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The Haraz River is one of the most important rivers in the Caspian Sea basin. In order to investigate changes in the taxa abundance
composition and feeding groups of the benthic macroinvertebrates, twelve-time sampling was carried out at nine stations along
three different sites: (1) before, (2) into, and (3) after Amol City. Results showed impacts of anthropogenic activities caused by the
urbanization and development on the occurrence of benthicmacroinvertebrates taxa. Families, Hydropsychidae andHeptageniidae
at site 1 and Tipulidae at sites 2 and 3, were significantly dominant. The feeding groups of gathering collectors and predators
increased from site 1 to site 3, while the filtering collectors and scrapers decreased. Consequently, our data supported the use
of the bioindicator concept for Haraz River. Some sensitive (Hydropsychidae, Heptageniidae, Baetidae, and Leuctridae) and
tolerant families (Tipulidae and Naididae/Tubificidae) are introduced as potential bioindicators of clean and disturbed river’s area,
respectively.

1. Introduction

The benthic macroinvertebrates have long been used as
indicators for biological monitoring programs. They play a
key role in freshwater ecosystems in linking decomposers and
producers food chains with top predators. They inhabited
throughout the length of the river with large number of
species, limited mobility, and relatively long lifespan, and so
forth [1–6]. These characters offer a spectrum of responses
to perturbations and, thus, their relative abundances have
been used to make inferences about pollution loads such
as organic pollution and nutrient enrichment [1, 3, 7–
9]. The physicochemical analyses of the water quality are
capable of detecting disturbance directly and only reflect the
water quality at the moment of sampling. In contrast, the
biological communities provide more faithful reflection of
environmental conditions, since they are continually exposed
to pollutants. Therefore, the study of biological communities

as a bioindicator can reveal the impacts of intermittent or
unrecorded pollution incidents [1–3, 9]. Nonetheless, the
use of macrobenthic invertebrates for bioindication purposes
seemsnot to be popular orwidespread in theAsian ecoregion.
However, this technique provides a cheaper and worth
method in river classification, as they are widely used in
the Northern American and European ecoregions [8, 9].
In rivers of the southern Caspian Sea basin and especially
Haraz River, information on the spatiotemporal variations
in abundance composition of benthic communities is still
extremely poor.The aims of our study are to (1) investigate the
benthic macroinvertebrate assemblages and their functional
feeding groups and (2) to analyze significant changes of their
accounts among different sites along the urbanized part of
Haraz River in relation to environmental conditions. Our
results indicate the potential use of benthic macroinverte-
brates for monitoring of Haraz River. Since the information
on the benthic macroinvertebrates and their monitoring in
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the southern Caspian Sea basin is too limited, the present
study in the Haraz River helps to develop further researches
on these invertebrates and their biotope. Since the frequent
supervision of the ecosystem integrity represents a priority
task for water resource assessment, these results can help us
to monitor and manage this river in the future.

2. Materials and Methods

The Haraz River is the second largest river in the southern
Caspian Sea which originates from central Alborz mountains
ranges and flows northwards through the flat plains in the
Mazandaran province and discharges into the Caspian Sea.
TheRiver basin covers an area of 5100 km2 with 185 km length
and average discharge of 940 × 106m3/year. The width of
river ranges from 50 to 500 meter and its slope increases
to 13% at different locations [10]. In the upstream mountain
part, because of the appropriate water there is an increasing
number of rainbow trout farms. It seems that this regionmore
or less affects by aquaculture effluent and river sand mining
activities. In the downstream plain part, Haraz River passes
through the heart of Amol City, a rapidly growing and heavily
industrialized city with a population of over 200,000 and an
area of 3185 km2. In this region, the water of Haraz River is
used as a major source for agriculture activities and is heavily
affected by untreated agricultural waste and domestic sewage.

