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Abstract

Çatören and Kunduzlar Dam Lakes, located on Seydi River, represent the main irrigation water resources of the 

Seyitgazi District (Eskişehir Province), in west-central Turkey. The river and the reservoirs are both under the threat of 

pollution primarily originating from several domestic point source discharges and land-based runoff. The numerical and 

proportional distributions of oligochaetes in Çatören and Kunduzlar Dam Lakes were surveyed seasonally in 2010 and 

2011 at two stations on each lake. According to the results of this study, the benthic invertebrate fauna of Çatören Dam 

Lake consisted of Oligochaeta (40.2 %), Chironomidae larvae (32.2 %) and the varia (27.6 %); the benthic invertebrate 

fauna of Kunduzlar Dam Lake consisted of Oligochaeta (56.7 %), Chironomidae larvae (18.2 %) and the varia (25.1%). 

By evaluating the data via a Shannon-Wiener index it was found that the Çatören Dam Lake had an index of 2.32; while 

Kunduzlar Dam Lake had an index of 3.27. Several physicochemical water quality parameters were also analyzed during 

this study. The relationships between the dynamics of organisms and environmental parameters were supported by 

Pearson correlation index. It was determined that Çatören and Kunduzlar Dam Lakes waters were polluted and slightly 

polluted, respectively. The dominance and abundance of oligochaete species and low species richness showed that 

similar studies should be carried out periodically in Çatören and Kunduzlar Dam Lakes for the future monitoring of the 

dam lakes.
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Introduction

Benthic macroinvertebrate assemblages are very important for aquatic system food chains and may serve as 
biological indicators of various environmental stresses on aquatic ecosystems (Richardson and Kiffney 2000). 
Invertebrate communities are also trustworthy indicators of water and ecosystem conditions (Chao et al. 
1996). Oligochaetes have a worldwide distribution, with species adapted to every kind of body of water, such 
as brackish water, fresh water or salt water. In addition, certain species of Oligochaeta are abundant in 
organically polluted waters because of lack of competition and an abundant food supply coupled with a 
tolerance to reduced oxygen condition (Brinkhurst and Jamieson 1971) and they are considered an interesting 
indicator of water quality because of their ubiquity and abundance in aquatic ecosystems (Sæther 1979; 
Pinder 1986). However, there have been few studies on the invertebrate fauna and water quality of Çatören 
and Kunduzlar Dam Lakes (CDL and KDL, respectively) (Altındağ and Özkurt 1998; Özkurt 2000) and, to 
date, there have been no studies related to their oligochaete faunas and environmental parameters. This study 
is aimed at investigating the qualitative and quantitative characteristics of the oligochaete faunas in the CDL 
and KDL. In this study, scales of distribution of oligochaete species and relationships with environmental 
variables were examined. Data have also been used to identify correlative relationships between 
physicochemical features and the dynamics of oligochaete fauna.
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Materials and methods

Study Area

Çatören and Kunduzlar dam lakes are located in the Kırka basin of Eskişehir (Figure 1) and have been used 
for irrigation, erosion control and energy supply since 1984 and 1986, respectively. The surface areas and 
maximum depths of the dam lakes are 2.64 km2 and 4.04 km2, and 28 m and 38 m, respectively. Kümbet and 
Akin are the main streams that carry water to CDL and KDL, respectively (Figure 1).

FIGURE 1: Location of sampling sites on the Çatören (CDL) and Kunduzlar (KDL) dam lakes, Seydi River 

(Seyitgazi District, Eskişehir Province) in west-central Turkey, where surveys for aquatic oligochaetes and other 

benthic macroinvertebrates were conducted during 2010 and 2011.

