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Abstract 

This research conducted a seasonal and stational assessment of the diversity indices of macrobenthic groups 
by collecting samples from five stations along the Jajrood River during the fall and winter of 2014 and the spring 
and summer of 2015. The stations were geographically GPS-located. Assessments based on the Hilsenhoff 
family biotic index (HFBI), Shannon-Wiener index (SWI), Simpson's diversity index (SDI), and Margalef's 
richness index (MRI) revealed a total of 5 orders, 15 families, 17 genera, and 19 species of macrobenthos along 
the river. For Jajrood macrobenthos, the greatest (4.30) and lowest (0.12) HFBI values were obtained in spring 
and fall, respectively. Likewise, the greatest (2.01) and least (0.55) SWI values were attained in spring and 
winter, respectively. Similarly, the greatest (0.93) and least (0.07) SDI values were observed in summer and 
spring. Ultimately, the greatest (1.89) and least (0.19) MRI values were recorded in spring and winter, 
respectively. 
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Introduction 

Benthic invertebrates or benthos are aquatic 
animals living at the bottom of water resources, in 
the sediments, or areas near the bed surface. 
Benthos are vital components of marine food 
webs and are a nutritional source for most aquatic 
species (particularly fish), thereby critically 
influencing energy and nutrient cycles. 
Macrobenthos are key contributors to organic 
matter mineralization processes and serve as the 
second or third trophic levels for other aquatic 
organisms. Accordingly, they are pondered as an 
indicator of the total production rate and water 
quality. Benthic animals possess marked diversity 
concerning resistance to pollution intensity and 
oxygen deficiency, with such diversity that is 
noticeable in some species, where some survive in 
immaculate waters and some can endure highly 
polluted waters (Macleod, 2000). 

Due to their unique characteristics, macrobenthos 
are more sought-after than other aquatic animals 
(e.g., fish and algae) in the ecological evaluations 
of marine ecosystems. Macrobenthos 1) possess 
“high species richness” that allows them to react 
variably to diverse environmental factors, 2) are 
often “sedentary or non-migratory”, enabling us 
to determine the extent of disturbances (i.e., by 
the presence or absence), 3) have a long life cycle, 

allowing to determine temporal effects of 
disturbing factors, and 4) reflect environmental 
changes periodically (i.e., delivering multifaceted 
data beyond sole physical and chemical data 
obtained at the time of sampling). A prevailing 
hypothesis maintains that clean (pollutant-less) 
water resources host more benthic taxa 
(particularly non-resistant species), whereas 
polluted water hosts low-diverse benthic taxa and 
is dominated by resistant species. 

Overall, direct physical and chemical observations 
include techniques such as photography and 
biological surveys (e.g., ecosystem filming). 
Nonetheless, the sensitivity of macrobenthos and 
their nexus with living ecosystems have, for 
decades, strived research worldwide to study 
these organisms for qualitative classification. 
Macrobenthos are paramount in ecological 
research to elucidate human environmental 
impacts, as they indicate developmental impacts 
on the environment and are biological indicators 
of water change and quality. 

Despite high-quality water holding a diverse and 
rich fauna of macrobenthos, clean aquatic 
environments may have trivial diversity of these 
organisms due to ambient temperature and low 
nutrients (Jonasson et al., 1972; Paul, 2003). 
Macrobenthos are mostly found in shallow rivers 
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floored with pebbles and rubbles, with wild water 
flowing and supplying oxygen and nutrients. The 
communities in such an environment are 
macrobenthos that require high dissolved oxygen 
and clean water and most of them are sensitive to 
water contamination. The larvae of springtails 
(order: Plecoptera) rely on high dissolved oxygen 
and prefer cold, gravelly waters. Likewise, mayflies 
(order: Ephemeroptera) are dominant species in 
cold, unpolluted water, and tolerate clean 
(moderately polluted) waters. The species in order 
Trichoptera live in ponds, lakes, rivers, and springs 
(Feminella, 1999). 