The predominant substrates of sampling area include
gravel and boulder rocks with leaf litter and sand only
present in calm areas along the banks. The existence of sand
mining in the upstream part of river causes the following:
water appears much muddy and its color is brownish at
all times. At each site, tree stations situated in 500 meter
distance from each other. Site 1 (36∘25󸀠58󸀠󸀠N and 52∘21󸀠04󸀠󸀠E)
is situated in the entrance of city in a relatively undeveloped
area characterized by no urbanization, houses, or residential
communities. The water flowed faster and appeared much
clearer than at the other sites. Although as a control site is
not to be well conserved, as it is affected more or less by
agricultural, river sand mining, construction of dike, and
fish farming activities. Site 2 (36∘27󸀠50󸀠󸀠N and 52∘21󸀠30󸀠󸀠E)
is approximately 5 km from site 1 within Amol City limit in
the city center (Dehkadeh Talaii Park). It is an urbanized
area, as residential communities and houses are present in
the immediate surroundings. It often has been channelized
and dredged. Site 3 (36∘29󸀠40󸀠󸀠Nand 52∘22󸀠17󸀠󸀠E) is located in
end of the city limit (Saba Shahr), approximately 5 km from
site 2 where it is surrounded by agricultural lands. There is
direct pumping of the untreated urban sewage to the river
and garbage evacuation in the river bank. Water uptake from
the river for agricultural use decreases the flow volume before
the effluent discharge enters the river. The water is cloudier
and smelly and contains a lot of suspended matter due to
the sewage pollution. The substrate consists of rocks coated
with black color of decomposing bacterial. There is abundant
garbage and debris was deposited along the banks and within
the stream and it seems that this site is the most disturbed
one.

Sampling was carried out at nine stations in three differ-
ent sites (three stations at each site): before, into, and after
the Amol city along the Haraz River in 12 different time
points in summer of 2007, 2008, and 2009 (Figure 1). Three
replicates were collected using a 40 × 40 cm Surber Sampler
(with 0.360mm mesh size) from main permanently flow
parts and close to the vegetation at each station and were
stored in separate plastic containers. In the laboratory, the
contents from each container were gently sieved by a 0.5mm
mesh and the retained material was fixed in 4% buffered
formalin. Then, organisms were separated and identified to
the lowest possible level using a stereomicroscope. The water
samples were collected at each site from the top 30 cm of
the water column at the middle of the river by means of
an acid-washed plastic bucket and rinsed with water from
the site. Samples were stored in the bottles (for chemical
analysis) and sterile glass flasks (for bacteriological analysis),
cooled, transported to the laboratory, and processed within
12 hours of collection. For each sample, water quality param-
eters including dissolved oxygen (DO), fecal coliforms (FC),
pH, temperature (T), 5-day biochemical oxygen demand
(BOD

5
), nitrate (NO

3
), total phosphate (PO

4
), turbidity, total

solid (TS), and water flow (WF) were measured [11]. The
quantification of these environmental variables is important
since they can significantly influence the distribution and
abundance of aquatic organisms in stream ecosystems [6].

Prior to the statistical analysis, data were tested for the
normality (using Shapiro-Wilk) and the homogeneity of
variance (using Levene’s test). Significance of all tests was
accepted at 𝑃 < 0.05. Whenever data were normal and
homogeneous, one-way analysis of variance (ANOVA) was
used to test the differences values. Tukey’s test was used
to assess the significant differences among the sites. Data
from the three stations at each site (totaling 108 replicate
samples) were plotted separately and the sites were compared.
Nonmetric multidimensional scaling (nMDS) ordination
based on Bray-Curtis similarity of species abundances was
performed to visualize patterns of community similarities.
These analyses were carried out using the SPSS version 16 and
the PAST version 2.09. According to Merritt and Cummins
[12] identified macroinvertebrates were grouped into five
different feeding guilds that use the same resources in a
similar morphological and/or behavioral fashion including
gathering collectors, filtering collectors, predators, shredders,
and scrapers. At each site, the percentages of the feeding
guilds were calculated and shown in the graph.

3. Results

A summary description of the water quality parameters of
the sampling sites is provided in Table 1. One-way ANOVA
showed significant differences in means of dissolved oxygen,
fecal coliforms, 5-day biochemical oxygen demand, nitrate,
total phosphate, and water flow. There were no significant
differences in means of pH, temperature, turbidity, and total
solid among sites.