Sampling

This study was carried out between March 2010 and June 2011. Two replicate benthic samples were taken 
seasonally at four different stations (Figure 1) using an Ekman grab. Samples were washed in situ using a 
sieve of 200µm mesh size. The material was preserved in 4% formalin in the field, taken to the laboratory and 
sorted under a stereomicroscope. All samples were identified to family, order or class level and preserved in 
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70% alcohol. Taxa were grouped as Oligochaeta, Nematoda, Chironomidae larvae, Gastropoda and Bivalvia, 
plus low numbers of Hirudinea, Odonata, Ephemeroptera, Coleoptera and Hemiptera which were grouped as 
“Varia”. Only oligochaete samples were identified to genera or species level. Oligochaete specimens were 
either studied as whole mounts in glycerine or mounted in polyvinyl lactophenol (for chaetal characters), and 
finally mounted as whole specimens in Canada balsam after dehydration. The identification of the oligochaete 
species was completed using the four identification keys (Brinkhurst and Jamieson 1971; Sperber 1950; Timm 
1999; Timm and Veldhuijzen van Zanten 2002).

Ten physico-chemical variables were measured at each of the four stations (Table 2). Water temperature, 
hydrogen ion concentration (as pH), dissolved oxygen (mg/L) and conductivity (mSiemens) were measured in 
the field. Two replicates of water samples from each station were stored in polyethylene bottles (1000 ml). 
The chemical and biological oxygen demand (BOD and COD), SO

4
, NO

3
N, NO

2
N were all determined in 

accordance with the standard method procedures (APHA 1992). The water samples were kept in a refrigerator 
at a temperature below 4 oC and were analyzed within 24 hours. The highest and lowest values of the 
measured physico-chemical parameters of four sampling sites of CDL and KDL during the study period are 
given in Table 2.

Statistical Analysis

Shannon index was based on PAST 1.75b (Hammer, Harper and Ryan 2001). Bellan-Santini’s (1969) 
quantitative dominance index (Bellan-Santini 1969) of each species was estimated by; D

i
 = N

i
/N

t
x 100, where 

N
i 
= number of individuals of species i; and N

t
 = total number of macrobenthic specimens. Also, relationships 

between the distribution of the oligochaete species and environmental variables were determined using 
Spearman correlation in SPSS 9.0 for Windows.

RESULTS and DISCUSSION

During this study, 24 invertebrate taxa were recorded, collectively, from the Çatören and Kunduzlar dam 
lakes; however, since the scope of this study focused on the aquatic oligochaete fauna in these lakes, only the 
oligochaetes were identified to the genus or species level (Table 1). A total of 2524 individuals were counted, 
comprising 15 species of Oligochaeta and nine taxa representing Gastropoda, Chironomidae, Bivalvia, 
Nematoda and varia. A taxonomic list of the oligochaete species and other benthic invertebrates determined in 
the CDL and KDL during the study, with their individual numbers and dominance (D %) values were given in 
Table 1.We found that the CDL and KDL’s zoobenthos was dominated by oligochaetes and Chironomidae 
larvae. Oligochaeta was composed of a high value of dominance (40.2% and 56.7% for CDL and KDL, 
respectively); the second taxon was Chironomidae (32.2 % and 18.2 %).

Oligochaete species richness varied between 10 and 15 in the study area (Table 1). The highest 
Oligochaeta species number was found in KDL (15 species) while the lowest oligochaete species (10 species) 
were found in CDL. Psammoryctides albicola was found to have the highest dominance value (8.3 %D) and it 
was followed by Potamothrix hammoniensis (7.8 %D) and Limnodrilus hoffmeisteri (6.6 %D) and 
Limnodrilus claparedianus (5.9 %D) in KDL; while in CDL, Stylaria lacustris was found to have the highest 
dominance value (8.2 %D) and it was followed by Pristina jenkinae (5.1 %D), Nais elinguis(5.5 %D) and 
Potamothrix hammoniensis (4.7 %D). In addition, Potamothrix bavaricus, Psammoryctides barbatus, 

Psammoryctides albicola, Uncinais uncinata,and Paranais frici were found in only KDL. According to 
Shannon index, the species diversity in KDL was found as 3.27 while in CDL 2.32 (Table 2). It is clearly 
shown that the number of species (N), taxa number and Shannon (H) are higher in KDL than in the CDL. 

