z t_i/n

Where:

t_i = Tolerance value of each family to organic pollution

n = Total number of organisms in the sample

Statistical calculations for data processing, plotting graphs, and analyzing correlations and significant
relationships between physical and chemical variables and their impact on the diversity and density of
benthic invertebrates were performed using SPSS 17.0 software. In SPSS, one-way ANOVA was used for
statistical analysis to investigate significant differences in the population and distribution of benthic
organisms across the studied tributaries and months. The LSD post-hoc test was employed to further
examine these differences.

894



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 21s, 2025
https://theaspd.com/index.php

III. RESULTS

In line with the research objective of identifying the population of benthic invertebrates in the three
tributaries of the Kordan River (Aghasht, Baraghan, and Senj) and subsequently determining the water
quality of these rivers using biological indices, the physical and chemical parameters at these three stations
were measured over a sixmonth sampling period. The results of these parameter measurements
throughout the sampling period are presented in Table II.

Table II: Physical and Chemical Parameters Measured During the Research

station Temperature(C) Do(mg/L) pH EC(us.cm-1)
Sal 11.3 10.6 6.7 2.8
Sa2 10.5 10.7 6.71 2.4
Sa3 16.5 10.4 6.65 2.4
Sbl 11.2 10.4 7.63 3.4
Sb2 11.4 10.4 8.02 2.9
Sb3 11.5 10.9 8.31 2.7
Scl 16.9 9.1 6.65 4.8
Sc2 17 9.2 6.8 4
Sc3 16.3 9.8 6.92 3.4
Sd1 23.8 8.3 7.62 4.9
Sd2 24.3 8.1 1.5 4.8
Sd3 24.7 8.2 8.1 4
Sel 19.8 8.9 7.84 5.5
Se2 16.2 9.3 7.01 4.5
Se3 20 9.1 8.23 3.9
Sfl 14.5 9.7 7.83 6
Sf2 14.3 9.8 8.63 5.1
Sf3 13.2 10.3 8.7 3.8
avg S1 16.3 9.5 7.37 4.6
avg S2 15.6 9.5 7.44 3.95
avg S3 16.5 9.7 7.81 3.36
avg a 12.8 10.6 6.7 2.5
avg b 11.3 1.5 7.9 3
avg ¢ 16.7 9.3 6.79 4.06
avg d 24.2 8.2 1.74 4.5
avg e 18.6 9.1 7.69 4.63
avg f 14 9.9 8.38 4.96

Aghasht | Baraghan | Senj | March | April | May | June | Juy | August

S1 S2| S3 a b c d| e f

The range of water temperature variations observed in this study, as shown in Table II and Figure 2,
indicates that in the three rivers—Senj, Baraghan, and Aghasht—the minimum temperature was recorded
at 11.2+0.15°C in May, while the maximum temperature was 24.7+0.45°C in July. The temperature
increased steadily until July, after which it began to decrease. The range of water temperature variations
across the tributaries during the study period was from 15.6+4.96°C in Baraghan to 16.5+4.98°C in Senj,
with an average temperature of 16.3+0.46°C throughout the sampling period.
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Fig .2: The average water temperature in three stations during the sampling period (Centigrade)

In examining the dissolved oxygen levels in the Senj, Aghasht, and Baraghan rivers, the maximum
concentration was recorded at 10.9+0.15 mg/L in May, while the minimum concentration was
8.1+0.1mg/L in July. The changes in this parameter showed a decreasing trend from April to July,
followed by an increasing trend from July to September. The range of dissolved oxygen variations among
the three rivers was from 9.50+0.89 mg/L in Aghasht to 9.78+0.98 mg/L in Senj, with an average of
9.58+0.14 mg/L measured in Baraghan. (Table II and Figure 3)

e 8- .
D g o %

5.1 B3 B9 a7

MakRiH  APRIL hAAY JUNE JULY  AUGUST

—— i as Baraghan ===8 =5ap

Fig.3: Average dissolved oxygen in water during the sampling period at three stations (mg/L)

