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Abstract
The main objective of the present study was to investigate the diversity and abundance of macrobenthos in the Dehbar, Zoshk and
Kang rivers in Iran. Sampling was carried out at 10 stations for three seasons with 45 days intervals using a Surber sampler. Simpson,
Shannon-Weiner and Margalef diversity indices, as well as biological indices for Biological Monitoring Working Party (BMWP),
Average Score Per Taxon (ASPT), Hilsenhoff Family Biotic Index (HFBI), and Ephemeroptera, Plecoptera and Trichoptera (EPT)
were calculated at all stations. In this study, a total of 21 families of macrobenthos in seven orders were identified. Organisms in the
Baetidae familywere dominant at stations 1D, 2D and 6D in theDehbar River and at stations 1Z and 1K in the Zoshk andKang rivers,
respectively. The greatest diversity of macrobenthos was observed in the spring. There was significant correlation between the three
biological indices. In general, water quality of the rivers at the upstream stations was not good. The diversity indices decreased from
upstream to downstream, and the biological indices showed a similar reduction in water quality from upstream to downstream.
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Introduction

There are many areas in the world where surface water is the
only source of water for domestic, agriculture and industrial
uses, but despite water shortages, misuse of water is wide-
spread (Karr 1998; Sharma and Chowdhary 2011; Shokri
et al. 2014). Therefore, water quality assessment is of partic-
ular importance (Asheghmolla et al. 2016). The study and
identification of river quality is insufficient using only com-
mon measurement methods such as physical and chemical
parameters of water, because they provide information re-
stricted to the sampling time; while bioassessment is a low-
cost and rapid field method requiring little laboratory equip-
ment and provides acceptable results compared to physical
and chemical evaluation (Esmaili Sari 2003; Aazami et al.

2015; MacEdo et al. 2016). One bioassessment method uses
macroinvertebrates, which have different levels of resistance
to pollution, and the difference is clearer for some species.
Some of these species are only able to survive in clean water,
free of any contamination, and some can survive in highly
contaminated waters, so that the presence or absence of these
aquatic organisms and their sensitivity to contaminations in-
dicates water quality (Cooper and Knight 1991; Bere et al.
2016; Raburu et al. 2017). Consequently, biological studies
to determine water quality have been considered.

The health status of a river can be determined by compar-
ing biological indices (Stephens and Farris 2004). The basis of
all these indices is the sensitivity of different species to chang-
es in water quality. The Biological MonitoringWorking Party
(BMWP) is the most common biological index proposed for
the assessment of water quality in water bodies (Pescador et al.
1995). In the BMWP index, organisms are identified to family
level and each family is assigned a score based on the degree
of resistance to pollution and, finally, with the addition of
scores, water quality can be calculated (Wally and Hawkes
1997). Another index is the Average Score Per Taxon
(ASPT). In water quality assessment, the ASPT index is more
reliable than the BMWP index (Esmaili Sari 2003) because,
unlike the BMWP index, the ASPT index is independent of
factors such as seasonal variation and variation in biodiversity,
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so this index is a better measure of water quality (McCafferty
1983). Another indicator is the Hilsenhoff Family Biotic
Index (HFBI), which allows a faster evaluation than other
biological indices. The HFBI index is based on the identifica-
tion of benthic invertebrates at the family level and their tol-
erance to pollution (Hilsenhoff 1988). A fourth index is the
Ephemeroptera Plecoptera Trichoptera (EPT) index, which
measures organism sensitivity to environmental stresses and
is based on the number of organisms in these three orders
(Fries and Bowles 2002).

Biodiversity includes genetic diversity, species and ecosys-
tem diversity, and hence encompasses the entire diversity of
the world. It is important to identify, preserve and protect
biodiversity globally and in each region. The number of spe-
cies and their abundance are two important principles descrip-
tors of in any biotic community, and species diversity repre-
sents the stability of an ecosystem, community and is related
to patterns and processes in an ecosystem (Ejtehadi et al.
2012). The rivers are habitats of many species of aquatic an-
imals, with each of them having a distinct flora and fauna.

Measuring diversity can be done in a variety of ways. The
most widely used methods include the Shannon-Weiner,
Simpson and Margalef indices. The Shannon-Wiener Index
is based on the relative frequency of species and assumes that
individuals are randomly sampled from a very large commu-
nity (Shannon and Wiener 1949). The Simpson Diversity
Index emphasizes the most abundant species and has limited
sensitivity to species richness. In this index it is assumed that
all species in the community are present in the collected sam-
ples and that the samples collected are a good representation
of the target community. Another index used in this study is
the Margalef Richness Index, which is based on the total
number of species (S) and the total number of individuals of
all species (N) (Ejtehadi et al. 2012).