Turbidity restricts light penetration in water and 
photosynthesis by phytoplankton. Thus, turbidity 
imposes adverse effects on both predator 
macrobenthos (requiring adequate light to see 
and hunt prey) and those feeding on plants. As 
such, turbidity may interrupt the filtration process 
of filter-feeding organisms. Harsh sedimentation 
triggers macrobenthos attached to or living on 
rocks (e.g., mayflies, springtails, and species of 
Trichoptera) to leave their habitats, and these 
habitats will be then occupied by mud-resistant 
species (e.g., chironomids, worms, and gilled 
snails). Chironomids endure all water types (even 
brackish waters). Mollusks and gilled snails are 
sensitive to oxygen deficiency. Leeches mostly 
tolerate pollution, but pollution resistance may 
vary between species. Similarly, leeches live in 
warm, shallow aquatic environments and tolerate 
highly acidic waters (Zulriastin, 2003). 

Severely polluted waters contain huge volumes of 
organic matter or nutrients originating from point 
or non-point sources of pollution. These waters 
exhibit a trivial diversity of macrobenthos. The 
only benthonic species found in such polluted 
water are those enduring and growing with low 
oxygen or turbidity. Examples are species from the 
order “Tubificidae” and the larvae of bloodworms 
(order: Chironomidae). Sludge worms (Tubifex 
tubifex) (order: Tubificida) are frequent in soft 
sediments rich in organic matter. Some Tubificida 
worms are actively found in habitats with organic 
pollution and low oxygen. Lungworms (e.g., Physa 
sp.) live in waters with low or fully depleted 
oxygen (Zolariastin, 2003). 

The next influential mechanism is thermal 
pollution. Indeed, thermal pollution occurs when 
the river water harvested for agricultural uses or 
to cool various parts of industrial units is first 
warmed and the heated water then returns to the 
river, thereby elevating river water temperature. 
Though warmer river water enhances the 

tolerance of some aquatic organisms to elevated 
temperature, it declines water oxygen storage 
capacity and, thus, negatively affects the life and 
metabolism of macrobenthos (Ghasemzadeh, 
2011). 

Environmental research implies that the water 
presence or absence of organisms (e.g., fish, 
insects, algae, and plants) (known as biological 
indicators) delivers precise data on the health or 
contamination of an aquatic ecosystem 
(Soleymani Rad, 2011; Ghane et al., 2006). Such 
indicators can spotlight physical or chemical 
features and the ecological status of the 
environment and, hence, are employed to 
elucidate environmental circumstances in the 
biological monitoring of species or communities. 

These biological indicators can reflect 
biochemical, morphological, and physiological 
changes triggered by environmental stimuli. 
Besides, these indicators elucidate the mechanism 
of toxicity, thereby early alarming environmental 
damage and affording signs of environmental 
conditions. These indicators allow for assessing 
the ecological status of the area (Esmaili, 2007; 
Atash Barg, 2012; Mahboobi Soofiani et al., 2000). 
Benthos can be pondered as biological indicators 
of rivers. According to ecologists, the presence of 
organisms in an ecosystem is not accidental and, 
instead, is correlated with environmental factors 
that contribute to the growth, reproduction, and 
bulk of some species and, conversely, the removal 
of others (Abbaspour, 2011). 

The aquatic life in streams is mostly composed of 
benthic macroinvertebrates. Due to harsh water 
flows, these organisms are disposed to be washed 
away and carried with the stream, thereby 
necessitating biological assessments of such 
running waters. Indeed, a wave of pollutants can 
contaminate the river and then fade within a few 
hours or days. Thus, physicochemical or 
bacteriological testing fails to detect any pollution 
in these cases. However, such waves of pollutants 
can cause the death of sensitive organisms such as 
springtails. Accordingly, the absence of springtails 
in biological samples taken from such rivers a few 
days post-contamination (compared to previous 
sampling containing these species) implies water 
contamination happening between the two 
sampling time points. Conversely, the presence of 
these species in samples implies insignificant 
water pollution (Khatami, 2004). 

The Jajrood river in southern Alborz slopes runs 
from Kholeno (elevation: 4375 m AMSL) and 
“Shargh Kooh in Shemshak”, and after joining to 
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branches from the “Jan Setan” mountain 
(elevation: 3931 m AMSL located at central 
Alborz), flows southwest. In Zayegan (a village in 
Shemiranat county), the Garmabdar branch drains 
Kharsang slopes in a southwest direction and 
receives the Ruteh river. Next, the Meygu River 
that runs from the Kolun Bastak mountain 
(elevation: 4100 m AMSL) joins Garmabdar and 
Ruteh branches in Fasham (a city in Shemiranat 
county). In Oshan (in Shemiranat county), the Ahar 
River that drains Tochal slopes joins the Jajrood 
River. 

