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Introduction

The European Union has obliged member states to 
establish national freshwater monitoring networks [1]. 
At the present Turkey does not have a national freshwa-
ter monitoring network. The combination of chemical 
and biological methods constitutes the best approach of 
biological monitoring studies for indicating water qual-
ity. �������������������������������������������������������    Historically, invertebrates have received considerable 
attention in the study of running water ecosystems, in par-
ticular relationships between macroinvertebrate commu-
nity structures and environmental variables have been the 
subject of numerous investigations [2-14]. Also, ��������benthic 
macroinvertebrates are considered one of the best biologi-
cal indicators of water quality [15]. Their responses to in-
organic or organic pollutants have been used to develop 
biotic indices. For correct use of biological parameters, the 
community structure of the local fauna in a region must 
be appropriately known. Following this, the biotic indices 

might be modified using members of the local fauna and 
then the regional index can be adapted [16-27].

The main aims of this study were to determine the bio-
logical richness of the stream with particular emphasis on 
the relationship between the structure of the macroinver-
tebrate community and the physical and chemical features 
of their environment and to assess the water quality of the 
Behzat Stream that receives heavy urban discharge.

Materials and Methods

Study Area

The city of Tokat occupies a central position in fertile 
areas comprising wide and watery valleys and passage-
ways in between, the whole being separated by mountain 
ranges from the narrow and damp Black Sea Coast and 
Central Anatolia’s wide and arid expanses. Tokat’s cli-
mate represents a transition between the Central Black 
Sea and the Inner Anatolia climates. Winter in the valleys 

Monitoring Water Quality Using Benthic 
Macroinvertebrates and Physicochemical 
Parameters of Behzat Stream in Turkey

M. Duran*

University of Pamukkale, Faculty of Science and Arts, Department of Biology, 20017 Denizli,Turkey

Received: December 8, 2005
Accepted: April 20, 2006

Abstract

The present work reports the results of an intensive study on water quality and bentic macroinverte-
brate fauna of Behzat Stream in Turkey. The research was carried out at five sampling sites of two different 
sections of the stream between September 1998 and September 2002. A total of 52 macroinvertebrate taxa 
were recorded. The upper section supported a more diverse community than the lower section. A low mac-
roinvertebrate abundance was observed during summer in the lower section, this would be the result of high 
values of phosphate and nitrogen ions. In spite of this, Behzat Stream showed good water quality condi-
tions. At the present it is under threat of anthropogenic disturbances, this especially in the lower section.

Keyword: water quality, benthic macroinvertebrates, monitoring, Behzat Stream, biotic index

*e-mail: mduran@pamukkale.edu.tr

Polish J. of Environ. Stud. Vol. 15, No. 5 (2006), 709-717



Duran M.710

is rainy and temperate. The climate is somewhat harsher 
at high altitude levels and in the southern sections of the 
province. A culturally rich settlement center, with traces 
of history all over the land, Tokat lies inland of the mid-
dle Black Sea region and it has a population of 828,027. 
Main income for the area comes from agriculture, live-
stock and small-scale freshwater fisheries. �������������  The total ba-
sin area of Behzat Stream is 29 km2 and the stream is 5 
km long. The flow ranges from a minimum discharge 
of 2 m3/s to a maximum discharge of 200 m3/s. During 
study period, the water temperature varied from 6.1°C 
to 22.3°C. Five sampling stations were established along 
a segment of the stream and macroinvertebrate samples 
were taken �����������������������������������������     monthly from ����������������������������   September 1998 to September 
2002 (���������������������������������������������������        Fig. 1).�������������������������������������������        The stream was divided into two sections: 
the upper (from stations I to III) and lower (from stations 
IV to V). The substrate of the upper section (unimpacted 
area) consists of various ���������������������������������     sizes of rocks and gravel, while 
the bottom of the lower section �����������������������  (urbanized and agricul-
tural area) ���������������������������������������������        is mostly gravel with a little sand or compa-
cted clay. The stream is affected ��������������������   mainly by urban sew-
age (expecially in lower section) and agricultural runoff. 
Main uses of water in the upper section are mostly for ir-
rigation. Riparian vegetation is dominated by trees in the 
upper section, which are mainly represented by Populus 
sp. and Salix sp. In contrast, riparian vegetation is absent 
in the lower section (except 50 m before the end). The 

aquatic vegetation is not very dense in the stream (ex-
cept 50 m before the end) and the dominant species are 
Planaria, Lymnaea, Planorbis, Baetis, Tipula, Similium, 
Chironomus and Gammarus.