The range of pH variations during the study period was recorded with a minimum of 6.65+0.034 in April
and a maximum of 8.7£0.48 in September. The average pH across the three tributaries was 7.3+0.56 in

Aghasht, 7.8+0.82 in Senj, and 7.44+0.75 in Baraghan. (Table II and Figure 4)
L . 0a-2-0
1 L
o %o

MARCH  APRIL  MAY  JUNE  JULY  AUGUST

e b 25 bt Baraghan =8 =Sap

Fig.4: Average pH at three stations during the sampling period at three stations
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Throughout this study, as indicated in Figure 5 and Table II, electrical conductivity ranged from a
minimum of 2.4+0.36 millisiemens per centimeter (mS/cm) in April to a maximum of 6+1.1 mS/cm in
September. Among the three rivers studied, the maximum electrical conductivity was 4.56+1.2 mS/cm
in Aghasht, while the minimum was 3.36+0.67 mS/cm in Senj, with Baraghan recording 3.95+1.08
mS/cm.

009
o 48

MARCH APRIL  MAY  JUNE  JULY  AUGUST
e {0 2% it Baraghan ==& &5ap

Fig.5: Average electrical conductivity at three stations during the sampling period

During the study of the benthic invertebrate community in the tributaries of the Kordan River, conducted
over a sixmonth sampling period at three study stations, four phyla—Arthropoda, Annelida,
Platyhelminthes, and Mollusca—were identified. These included 7 classes, 15 orders, 58 families, and 129
genera. The number of identified families, classes, and orders in this survey showed significant variation
and greater diversity compared to the results obtained from studies on benthic fauna in the Karaj and
Jajrud River beds, which are geographically close [28], [12], [11], [14]. The classification of these organisms
is presented in Table III.

In this study, insects were the most diverse group of benthic organisms in the river, with 9 orders and 48
families. Among these, the order Diptera had the highest diversity, comprising 12 families and 7,563
specimens. This diversity within Diptera contrasts sharply with the findings of a study by Omoigberale et
al., where only 3 families from this order were identified, highlighting a significant difference in diversity.
In contrast, the classes Collembola, Turbellaria, Gastropoda, and Malacostraca, each with only one order
and one family, showed the least diversity among the identified benthic fauna. Among the families
identified, the family Chironomidae exhibited the highest diversity, with 39 genera identified, similar to
observations by Omoigberale et al., where Chironomidae was the most prevalent family in the samples
[30]. The least diversity and abundance were observed in the families Braconidae, Curculionidae,
Coccinellidae, and Empididae.

According to Table IV, the order Ephemeroptera was most abundant in the Senj River, with 6,784
specimens (49%), followed by Diptera with 3,408 specimens (25%), and Trichoptera with 2,576
specimens (19%).

As shown in Table VI, in the Aghasht River, *Diptera* was the most abundant order, with 2,608
specimens (48%), followed by Ephemeroptera with 1,757 specimens (32%), and Lumbriculida with 372
specimens (9%). Within this order, the genus Prosimulium sp from the family Simuliidae was observed,
characterized by a pollution tolerance score of 1 indicating its inability to survive in polluted waters[31].
This genus is typically found in mountain rivers with rocky substrates, especially those covered with moss.
The Prosimulium sp found in this study precisely matched such habitats, as reported by Feld who also
found Prosimulium species in mountainous river stations, with no records from non-mountainous river
stations [32]. Notably, this genus was identified in Iran for the first time.