In southeast Alborz, Ammameh branches join the 
Jajrood stream until reaching the Latyan Dam on 
the Jajrood River near the village of Latyan. The 
dam’s lake is supplied by branches from Jajrood, 
Kondrud, and Narun rivers. Again, the Lavark River 
(running from Fil Zamin mountain and originally 
from riverheads “Niknamdeh” and “Lavasanat”) 
joins the Jajrood River or Latyan dam. The Latyan 
dam supplies volumes of drinking water to Tehran, 
particularly in eastern districts, and irrigates nearly 
30,000 h of farmlands in the Varamin plain. 

In upstream regions of the Latyan dam, the Jajrood 
River flows through mountainous villages and 
farmlands. Due to the mountainous nature and 
hardships of disposing of wastewater in these 
regions, all the sanitary and agricultural 
wastewater enters the Jajrood River. As such, this 
river possesses potential threats, as it is a key 
source of drinking water for Tehran, necessitating 
strict quality conservation and enhancement by 
attentive monitoring and management. The first 
step to quality management is to entirely perceive 
the region and the chemical and biological 
dimensions of the water in this river. Accordingly, 
this research conducts a seasonal and stational 
assessment of diversity indices of macrobenthos 
in the Jajrood River. 

Experimental section 

Stations 

As shown in the Jajrood geographic map (Figure 1) 
and its geographical data (Table 1), Station 1 (S1) 
was selected as a control in the river’s upstream. 
Station 2 (S2) was 2 km from S1 where stagnant 
water joined to the Jajrood River. Station 3 (S3) 
was located before the Latyan dam and intended 
to measure and assess the quality of the water 
entering the dam. Station 4 (S4) was located 
downstream of the dam on the Jajrood River and 
intended to assess dam effects on water quality 
and the self-purification ability of dam water. 
Station 5 (S5) was located in the city of Jajrood to 
assess the impacts of urban pollutants on water 

quality. 

 
Figure 1. The Jajrood River geographic map 

 
Table 1. The geographic location of the studied 
stations 

Statio
n 

Location Longitude Latitude 

S1 

Upstream 
of the 
Jajrood 
River 

51.69654
1° W 

35.74894
3° N 

S2 

2 km 
downstrea
m S1, 
where 
stagnant 
water 
joining the 
river 

51.69594
0° W 

35.74622
2° N 

S3 
Before the 
Latyan dam 

51.68585
2° W 

35.79490
4° N 

S4 
After the 
Latyan dam 

51.69294
0° W 

35.76584
0° N 

S5 
In the city 
of Jajrood 

51.69410
9° W 

35.74099
0° N 

 

Biological indicators 

Shannon-Wiener index (SWI) 

SWI measures the mean degree of uncertainty in 
estimating a randomly selected individual 
belonging to one of the species forming a sample, 
where the sample comprises S species and N 
individuals. As such, at higher S values (implying 
more species in the sample) and with equal 
distribution of individuals among the species, the 
uncertainty value will be higher, suggesting 
greater diversity. Accordingly, SWI takes zero (0) 
when only one species is in the sample. 
Conversely, the SWI value is maximum when the 
sample constitutes more species and all the 
species comprise a nearly equal number of 
individuals. SWI is obtained from the equation 
below (Roghani Zadegan, 2012). 
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𝐻´ = −∑𝑝𝑖𝐿𝑛𝑝𝑖

𝑆

𝑖=1

 

Where H is the Shannon index, S denotes the 
number of species, and 𝑝𝑖  is the ratio of each 
species’s frequency to total frequency. 

 

Margalef's richness index (MRI) 

Based on the literature, MRI is a versatile tool to 
describe the state of benthic communities. MRI 
compares the total number of species (denoted as 
S) in a community. The MRI value relies on the 
number of samples collected and the study 
duration. Besides MRI which is restricted to 
benthic communities, there are other indicators to 
describe the diversity and richness of benthic 
communities, independent of the size and number 
of samples. These indicators measure the 
relationship between the total number of species 
(S) and individuals (n), where a rise in S increases 
the overall value. MRI is obtained from the 
equation below: 

𝑅 = 𝑆 − 1 ln⁡(𝑛)⁄  

Where R is the MRI, S is the total number of 
species, and n denotes the number of individuals 
in each species. 