Sampling

M����������������������������������������������    acroinvertebrate communities along the stream 
were sampled monthly from September 1998 to Sep-
tember 2002 at each of the five stations using Surber net 
samplers (475 µm mesh, area of base 0.09 m2) [28] and a 
bottom kick net (500 µm mesh). The samples were taken 
from an area of nearly 100 m2 in order to include all pos-
sible microhabitats at each station. In some areas with 
the presence of large stones, these were first picked out 
and washed into the kick net to remove pupae and other 
attached macroinvertebrates. In addition, macroinverte-
brate samples were separated from the macrophytes and 
the sediment using sieves (250 µm). All the animals col-
lected were immediately fixed in formaldehyde (4%) in 
the field and then transferred to 70% ethyl alcohol. The 
macroinvertebrates were sorted, identified to the lowest 
possible taxon (species, genus or families) and counted 
under a stereomicroscope [29-32].

Temperature, dissolved oxygen (Lovibond oxi 
200), conductivity (WTW 330i/set) and pH (Hanna HI 
991002) were measured in the field using a portable in-
strument. Analyses of the water and sediment samples 
were performed seasonally, which was the size of the 
sample of 1 kg for sediment and 2.5 liter for water. Wa-
ter samples were filtered through a 0.45 µm Millipore 
membrane and then acidified to pH ≤ 2 using high purity 
HNO3 immediately after sampling [33]. Then, the sam-
ples were kept in the refrigerator at 4°C until analysis. 
All the samples were then evaluated by the Head Office 
of the City Control Laboratory and ���������������������  Rural Services Tokat 
Research Institute�.

Biotic Indices

From among the great variety of indices and scores 
available we selected four for our study, which are shown 
in Table 1. The Chandler Score [34] was used because it Fig. 1. Locations of Behzat Stream and stations.

Table 1. Classes of water quality based on some biotic indices: ETBI (Extended Trent Biotic Index), BBI (Belgian Biotic Index), CS 
(Chandler Score) and Rev.BMWP (Revised Biological Monitoring Working Party).

Class Significance ETBI BBI CS Rev.BMWP Colour

I Very Clean 10-15 9-10 > 900 >150 Blue

I – II Clean 9-10 8-9 500-900 100-150 Blue – green

II Fairly clean 8-9 7-8 300-500 100-150 Green

III Doubtful 6-7 6-5 110-400 50-100 Yellow

IV Polluted 3-5 3-5 15-80 25-50 Orange – red
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has been claimed to discriminate small changes in water 
quality well. The Revised Biological Monitoring Working 
Party [35], – Rev.BMWP score [36], the Extended Trent 
Biotic Index – ETBI [37] and the Belgian Biotic Index 
– BBI [38] were chosen because they are easy to use and 
have been used widely in the past. The Gammarus: Asel-
lus ratio also was used for evaluating organic pollution. 
Principal component analysis (PCA) was applied for col-
lected taxa to assess the impact of human activity on the 
Behzat Stream. Also, experimental data were analyzed us-
ing one-way ANOVA and any significant difference was 
determined at a 0.05 probability level using Minitab 13.2 
statistical software.

Results and Discussion

The total of 67 macroinvertebrate taxa were recorded 
(Table 2) and they were grouped as; Platyhelminthes (5 
taxa), Annelida (10 taxa), Mollusca (11 taxa), Crustacea 
(2 taxa) and insecta (39 taxa). According to the results of 
the macroinvertebrate survey, the upper section of Behzat 
Stream was characterized as having Class I water quality 
with a high species richness dominated by Ephemerop-
tera, Odonata, Diptera and Coleoptera (Table 2). The ����Bio-
tic�����������������������������������������������������������          indicies results were calculated for the stations for the 
first station;�����������������������������������������������           565 (Class I – II) for the Chandler Score and 
176 (Class I) for the Rev.BMWP Score, 10.29 (Class I) 

Table 2. Systematic list of taxa of macroinvertebrates from Behzat Stream. S= Station.