Pearson’s correlation coefficients between abundance of selected oligochaete species (which were shown 
common distribution or high abundance) and examined environmental parameters of CDL and KDL water 
were examined. In KDL especially tubificine species, P. albicola, P. hammoniensis, L. hoffmeisteri and L. 

udekemianus showed significant positive correlations to the BOD (p<0.01); Potamothrix hammoniensis and 
L. hoffmeisteri showed positive correlations to the SO

4
 and NO

2
-N respectively (p<0.05). In CDL, it was 

found that the abundance of naidid species Nais elinguis and Aulophorus furcatus showed a negative 
correlation to the DO level of the water (p<0.05) while P. jenkinae showed a positive correlation (p<0.05).
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In Turkey, surface water quality is classified according to: a) physical and inorganic-chemical parameters, 
b) organic parameters, c) inorganic parameters, and d) bacteriological parameters. In addition, each group 
contain four water quality classes; surface water quality classes are defined as: class I: high quality waters, 
class II: slightly contaminated waters, class III: contaminated waters, and class IV: severely polluted waters 
(SSKY 2008). According to SSKY (2008), the values of pH, conductivity, and temperature were found at 
normal levels during the course of this present study (Table 2). When the water quality was evaluated for 
nutrients, the values of SO

4 
and NO

2
N were found at third and second quality level, respectively, in CDL; while 

the values of SO
4 
and NO

2
N were found at first and second quality level, respectively, in KDL. According to 

the Turkish water quality classes (SKKY 2008) CDL sampling sites during the 4 sampling months in 
2010–2011 (Table 2) were categorized as Class III (in terms of physical and inorganic-chemical parameters) 
and Class II (in terms of organic parameters) while KDL sampling sites were categorized as Class II and Class 
I respectively. According to SSKY (2008), Class II waters are used for:  (a) drinking purposes (after advanced 
treatment), (b) recreational purposes, (c) fish farming (except trout),  (d) irrigation, and (e) other purposes not 
covered by Class I; Class III waters can be used for industrial purposes (except food and textile industries).

TABLE 1: Taxonomic list of the oligochaete species and other benthic invertebrates determined in the Çatören (CDL) 

and Kunduzlar (KDL) dam lakes, Seydi River (Seyitgazi District, Eskişehir Province) in west-central Turkey, during the 

present study, with their individual numbers and dominance (D %) values.