As a whole of 324 collected replicate samples, a total
of 8117 individuals with 11 orders, 18 families, and at
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Figure 1: Location of sampling sites in the Haraz River, southern Caspian Sea basin.

least 20 genera belonging to insects (Coleoptera, Diptera,
Ephemeroptera, Hemiptera, Odonata, Plecoptera, Proso-
branchiata, and Trichoptera), crustaceans (Amphipoda),
platyhelminthes (Turbellaria), and annelids (Oligochaeta)
were identified (Table 2). The benthic macroinvertebrate
community was dominated by insects throughout the sam-
pling sites, including the families Hydropsychidae (37.99 ±
29.86 ind/m2) and Chironomidae (36.77 ± 10.42 ind/m2),
but the dominant structure differed among particular sites.
The families, Hydropsychidae (68.13 ± 32.39 ind/m2) and
Heptageniidae (42.69 ± 16.31 ind/m2) at site 1 and Tipulidae
at sites 2 (35.01±14.44 ind/m2) and 3 (45.65±19.11 ind/m2),
were dominant. The orders, Diptera with four families and

five genera and Ephemeroptera with three families and four
genera, had the highest richness. Except Gomphidae, Elmi-
dae, andGammaridaewhich did not collect at site 2, the other
families were present at all sites. According Tukey test, total
abundancewasmaximumat site 1 (287.45±86.16 ind/m2) and
minimum at sites 2 (205.84 ± 14.83 ind/m2) and 3 (207.03 ±
60.60 ind/m2). Abundances of Hydropsychidae, Heptageni-
idae, Baetidae, and Leuctridae were significantly decreased
from site 1 to site 3, while Tipulidae and Naididae/Tubificidae
increased. In Figure 2 nonmetric multidimensional scaling
(nMDS) plot reflected the pattern of community structure
similarities. As shown, stations were separated clearly based
on the species abundances and physicochemical parameters.
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Table 1: Mean values (±standard deviation) of the physicochemical parameters.

Site 1 Site 2 Site 3
Dissolved oxygen (mg/L) 4.47 ± 0.36a 4.10 ± 0.48ab 3.84 ± 0.41b

Fecal coliforms (cfu/100mL) 19.77 ± 19.43a 78.82 ± 41.07b 181.06 ± 83.04c

pH 8.02 ± 0.09a 7.95 ± 0.10a 7.82 ± 0.17a

Temperature (∘C) 22.69 ± 5.05a 23.21 ± 7.84a 24.08 ± 6.30a

BOD5 (mg/L) 14.15 ± 7.22a 35.69 ± 19.01b 50.06 ± 17.13b

Nitrate (mg/L) 2.41 ± 0.96a 3.59 ± 1.22ab 4.34 ± 1.07b

Phosphate (mg/L) 0.06 ± 0.02a 0.12 ± 0.04b 0.11 ± 0.04b

Turbidity (NTU) 365.25 ± 116.47a 344.16 ± 96.52a 298.65 ± 153.94a

Total solid (mg/L) 614.40 ± 231.61a 578.26 ± 219.75a 564.76 ± 341.02a

Water flow (m3/s) 7.82 ± 2.01a 4.49 ± 1.73b 0.67 ± 2.19c

Letter case (superscript): variation among sites.

Table 2: Taxonomic composition and mean values ± standard Deviation of abundance (individual/m2) of the benthic macroinvertebrates.

Order Family Genus Site 1 Site 2 Site 3 Total
Amphipoda Gammaridae Gammarus 7.00 ± 7.09a 0.00 ± 0.00b 6.55 ± 0.87a 4.52 ± 5.11

Coleoptera Elmidae Narpus 14.60 ± 11.43a 0.00 ± 0.00b 14.18 ± 7.61a 9.59 ± 10.24
Dytiscidae Deronectes 8.89 ± 1.93a 12.47 ± 9.53a 9.18 ± 6.59a 10.18 ± 6.65

Diptera

Chironomidae Unknown 39.29 ± 10.21a 28.49 ± 6.90a 42.53 ± 9.18a 36.77 ± 10.42
Simuliidae Unknown 13.52 ± 13.09a 20.07 ± 19.38a 1.52 ± 1.65a 11.70 ± 15.06
Tabanidae Unknown 6.67 ± 6.80a 1.47 ± 1.66a 2.00 ± 4.47a 3.38 ± 5.14