The Dehbar River is one of the most important permanent
rivers in Khorasan Razavi Province, Iran. The water quality of
this river is important because the water is used for agricultural
purposes in gardens and farms along the river and it is also
stored in Golestan Dam and is used in Mashhad city. The
Zoshk and Kang rivers, besides supplying drinking water to
local population around the rivers, are also used for farming
and fish breeding. Therefore, the present study pursued the
following goals: (i) to identify and investigate the diversity
of benthic macroinvertebrate communities; and (ii) to use of
macroinvertebrate as a bioindicator to assess water quality in
the Dehbar, Kang, and Zoshk rivers.

Materials and methods

The Dehbar River is located in Khorasan Razavi Province,
Iran. It has a longitude of 59°24′ E and a latitude of 36°18′
N in the Qar-e-Ghom watershed and eventually flows into the

Golestan Dam. The Zoshk River is located 30 km northwest
of Mashhad, Shandiz, Zoshk village. This river is one of the
high-discharge rivers in Mashhad. It originates from the high-
lands of the Binaloud Mountain Range and finally it flows
into the Kashafrod River. The Kang River also originates in
the highlands of the Binaloud Mountain Range, is 17 km long
and an average slope of 7% (Table 1) (Fig. 1).

Sampling was carried out between November 2016 (autumn)
and August 2017 (autumn), and was repeated at intervals of
45 days. Sampling did not take place in the winter because of
snowfall and blocked roads, so data were collected from three
seasons: spring, summer and autumn. Six stations on the Dehbar
River, two stations on the Zoshk River and two stations on the
Kang River were selected. The sampling of the benthic macro-
invertebrates was carried out by a Surber sampler (with 500 μm
net and with a sampling surface of 12 × 12 in.), with three rep-
lications at each station Samples were transferred to plastic con-
tainers after initial washing with river water and fixed with 4%
formalin. After preparing the samples in the laboratory, the sam-
ples were identified under a stereomicroscope using a valid iden-
tification key (Tachet et al. 2000).

Diversity indices

Shannon-Wiener diversity index (H)

The Shannon-Wiener Diversity Index (H) is calculated from
the following formula:

H ¼ ∑
s

i−1

Ni

N
Ln

Ni

N

where N is the total population size of all species, Ni is the
proportion of individuals found in the species i, and S is the
total number of species.

To evaluate the effects of organic contamination on the
demographic structure of aquatic ecosystem organisms, the
classification proposed byWilhm andDorris (1968) was used.
Based on this classification, a Shannon-Wiener diversity in-
dex less than 1 represents a highly contaminated ecosystem,
between 1 and 3 indicates a relatively contaminated ecosystem
and more than 3 represents a non-contaminated ecosystem.

Margalef’s richness index (R)

Margalef’s Richness Index (R) is derived from the following
formula:

R ¼ S−1
Ln N

where S is the number of species and N is the total number of
individuals in the sample.
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Table 1 Description of sampling stations in the Dehbar, Kang and Zoshk rivers

River Station
number

Station
code

Longitude Latitude Altitude (m) Width (cm) Distance from
previous station (km)

Features of stations

Dehbar 1 1D 59°17′41′´ 36°15′02′´ 1592 120 – River upstream

2 2D 59°19′47′´ 36°15′24′´ 1466 150 3.2 River upstream

3 3D 59°20′57′´ 36°16′59′´ 1358 200 3.5 Upstream of the fish farm

4 4D 59°23′39′´ 36°18′15′´ 1240 150 4.7 Downstream of the fish farm,
gardens and tourist
activities and upstream
of the residential areas

5 5D 59°24′23′´ 36°18′44′´ 1212 210 1.5 Downstream of the residential
areas

6 6D 59°24′43′´ 36°19′03′´ 1202 230 0.8 Upstream of Golestan Dam

Zoshk 1 1Z 59°10′57′´ 36°19′28′´ 1786 150 – River upstream of the fish farm

2 2Z 59°17′00′´ 36°23′24′´ 1394 210 12.5 Downstream of the fish farm
and tourist activities

Kang 1 1 K 59°15′00′´ 36°19′58′´ 1571 160 – River upstream of the fish farm

2 2 K 59°18′14′´ 36°21′34′´ 1374 220 6.1 Downstream of the fish farm
and tourist activities

Fig. 1 Locations of the stations
and the Dehbar, Kang and Zoshk
rivers
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Simpson’s diversity index (D)

The Simpson Diversity Index (D) was presented by
Simpson in 1949. In 1972 Krebs showed how to calculate
it with the following formula (Krebs 1972),where ni is the
total number of organisms of a particular species, N is the
total number of organisms of all species and S is the total
number of species.

