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Abstract This paper evaluates the diversity of common groups of macrobenthos include: Diptera, Ephemeroptera,
Odonata, Plecoptera, and Gastropoda and their relationships with environmental variables in the Jajroud river northeast of
Tehran province (capital of Iran). The work has been extended out over a period of 12 months through three stations.
Macrobenthos sampling has been carried out monthly with three replications in each station. Water temperature, dissolved
oxygen, pH, BOD, phosphate and nitrate concentrations were within ranges usually capable of backing up a diverse biota.
The other components such as water depth, water width, water flow and contamination were as well taken. The
methodologies applied by a number of research groups were generally similar, making it possible to compare outcomes
between different areas. Three metrics were utilized to show the diversity: Margalef’s richness, Shannon-Weaver's diversity
index (H) and evenness index (E). From108 Surber samples, 29 families, 39 genus and 92 species were identified (42%
Ephemeroptera, 38% Diptera, 18% Plecoptera, 1.2% Gastropada and 0.8% Odonata of the total fauna population).
Chironomidae, Baetidae and Perlodidae were the most dominant families. The biodiversity of the community of the upper
reaches of the river (ST1) was the highest that of the lower reaches (ST2) was the lowest that of (ST3) ranked in the middle.
In this work, the presence of pollution-tolerant families in (ST3) indicates that this site is ecologically unhealthy. The
diversity of Gastropoda and Chironomidae were significantly affected by pollution (positively) and water depth; whereas the
diversity of Ephemeroptera by the dissolved oxygen and water temperature respectively. Besides the diversity of Odonata
was affected by stream width. The outcome of a One-Way ANOVA for three metrics indicates the P - value and F-critical 3.1
and 5.1 respectively.
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pollution condition, organic matter, content, soil texture and
sediment [4, 5]. Because they alter in their adjustment to
environmental conditions and their tolerance of or
sensitivity to contamination, the parameters of benthic
animals (such as their community structure, dominant
species, variety and abundance) can be utilized to reflect
environmental quality [6].

In the other words, by keeping the changes in the number
of organism types in the creek system, scientists can see the
biological population richness and also by calculating the
number of organisms in surface unit or their frequency, the
influences of human beings on the river can be seen.
Conditions invertebrate benthos population is a observation

1. Introduction

Macrobenthic community plays an significant part in
aquatic ecosystems as primary and secondary consumers as
easily as in biological assessments [1]. A detailed and
perfect knowledge of the bottom fauna is not merely
important for the purpose of productivity [2] but is also
helpful in seeing the diversity of the habitat. Sustaining
biological diversity is a priority for nature conservation in
terrestrial, maritime, and freshwater environments [3]. Thus,
the assessment of biological diversity in freshwaters plays a
really important role as the basis for nature protection.

Diversity, distribution and abundance of macrobenthos
depend on the characteristics of their environment such as
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of larger aquatic food network variety and stability [7].
Typically, the diversity indices used in biological
assessment studies are calculated for highly important
indicator groups like Chironomidae [8] and EPT (larval
Ephemeroptera, Plecoptera, andd Trichoptera) or for a
selected part of macrobenthictaxi [9], identifiedatn the level
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of genus or famil [10], and muchmore rarey for all
macrobenthos [11].

The assumption that habitat degradation results in a
substantial and predictable decrease in taxonomic diversity
is an important aim of several methods of biological
assessment based on fresh water organisms, especially on
benthic invertebrates [12]. The decrease in taxonomic
diversity due to habitat degradation could be measured as a
reduced species richness (stressors not allowing less
tolerant species to colonize or to run in degraded sites [13]
or depletion in the values of any of numerous indices of
diversity (stress eliminates sensitive taxes and consequences
in a greater numerical dominance of those able to persist
[14]).

Moreover, diversity indices respond strongly and
unpredictably when a taxonomic detail changes [14], so it
can also make the search for general ecological
determinants of stream taxonomic diversity not-doable.

Thither are many sharp or subtle differences in response
of each higher taxon of stream macrobenthos to important
environmental components. This variety of differences
between higher taxes in taxonomic diversity has been
shown in numerous fields. The diversity of Odonata seems
to be strongly correlated with the local climatic specifics
[15]; moreover, it is more sensitive than the diversity of
other taxonomic groups to the social system of riparian
vegetation [16]. The profusion of four insect orders studied
by Rosemond et al. (1992) was affected in different ways
by chemical parameters of stream waters [17].