Tipulidae Dicranota 9.50 ± 10.16a 25.00 ± 25.34ab 36.85 ± 32.43b 23.78 ± 25.90
Tipula 2.00 ± 2.83a 10.01 ± 3.53b 8.80 ± 5.98b 6.94 ± 5.47

Ephemeroptera

Baetidae Unknown 13.52 ± 13.09a 13.52 ± 13.09a 3.70 ± 3.68b 10.25 ± 11.37
Caenidae Caenis 1.47 ± 1.66a 1.47 ± 1.66a 1.47 ± 1.66a 1.47 ± 1.57

Heptageniidae Ecdyonurus 19.18 ± 14.16a 14.01 ± 8.99ab 4.67 ± 4.85b 12.62 ± 11.37
Heptagenia 23.51 ± 18.46a 1.47 ± 1.66b 2.80 ± 2.74b 9.26 ± 14.57

Hemiptera Gerridae Unknown 4.33 ± 4.68a 9.18 ± 4.34a 2.00 ± 4.47a 5.17 ± 5.25
Odonata Gomphidae Unknown 15.47 ± 13.10a 0.00 ± 0.00a 3.33 ± 3.59a 6.27 ± 10.09
Oligochaeta Naididae/Tubificidae Unknown 4.33 ± 6.16a 8.67 ± 8.69ab 13.35 ± 0.91b 8.78 ± 6.96
Turbellaria Planariidae Phagocata 11.00 ± 11.05a 16.67 ± 16.72a 15.47 ± 14.82a 14.38 ± 13.88
Plecoptera Leuctridae Unknown 13.52 ± 13.09a 6.98 ± 6.80ab 1.52 ± 1.65b 7.34 ± 9.56

Prosobranchiata Valvatidae Valvata 7.00 ± 7.28a 4.80 ± 2.01a 8.68 ± 4.16a 6.83 ± 4.99
Viviparidae Unknown 4.51 ± 2.17a 6.68 ± 6.78a 7.47 ± 4.50a 6.22 ± 4.79

Tricoptera Hydropsychidae Unknown 68.13 ± 32.39a 24.89 ± 15.69ab 20.97 ± 8.83b 37.99 ± 29.86
Total 287.45 ± 86.16a 205.84 ± 14.83b 207.03 ± 60.60b 233.44 ± 70.19

Letter case (superscript): significant variation among sites.

The feeding guilds compositions of themacroinvertebrate
assemblages are shown in Figure 3. The gathering and filter-
ing collectors were together dominant with about 60% of the
total individuals at all sites. In general, the percentages of the
gathering collectors and predators increased from site 1 to
site 3, while the filtering collectors and scrapers decreased.
The strong significant differences were observed just in
the percentage means of gathering and filtering collectors
between site 1 and 3. There is no difference in percentage
mean of shredders among sites.

4. Discussion

The results of physicochemical water quality parameters
showed significant differences inmeans of themore causative
organic pollution: dissolved oxygen, fecal coliforms, 5-day
biochemical oxygen demand, and also of the more causative
nutrient enrichment: nitrate, total phosphate, and also water
flow. These values are reflected by an extensive decrease in
water quality from site 1 to site 3 which are in agreement with
results of Pejman et al. [13] and Nasirahmadi et al. [14] in the
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Figure 3: Feeding groups composition of the benthic macroinver-
tebrate community.

same area. These results that coupled with results of Khajuie
et al. [15], Naderi Jolodar et al. [16], and Amirkolaie, [17] in
the mountain upstream showed that water quality of plain
downstream is much lower than upstream. There are several
anthropogenic factors that may directly affect the water
quality of this area. According to the high amount of fecal
coliform bacteria at site 3, the most important attributable
factor could be the direct pumping of untreated urban sewage
onto this part of river. Another important factor seems to be
the discharge of the untreated waste water from agricultural

lands with high amounts of pesticides and chemical fertilizer
into the river. In addition, water uptake/exploitation for
agricultural use, garbage evacuation to the river bank, dam
construction, sand mining, and fish farming activities could
have strong influences on the water quality. The impacts of
these anthropogenic activities on the water quality have been
previously documented in the most literature [5, 6, 8, 9, 16,
18]. As a result of river sand mining activities located before
Amol city, there were no significant differences in means of
turbidity and total solid between sites.