CDL KDL

1st 2nd D 3rd 4th D

OLIGOCHAETA                                                                                                                          

1 Limnodrilus claparedianus Ratzel, 1869 25 0 3.5 63 39 5,6

2 Limnodrilus hoffmeisteri Claparéde, 1862 15 15 4.2 78 42 6,6

3 Tubifex tubifex (Müller, 1774) 12 0 1.7 27 2 1,6

4 Potamothrix hammoniensis (Michaelsen, 1901) 15 18 4.7 63 78 7,8

5 Potamothrix bavaricus (Oschmann, 1913) 0 0 0.0 48 0 2,6

6 Psammoryctides barbatus (Grube, 1861) 0 0 0.0 42 18 3,3

7 Psammoryctides albicola (Michaelsen,1901) 0 0 0.0 72 78 8,3

8 Nais elinguis Müller, 1773 24 15 5.5 42 33 4,1

9 Nais variabilis Piguet, 1906 6 9 2.1 48 9 3,1

10 Aulophorus furcatus (Müller, 1774) 15 6 3.0 51 30 4,5

11 Dero digitata (Müller, 1773) 6 9 2.1 15 18 1,8

12 Uncinais uncinata (Orsted, 1842) 0 0 0.0 6 12 1,0

13 Stylaria lacustris (Linnaeus, 1767) 25 33 8.2 9 57 3,6

14 Paranais frici Hrabě, 1941 0 0 0.0 15 0 0,8

15 Pristina jenkinae (Stephenson, 1931) 15 21 5.1 36 0 2,0

Number of oligochaete taxa at the stations 10 8 - 15 12 -

16 Gastropoda 45 66 15.7 48 24 4,0

17 Bivalvia 0 6 0.8 21 33 3,0

18 Nematoda 3 18 3.0 36 27 3,5

19 Chironomidae 159 69 32.2 210 120 18,2

VARIA

20 Coleoptera 24 9 4.7 21 15 2,0

21 Hemiptera 0 0 0.0 15 24 2,1

22 Odonata 6 12 2.5 42 63 5,8

23 Ephemeroptera 0 6 0.8 42 24 3,6

24 Hirudinea 0 0 0.0 6 15 1,2

Shannon H' 2.32 3.27
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TABLE 2: Some parameters of the water in Çatören (CDL) and Kunduzlar (KDL) dam lakes, Seydi River 

(Seyitgazi District, Eskişehir Province) in west-central Turkey by season (W: winter, December 2010, Sp: Sring, 

April 2011, Su: Summer, July 2011, Au: Autumn, October, 2011).

 CDL KDL

Parameters/Sampling W.

2010

Sp.

2011

Su.

2011

Au.

2011

Average

± SD

W.

2010

Sp.

2011

Su.

2011

Au.

2011

Average

±SD

Physical inorganic-

chemical parameters

Temperature (°C) 7.8 12.4 17.3 19.7 14.3 ± 5.2 9.2 13.3 18.6 18.2 14.8 ± 4.4

pH 7.9 8.1 7.8 8.6 8.1 ± 0.31 8.2 8.4 8.1 8.3 8.2 ± 0.1

DO (mg L-1) 7.6 6.8 4.3 5.4 5.7 ± 1.3 8.3 8.1 6.2 6.8 7.3 ± 1

SO
4

-2 (mg L-1) 285 210 225 315 258.7 ± 49.5 86 55 105 110 89 ± 24.9

NO
3
N (mg L-1) 2.63 2.45 3.38 4.16 3.1 ± 0.7 0.75 1.19 0.41 0.58 0.7 ± 0.3

NO
2
N (mg L-1) 0.026 0.0071 0.0058 0.029 0.01 ± 0.01 0.011 0.014 0.023 0.026 0.01 ± 0.01

Water Quality Class III II

Organic parameters

BOI (mg L-1) 3.6 7.2 3.2 3.1 4.2 ± 1.80 2.8 3.1 4.4 4.6 3.72 ± 0.9

KOI (mg L-1) 10.9 15.6 18.5 19.4 16.1 ± 3.83 9.9 14.2 17.5 18.4 15 ± 3.8

Water Quality Clasis II I

Other

Total hardness  (mg L-1 

CaCO
3
)

196 208 226 218 212 ± 12.9 267 270 274 284 273.7 ± 7.4

Conductivity (μmhos 

cm-1)

325 368 412 395 375 ± 37.9 416 397 401 408 405.5 ± 8.3

Water Quality Clases (SKKY, 2008)

I II III IV I II III IV

DO (mg L-1) 8 6 3 < 3 8 6 3 < 3

SO
4 
(mg L-1) 200 200 400 > 400 200 200 400 > 400

NO
3
N (mg L-1) 5 10 20 > 20 5 10 20 > 20

NO
2
N (mg L-1) 0.002 0.01 0.05 > 

0.05

0.00

2

0.01 0.05 > 

0.05

BOI (mg L-1) 4 8 20 > 20 4 8 20 > 20

KOI (mg L-1) 25 50 70 > 70 25 50 70 > 70
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Conclusions