Moreover, the kinship between the benthic community
structure and environmental variables has been the topic of
numerous investigations [18, 19, 20, 21, and 22]. Poff and
Ward [23] identified stream flow variability as a major
factor affecting other abiotic and biotic elements that
regulate lotic macrobenthic patterns.

In this work, the researcher evaluated diversity of the
chosen groups of macrobenthos, analyzed their
relationships with environmental components and also
compared the reaction of different groups to environmental
variables.

2. Material and Method

This work has been borne out in Jajroud River -that is
located in 50° 51' N to 50° 55' N of longitude and 34° 55'E to
35° 05' E of latitude -over a period of a year and by month
sample-taking. Jajroud River is situated 30 km North-East of
Tehran (capital of Iran) and flows from its origin (Alborz
Mountains) to the lower altitude. Many villages were
irrigated by this river. Its basin has an area of 710 km?.
Referable to the mountainous area and the problem of waste
disposal, all the wastewater of villages enters to the river.
Water coming from the Latyan dam supplies drinking water
to approximately two million six hundred thousand people in
East Tehran. Thus, it is necessary to protect water quality.

At the origin, by various quality-based sample taking,

three places were picked out along the river in three regions
at the top, in the center, and at the rear end of the river,
according to the texture of the riverside and difference in
biological, chemical, and physical agents.. STI1
(Garmabdareh) was selected as a reference site was primarily
vegetated with relatively mature native forest, short or no
residential development, and no permitted discharges (coal
mining, petroleum/gas extraction, or sewage treatment
plants). ST2 (Meygoon) and ST3 (Roodak) were
Non-reference sites, or test sites with span a range of
observed human impacts to the watershed, stream, or
individual reach (Fig.1).

Garmabdareh

Ahar

Figure 1. Jajroud River map and general location of stations

Physicochemical conditions prevailing at each station
were also measured during each collection period. These
parameters included water temperature, water width,
dissolved oxygen concentration, biochemical oxygen
demand (Winkler method) and pH (Aqua Merck. D6100, pH
meter). Stream velocity was found using a Sensa Z300 OTT,
and stream depth was recorded utilizing a search tube depth.
Measures for nitrate and phosphate were determined for the
water samples from each site, using the procedures by
Greenberg et al. (1992) [24]. The other components such as
riparian vegetation and pollution were also considered based
on field observations.

A Surber sampler (area= 30x30 cm2, mesh size =250 pum)
was used to collect 3 samples of macrobenthos at each
sampling site monthly from February 2013 to January 2014.
Three replicates were used up from different sub sites, two
near the banks and one in the center to cover all different
microhabitats (pools and riffles). Qualitative collections
were as well created by examining rocks, wood dust, leaf
detritus, and other microhabitats by hand at each sampling
site. All invertebrate collections were preserved in 4%
formaldehyde in the theater and then submitted to the lab for
further screening, recognition, and enumeration then the
beings were placed under a stereoscopic microscope.

Three metrics were utilized to show the diversity of the
studied tax in each sample: Margalef’s richness,
Shannon-Weaver's diversity index (F) and evenness index
(E). Species richness in a habitat is the main parameter of
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taxonomic diversity and is handled as a surrogate for
biodiversity [25]. Shannon-Weaver index is the most
commonly used richness-based index of diversity, while
evenness index is the cadence of accountability. These
indices were computed by following methods:

Diversity was measured by Shannon H'(1), Margalef’s
richness R (2) and evenness E (3) indices calculated for
collecting samples. The diversity indices are computed using
the PRIMER (Plymouth Routines in Multivariate Ecological
Research) Software 6.1 [26].

S n; n;
H == 2 || &
A

R=S-1/Ln (N) @)
E=Ln (N')/Ln (N°) 3)

Invertebrates selected for study: Gastropoda, Plecoptera,

Odonata, Diptera and Ephemeroptera were identified along
the footing of the keys by Klink & Moller-Pillot (2003) [27],
Wiederholm (1983) [28], Piechocki (1979) [29], Nesemann
& Neubert (1999) [30], Eiseler (2005) [31], Heidemann &
Seidenbusch (2002) [32].

To determine the strength and direction of the relations
between diversity metrics of Texas and the analyzed
environmental parameters the values of Spearman
correlation coefficient were calculated (Statistic version 8.0,
Analytical Software). Differences in the number of
individuals and biodiversity index scores between the sites
were analyzed using One-Way ANOVA.