Overall, the benthic macroinvertebrates communities
were dominated by insects especially Hydropsychidae and
Chironomidae throughout sampling sites. The family Chi-
ronomidae was dominant or subdominant taxa at all sites
(13% at sites 1 and 2 and 20% at site 3). Due to their high
diversity, the species of Chironomidae adapted to different
habitat types from clean to highly disturbed, as they are
common taxa of benthic communities [9, 19–24]. Hydropsy-
chidae and Heptageniidae had the highest abundance at site
1, and their abundance decreased to site 2 and then to site 3.
This could be related to the increase in pollutions loads and
disturbances which was suggested before in southern Poland
[18]. This reduction trend was also observed in abundance of
Baetidae and Leuctridae. Generally, members of the orders
Ephemeroptera, Plecoptera, and Trichoptera are considered
to be sensitive to environmental stress and their establish-
ment signified relatively clean conditions. Thus decrease in
their abundance represents the lowerwater quality andhigher
degree of pollution, primarily organic pollution [1, 3, 7, 12].
Conversely, the family Tipulidae increased from site 1 to site
3 and had the maximum abundance at this site. A similar
pattern is obvious in Tubificidae Oligochaeta. These worms
are known to be able to tolerate a variety of stressful and
unfavorable conditions such as low DO concentrations and
high organic pollution [25–27] caused by sewage outfall.
Increasing abundance of gathering collectors Oligochaeta
was evident in river stretches affected by anthropogenic
organic pollution [6, 8, 9, 18, 27, 28]. In general, it could be
inferred that potential bioindicator taxa in undisturbed parts
are typically Hydropsychidae, Heptageniidae, Baetidae, and
Leuctridae, while in the polluted area they are Tipulidae and
Naididae/Tubificidae.

Result of this study showed that there were significant
differences in the total abundance of the benthic macroin-
vertebrates between site 1 and sites 2 and 3 (𝑃 < 0.05). A
wide variety of biotic and abiotic factors could affect species
abundances [3, 7] and so total abundance of community.
The above-mentioned anthropogenic factors could be the
reasons for the decrease in total abundance at sites 2 and
3. In comparison with the upstream mountain part of the
Haraz River and the other rivers in the southern Caspian
basin, the abundance of benthic community in the study
area is too low and is about 10 times lower than those areas
[23, 24, 29]. It seems that washing Macrofauna as a result of
heavy rainfall and flood events is an important reason for
the lower abundance in our study area. As we collected no
specimens in five other samplings carried out in permanent
flood conditions of winter, spring and autumn.
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Since feeding groups are sensitive to both natural and
anthropogenic changes occurring along rivers, the abun-
dance of each group is related to the status of environmental
conditions and feeding resources [7, 12, 30]. Specialized
feeders, such as scrapers and shredders, are themore sensitive
organisms and are thought to be well represented in healthy
streams [7]. Filter feeders are also thought to be sensitive
to pollution in low-gradient streams [31]. Thus a decrease
in the abundance of filtering collectors and scrapers groups
from site 1 to site 3 was acceptable. But predicted response
of shredders to increasing perturbation was not realized
and there is no difference in percentage mean of shredders
among sites. Many studies demonstrated significantly higher
abundance of gathering collectors in river stretches affected
by anthropogenic organic pollution and nutrient enrichment
[4, 18, 28] that is in agreement with results of our study.

5. Conclusion

Conclusively, the impacts of anthropogenic activities caused
by the urbanization and development on the water quality
and occurrence of benthic macroinvertebrates species were
obvious and noticeable in almost clean and heavily polluted
areas. Therefore, assemblage of certain macrobenthic species
in unpolluted/polluted parts of Haraz River indicated that
they could be used as potential pollution bioindicators.
Since the data on the biology, ecology, taxonomy, and life
histories of the benthic macroinvertebrates in rivers of the
southern Caspian Sea basin and Haraz River is lacking, the
present study is useful to develop further researches on these
invertebrates and their biotope. This type of researches could
provide valuable information in assessing and managing the
ecological status of the rivers. Besides, more taxonomic work
for the identification of organisms to species level should be
done in order to get better results.
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