Table V shows that in the Baraghan River, the order *Ephemeroptera® had the highest abundance, with
1,819 specimens (35%), followed by *Diptera* with 1,547 specimens (29%), Trichoptera with 800
specimens (15%), and Plecoptera with 320 specimens (6%).
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Table III: Classification of Benthic Invertebrates Identified

Fhylum Cass Order Family Species
Colembol Collermbola bmomidae lsotomng S0« Agrema sp
Hactidae Boetls sp - Cantropéiium 5o
. 4 Epenrus ule)
pragenicas Fhithrogeny 58 - Cinpgmuls 58
Ephemeroptera
Cacnidag Coenis 5p
Tricorythidae Tricorythoaes 50
Ephemerdldae Eptemersiio sp
Peridae Clagssenin 5o - Mocrogynankhay 0
Chioraperidas Ltoperia sp - AV ik
Plecophera Tasnlopteryggidas Toenknema 5o
Pericid o bcpena sp
Leuciridae Lt 50
Limrephiidae
Fycopsychidae Hycropsyche o
Brachwcentridae MACTOSEMA ST
Gloesnsomaticae SinssosoTT 50 - Anagapeius
Trichaptera Hycroptilcae Cchrotnchio sp
Cdontoceridae Pailotrehr s
Leptocersdae Leptocerus 5p
Lespl dostomartid s Lepicostorng sn
Phicpotamidae Chimarra sp
Adhariddae Athark sp
Tabanicae Tohonus 50 - Crysopos 50
Tipuw'o 5 - Dlcronata o
Tipulidae Dnbnhobis 5o - Mokanbilus
Ertoma Hevotoma Brachanemng
Inzecta
Simulum sp - Eciemnia 5o
Simulicae
Shegoptennd 5o - Arosimullum 5o
Stratiomyidae Euporynhus 5p
Bernia sp - Forcpompa 52
Ceratopogonidas =
Blegharnceridae Ablocephala sn
Dixidae i 50
Muscicae Lirophors sg
Empididea Hemerodromia sp
Crivofopus 50 - Wanochodus 5o
Diptera =
Eutefferielis 5p - Parsimoophpes
Lmnophyes sp - Abeacicolopus sp
Boraborniells 5 - PankeffanieNa 5
Pogachius g0 - ThiensTmanniro 50
Firoro sp - Pseudosmittio £n
Thiznemaniedla 5p - Cvotomspus 50
Fhecdnnutarsus 5o - Ansocidos 50
thircnomidae —————
Tonpinrsus Pty ik
Polpreakium 50 - Xenochinenamas 5o
Dan edward V25 laliro|
Sricinchimnoms 5 - stitnckodius 5
Teonaneiamn 50 - Poromenng 5o
Contiociams 50 - PaTome FOCEmus 5o
Afcrotendipes 5p - Bomyocodius
Echinockadus sp - Connonewra 5o
Foratonytarus 50 - Austrochius
Ablebesmyds 50 - Forochironomus sp
tendins 50 - Genus Ausinala 5o
Popthodidae
M'El.lSiE %.‘SPFJUSEE
Emidae —_—_—
SHENEmIS [ a1
Oytecdae Agous 50 - (lubvus 5o
GiFinicae SN 5 - Ghrefes §
Hydrophilidas Locrotius 5o
. Curculonidae Curzuho
Coleptera - EE
Carabidae Herpalus 50 - Bembidian 5o
Sdirtidat Eloies 5 - Prionocniet 5
Hydrochidae Hudrachus 5o
— Foegerus ip ."I'EEI.IHE‘
E i
P Bledus 3p
Coconelidae
Aphicidae Aphid 5p
Motcrcticae Nedaneito sp
Hemiptea
velidae ¥l 5o - Microvela 50
Dedphacicas
Hmenoptera Braronidaie Seocanid 50
Araneae Fisuridae
Arachnida ., Aprenuridas
Tromiidiormies
Hygroaboidas
Malarostraca Amphipoca Gammarcae GeammiaTas 50
Wik GaEiropoc Physddae Bhrza s
Lumarniculida Lumoriculdas
Arrelida Dlgachacta
Megadrilaxea Lumericicas
Platyhelminthies Turbellaria Tricladia Flanarikdae P\:\'ﬁ.\?g
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Table IV: The Density of Identified Orders in Senj River During the Sampling Period
Ot Mah Mg My ey Mgt Towl Mg