3. Results

Location & time results of physicochemical parameters as
well as diversity indices are shown at a lower place:

Table 1. Features and Number of Sampling Sites

. Altitude Latitude (degree, Longitude (degree,
Site . .
(m) minute, second) minute, second)
ST1 (Garmabdareh) 2500 35-59-0 51-39-0
ST2 (Meygoon) 1,790 35-53-7 51-35-44
ST3 (Roodak) 1,690 35-51-12 51-33-50

Table 2. Taxonomic composition and abundances of macroinvertebrates collected from all sites in Jajroud River, February 2013 - January 2014

Order Family

Genus

SPP. ST1 ST2 ST3

Baetidae

Baetis

B. Adonis

B. bicaudatus

B.alius

. magnus 601 612 479
notos

. persecutor

. tricaudatus

Cloeon

dipterum
. cognatum 446 646 35
. Simile

foQlwmww

Ephemerptera
Heptageniidae

Epeorus

E.albertae

E. fragilis

E. Hesperus
Epeorus grandis

28 95 73

R. exilis

Rhithrogena 10 10

R. ingalik

Caeniidae

Caenis

C. tardata 10

Leptophlebiidae

Paraleptophlebia

P. adoptiva
P. clara 10 10 10
P. debilis

Oligoneuriidae

Lachlania

L. fusca
L. lucida 28 51 10
Lachlania iops

Capniidae

Capnia

arensi
. bicornata 21 21 21
. barberi

Chloroperlidae
Plecoptera

Chloroperla

acuta

. stenoptila

. zhiltzovae
. tripunctata

21 21 21

nonnlonn

Isoperla

I. acula 10 10

Perlodidae

1. olivaceus
1. zionensis

Isogenoides 135 601 33

1. colubrinus
I.doratus
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1. hansoni
1. krumholzi
1. zionensis
Perlidae Caroperla C. Pacifica 20 83 72
L. aculeate
L. albida
Leuctridae Leuctra L. 310?1 21 235 10
L. alpine
L. alta
L. balcanica
Coenagrionidae Argia A. adamsi 10 10 10
Odonata i
Aeshnidae Aeshna A afﬁm‘s 10 10 10
A. athalia
Athericidae Atherix A. basilica 10 21 10
B. grandis
Blephariceridae Bibiocephala B. infuscate 51 10 10
B.minor
A. longicalcis
. A. oksanae
Aagaardia 367 667 767
A. protensa
A. sivertseni
Abiskomyia A. paravirgo 10 10 10
Chironomidae Ablabesmyia A dlgl.tata 21 21 33
A. ensiceps
T. antennata
Tanytarsini T. atridorsum 21 21 33
T. dimidiatus
Clunio C. tuthilli 10 10 10
Doithrix D. barberi 10 10
Simulidae Simuliinae S. damnosum 224 146 39
S. venustum
. T. aberrans
Diptera Psychodidae Telmatoscopus T. advenus 10 10 10
. C. accomodata
Chelifera . 10 10 10
o C. caliga
Empididae T at
Hemerodromia - acutaia 10 10 10
H. basalis
Dixidae Dixa D. abiettica 10 10 10
D. cincta
. . E. apicalis
Stratiomyidae Euparyphus E. mutabilis 10 10 10
. T. abaculus
Tabanidae Tabanus 10 10 10
T. atratus
Tipula T absona 10 10 10
N T. paludosa
Tipulidae —
Antocha A. aciculifera 10
° A. biacus
Culicidae Culicidae C. cuprinervis 10 10 10
. A. annulata
Ceratopogonidae Allohelea A, fruticosa 10 10
. . . A. albitibia
Dolichopodidae Acropsilus A. maprik 10
. P. concolor
Physidae Physa P hordacea 10 10
Limaeidae Limaea L. gabara 10
Gasrtopoda N la
Valvatidae Valvata - merge 10 10 10
V.sincera
Hydribiidae Potamopyrgus P. antipodarum 10 10
IND. m? 2205 3451 1836
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Table 3. Number of individuals sampled and species of chosen taxon in examined stations