D ¼ 1−
∑s

i¼1ni ni−1ð Þ
N N−1ð Þ

Biological indices

Hilsenhoff index (HFBI)

This Index provides a measure of the tolerance of families
to contamination, with scores between 0 and 10. Zero
score indicates no resistance of a benthic macroinverte-
brate family to contamination and a score of 10 indicates
high resistance of the family to the contamination
(Hilsenhoff 1988). The index is calculated based on the
following formula:

HFBI ¼ ∑ TVið Þ nið Þ=N
where TVi is the score for each family, ni is the number of
individuals per family and N is the total number of spec-
imen per sample. After calculating the Hillsenhof index
scores, the water quality class is determined based on the
interpretation in Table 2.

Biological monitoring working party (BMWP)

The scoring in this system is based on the resistance of each
family to organic contamination. The highest and lowest
scores are assigned to families with the highest and lowest
resistance to contamination, respectively. Finally, the scores
of the families are gathered together and the BMWP score for

each station is obtained. The BMWP index is calculated ac-
cording to the formula:

BMWP ¼ ∑N*B

where N is the number individuals of families present at each
station and B is the score of the BMWP index (Hawkes 1998).
The water quality classification based on the BMWP index is
shown in Table 3.

Average score per taxon (ASPT)

This index is calculated based on the following formula,
where ASPT is the ratio of BMWP and N is the total number
of taxa at the station. The water quality classification based on
the ASPT index is shown in Table 3.

ASPT ¼ BMWP=N

EPT index

The EPT index is based on three orders, Ephemeroptera,
Plecoptera, and Trichoptera, as they are considered most sus-
ceptible to contamination. The value of the index increases
with decreasing degree of contamination. Calculation of this
index is based on the sum of families in these three orders in
the sample (Mandaville 2002). The water quality classifica-
tion based on this index is shown in Table 3.

Statistical analysis

Diversity indices were calculated using PAST software. The
normality of the data was assessed using the Kolmogorov-
Smirnov test. The analysis of variance (two-way ANOVA)
test was used to determine the significant difference between
the biological indices and diversity indices between seasons
and rivers. The analysis of variance (one-way ANOVA) was
also used to determine the significant difference between the
mentioned indices and to determine the effect of other envi-
ronmental variables among the upstream stations. The
Spearman test was used to determine the correlation between
biological indices. Data were analyzed using SPSS software
and graphs with Excel software.

Results

Abundance of benthic macroinvertebrates in different
seasons

A total of 21 families from seven orders of benthic macroinver-
tebrates were identified during ten months of sampling (from
November 2016 to August 2017) from the Dehbar, Zoshk and

Table 2 River water classification system based on the values of the
HFBI Index (Hilsenhoff 1988)

HFBI Water quality Degree of organic pollution

0.00–3.75 Excellent Organic pollution unlikely

3.76–4.25 Very good Possible slight organic pollution

4.26–5.00 Good Some organic pollution probable

5.01–5.75 Fair Fairly substantial pollution likely

5.76–6.50 Fairly poor Substantial pollution likely

6.51–7.25 Poor Very substantial pollution likely

7.26–10.00 Very poor Severe organic pollution likely
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Kang rivers (Table 4). In these three rivers the most frequently
recorded macroinvertebrates were observed in the autumn sea-
son. In the Dehbar River, the most frequent taxa belonged to the
Trichoptera, Ephemeroptera and Oligochaeta, and the lowest
frequencies were in Coleoptera and Gastropoda. In the Zoshk
and Kang rivers, the highest frequencies were found in Diptera
and Ephemeroptera and the lowest frequencies were observed in
Coleoptera, Plecoptera, and Gastropoda.