Flecoptera 5 [ [l a 85 08 2 50
Ephemeraptat 139 43 513 | 336 | 13 | 1so0 | eved 1131
Caleoptera 5 5 [ 5 11 15 4 7
Diptera 21 51 g1 | 1310 | sen | s 308 S
Hmiptera 11 a 5 a 16 3
Hymenoph 1 a 0 5 5 1
Ertamabryomotpha [ a 27 a i 4
Trichoptera 21 51 32 E16 5 11l | s a4
Tricladida [ 11 [ a 0 128 145 5
Lumbrlculida 31 [ [ a 181 5 82 a
Haplotarid 16 i1 [ a 123 15 176 i
knghipod 1 0 [ 0 0 0 [} [}
Araneas [l [ [ a 0 a [ [
Trambidiformes [l [ [ 5 0 a 5 1
Heterostropha [l [ [ a 0 a [ [
indm 240 arp | 1aes | sawo | zaar | e | 13 1246

Table V: The Density of Identified Orders in Baraghan River During the Sampling Period

Ordar Match  ApHl  May  Jume  July August  Totsl Ay
5 5 a 43 165 101 320 53
| Ephemeropters 54 81 3z 213 211 1013 1615 303
a a a 5 59 a B4 11
Diiptera 37 2 450 247 288 357 1547 258
M_IFI!‘I a o 11 11 r
Hytmenoptera a o a a o
Entomobryommorngha a ] o 5 11 16 3
Trichopters T 293 1 1E 352 91 BOO 133
Tridadida a 5 a o a T EF 5
Lumbriclida a a £ 5 91 160 2E1 L4
| Haplotadda a a 2} 16 8 53 127 20
Amnphipods a a 2] o 32 32 B4 11
Ataneas a a 2} o a o a
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Table VI: The Density of Identified Orders in Aghasht River During the Sampling Period

Order March  AprE  Way June Dy August Total
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Triciadida =] =] a a a 15 16 5
Lsnbriculida. 4 =] 11 15 155 178 an 106
Haplotadda 11 =] 11 =7 53 a7 208 55

o o a s s 18 2 ol

Arsneas =] =] a a a a o o
Trombidiformes =] =] a a 5 11 a
‘Heterastropha =] =] a a 123 sa 183 52
a2 a0z 101 235 1019 1883 1m53 5453 a5

W Baraghan Baghasht Dserj

Fig.6: The density of identified orders in three rivers during the research period
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Based on the study of the benthic invertebrate populations in the Senj, Aghasht, and Baraghan tributaries,
as indicated in Table IV, the highest abundance in the Senj River was recorded in July, with 5,280
specimens, while the highest diversity was observed in September, with 24 identified families. In the
Aghasht River, the peak diversity and abundance were both observed in September, with 23 families
identified and 1,852 specimens collected, as shown in Table V. Similarly, in the Baraghan River, the
highest diversity and abundance were also recorded in September, with 26 identified families and 1,888
specimens collected, as presented in Table VI.

According to Chart 7, the trend of benthic invertebrate population changes in the Senj River showed an
increase up until July, followed by a sharp decline in August, and then a subsequent increase in September.
In contrast, the Baraghan River displayed a consistent increase in population from April to September.
In the Aghasht River, the population showed an increasing trend from April to August but then
experienced a slight decline in September compared to August.
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Fig.7: Changes in the population of three rivers during the research period

According to Chart 8, the Baraghan River had the highest diversity, with 26 identified families, while the
Senj River had the highest density, with 13,776 specimens collected. The lowest diversity was observed in
the Aghasht River, with 23 identified families, and the lowest density was recorded in the Baraghan River,
with 5,179 specimens collected.
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Fig.8: Benthic population density identified in three rivers

In this study, the Hilsenhoff Biotic Index (HBI) was examined to determine the water quality of the Senj,
Aghasht, and Baraghan rivers using biological assessment indices. The results of the HBI index variations
throughout the study period, as shown in Table VII and Figure 9, indicate that the minimum value of
this index occurred in April at the Baraghan station, with a value of 1.84, while the maximum value was
observed in June at the same station, with a value of 5.88.