ST1 ST2 ST3
Taxon IND. No of Species IND. No of Species IND. No of Species
Ephemeroptera 1123 10 1424 7 617 6
Diptera 814 10 1006 13 1012 14
Plecoptera 228 15 971 4 157 3
Gastropoda 20 1 30 3 30 2
Odonata 20 1 20 1 20 1
Total 2205 37 3451 28 1836 26
Table 4. Results for Shannon, Margalef and evenness indices
Stations Shannon (H’) Margalef (R) Evenness (E)
STI1 225 5.85 0.60
ST2 1.33 4.40 0.40
ST3 1.35 5.72 0.42

Table 5. Results of Annual Local Physicochemical Factors in Jajroud River in Examined Stations

Parameters ST1 ST2 ST3 Total Average STD
Velocity (m/s) 1.42 1.20 1 1.2 0.044
Water Width 2.20 3.80 6.34 4.11 435

Water Depth(m) 1 0.75 0.56 0.77 0.048
T (°C) 9.7 10.6 11.5 10.6 0.81
BOD 1.3 3.5 39 2.9 1.96

DO (mg/lit) 9.8 8.8 8.1 8.9 0.73

pH 7.2 7.8 8.1 7.7 0.21
PO, (mg/lit) 0.33 0.43 0.47 0.41 0.0052
NO;- N (mg/lit) 1.98 2.8 3.1 2.6 0.34

Table 6. Results of Annual Local Physicochemical Factors in Jajroud River over 12months study in Jajroud River
Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
TEMP(°C) 6.87 8.33 12.63 1497 17.67 18.67 1640 1533 11.57 5.67 433 8.33
DO (mg/lit) 13.56 13.90 13.63 1291 1244 1130 11.56 1143 11.54  13.69 13.85 13.74

BOD 1.05 1.69 1.72 1.43 1.27 2 2.17 2.9 242 2.11 2.03 1.53

pH 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 7.50 7.00 8.00
PO4~ (mg/lit) 0.25 0.27 0.14 0.18 0.18 0.21 0.18 0.05 0.98 1.33 1.07 0.13
NO;-N (mg/lit) 0.64 0.68 0.36 0.41 0.53 0.30 0.33 0.26 0.42 0.53 0.51 0.63

99

Table 7. The significance and direction of Spearman correlations between 9 ecological parameters and the biodiversity metrics (Margalef richness,
Shannon-Weaver's index and evenness) of 5 taxa of macrobenthos. - Denotes significant negative correlation (0.01 <p <0.05), -- highly significant negative
correlation (p <0.01), + significant positive correlation (0.01 <p <0.05), ++ highly significant positive correlation (p <0.01), 0 non-significant correlation

Taxon Parameter Velocity Water Water T BOD DO pH PO4'3 NO;3;-N
Metrics (m/s) Width(m) Depth(m) (°C) (mg/lit) (mg/lit)  (mg/lit)
Shannon (H”) 0 - - 0 - ++ 0 - -
Ephemeroptera Margalef (R) 0 - - 0 - + 0 0 0
Evenness (E) 0 0 0 0 0 0 0 0 0
Shannon (H”) 0 0 0 ++ ++ - 0 0 0
Diptera Margalef (R) -- 0 0 ++ ++ - 0 ++ 0
Evenness (E) 0 0 0 0 0 0 0 0 0
Shannon (H”) -- - - + - ++ 0 + +
Plecoptera Margalef (R) 0 0 0 0 - 0 0 + +
Evenness (E) 0 0 0 + 0 + 0 0 0
Shannon (H”) - + + 0 0 0 0 ++ ++
Gastropoda Margalef (R) 0 0 - 0 0 0 0 + +
Evenness (E) 0 - 0 0 0 0 0 + +
Shannon (H”) 0 + - 0 0 0 0 0 0
Odonata Margalef (R) 0 ++ 0 0 0 0 0 0 0
Evenness (E) 0 + 0 0 0 0 0 0 0
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0.4 -~
0.35 -
g 0.3 - B Ephemeroptera
§ 0.25 1 M Diptera
.E' 0-2 - W Plecoptera
g 015 B Gastropoda
a 0.1 -
0.05 - ® Odonata
0 -
0.35
0.3 -
g 025 - B Ephemeroptera
'§ 0.2 - H Diptera
% 0.15 - M Plecoptera
g‘: 0.1 - B Gastropoda
0.05 ~ m Odonata
0 -
ST1 ST2 ST3

Figure 2. Value of Shannon-Weaver index of diversity (upper plot) and values of evenness index(lower plot) for chosen taxa sampled in the Jajroud river.