 

Hilsenhoff family biotic index (HFBI) 

HFBI identifies the family of macroinvertebrates 
and determines their tolerance to the organic 
pollution load of streams, by assigning a score 
from 0 to 10 to each family. The overall HFBI value 
is measured by multiplying the number of 
individuals of the species by the tolerance of each 
family divided by the total number of individuals. 
Tolerance itself takes a value spanning from zero 
(intolerant) to 10 (tolerant). High and low HFBI 
values indicate, respectively, “water organic 
pollution” and “clean water”. Likewise, zero (0) 
implies the family's intolerance to organic 
pollution (i.e., water cleanliness) and 10 indicates 
a high family’s tolerance to water pollution. Based 
on the equation below and Table 2, water quality 
is classified into seven categories, from very poor 
to excellent (Cranston, 1996). 

𝐻𝐹𝐵𝐼 =
⁡⁡∑[(𝑇𝑣)𝑛]

𝑁
 

Where n is the frequency of each family, 𝑇𝑣 
denotes the tolerance of each family, and N is total 
frequency. 

 

Table 2. Tolerance value of each family 
(Cranston, 1996) 

Taxon Tolerance value 

Caenidae 6 

Baetidae 5 

Chironomidae 8 

Lumbricidae 5 

Valvatidae 8 

Potamidae 6 

Simuliidae 6 

Limnaeidae 6 

Haliplidae 5 

Gomphidae 3 

Asellidae 8 

Gerridae 5 

Tubificidae 9 

Elmidae 4 

 
Table 3. Water quality classification scores based 

on HFBI 

Degree of pollution 
Water 
quality 

HFBI 
value 

No organic pollution Excellent 
0.00 to 

3.75 

Low organic pollution Very good 
3.76 to 

4.25 

Possibility of some 
organic pollutants 

Good 
4.26 to 

5.00 

Significant organic 
pollution 

Goodish 
5.01 to 

5.75 

Significant 
contamination 

Relatively 
weak 

5.76 to 
6.50 

High organic pollution Weak 
6.51 to 

7.25 

Severe organic 
pollution 

Very weak 
7.26 to 
10.00 

 

Simpson's diversity index (SDI) 

SDI takes a value from 0 to 1. This index reflects 
dominance and is much more sensitive to 
abundant species than to rare ones. The 
advantage is that the overall SDI value is unlikely 
to change from one sample to another, as rare 
species are more variable than abundant ones. SDI 
is obtained from the equation below: 

𝐷 = 1 −∑(𝑃𝑖)

𝑆

𝑖=1

 

Where D is index and 𝑃𝑖 is the ratio of the ith 
species in total population. 

 

Findings 

Assessments in the Jajrood River delivered 5 
orders, 15 families, 17 genera, and 19 species of 
macrobenthos. Of all the orders identified, 
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Insecta, Oligochaeta, Malacostraca, Gastropoda, 
and Crustaceae accounted for 72, 4.8, 3.2, 1.9, and 
0.2% of all the samples obtained, respectively. 
Nine, two, one, one, and two families belonged to 
the orders Insecta, Gastropoda, Malacostraca, 
Cructaceae, and Oligochaeta, respectively. The 
greatest (1073 1073 individuals/m2) and least 
(801 individuals/m2) density of macrobenthos was 
observed in fall and winter, respectively. The 
genera Chironomus (801 individuals/m2 and 
21.18% of total frequency) and Tipula (3 
individuals/m2 and 0.07% of total frequency) 
(both belonging to the order Diptera and had the 
highest and least frequency of macrobenthos. 
Both genera belonged to the order Diptera and 
class Insecta. 

The mean air temperature during sampling was 23 
°C, i.e., from 8 °C (in winter) to 38 °C (in summer). 
The mean water temperature during sampling was 
13 °C, i.e., from 0 °C in winter to 26 °C in summer. 

Concerning macrobenthos living in Jajrood from 
2014 to 2015, the greatest (4.30) and least (0.12) 
HFBI values were obtained in spring and fall, 
respectively. As given in Table 4, water pollution is 
trivial in spring, and organic pollution is minimal in 
fall.. 

 

Table 4. HFBI values in seasons 

Index HFBI 

Season Fall Winter Spring Summer 

S1 1.61 1.14 2.05 1.36 

S2 2.78 0.93 0.62 1.36 

S3 0.12 0.13 0.44 0.60 

S4 1.07 1.21 1.01 0.75 

S5 1.30 1.62 4.30 3 

 

Concerning macrobenthos living in Jajrood from 
2014 to 2015, the greatest (2.01) and least (0.55) 
SWI values were obtained in spring and winter, 
respectively (Table 5). 