Diversity indices

The Simpson, Shannon-Weiner and Margalef Diversity
Indices in the Dehbar River are shown in Table 5. In the

Dehbar River, the Simpson Index range was between 0.61
and 0.79, in the 3D and 6D stations respectively. The highest
and lowest values of Simpson, Shannon-Weiner, and
Margalef Indices were observed in spring and autumn, respec-
tively (Table 5). Diversity indices studied in the Zoshk and
Kang rivers indicated that the highest and lowest values of the
Simpson Index were at the 1 K and 2Z stations in spring,
respectively. The mean range of Shannon-Weiner’s Iindex in
different seasons in the Dehbar River was between 1.16 and
1.24, in the Zoshk River between 1.49 and 0.59, and in the
Kang River between 1.74 and 1.21. The highest value of the
Shannon-Weiner index was obtained at the 1Z station in sum-
mer and the lowest value at the 2Z station in spring. The
highest value of the Margalef Index was observed at the 1 K
station in autumn and the lowest value at the 2 K station in
summer (Table 5).

Biological indices

The value of the BMWP Index in the Dehbar River increased
from spring to autumn, with the 1D, 2D, 3D, 4D and 5D
stations in the “very good” quality class and the 6D station
in the “bad” quality class (Table 3). Results for the ASPT
index showed that stations 1D, 2D and 4D were in the “mod-
erate” quality class and stations 3D, 5D, and 6D were in the
“highly polluted” quality class (Table 3). Using the HFBI
index, stations 1D, 2D and 4D were in the “good” quality
class, station 3D station was “fair” quality, and stations 5D
and 6D were in the “poor” quality class (Table 2). The results
of the EPT index placed stations 1D, 2D, 3D and 4D in the
“clean” quality class and stations 5D and 6D was in the “pol-
luted” class (Fig. 2; Table 3).

In the Zoshk and Kang rivers, the highest values of the
BMWP, ASPT and EPT indices were observed at the up-
stream stations and the lowest values were observed at the
downstream stations. In contrast, the highest value of the
HFBI index was recorded at the downstream stations and the
lowest value at the upstream stations of the two rivers (Fig. 2).
There was significant correlation between the BMWP, ASPT
and EPT indices (p < 0.05).

Table 3 Water quality classification based on the values of the BMWP Index (Mandaville 2002), ASPT Index (McCafferty 1983) and EPT Index
(Hamzaraj et al. 2014; Zakaria and Mohamed 2018)

Index

BMWP ASPT EPT

Score Category Interpretation Score Category Interpretation Score Interpretation

0–15 Very poor Heavily polluted <4 Poor Severely polluted <2 Polluted

16–50 Poor Polluted or impacted 4–5 Moderate Moderately polluted 2–5 Clean

51–100 Moderate Moderately impacted 5–6 Doubtful Probable polluted 6–10 Good

101–150 Good Clean but slightly impacted 6< Good Unpolluted >10 Very good

150 < Very good Unpolluted, unaffected

Table 4 Benthic macroinvertebrates identified in the Dehbar, Zoshk
and Kang rivers

Phylum Class Order Family

Annelida Oligochaeta Clitellata Tubificidae

– Lumbricidae

– Enchytraeidae

Mollusca Gastropoda Neotaenioglossa Hydrobiidae

Basomatophora Lymnaeidae

Arthropoda Insecta Ephemeroptera Baetidae

Heptageniidae

Diptera Limoniidae

Simuliidae

Tipulidae

Athericidae

Tabanidae

Chironomidae

Psychodidae

Plecoptera Capniidae

Perlidae

Trichoptera Hydropsychidae

Polycentropodidae

Molannidae

Philopotamidae

Coleoptera Cantharidae
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Discussion

The abundance of benthic macroinvertebrates

The study of the structure of benthic macroinvertebrates com-
munities in aquatic ecosystems is of particular importance in
ecological studies. The importance of benthic macroinverte-
brates is not only due to their role in the food chain, but also
due to the presence or absence of particular species indicating
water quality in terms of possible contamination (Griba et al.
2017; Ejlali Khanghah et al. 2017). In this study, 21 families
of benthic macroinvertebrates were identified in the Dehbar,
Zoshk, and Kang rivers. At the upstream stations (stations
1D, 2D, and 3D), the most frequent orders belonged to
Ephemeroptera, Trichoptera and Plecoptera and the least fre-
quent to the orders Diptera and Oligochaeta. At the down-
stream stations (stations 5D and 6D), the most frequent orders
belonged to Oligochaeta and the least frequent to
Ephemeroptera, Trichoptera, and Plecoptera. Individuals of
EPT (Ephemeroptera, Trichoptera, and Plecoptera) are spe-
cies susceptible to contaminations (Masese et al. 2009;
Kalyoncu and Zeybek 2011; Rosero-López et al. 2019).
From the upstream to downstream stations, the frequencies
of EPT orders were reduced and the frequencies of species
resistant to contamination, such as the family of
Chironomidae (Diptera) and Lumbricidae (Oligochaeta),