The trend in the HBI index shows an increase from April to July, followed by a decrease after July. This
pattern suggests the seasonal and potentially environmental and ecological factors influencing water
quality in these regions.
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Table VII: The Changing Trend of the Hilsenhoff Index in Different Stations of the Sampling Period

[ Sablon | Warch | Apdl Way | Bme | July | Remust | fog
Ser] 533 155 176 | 544 | 45 | 43 | 43
Far | Ewrelient | Esrellent | far | Good | Good | Good
Mghasht | 13 485 522 | GBS [ 441 | 545 | 4%
Excelient ‘Good Fair Fair | Good Fair Good
Baraghan | 150 FRE] THE 53 [ 37 | 3EL | 3
Esrelient | Escelient Farly Fair | Yery Very Wery
poor Good | Good | Good
[ g 151 EES] 4E1 | 543 | 423 | 455 | 44
Bxrelient | Ewrellent | Good | Far | Very | Good | Good

Good

March April May June July August

# o Serj e@efghashl e araghan

Fig .9: The changing trend of the Hilsenhoff index in three stations during the research period

The mean Hilsenhoff Biotic Index (HBI) for the three tributaries—Senj, Aghasht, and Baraghan—was
estimated at 4.29 + 0.75 during the study period. The minimum HBI, indicating a "Very Good" water
quality status, was recorded at Baraghan with a value of 3.78 + 1.59. The maximum HBI, indicating
"Good" water quality, was observed at Aghest with a value of 4.76 + 0.84, as detailed in Table VII. Among
the sampling stations over the sixx-month sampling period, the water quality status was observed as follows:
33.3% Fair, 27.7% Excellent, 22.2% Good, 11.1% Very Good, and 5.5% Fairly Poor.

The assessment of the EPT (Ephemeroptera, Plecoptera, Trichoptera) diversity index across the study
stations in the Senj, Aghest, and Baraghan rivers showed the maximum EPT value in the Senj River with
21 genera and the minimum in the Aghest River with 12 genera, with an overall average of 17 genera.
These findings are illustrated in Figure 10 and Table VIII.

Table VIII: EPT Diversity Index Changes in Three Stations

Order Sen] | Aghasht | Baraghan Tx'
Plecoptera 5 2 5 [l
Ephemeroptera 7 [ 9

Trichoptera ] 4 5 [
EPT Richnass 11 12 19 17
5
20
21
15 1d
o 1
5
i}
Senj Apghasht Baraghan

Fig.10: EPT diversity index changes in Senj, Aghasht, and Baraghan rivers during the research period
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According to Table IX and Figure 11, the highest BMWP (Biological Monitoring Working Party) score
was recorded in September at the Senj River station, with a value of 130. The lowest BMWP score was
recorded at the same river in May. Regarding the ASPT (Average Score Per Taxon) index, the highest
value was observed in July at the Baraghan station, while the lowest was recorded in April at the Senj
station.

Based on the results of these indices and according to the Water Framework Directive (WFD) guidelines,
the ecological status of each station was categorized as High (H), Good (G), Moderate (M), Poor (P), or
Bad (B), as shown in Table X. According to the BMWP index, 27.7% of the river stations were classified
as having High ecological status, 33% as Good, and 33% as Moderate. In contrast, the ASPT index results
indicated that 33% of the stations had High ecological status, 50% had good status, 5.5% had Poor status,
and 16.6% were classified as Moderate.