Table 5. SWI values in seasons 

Index SWI 

Season Fall Winter Spring Summer 

S1 1.91 1.67 1.93 1.7 

S2 1.96 1.55 1.48 2.07 

S3 0.76 0.58 0.57 0.66 

S4 1.76 1.82 2.01 1.43 

S5 0.62 0.55 1.13 0.97 

Mean 1.4 1.2 1.38 1.36 

 

Concerning macrobenthos living in Jajrood from 
2014 to 2015, the greatest (0.93) and least (0.07) 

SDI values were obtained in summer and spring, 
respectively (Table 6). 

Table 6. SDI values in seasons 

Index SDI 

Season Fall Winter Spring Summer 

S1 0.87 0.79 0.74 0.88 

S2 0.88 0.81 0.78 0.93 

S3 0.48 0.57 0.26 0.51 

S4 0.85 0.81 0.90 0.91 

S5 0.47 0.62 0.07 0.67 

 

Concerning macrobenthos living in Jajrood from 
2014 to 2015, the greatest (1.89) and least (0.19) 
MRI values were obtained in spring and winter, 
respectively (Table 7). 

Table 6. MRI values in seasons 

Index MRI 

Season Fall Winter Spring Summer 

S1 1.63 1.44 1.89 1.73 

S2 1.74 0.98 0.91 1.62 

S3 0.32 0.19 0.24 0.26 

S4 1.67 1.35 1.68 1.23 

S5 0.31 0.36 0.92 0.68 

Mean 1.13 0.86 1.12 1.1 

 

The correlation test was conducted to measure 
the relationship between environmental factors 
(i.e., water and air temperature) in Jajrood River in 
the fall and winter of 2014 and the spring and 
summer of 2015 at the study stations. There was 
no significant difference between A.T and W.T and 
seasons. Furthermore, the one-way ANOVA 
revealed no significant difference between A.T 
and W.T in seasons at studied stations (P>0.05). 

Discussion 

For Jajrood macrobenthos, the greatest (4.30) and 
lowest (0.12) HFBI values were obtained in spring 
and fall, respectively. Likewise, the greatest (2.01) 
and least (0.55) SWI values were attained in spring 
and winter, respectively. Similarly, the greatest 
(0.93) and least (0.07) SDI values were observed, 
respectively, in summer and spring. Ultimately, 
the greatest (1.89) and least (0.19) MRI values 
were recorded in spring and winter, respectively. 

Toosi et al. (2011) studied the population 
structure of macrobenthos from six springs (Qale 
Dibaj, Zardowan Dibaj, Sarcheshmeh Dibaj, AbSij, 
Abrendan, and Kalateh in Pirkhosh) in the north of 
Damghan city. They identified 11 orders and 18 
families, with most of the samples belonging to 
the orders Amphipoda, Diptera, Ephemeroptera, 
and Trichoptera. Based on seasonal assessments, 
the greatest and least frequency of Amphipoda 
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species was in winter and spring, respectively. 
Likewise, Ephemeroptera species exhibited the 
greatest and least frequencies in spring and 
summer, respectively, and that of Diptera species 
was in fall and summer, respectively. Similarly, the 
greatest and least frequency of Trichoptera 
species was in summer and spring, respectively. 

Elsewhere, Pazira et al. (2008) studied the effect 
of environmental factors on the biodiversity of 
macrobenthos in the Dalaki and Helleh rivers in 
Bushehr. The maximum biodiversity was observed 
in warm months (July and August) and at the 
upstream stations. The biodiversity was trivial in 
the downstream stations, implying huge 
pollutants entering the river from the surrounding 
cities. Piroozi et al. (2012) studied the abundance, 
diversity, dominance, and richness of 
macrobenthos in the Madarsoo River of Golestan 
National Park. Individuals in the order 
Ephemeroptera had the highest frequency (62%) 
and those in the order Pelecoptera and 
Amphipoda had the lowest frequency (less than 
1%). 

The study of benthic organisms is paramount, 
concerning their place and role in the food webs 
of aquatic ecosystems. This necessitates a precise 
study of each of the biological groups, population 
dynamics, mortality rates, and their place in the 
diet of Fish. 
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