Phylum Genus/species s1 s2 s3 s4 s5

Platyhelminthes

Dendrocoelum sp. x x x - -

Polycelis sp. x - x - -

Dugesia polychroa x x x - -

Dugesia lugubris x x x x x

Planaria torva x x x x x

Annelida

Tubifex sp. - - x x x

Nais sp. - - - x x

Lumbriculus sp. - - - x x

Eiseniella tetraeda - - - x x

Glossiphonia complanata x x x x x

Haementeria sp. x x x x x

Helobdella stagnalis x x x x x

Haemopis sp. x x x - -

Hiruda medicinalis x x x - -

Erpobdella octoculata x x - x

Mollusca

Valvata sp. - - - x x

Lymnaea peregra x x x x x

Lymnaea stagnalis x x x x x

Planorbis vorneus x x x x x

Planorbis corneus x x x x x

Planorbis corinatus - - - x x

Planorbis planorbis - - x x -

Segmentina sp. x x x - -

Unio sp. - x x x

Sphaerium sp - - - x x

Pisidium sp. - - - x x

Crustacea
Asellus sp. - - - x x

Gammarus sp. x x x x x
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Insects
(Sub. Filum Hexa-

poda

Heptagenia sp. x x x x -

Leptophlebia sp. x x x - -

Baetis sp. x x x x x

Cloeon sp. x x x - -

Gomphus sp. x x x x x

Cordulegaster sp. x x x x x

Calopteryx sp. x x x x x

Coenagrion sp. x x x x x

Platycnemis sp. - - - x

Leuctra sp. x - x - -

Plea leachii x x x - -

Corixa sp. x x x x x

Philopotamus sp. x x x - -

Hyropsyche sp. x x x x x

Lype sp. x x x - -

Glossosoma sp. x x x - -

Tipula sp. x x x x x

Dicranota sp. x x x x x

Dixa sp. x x x x x

Culex sp. x x x x x

Anopheles sp. x x x x x

Thaumalea sp. x x x x

Simulium sp. x x x x

Chironomus spp. - - x x x

Diamesa sp. x x x x x

Atherix sp. x x x x

Cricotopus sp. x x x x x

Stratiomys sp x x x x x

Tabanus sp. x x x x x

Sepedon sp. - - - x x

Limnophora sp. x x x x -

Colymbetes sp. x x x - -

Agabus sp. x x x x x

Dytiscus sp. x x x x x

Hydrophilus piceus x x x - -

Hydrocora caraboides - - - x x

Dryops sp. x x x x x

Esolus parallelepipedus x x x x x

Donacia sp. - - - x x

Continued Table 2
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for the ETBI and 9.49 (Class I) for the BBI, ���������������  for the second 
station; ��������������������������������������������������          559 (Class I – II) for the Chandler Score and 176 
(Class I) for the Rev.BMWP Score, 10.25 (Class I) for the 
ETBI and 9.42 (Class I) for the BBI, �����������������������   for the third station;� 
549 (Class I – II) for the Chandler Score and 169 (Class I) 
for the Rev.BMWP Score, 9.96 (Class I-II) for the ETBI 
and 9.36 (Class I) for the BBI, ����������������������������    for the fourth station; ����489 
(Class II) for the Chandler Score and 110 (Class I-II) for 
the Rev.BMWP Score, 9.46 (Class I-II) for the ETBI and 
8.20 (Class I-II) for the BBI, ���������������������������    for the fifth station;�����  481 
(Class II) for the Chandler Score and 102 (Class I-II) for 
the Rev.BMWP Score, 9.10 (Class I-II) for the ETBI and 
8.08 (Class I-II) for the BBI (Table 3).

The principal component analysis (PCA) produced two 
principal components that collectively explained 78.148% 
of the variance of land cover among catchments (Table 4). 
The first axis, explaining 59.516% of variance, was influ-
enced by the physico-chemical parameters, seasons and 
sections. The second axis, explaining 18.632% of varience, 
was influenced by abundance, disolved O2 and hardness. 
PCA ordination of the reaches according the 20 variables 
describing physico-chemical parameters provided a strong 
discriminiation of the five distinct groups (Fig. 2). When 
the biotic index values are compared with the physico-
chemical parameters (Table 5), it can be seen that all biotic 
indices are sensitive to the slight changes in water quality 
found within this stream. All biotic indices, abundance, and 
the physico-chemical parameters differentiate between the 
stations. ��������������������������������������������      These results tested with One-way ANOVA and 
difference was found between stations (p< 0.05).

The results for the Gammarus:Asellus ratio are as fol-
lows; 16 for the upper section, in which Asellus was not 
recorded at all, and 3.4 for the lower section. The high 
results of the G:A ratio were in accordance with those re-
ported by Maltby [39] and Meijering [40], in which Gam-
marus pulex is said to be less tolerant of pollution. This 
result also agrees with the report by MacNeil et al. [41], 
that clean streams have a higher proportion of Gammarus 
and polluted streams have a higher proportion of Asellus. 
They also suggested that the ratio of abundance of G: A 
was a good indicator of organic pollution.