increased. Oligochaeta was the most frequent and abundant
order (92%) in terms of numbers of individuals at the down-
stream station (6D), possibly due to the uncontrolled waste-
water discharge from villages and cities.

Similar results were observed in the Zoshk and Kang
rivers. At the upstream stations on both of these rivers,
individuals of orders which were sensitive to contamina-
tion (Ephemeroptera, Trichoptera, and Plecoptera) had a
high abundance in the macrobenthos, while at the down-
stream stations, contamination-resistant macrobenthos
(Diptera and Oligochaeta) had the highest percentages.
Ephemeroptera, Trichoptera and Plecoptera are sensitive
to contamination and usually indicate the health status of
the water (Perkins 1983). In general, species of the family
Baetidae (Ephemeroptera) and species of Hydropsychidae
(Trichoptera) were found abundantly in all three studied
rivers, which indicated their good water quality status.
The results of a study conducted in Singye Chhu River,
Bhutan, showed that Trichoptera, Ephemeroptera and
Plecoptera (pollution-sensitive benthic macroinvertebrates)
were the dominant orders at upstream stations, whereas
Basommatophora and Diptera (pollution-tolerant benthic
macroinvertebrates) were the dominant orders at down-
stream stations. The results from the Osumi and Devolli
rivers in Albania (Duka et al. 2017) were similar to those
obtained in the present study.

Table 5 The values of the Simpson, Shannon Weiner and Margalef Indices in different seasons in the Dehbar, Zoshk and Kang rivers

Station code Season Dehbar River Station code Season Zoshk River

Simpson Shannon Margalef Simpson Shannon Margalef

1D Spring 0.61 1.16 1.28 1Z Spring 0.38 0.69 0.63

Summer 0.64 1.06 0.43 Summer 0.66 1.29 0.7

Autumn 0.56 1.08 1.4 Autumn 0.56 1.1 0.83

2D Spring 0.48 1.01 1.31 2Z Spring 0.19 0.39 0.47

Summer 0.53 1 0.75 Summer 0.61 1.1 0.52

Autumn 0.74 1.53 1.37 Autumn 0.56 0.98 0.8

3D Spring 0.79 1.82 2.14

Summer 0.64 1.3 0.99

Autumn 0.75 1.56 1.48

Kang River

4D Spring 0.65 1.36 1.31 1 K Spring 0.75 1.48 0.87

Summer 0.72 1.33 0.75 Summer 0.46 0.87 0.8

Autumn 0.71 1.57 1.59 Autumn 0.31 0.66 0.94

5D Spring 0.66 1.29 0.94 2 K Spring 0.53 0.94 0.79

Summer 0.58 0.98 0.47 Summer 0.64 1.06 0.6

Autumn 0.61 1.24 1.62 Autumn 0.46 0.82 0.86

6D Spring 0.5 0.83 0.75

Summer 0.49 0.69 0.33

Autumn 0.16 0.3 0.41
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In the present study, the highest frequency of macrobenthos
was observed in the 1D, 1Z and 1 K stations, which could be
due to the pristine nature of these areas and the absence of
environmental stress such as household wastewater. In most

studies on rivers, from upstream to downstream, the abundance,
variety and density of the macrobenthos are reduced. In a study
on the Zaremroud River in Iran the upstream station (station 1)
had better quality water than the downstream stations and its

Fig. 2 Values of the biological indices in the Dehbar, Zoshk and Kang rivers. a BMWP index, b ASPT index, c HFBI index and d EPT index in the
Dehbar River; and e BMWP index, f ASPT index, g HFBI index and h EPT index in the Zoshk and Kang rivers
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macrobenthos diversity and density were higher (Azimi et al.
2015). Similar results were obtained in a study on the Singye
Chhu River in Bhutan, where upstream stations (stations 1 and
2) had a higher abundance of benthic macroinvertebrates com-
pared to other stations (stations 3 and 6). So that the numbers of
the organisms were reduced from the upstream to downstream
of the Chhu river (Giri and Singh 2012). Verberk et al. (2002)
investigated benthic invertebrate diversity and abundance in the
Nen River in Amsterdam and found that the frequencies of
benthic macroinvertebrates were significantly different among
stations. Also, from upstream to downstream, stations had re-
duced organism variety and density (Verberk et al. 2002).
Giorgio et al. (2016) reviewed the quality of the Picentino
River in Italy and found that the frequency of macrobenthos
communities decreased from the upstream to downstream
(Giorgio et al. 2016).