It was found that the zoobenthos of Dam Lakes were dominated by two groups of invertebrates, Oligochaeta 
and Chironomidae, which is typical of many freshwater systems. Dam lakes oligochaete fauna consist mainly 
of taxa with wide ecological tolerances and extensive geographical ranges. The oligochaetes in KDL were 
mainly represented by three species, P. hammoniensis, P. albicola, and Limnodrilus hoffmeisteri, each of 
which was present throughout the year.  The naidine species, Stylaria lacustris and N. elinguis, were the 
dominant species present in CDL. Limnodrilus hoffmeisteri and L. claparedianus are commonly collected in 
organically enriched waters. In addition, these tubificine species are often found in large numbers in highly 
polluted waters (Brinkhurst and Jamieson 1971; Mason 1996) and Potamothrix hammoniensis is a reliable 
indicator of eutrophy or local organic enrichment when occurring in considerable densities (Milbrink 1980). 
In the study area, these tubificine species were the most abundant. The pollution of the dam lake KDL could 
be characterized by the species T. tubifex, L. hoffmeisteri, L. claparedianus and P. hammoniensis. The most 
common oligochaete species in KDL were Stylaria lacustris, Nais elinguis, Pristina jenkinae and Aulophorus 

furcatus. These naidine species, common inhabitants of sewage filter beds, ponds, lakes and streams, have 
also been found in brackish water (Davis 1982). In addition, Pristinella jenkinae has been collected from a 
wide range of current velocities and within a wide temperature range by Pascar-Gluzman and Dimentman 
(1984) who reported euryoic and eurythermal species. These four species are reported to be tolerant of severe 
pollution and have been found in a stream degraded by industrial effluents (Maciorowski et al. 1977; Harman 
1979). Stylaria lacustris, Nais elinguis, Pristina jenkinae and Aulophorus furcatus were reported to occur in 
abundance in stony bottomed, muddy substratum, organically enriched streams and lakes in Turkey (Çamur-
Elipek et al. 2006; Arslan and Şahin 2006; Akbulut et al. 2009).This fact can be explained by the euryoeic 
character of four naidine species, as reported by Pascar-Gluzman and Dimentman (1984) and Davis (1982).

The distribution, species composition, and development of aquatic oligochaetes depends on many factors 
such as water temperature, chemical and physical properties of the water (Grigelis et al. 1981), sediments, 
bottom microflora, and vegetation cover. In the present study, there were no significant differences from the 
point of view of the dam lakes substrate type. However, the main and important differences between the dam 
lakes stations were the vegetation. High naidine species abundance in the CDL may be partly due to their rich 
littoral vegetation.

The relationship between the number of tubificine taxa and BOD was directly proportional (p<0.01), 
while the relationship between the number of some naidine taxa (Nais elinguis and Aulophorus furcatus) and 
DO was inversely proportional (p<0.05). 

The dominant oligochaete species collected during this study, P. hammoniensis, P. albicola, and L. 

hoffmeisteri, are commonly collected from eutrophic lakes (Brinkhurst and Jamieson 1971; Milbrink 1980). 
Most of the naidine taxa recorded during this study were found in CDL stations, which contain a high density 
of aquatic vegetation. The subfamily Naidinae contains species with a wide variety of environmental 
preferences. In both dam lakes, oligochaete diversity was low, but abundance was high. Generally, tubificine 
members were widespread in all year during the study period. Several authors (Milbrink 1980; Pascar-Gluzman 
and Dimentman 1984; Särkkä 1994; Mason 1996) indicated that some species of tubificine and naidine were an 
indicator of organic loading in lakes. All of our results during this present study support these findings.

As we mentioned above, according to physical and inorganic-chemical and organic parameters, it was 
determined that CDL and KDL waters were polluted and slightly polluted respectively (Table 2). Emiroğlu et 
al. (2010) investigated boron concentration of Seydi Stream water, its sediment, and different organisms from 
surrounding Kırka county. They examined inflow and outflow waters of CDL and KDL dam lakes. They 
found that boron levels in water flowing into CDL was 3.45 mg L-1, but lower (2.51 mg L-1) in water flowing 
into KDL.Their results showed that boron concentrations of the Seydi Stream water is higher than the Turkish 
Environmental Guidelines standard (>1 mg L-1). In comparison, mean values of boron in surface waters 
throughout Europe are typically below 0.6 mg L-1.