The results of the physico-chemical analyses have 
been classified for water quality by Turkish Stand-
ards [42]. The recommended Turkish Standards values 
for Class I and Class IV water quality are as follows: 
Temperature: 12–30°C; pH: 6.5–8.5; Dissolved oxygen 
(mg/L) 8–3; Conductivity (µS/cm) 400–2000; Total dis-
solved solids (mg/L) 500–5000; Hardness (mg CaCO3/
L) 500– >500; Organic carbon (mg/L) 5–12; Chloride 
(mg/L) 25–400; Sulphate (mg/L) 200–400; Phosphate 
(mg/L) 0.02–0.65; Ammonia nitrogen (mg/L) 0.2–2; 
Nitrate (mg/L) 5–20; Nitrite (mg/L) 0.002–0.05: Lead 
(µg/L) 10–50; Cadmium (µg/L) 3–10; Iron (µg/L) 
300–5000; Copper (µg/L) 20–200; Manganese (µg/L) 

Table 3. ������������������������������������������������������        Classes of water quality based on some biotic indices 
for the stations of the Behzat Stream.

Stations ETBI BBI CS Rev.
BMWP

S1 10.29 ±1.6 
(I)

9.49 ±1.1 
(I)

565 ±19.5 
(I-II)

176 ±10.7 
(I)

S2 10.25 ±1.5 
(I)

9.42 ±1.0 
(I)

559 ±18.3 
(I-II)

176 ±10.4 
(I)

S3 9.96 ±1.3 
(I-II)

9.36 ±1.0 
(I)

549 ±17.2 
(I-II)

169 ±10.1 
(I)

S4 9.46 ±1.2 
(I-II)

8.20 ±0.9 
(I-II)

489 ±16.3 
(II)

110 ±9.8 
(I-II)

S5 9.10 ±1.0 
(I-II)

8.08 ±0.8 
(I-II)

481 ±16.0 
(II)

102 ±9.2 
(I-II)

Table 4. Axis eigenvalues and weighted correlations between� 
season, abundance and physico-chemical parameter variables of 
PCA of macroinvertebrate samples variables that explain a sig-
nificant amount of variation amongst samples following forward 
selection (*P< 0.05, **P<0.001, ***P<0.001; d.f. -21). 

Variable PC 1 PC 2

Eigenvalue 13.093 4.099

% of Var. 59.516 18.632

Cum.% 59.516 78.148

Average abundance -0.641** -0.263*

Temperature (°C) 0.455* 0.755**

pH 0.793** -0.289

Dissolved oxygen (mg/l) 0.857*** -0.468*

Conductivity (mS/cm) 0.514** -0.135

Total dissol. solids (mg/l) 0.912*** 0.030

Hardness (mg CaCO3/l) -0.520** 0.626**

Organic carbon (mg/l) 0.950*** 0.057

Chloride (mg/l) 0.979*** -0.163

Sulphate (mg/l) 0.860*** -0.376*

Phosphate (mg/l) 0.859*** -0.179

Ammonia nitrogen (mg/) 0.738*** 0.617**

Nitrate (mg/l) 0.747*** 0.636**

Nitrite (mg/l) 0.796*** 0.418

Lead (mg/l) 0.568** -0.444*

Cadmium (mg/l) 0.706*** -0.425*

Iron (mg/l) 0.921*** 0.081

Copper (mg/l) 0.914*** -0.318*

Chemical OxygenDemand 0.783*** 0.387*

Grease – Oil 0.778*** -0.547**

sections 0.854*** -0.480**

seasons 0.469* 0.646***
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100–3000; Zinc (µg/L) 200–2000; and Boron (µg/L) 
1000–1000. The values of the physico-chemical param-
eters measured in the Behzat Stream, and their water 
quality classes, are given in Table 5 for sections. All pa-
rameters were found to be Class I water quality except 
Ammonia nitrogen, Nitrate, Nitrite, Chemical Oxygen 
Demand (COD) and Phosphate. Phosphate was Class II 
and Class III in all seasons (except Autumn in section 
I). These high amounts of phosphate are thought to be 
mainly a result of the use of detergents which include 
phosphate. COD was Class I except in summer, Class 
II in both sections. Urban sewage and organic pollution 
are increased the COD. Ammonia Nitrogen, Nitrate and 
Nitrite were Class II in summer in both sections. The use 
of agricultural fertilizers and urban sewage are believed 
to increase the Ammonia nitrogen, Nitrate, Phosphate 
Nitrite and COD concentrations because the absence of 
freshwater plants might affect the increase in Nitrogen 
ion concentrations in the stream. Trace metal concentra-
tions indicated Class I water quality for all ten stations. 
The concentrations of anions and metals detected in the 
sediments were a little higher than those in the stream 
water indicated in the tables, but the difference was not 
statistically significant (One-way ANOVA p>0.05).