Diversity indices

The macrobenthic diversity index can be used to enhance
understanding of biological health (Washington 2003). The
Shannon-Weiner Index is one of the most popular and com-
monly used indices. It is an indicator of the species present and
represents the richness of the species as a numerical quantity.
Its use is based on the assumption that the structure of a
macrobenthic community changes with environmental pertur-
bations, because some species are more affected by environ-
mental stress than others (Wilhm and Dorris 1968).

Values of the Shannon-Wiener Index vary from 1 to 5, with
lower values indicating higher pollution (Wilhm and Dorris
1968). There were fewer variations between downstream sta-
tions (6D, 2Z and 2 K) due to the lower level of this index than
at the upstream stations. In all other stations, the index values
decreased from the upstream to downstream, which was sim-
ilar to the results obtained in the San Marcos River in USA
(Fries and Bowles 2002). In a study carried out in the Tajan
River in Iran, the highest value of this index was observed at
the upstream station (Station 1), and in other stations the index
decreased from the upstream to downstream (Shokri et al.
2014). According to the Shannon-Weiner Index and Wilhm
and Dorris’ classification (Wilhm and Dorris 1968; Shokri
pour and Ashja Ardalan 2017), in this study the Dehbar
River showed a moderate contamination and the Zoshk and
Kang rivers showed a high contamination.

The Simpson Index indicates the degree of dominance and it
is most often used to determine the dominance between species
populations. From upstream to downstream, the results showed
that the distribution of individuals between species was close
and this index was close to zero. As a result, downstream sta-
tions had amore uniform distribution than the upstream stations,
indicating less diversity in upstream stations than downstream
stations. The range of the Simpson Index was between 0.19 and
0.66 in the ZoshkRiver, and between 0.31 and 0.75 on the Kang

River. The results showed that the Zoshk River had a more
uniform distribution than the Kang River. The results also
showed that Simpson Index values were higher in the Kang
River than the Zoshk River, and the families Baetidae and
Lumbricidae were dominant at 1 K and 2 K stations, respective-
ly, in the Kang River. In a study of macrobenthos conducted on
the Beishi, Tonghou, Nanshi and Xindian streams in Taiwan by
Narangarvuu et al. (2014), the Simpson Index values at the
reference stations (XD3 andXD4)were higher than at the down-
stream stations (XD6 and XD7) (Narangarvuu et al. 2014).
Similarly, in a study conducted in the Langat River in
Malaysia, the Simpson index values were significantly higher
upstream (Stations 1 to 4) than downstream (stations 5 to 8)
(Azrina et al. 2006).

The Margalef Diversity Index represents diversity in bio-
logical populations. It is an ideal index for comparing
macrobenthic communities, and determines rich and poor eco-
systems in terms of species numbers. The greater its numerical
value, the better the river’s quality (McCafferty 1983). The
Margalef Index range was between 0.33 and 2.149 at stations
3D and 6D, respectively, in the Dehbar River. The highest and
lowest value of the index was in spring and autumn. In the
Zoshk and Kang rivers, the highest value of this index was
recorded at station 1 K in autumn and the lowest index value
was found at station 2 K in summer. In general, the Kang
River had a greater richness than the Zoshk River at all sea-
sons. In the present study, the values of the Margalef index at
the upstream stations were higher than those at the down-
stream stations. Similar results were obtained in studies in
other rivers. For example, Ogbeibu and Oribhabor (2002), in
a study in the Tajan River in Iran, found that the highest
Margalef index value was at an upstream station (station 1)
and the lowest value was at a downstream station (station 3).
Studies water quality in the Langat River in Malaysia (Azrina
et al. 2006) and Shahrood River in Iran (Sharifinia et al. 2016)
also showed that the value of this index decreased from up-
stream to downstream. In a study conducted in the Tajan
River, the results showed that the index value decreased at
the stations downstream of fish farms (stations 2 and 3), which
indicates a decrease in macrobenthos diversity (Imanpour
Namin et al. 2013).