Table IX: BMWP and ASPT Index During the Sampling Period in the Stations

Lo s [sofas [ss ] se]se[se[ea] s [sa]er]ss]| s [eaa]safsa|sr[es]ss]|ex

Table X: Water Quality Classes in Each Month and Each Station Based on the BMWP Index
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Fig.12: ASPT index changes in three stations during the sampling period

IV. DISCUSSION

In this study, a total of 24,408 macroinvertebrate specimens were identified over six months of sampling
at three stations, representing four major groups: Arthropoda, Annelida, Platyhelminthes, and Mollusca.
These specimens included 7 classes, 15 orders, 58 families, and 129 genera, demonstrating significant
biodiversity. This high diversity likely reflects favorable living conditions for benthic organisms in the
studied rivers. The diversity noted here contrasts sharply with findings from other studies. For example,
Banagar, Febriani, and Taban reported the identification of only 10, 16, and 24 families, respectively.
This suggests that the rivers examined in Banagar, Febriani, and Taban's research are likely under
relatively greater environmental stress [33], [16], [12]. In the identified macroinvertebrate population,
aquatic insects were the most dominant and diverse group, consistent with the results reported by Wang
[18].

The identified benthic macroinvertebrate populations are noteworthy for both their diversity and density.
Regarding the first characteristic, aquatic insects, which are predominantly associated with freshwater

902



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 21s, 2025
https://theaspd.com/index.php

environments, represented the most frequently identified group. Within the identified insect orders,
Diptera exhibited the greatest diversity, with 12 families identified. Among these families, Chironomidae
stood out with 39 genera, marking a significant increase in diversity compared to the findings of Ertas,
who identified only 7 genera within Chironomidae. Within this family, the highest diversity was observed
in the subfamily Orthocladiinae, which prefers cold, flowing waters. This preference aligns with the
geographical location and water temperatures observed at the three stations, explaining the high diversity
of this subfamily in the study. These findings are consistent with those of Garcia et al., where
Orthocladiinae also showed significant diversity [34].

Additionally, Chironomidae is known to be resilient to pollution, a trait likely linked to their feeding
habits as filter feeders of fine organic particles suspended in the water. The increase in the population of
this family, reaching its peak in July, could indicate environmental stress factors such as decreased oxygen
levels, increased temperatures, and the introduction of pollutants into the river. Although Chironomidae
is generally considered a pollution-resistant family, there are genera within it, such as Tanytarsini, that are
sensitive to pollution and are eliminated from contaminated waters [21]. The absence of Tanytarsini in
any of the sampling months in the Aghasht River and in five out of six months in the Baraghan River,
compared to its presence in five months in the Senj River, suggests that the pollution levels in the Senj
River were low enough to support the survival of this genus.

In terms of the second characteristic, density, the order Ephemeroptera accounted for the highest density
in both the Senj and Baraghan rivers, with 49% and 35% of the total, respectively. This order includes
genera that are eliminated even with minimal environmental pollution, as well as those that are relatively
resistant to pollution, making Ephemeroptera a valuable indicator in water quality assessments. Following
Ephemeroptera, the order Diptera ranked second in density in Senj and Baraghan, with 25% and 29%,
respectively, similar to findings observed by Liu [35]. In the Aghasht River, Diptera had the highest density
at 48%, followed by Ephemeroptera at 32%.

Furthermore, the density of benthic macroinvertebrates varied among the sampling stations, decreasing
from Senj to Aghasht. The high diversity and density observed at the Senj station seem to result from
factors such as highwater flow, suitable depth, favorable vegetation cover, rocky riverbeds, and abundant
riffle habitats. Additionally, limited tourist access to the river has likely helped maintain the pristine and
undisturbed condition of the benthic fauna.