A total of 22200 individuals were collected, cover-
ing 52 taxa in the upper section, and a total of 16510 in-
dividuals of 48 taxa from the lower section. The mean 
abundance of macroinvertebrates differed among sta-
tions (T= 5.42, p=0.015) and among seasons (T= 6.91, 

p=0.006). The community was dominated by insect lar-
vae 59% (Table 2.). The substrate and flow at both sites 
might be limited the abundance of the general fauna. This 
is in agreement with Kelly-Quinn et al. [14] in the Caver 
River. Major temporal changes were observed in the com-
munity structure of the macroinvertebrate fauna between 
the seasons. The observed summer abundance decrease 
indicated that the macroinvertebrate fauna become domi-
nated by a few species during late summer (particularly 
Chironomus and Nais) (Table 5). Although warm water 
and high value of some Ammonium ions might be limiting 
for many species, these conditions favoured Chironomus 
[6] and Ephemeroptera Kelly-Quinn et al. [14]. Seasonal 
changes in the fauna abundance of stream were found to 
significant enough (T= 6.91, p=0.006) that the abundance 
of fauna shows a generalized pattern among the studies 
low in the winter (expecially from December to Febru-
ary) and then slowly built up until March after there was 
a rapid increase in May nearly everywhere [13, 27, 43]. 
But in this study the lowest abundance occurred during 
summer (Table 5). Some authors [44, 45] observed the 
same results in some eastern Australian streams. In addi-
tion, Nagumo et al. [46] and Mols et al. [47] reported that 
high nitrogen affects water quality and communities. This 
lowest summer abundance in the Behzat stream would be 
the result of high values of Phosphate, Ammonia nitrogen, 
Nitrate and Nitrite.

Classification of composite samples for the stations 
showed differences between them based on the pres-

Fig. 2. Results of principal component analysis (PCA) of ��������������������������������������������������    physico-chemical parameters, seasons and sections.
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ence or absence of some taxa (Table 2): genera of Dug-
esia, Heptagenia, Leuctra, Simulium, Philopotamus and 
Hydropsyche were major indicators and the physico-
chemical results suggested mostly Class I water quality 
for upper section. Gammarus, Asellus, Lymnea, Planor-
bis Baetis and Chironomus were major indicators in the 
lower section. This will confirm that Asellus, Lymnea, 
Planorbis and Baetis species are often dominant and fre-
quent in weakly polluted, Class II, quality water. This was 
confirmed by the chemical results having high values of 
Ammonia nitrogen, Nitrate, Nitrite, Chemical Oxygen 
Demand (COD) and Phosphate in the lower section.

References

	 1.	 E.U. COMMISSION 1997. Proposal for a Council Directive 
establishing a framework for Community action in the field 
of water policy. Official Journal of the European Communi-
ties. No:C 184/20/1997.

	 2.	���������������������������������������������������        CUMMINS K.W. Invertebrates, Calow, P. & Petts, G.E 
(eds). The Rivers Handbook: Hydrological and Ecological 
Principles Volume 1. Blackwell Science Ltd, Oxford., pp, 
234-249, 1992.

	 3.	 THORNE R. S., WILLIAMS W. P. The responce of benthic 
macroinvertebrate to pollution in developing countries: A 

Table 5. Determined seasonal mean parameters and classes of water quality for the Upper (US) and Lower (LS) sections of Behzat 
Stream. Water quality value shown in brackets – I: High quality water, II: weakly polluted water, III: Polluted water, IV: Highly polluted 
water.