Assessment of water quality using the BMWP, ASPT,
HFBI and EPT biological indicators

According to the BMWP index results, the water quality of the
Dehbar River was classified into two qualitative classes, good
and bad; while the Zoshk and Kang rivers were classified into
two qualitative classes of very good and good. The lowest
index value at the 6D station was in summer and the highest
one was at the 1D station in the Dehbar River in the autumn. In
the Zoshk and Kang rivers, the lowest index values were re-
corded at the 2Z and 2 K stations and the highest index values
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were recorded at the 1 K and 2 K stations. In calculating the
BMWPT index, families with a higher resistance to contami-
nation received a lower score. Therefore, reduction in the in-
dex at the 6D station meant an increase in pollution-resistant
groups. On the other hand, increase in the BMWP index at the
1D station was due to the higher relative abundance of species
that are sensitive to pollution.

The quality of the Tajan River is classified using the BMWP
index in three categories: good, moderate and bad. In this river,
the downstream station showed the lowest value in summer.
One of the reasons for this decline was the reduction in water
flow and, consequently, the increased impact of industrial pol-
lution on the river (Shokri et al. 2015). In another study, the
water quality of the Langat River was classified according to
the BMWP index into two classes: good and very poor. The
values of this index were significantly higher in the upstream
stations than in the downstream stations (Azrina et al. 2006).

The results of the ASPT Index indicated that the Dehbar,
Zoshk and Kang rivers were subject to either medium or se-
vere contamination. The lowest value of the ASPT index was
recorded at stations 5D and 6D and the highest value at sta-
tions 1D and 2D in the Dehbar River. In general, the ASPT
Index score decreased from the upstream to downstream,
which could be due to an increase in pollution from fish farm-
ing, urban and rural wastewater and agricultural waste from
localities adjacent to the river. In the Dohezar River, the ASPT
Index decreased from upstream stations to downstream sta-
tions. One of the possible reasons was the increase in organic
contamination caused by fish farms (Mesgaran Karimi et al.
2012). In another study on the Haraz River using this index,
the river water quality was classified as moderately to severely
contaminated (Banagar et al. 2018).

The results of the HFBI Index indicated that the stations
studied in the Dehbar River belonged to four classes: good,
fair, poor and very poor. In the Zoshk River the stations were
allocated to fairly poor and very poor classes, and in the Kang
River to two classes, good and fair. In the Dehbar River, the
1D, 2D and 4D stations were classified as good, the 3D station
was fair, and the 5D and 6D stations were classified as rela-
tively poor and very poor, respectively. At the 5D and 6D
stations, compared to other stations in this river, the number
and frequency of families of benthic macroinvertebrates resis-
tant to contamination increased and the number of species of
families sensitive to contamination was reduced. This was
likely due to the input of agricultural and domestic waste
waters, the 2Z and 2 K stations showed high values of the
HFBI Iindex due to their location downstream from fish farms
and tourist activities that caused the entry of wastewaters into
the river. The water quality at 2Z and 2 K stations from the
Zoshk and Kang rivers were similar to the 5D and 6 D stations
from the Dehbar River. In general, the HFBI Index showed a
decrease in all rivers studied in autumn, which could be due to
increased rainfall and reduced pollution load.

Using the HFBI index, stations in the Haraz River were clas-
sified as very good to very poor (Banagar et al. 2018). The
Beishi, Tonghou, Nanshi and Xindian streams in Taiwan were
also classified as excellent to poor (Narangarvuu et al. 2014). In
the Shahroud River in Iran, use of this Index also showed that
the highest index values were at the stations downstream of fish
farms (Dadgar et al. 2014). Water quality assessment of the
Enfranz River in Ethiopia with macrobenthos and the HFBI
Index showed that the water quality was lower in the down-
stream parts, which were severely affected by human activities
(Mehari et al. 2014).

In the present study, the EPT orders represented a signifi-
cant percentage of the composition of macroinvertebrates at
the 1D, 2D, 3D, and 4D stations. Since these organisms be-
long to pollution-sensitive orders, this confirmed the good
quality of the Dehbar River at these stations (Mehari et al.
2014; Archna et al. 2015). At stations 5D, 6D, 2Z and 2 K,
the percentage of individuals in the EPT orders was reduced,
while the percentages of Diptera and Oligochaeta were in-
creased. Changes in the frequency of these orders at these
stations could be due to the presence of stressors such as the
entry of fish farms’ wastewater, agricultural and household
wastewater, and other human activities.