In contrast, the Baraghan River exhibited the lowest density throughout the study, which can be
attributed to factors such as the high organic load from rural sewage, agricultural and gardening runoff,
and increased tourist access. Baraghan also had higher flow rates and discharge compared to the other
two stations in all sampling months, which could destabilize benthic habitats and result in lower densities.
In the Aghasht River, a decrease in the density of the orders Ephemeroptera and Trichoptera was observed,
while there was an increase in the density of the order Lumbriculida and the family *Chironomidae*.
These groups are known for their resilience to pollution, and their increased density suggests that
environmental pressures, such as organic pollution and stressors, are more frequent or intense in Aghasht
compared to the other stations. This could be related to the impact of construction and the presence of
riverside gardens, which contribute to environmental stress in the area.

During the sampling period, considering both diversity and density characteristics at all three stations,
the highest diversity and density of benthic macroinvertebrates were observed simultaneously during the
summer season. In summer, the water is typically clearer, the flow rate is lower, and aquatic organisms
are more abundant due to the slower flow, optimal temperature, and high oxygen levels [36].In contrast,
during spring, many benthic habitats are destroyed due to flooding. Therefore, an inverse relationship
exists between benthic macroinvertebrate abundance and river discharge. Higher river discharge prevents
the establishment of benthic organisms, as increased flow can result in the scouring of old riverbeds and
increased turbidity. Additionally, findings by Mackenzie have shown that benthic macroinvertebrates
exhibit greater species diversity at higher temperatures, as lower temperatures reduce metabolism,
reproduction, movement, and ultimately their abundance and density [37].

The genus Prosimulium sp. from the family Simuliidae was observed as a new record in Iran. Prosimulium
sp. has a pollution tolerance score of 1, indicating its inability to survive in polluted waters [31]; it is
eliminated from the environment with even minor pollution. This genus prefers mountainous rivers with
rocky substrates, ideally covered with large stones and moss [32]. The Prosimulium sp. found in this study,
which was observed at the Senj station, was indeed in such an environment, consistent with Feld's findings.
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Feld observed Prosimulium in stations located in mountainous rivers, while no occurrences of this genus
were reported in stations situated in non-mountainous rivers.

After identifying the benthic macroinvertebrate populations, and determining the diversity and density
of different groups based on stations and sampling months, the importance of using biological indices to
monitor the stations becomes evident. The results of the average HFBI index during the study period
showed that compared to a study conducted in 2011 by Mousavi, the mean value in Aghasht has not
significantly changed, from 4.67 to 4.76, remaining in a 'Good' condition. However, in Baraghan, a
notable positive change was observed, with the mean value improving from 5.04 to 3.78, reaching a 'Very
good' status, which could indicate a reduction in pollution entering the river [21].

The second index used for biological monitoring is the diversity index of genera from the three orders
Ephemeroptera, Plecoptera, and Trichoptera (EPT). Members of these three families are highly sensitive
to water oxygen levels and can be influenced by other factors such as environmental stress and seasonal
changes. The EPT index shows a decreasing trend from the Senj station to the Aghasht station, with 21
genera in the Senj River, 19 genera in the Baraghan River, and 12 genera in the Aghasht River. This can
be attributed to better health conditions, limited human access to the Senj River, and subsequently less
pollution entering this river. In comparison with the results of Mousavi & Ramezani (2011), it is evident
that this index has increased from 8 and 9 to 12 and 19 for the Aghasht and Baraghan rivers, respectively,
indicating a reduction in environmental stress. The maximum EPT index was recorded in the summer
when the highest diversity and density of benthic macroinvertebrates were observed, likely due to the
increased availability of nutrients. The minimum was recorded in the spring.

The values of the water’s physical and chemical variables largely reflect the ecological conditions of aquatic
ecosystems during different seasons, as well as agricultural, urban, and industrial activities along the river.
Each of these factors significantly impacts the distribution and population of benthic macroinvertebrates
[38], [39]. In the present study, water temperature showed seasonal and daily variations, influencing
macroinvertebrate populations. During the sampling period, the highest temperature was recorded in the
summer, specifically in July, coinciding with the highest abundance and diversity of benthic
macroinvertebrates. One of the factors contributing to this increase is the rise in temperature, which
creates favorable conditions for the production of phytoplankton, a crucial food source for benthic
organisms. According to the results reported by Sharbati, the rise in temperature, which subsequently
leads to increased biological activities such as feeding and reproduction, results in higher diversity and
density of benthic macroinvertebrates in summer [40].