Parameters Autumn Winter Spring Summer

Stations US LS US LS US LS US LS

Average abundance 106±12.1 74±5.5 125±12.5 88±8.3 137±15.6 119±14.2 85±9.5 59±5.4
Temperature  

(°C) 14.3±1.2 14.8±0.9 7.2±0.5 6.1±0.2 13.1±0.9 13.8±1.1 20.4±1.4 22.3±1.5

pH 6.51±0.3 8.52±0.9 6.62±0.5 8.53±0.8 7.87±0.6 7.89±0.5 6.75±0.4 8.74±0.5
Dissolved oxygen 

(mg/l) 11.8±1.5 9.9±1.2 11.6±1.5 10.2±1.3 10.9±1.5 9.92±1.1 8.9±1.09 7.2±0.8

Conductivity 
(µS/cm) 256 ±18 411 ±32 850 ±38 910 ±37 1000 ±51 1150 ±58 537 ±38 1055 ±59

Total dissol. solids 
(mg/l) 235±17.2 380±25.3 285±11.9 435±19.2 390±22.1 487±22.9 395±20.9 520±23.1

Hardness  
(mg CaCO3/l)

185±9.2 135±8.1 160±7.6 125±5.8 205±10.6 160±8.5 200±9.9 150±8.7

Organic carbon 
(mg/l) 0.8±0.0 2.21±0.0 0.6±0.0 1.54±0.0 1.3±0.0 2.63±0.01 1.71±0.01 2.98±0.02

Chloride  
(mg/l) 0.76±0.0 2.95±0.0 0.82±0.0 3.89±0.02 1.23±0.0 4.65±0.04 1.42±0.0 5.86±0.06

Sulphate  
(mg/l) 30.3±1.5 82.3±2.52 19.2±0.9 65.5±2.6 21.3±1.7 73.4±3.01 29.7±1.8 77.8±2.98

Phosphate  
(mg/l) 0.003±0.0 0.06 ±0.0� 

(II) 0.006±0.0 0.72±0.0� 
(III) 0.004±0.0 1.65±0.0� 

(III) 0.004±0.0 1.47±0.0� 
(II)

Ammonia nitrogen 
(mg/) 0.004±0.0 0.07±0.0 0.009±0.0 0.15±0.0 0.008±0.0 0.09±0.0 0.35±0.0 0.70±0.0� 

(II)
Nitrate  
(mg/l) 0.4±0.0 2.42±0.01 0.6±0.0 2.35±0.02 0.7±0.0 3.35±0.02 8.65±0.07���  II 16.75±1.4� 

(II)
Nitrite  
(mg/l) - 0.002±0.0 - 0.001±0.0 - 0.002±0.0 0.001±0.0 0.018±0.0� 

(II)
Lead  
(µg/l) 1.75±0.0 1.98±0.0 2.1±0.01 2.48±0.01 0.95±0.0 2.12±0.01 1.32±0.0 2.42±0.01

Cadmium  
(µg/l) 1.23±0.0 2.18±0.01 0.75±0.0 1.87±0.01 1.76±0.0 3.48±0.03 1.25±0.0 2.12±0.01

Iron  
(µg/l) 35.1±2.35 53.2±3.78 27.6±2.15 47.2±2.89 43.4±2.61 58.7±3.73 49.3±3.07 62.9±4.1

Copper  
(µg/l) 0.75 5.48 1.17 6.48 3.4 10.2 2.17 8.7

Chemical  
OxygenDemand 6 23.6 - 15.8 - 19.7 2 211.7 (III)

Grease – Oil - 0.001 - 0.001 - 0.002 - 0.001



Duran M.716

multimetric system of bioassessment. Freshwater Biology. 
13 (1), 57, 1997.

	 4.	KAZANCI G., GIRGIN S. Distribution of Oligochaeta 
species as bioindicators of organic pollution in Ankara 
stream and their use in biomonitoring. Tr. J. Zoology, 22, 
83, 1998.

	 5.	 METCALFE J.L. Biological water quality assessment of 
running waters based on Macroinvertebrate communities: 
history and present status in Europe. Env. Pollution 60, 101, 
1998.

	 6.	BUNN S. E., DAVIES P. M., MOSISCH T. D. ����������Ecosystem 
measures of river health and their responce to riparian 
and catchment degradation. Freshwater Biology. 41, 333, 
1999.

	 7.	 HICKEYS C. W., CLEMENTS W. H. Effect of heavy met-
als on benthic macroinvertebrate communities in New Zea-
land streams. Envir. Toxi. And Chem. 17 (11), 2338, 1999.

	 8.	K AZANCI G., DUGEL M. An evaluation of the water qual-
ity of Yuvarlakçay stream,in the Köyceðiz-Dalyan protected 
area, SW Turkey. Tr. J. Zoology. 24 (1), 69, 2000.