Value of indces estimated for 1000 individuals

The ranges of the physicochemical and hydrological
parameters in Jajroud Stream are listed in Table 5 and 6.
Mean water velocity was 120 cm. s™' in a Jajroud stream with
a minimum of 100 cm. s in ST3 and a maximum of 142cm.
sin ST1. Water depth rarely exceeded 75 cm.

The minimum and maximum water temperature recorded
was 4°C during November and 18.7°C during June
respectively, with an average of 11.52°C. Minimum
dissolved oxygen concentration, 11.3 mg.I", was recorded
during June and maximum dissolved oxygen concentration,
13.9 mg.I" occurred during February. Dissolved oxygen
values were above saturation and BODs was low at all times
at all sites. The differences in dissolved oxygen
concentrations and BODs between the stations were not
significant (p > 0.05). The amount of NO3-N ranged from
0.26 mg. I to 0.68 mg. 1" and PO4.P ranged from 0.13 mg. I"'
to 1.33 mg. 1" during the study period. The PO4-P values
were generally low at all sites. NO3-N and POs-P
concentrations increased from upstream sites toward
downstream. The use of agricultural fertilizers and urban
sewage are believed to increase the Nitrate Nitrogen.

A total of 92 macrobenthic fauna species represented by
five diverse groups were encountered, of which Diptera were
the most dominant group with 38 species and contributed
numerically up 38% of the population. Ephemerptera consist
of 23 species and contribute t042% of the total fauna
population. Plecoptera consist of 15 species and contribute

to18% of the total fauna population. Gastropoda consist of 6
species and contribute to 1.2% of the total fauna population.
Also, Odonata include 3 species and contribute t00.8% of the
total fauna population (Table 2, 3).

The Shannon-Wiener index (H) ranges between 1.33
(station 2, winter) and 2.25 (station 1, summer). The
evenness component (E) varied from 0.40 (station2, winter)
to 0.60 (station 1, summer). The richness component (R)
ranged between 5.40 (station 2, winter) to 5.85 (stationl,
summer) (Table 4).

The seasonal changes of the benthic family abundance
tended to increase from fall-winter to spring. The benthic
diversity also had an increasing trend from stations 3 to 1
(downstream to upstream).

The correlations between diversity of the analyzed benthic
fauna and the values of environmental parameters were
highly divergent. It did not correlate with pH in all three sites.
The diversity of Gastropoda increased with the increasing of
pollution, concentration of PO, and NO;. N (p <0.01),
water width and water depth (0.01 <p <0.05), and decreased
with water velocity (0.01 <p <0.05). In the second group, the
diversity of Chironomidae was correlated with the BOD and
water temperature (p <0.01). The diversity of larval Odonata,
being a third group, was higher in wider streams and lower
when the water depth increased (Table 7).

From Stl to St3, the diversity values for Ephemeroptera,
Plecoptera, and Odonata decreased, while Diptera and
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Gastropoda increased gradually. The evenness values in Stl
for all groups were almost the same at about 0.15. The
highest amount of evenness was for Plecoptera at St2 while
they experienced the lowest value at St3 (Fig.2).

ANOVA analysis for diversity indices showed the P -
value and F-critical 3.1 and 5.1 respectively.

4. Discussion

One of the main goals of benthic ecology has been to
understand the mechanisms regulating relationships between
physicochemical parameter and organisms [33-36]. The
present study shows that the macrofaunal communities
characterized by temporal and spatial changes in its
population and distribution pattern seems to be fully
governed by the physicochemical and hydrobiological
characteristics of the environment.

Richer communities have been found in station I. The
macrobenthic faunal density ranges from 10 to767 IND/m™
in all the stations. This density is lower than the
macrobenthic faunal densities as reported by Parulekar AH
[37] for Zuari estuary (50 to 1,437 in/m™), by Parulekar AH
and Ansari ZA [38] for Andaman seas (80 to 998 in/m™), and
comparable with that of Harikantra SN et al. [39] who record
the density range of macrobenthos from 50 to 3,715 ind/m™
in the shelf region along the west coast of India. The
difference in the benthic macrofaunal densities of different
aquatic systems could be attributed mainly to variations in
substratum, sediment organic matter level and predation.