In general, it can be stated that in contaminated areas,
pollution-sensitive groups (including EPT) are reduced and,
conversely, pollution-resistant groups are increased
(Narangarvuu et al. 2014; Onana et al. 2019). Changes that
occur in the composition and abundance of macroinverte-
brates are in response to environmental factors and environ-
mental stresses, and maintain ecological balance (Fore et al.
1996). Banagar et al. (2018) in a study in the Haraz River in
Iran concluded that the effluents from fish farming could lead
to the reduction of pollution-sensitive groups and an increase
in pollution-resistant groups. Khosh Akhlagh et al. (2015)
obtained similar results by studying the water quality of the
Marber River in Iran. The results showed that the EPT index
values were lower at the stations downstream of fish farms
than in upstream stations, and the values of this index in-
creased with distance from the farms. In the Ebrie Lagoon in
Ivory Coast, the EPT index values at downstream stations
were lower than at the reference stations, due to the presence
of human activities (Yoboué et al. 2020).

By comparing the values of the BMWP, ASPT, HFBI and
EPT indices in the Dehbar, Zoshk and Kang rivers in eastern
Iran with data from other rivers in other parts of Iran, such as
the Tajan River (Shokri et al. 2014), the Zaremroud River
(Azimi et al. 2015), the Cheshmekile River (Abbaspour
et al. 2013) and the Haraz River (Banagar et al. 2018), all in
north Iran; the Dez River and Shahroud River in west Iran
(Mohammadi Roozbahani et al. 2013; Dadgar et el. 2014);
the Helleh River in south Iran (Tabatabaie et al. 2010), it can
be stated that in almost all rivers, the trend of changes in
indices from upstream to downstream shows a similar pattern,
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i.e. decrease of values of the BMWP, ASPT and EPT indices
from upstream to downstream with decreasing water quality,
and increase of the HFBI index values from upstream to
downstream with decreasing water quality.

The results of analysis of variance showed that the biolog-
ical indices (HFBI, BMWP, ASPT and EPT) and diversity
indices (Shannon-Wiener, Margalef and Simpson) did not dif-
fer significantly between seasons and rivers (p > 0.05)
(Table 6). Similar results were obtained by Xu et al. (2016)
on the frequency and factors of season and region in the
Yellow Sea in China. However, different results have been
obtained by Shou et al. (2009) from the Zhoushan Sea in
China, where there was a significant difference between the
Shannon-Wiener Index among the seasons, although no sig-
nificant difference was recorded between the regions.

The possible effect of environmental variables on the stud-
ied indices was evaluated using ANOVA. The analysis re-
vealed significant differences between the values of biological
indices (HFBI, BMWP, ASPT and EPT) and diversity index
(Shannon-Wiener) among the upstream stations (p < 0.05).
These results suggest that other factors are likely to affect
the community’s composition and biotic indices in the stations
studied. Therefore, it is necessary to examine other environ-
mental variables in similar and future research.

Conclusion

The Shannon-Weiner, Simpson and Margalef Diversity
Indices showed that the diversity of macrobenthos in the
Dehbar River was higher than in the Zoshk and Kang rivers.
Since the use of only one biological index cannot adequately
reflect the health status (water quality) of a complex river
ecosystem, in this study several diverse biological indices
such as BMWP, ASPT, HFBI and EPT were used and the
results were consistent. In general, it can be concluded that
the water quality of the rivers at the 1D, 2D, 3D, 1Z and 1 K
stations (upstream stations) was suitable, while the water qual-
ity at the 4D, 5D, 6D, 2Z, and 2 K stations (downstream
stations) was unsuitable. Poor water quality at downstream
stations can be due to various human activities such as aqua-
culture (fish farms), agriculture (use of pesticides and fertil-
izers and their entry into the river ecosystem) and other activ-
ities such as the entry of pollutants from human settlements,
including sewage and wastewater into the rivers. Effective
decision-making managers will hopefully take note of these
results, particularly with regard to pollution caused by agricul-
tural wastewater. The results generally indicate that biological
indices can be a good tool for monitoring the quality of water
in rivers. However, it should be noted that the results also
pointed to other environmental factors affecting the composi-
tion of communities and biotic indicators.
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