	 9.	K HAMAR M. BOUYA D., RONNEAU C. Metalic and or-
ganic pollutants associated with urban wastewater in the wa-
ters and sediments of a Maroccan river. Water Qual. Rese. 
Jour. of Canada. 35 (1), 147, 2000.

10.	SOLIMINI A. G., GULIA P., MONFRINOTTI M., CAR-
CHINI G. Performance of different biotic indices and sam-
pling methods in assessing water quality in the lowland 
stretch of the Tiber river. Hydrobiologia. 422/423, 197, 
2000.

11.	WHILES M.R., BROCK B.L., FRANZEN A.C., DINS-
MORE S.C. Stream invertebrate communities, water qual-
ity and land-use pattern in an agricultural drainage basin of 
northeastern. Env. Management. 26 (5), 563, 2000.

12.	ZWEIG L. D., RABENI C. F. Biomonitoring for deposited 
using benthic invertebrates: a test on 4 Missouri streams. 
Journal of the North American Benthological Society. 20, 
643, 2001.

13.	������������������������������������������������        DURAN M., TUZEN M., KAYIM M. �������������������  Exploration of bio-
logical richness and water Quality of stream Kelkit, Tokat-
Turkey. Fresenius Envir. Bull. 12 (4), 368, 2003.

14.	��������������������������������������������      KELLY-QUINN M., BRADLEY C., MURRAY D., ASHE 
P., BRACKEN J., McGARRIGLE M. Physico-chemical 
characteristics and macroinvertebrate communities of the 
Caher River. Biology and Environment. 103 B, (3), 187, 
2003.

15.	RESH V. H. Freshwater benthic macroinvertebrates and 
rapidassessment procedures for water quality monitoring in 
developing and newly industrialized countries. In Davis, W. 
S. & T. P. Simon (eds), Biological Assessment and Criteria. 
Lewis Publishers, England, pp. 167–177, 1995.

16.	CAO Y., BARK A. W., WILLIAMS W. P. Measuring the 
responses of macroinvertebrate communities to water pol-
lution: a comparison of multivariate approaches, biotic and 
diversity indices. Hydrobiologia. 341, 1, 1996.

17.	KAZANCI G., GIRGIN S., DUGEL M., OGUZKURT D. 
Akarsularýn çevre kalitesi yönünden deðerlendirilmesinde 
ve izlenmesinde biyotik indeks yöntemi [The method of the 
biotic index of assessment and monitoring with respect to 

environmental quality of running waters]. Imaj Yayýncýlýk. 
ANKARA. 100 pp, 1997.

18.	BAILEY R. C., KENNEDY M. G., DERVISH M. Z., TAY-
LOR R. M. Biological assessment of freshwater ecosystems 
using a reference condition approach: comparing predicted 
and actual benthic invertebrate communities in Yukon 
streams. Freshwater Biology. 39 (4), 765, 1998.

19.	�����������������������������������������������      CHARVET S., KOSMALA A., STATZNER B. Biomonitor-
ing through biological traits of benthic macroinvertebrates: 
perspectives for a general tool in stream management. ���Ar-
chiv Fur Hydrobiologie. 142 (4), 415, 1998.

20.	CHESSMAN B. C., McEVOY P. K. Towards diagnostic in-
dices for river macroinvertebrates. Hydrobiologia. 364, (2), 
169, 1998.

21.	SIMIC V., SIMIC S. Use of the river macrozoobenthos of 
Serbia to formulate a biotic index. Hydrobiologia. 416, 51, 
1999.

22.	HAWKINS C. P., NORRIS R. H., HOGUE J. N., FEMI-
NELLA J. W. Development and evaluation of predictive 
model for measuring the biological integrity of streams. 
Ecological Applications. 10 (5), 1456, 2000.

23.	CAPITULO A. R., TANGORRA M., OCON C. Use of mac-
roinvertebrate to assess the biological status of Pampean 
streams in Argentina. Aquatic Ecology. 35, 109, 2001.

24.	MISERENDINO M. L. Macroinvertebrate assemblages in 
Andean Patagonian river and streams: environmental rela-
tionship. Hydrobiologia. 444, 147, 2001.

25.	AVERA O. A comparison between diversity, similarity and 
biotic indices applied to the macroinvertebrate community 
of a small stream: the Ravella river (Como Province, North-
hern Italy). Aquatic Ecology. 35, 97, 2001.