The species composition of benthic macrofauna in the
present observation shows the dominance of Diptera
followed by Ephemeroptera and Plecoptera. The similar
preponderance of Diptera has been observed earlier by
Sankar G [40] in Muthupet lagoon, Sunil Kumar [41] in
Cochin backwaters, Prabha Devi L [42] in the Coleroon
estuary, and Ansari ZA et al. [43] in Mandovi estuary. The
benthic population density shows seasonal variation in such
a way that the maximum is recorded in summer and the
minimum during winter at all the stations.

While moderate pollution significantly declined diversity
of ephemeropterans in the streams under present study (Tab.
3), which is congruent with the results of numerous other
studies [44] the diversity of Gastropoda and Diptera is
visibly high. They have a more opportunistic bearing
potential ability to colonize in stressed environments [45].

The aforementioned adaptable nature of Chironomides
may be a plausible reason for their dominance in the species

composition and their abundance in the present investigation.

In the present study, Ephemeroptera from the second
dominant group followed by Diptera.

During the study, dissolved oxygen was high during the
winter season at all sites, which might be due to the
cumulative effect of higher wind velocity coupled with
heavy rainfall and the resultant freshwater mixing.
Relatively lower values were observed during summer; this
may be due to the increased surface water temperature,
which reduces the dissolution of O, in the surface waters. It

is well known that temperature affects the dissolution of
oxygen [46]. Hydrogen ion concentration (pH) in surface
waters remained alkaline at all sites throughout the study
period with the minimum value during October and
November. However, the present study did not find a
characteristic relationship between pH and temperature and
macrobenthic fauna, confirming that the fauna of
independent  freshwater  system  requires  specific
environmental characters.

Organic nutrients enhance the growth of different types of
algae that provide food resources for benthos [47]. In the
present study, the higher density macrobenthos is observed
during summer season at St2. Higher organic matter gets
deposited during the spring season and it would be
converted into available food by various fungal and bacterial
sources, which in turn increase the macrobenthic forms
especially Chironomidaes [48].

The lower species diversity was recorded during winter in
St2 and higher diversity values during the summer in the Stl.
This is in conformity with the earlier observations made in
Vellar [49] and Coleroon estuaries [50]. Moreover, Pearson
TH and Rosenberg R [51] proposed that the use of diversity
indices is advantageous for the description of fauna at
different stages in succession.

The species richness of benthic macrofauna was found
maximum during the summer season in Stl (5.85). A similar
observation was reported by Kumar RS [52] in Cochin
backwaters. The low richness was recorded during winter in
St2 (4.40) might be due to the high freshwater inflow which
in turn affect the distribution of benthos, particularly the
Chironomidaes. Maximum diversity and richness recorded
during summer at the all sites might be due to stability and
optimum environmental factor. Shannon diversity was
moderate and it was in the range of 2.25-1.33. The minimum
(1.33) and maximum (2.25) was recorded at station II during
the winter season and at the station I during the summer
season, respectively.

From the present study, it could be concluded that the
hydrography nutrients and dissolved oxygen are the major
factors responsible for fluctuation in benthic macrofaunal
assemblages in the study area.

Additionally, the diversity correlated positively with
spring stability and productivity, and negatively with altitude.
According to Jacobsen (2008) [53], the negative correlation
of stream-benthos diversity with altitude reflects the oxygen
concentration in water. Stability of abiotic parameters and
isolation are important and strong determinants of the
diversity of benthos, especially in ponds and streams [54].

It seems that differential abundance in Jajroud stream is
due to naturally-occurring variations in hydrological and
ecological properties such as low stream order, proper
velocity (in the range of 30 to 120 cm. s™ and flow condition.

The middle and lower reaches of major inflowing rivers
are most influenced by human activities and consequently
have the worst water quality. Lower diversity and richness
values in St2 indicate stressful environment for benthic fauna.
This situation emphasizes the importance of formulating and
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implementing a management program regarding the control
of human activities development in the future, of course
within a framework of an integrated management plan for
the whole of its sub-river basin.

Moreover, St3 has been severely polluted because of
water shortage, the discharge of industrial wastewater and
mostly untreated municipal sewage. Increasing of
Chironomide species, especially tolerant groups in this
station confirmed this fact.

The upper reaches of the inflowing rivers, especially in the
mountains where human influence was relatively weak had
the best water quality and consequently the greatest values
for species diversity, species evenness and species richness
indices.
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