The relationship between temperature and dissolved oxygen (DO) in water is inverse; as temperature
increases, DO levels decrease. Therefore, in July, when the highest temperature was observed, the lowest
level of dissolved oxygen was recorded. During this time, the population of the family Chironomidae,
known for its resilience to pollution, oxygen deficiency, and a wide range of environmental parameters,
increased. This population growth may indicate a departure from optimal conditions, consistent with the
findings of Song Y and Jolejole [41], [42].

Another parameter that significantly impacts river health and the population of macroinvertebrates is
water pH, which was recorded with an average value of 7.54 during the sampling period. This finding
indicates a slight alkalinity in the flowing water at these stations, closely resembling the pH levels observed
in most natural waters, which typically range between 5 and 9 [43]. The mild alkalinity could be due to
the discharge of wastewater into the water and recreational activities around the river.

Finally, to establish the relationship between electrical conductivity (EC) and the benthic population, EC
levels were measured. The concentration of ionic components in the river water, as indicated by electrical
conductivity (EC), was consistently highest in the Aghasht River across all sampling months. This could
be a sign of pollution, as the high level of construction activities, agricultural practices, and sewage from
villas around this river contribute various pollutants to the water. The results from Shieh & Yang also
support the link between pollution and electrical conductivity [44]. Although electrical conductivity is
influenced by temperature, in the present study, it was also dependent on water discharge and flow rate.
EC was lowest in April, during the high-water period, and highest in September, during the low-water
period, which aligns with the findings reported by Kominoski [45]. One of the relationships observed
between EC and the benthic population is that the density of pollution-sensitive families, such as
Plecoptera, decreases with increasing electrical conductivity. As evident in this study, in the Aghasht River,
where the highest EC of 6 mS/cm was recorded in September, no genus from the Plecoptera order was
observed during this month.
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V. CONCLUSION

In this study, the benthic macroinvertebrate communities of three tributaries of the Kordan River were
collected and identified. Sampling was conducted monthly from April to September. Based on the results,
aquatic insects were the largest group identified. Among the three rivers studied, the Senj River had the
highest density of macroinvertebrates. Additionally, Prosimulium sp. was observed and identified for the
first time in Iran in this river. A total of 58 families and 129 genera were identified over the six-month
sampling period. The highest density of benthic macroinvertebrates was collected during the summer due
to sufficient nutrients, favorable temperatures, appropriate flow rates, and other factors. Based on the
identified populations, biological indices such as HFBI, BMWP, EPT, and ASPT were calculated to assess
the health of the rivers. According to the HFBI index, the health of all three rivers was evaluated as
"Good." The EPT index rated all three rivers as "Excellent." According to the BMWP index, the condition
of all three stations was "Good." Finally, the ASPT index assessed the health of the Baraghan River as
"Very Good," while the Senj and Aghasht Rivers were rated as "Good."

Given the unregulated construction along the riverbanks, the discharge of wastewater from gardens and
villas into the water, and other human interventions, the health of these rivers is likely to be at risk in the
future, exceeding their self-purification capacity. Considering the importance of the Kordan River for
various activities in the region, it is recommended that human activities, wastewater discharges, and
unregulated construction along the riverbanks be strictly managed and controlled. To ensure the health
of the rivers, continuous monitoring of physical and chemical parameters, as well as biological assessments,
should be conducted. Moreover, river assessment activities should be expanded to cover all tributaries of
the Kordan River. It is hoped that this research will provide a valuable perspective for future monitoring
and evaluations.
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