26.	YOSHIMURA C., KUMAGAI Y., FUKUSHI K., OMURA 
T. Ecological co inhabitance index (ECI) as a management 
tool for ecosystem preservation in rivers. Water Science and 
Technology. 43 (2), 161, 2001.

27.	HALSE S. A., CALE D. J., JASINSKA E. J., SHEIL R. J. 
Monitoring change in aquatic invertebrates biodiversity: 
sample size, faunal elements and analytical methods. Aquat-
ic Ecology. 36, 395, 2002.

28.	SURBER E. W. Procedure in taking stream bottom samples 
with the stream square foot bottom sampler. Proceeding of 
the 23rd. Annual Conference of the southern Association of 
Game and fish Commissioners. 1970.

29.	EPLER J.H. Identification manuel for the larval Chironomi-
dae (Diptera) of North and South Caroline. EPA, Human 
Healt and Ecological Criteria Division. 2001

30.	ELLIOT J. M., HUMPESCH U.H. A key to the adults of the 
British Ephemeroptera. Freshwater Biologicak Association. 
101 pp. 1983

31.	FITTER R., MANUEL R. Lakes, Rivers and Streams & 
Ponds of Britain & North-West Europe. Harper Collins. 
London. 369 pp. 1994.

32.	MACAN T.T. A key to British Fresh and Brakish water Gas-
tropods. Freshwater Biologicak Association. 100 pp. 1977

33.	���������������������������������������������������       BALLINGER D.G. Methods for Chemical Analysis of Wa-
ter and Wastes. EPA. 1979.

34.	CHANDLER J. R. A biological approach to water quality 
management. Wat. Poll. Control. 69, 415, 1970.



Monitoring Water... 717

35.	HELLAWELL J. M. Biological Surveillance of Rivers. Wa-
ter Research Center, Stevenage, England. 322 pp, 1978.

36.	WALLEY W. J., HAWKES H. A. A computer-based devel-
opment of the Biological Monitoring Party Score system 
incorporating abundance rating, biotope type and indicator 
value. Water Research. 31 (2), 201, 1997.

37.	WOODIWISS F. S. Comparative study of biological-eco-
logical water quality assessment methods. Summary Report. 
Commission of the European Communities. Severn Trent 
Water Authority. UK, 45 pp, 1978.

38.	De PAUW N., VANHOOREN G. Method for biological 
quality assessment of water courses in Belgium. Hydrobio-
logia. 100, 153, 1983.

39.	MALTBY L. Pollution as a probe of life history adaptation 
in Asellus aquaticus (Isopoda). Oikos. 61, 11, 1991.

40.	MEIJERING M.P.D. Lack of oxygen and low pH as limiting 
factors for Gammarus in Hessian brooks and rivers. Hydro-
biologia. 223, 159, 1991.

41.	MACNEIL C., DICK J. T. A., BIGSBY E., ELWOOD R. 
W., MONTGOMERY W. I., GIBBSINS C. N., KELLY D. 
W. The validity of the Gammarus:Asellus ratio as an index 
of organic pollution: abiotic and biotic influences Water Re-
search. 36 (1), 75, 2002.

42.	TURKISH STANDARDS. Su Kirliliði Kontrol Yönetmeliði 
[Regulations of Water Pollution Control], 19919 Sayýlý Re-
smi Gazete [The Official Gazette], 1988.

43.	WINTERBOTTOM J.H., ORTON S.E., HILDREW A.G. 
Field experiment on the mobility of Bentic invertebrates 
in a Southern English stream. Freswater Biology. 38, 37, 
1997.

44.	LAKE P. S. Ecology of macroinvertebrate of Australian up-
land streams- a rewiew of current knowledge. Bulletin of the 
australian Society for Limnology. 8, 1, 1982.

45.	MARCHANT R., METZELING L., GRAESSER A., 
SUTER P. The organization of macroinvertebrate com-
munities in the major tributaries of the LaTrobe Riv-
er, Victoria, Australia. Freshwater Biology. 15, 315, 
1985.

46.	NAGUMO T., WOLI K.P., HATANO P. Evaluating the 
contribution of point and non point source of nitrogen pol-
lution in the stream water in a rural area of central Hokkai-
do, Japan. Soil Science and Plant Nutrition. 50 (1), 109, 
2004.

47.	MOLS T., PAAL J., FREMSTAD E. Responce of Norwe-
gian alpine communities to nitrogen. Nordic Journal of Bot-
any. 20, (6), 705, 2000