According to the boron concentrations found in their study, Emiroğlu et al. (2010) concluded that water of 
Seydi Stream was included to the class IV (>1 mg L-1) heavily polluted water that should not be used at all (for 
drinking, recreational, fish farming and irrigation purposes).

Consequently, irrigation, sewage system, variable flow rate and temperature affect the quality of waters in 
CDL and KDL. The structure of benthic invertebrate fauna in the CDL and KDL changes with effects of 
environmental variables. The dominance by, and abundance of, oligochaete species showed that similar 
monitoring studies should be carried out periodically in CDL and KDL for the future of the dam lakes.
 Zoosymposia 9  © 2014 Magnolia Press  ·  75AQUATIC OLIGOCHAETA (ANNELIDA)



References

Akbulut, M., Şanver -Çelik, E., Odabaşı, D.A., Kaya, H., Selvi, K., Arslan, N. & Odabaşı, S. (2009) Seasonal Distribution and 

Composition of Benthic Macroinvertebrate Communities in Menderes Creek, Çanakkale, Turkey. Fresenius 

Environmental Bulletin, 18, 2136–2145.
Altındağ, A. & Özkurt, S. (1998) A Study on the Zooplanktonic Fauna of the Dam LakesKunduzlar and Çatören (Kırka-

Eskisehir). Turkish Journal of Zoology, 22, 323–331.
APHA (1992) Standard Methods for the Examination of Water and Wastewater, 17th ed. American Public Health Association, 

Washington, DC

Arslan, N. & Şahin, Y. (2006) A Preliminary Study into Identification of the Littoral Oligochaeta (Annelida) and Chironomidae 
Fauna of Lake Kovada, a National Park in Turkey. Turkish Journal of Zoology, 30, 67–72. 

Bellan-Santini, D. (1969) Contribution à l’étude des peuplements infralittoraux sur substrats rocheux (étude qualitative et 
quantitative de la frange supérieure). Recherches Travaux Station Marine Endoume, 63, 47, 9–294.

Brinkhurst, R.O & Jamieson, B.G.M. (1971) Aquatic Oligochaeta of the World. Oliver and Boyd, Edinburgh, 860 pp.
Çamur-Elipek, B., Arslan, N., Kırgız, T. & Öterler, B. (2006) Benthic Macrofauna in Tunca River and Their Relationships with 

Environmental Variables. Acta Hydrochimica and Hydrobiologica, 34,360–366. 
http://dx.doi.org/10.1002/aheh.200500631

Chao, Y., Bark, A.W. & Williams, W.P. (1996) Analyzing Benthic Macroinvertebrate Community Changes along a Pollution 
Gradient: A Framework for the Development of Biotic Indices. Water Research, 31, 4, 884–892.

Davis, R.J. (1982) New Records of Aquatic Oligochaeta from Texas, with Observations on Their Ecological Characteristics. 
Hydrobiologia, 96, 15–29.

Emiroğlu, Ö., Çiçek A., Arslan N., Aksan, S. & Rüzgar, M. (2010) Boron Concentration in Water, Sediment and Different 
Organisms around Large Borate Deposits of Turkey. Bulletin of Environmental Contamination and Toxicology, 84, 427–431. 
http://dx.doi.org/10.1007/s00128-010-9961-8

Grigelis, A., Lenkaitis, R., Nainaite, O. & Zukaite, E. (1981) Peculiarities of Distribution of Cold-Stenotherm Hydrobionts in 
Lakes of the National Park of the Lithuanian SSR, Verhandlungen der Internationale Vereinigung für Theoretische und 

Angewandte Limnologie , 21, 501–503.

Hammer, Ø., Harper, D.A.T. & Ryan, P.D. (2001) Past: Palaentological statistical software package for education and data 
analysis. Palaentologica electronica. 4(1): 9 pp.

Harman, W.J., Loden, M.S. & Davis, J.R. (1979) Aquatic Oligochaeta New to North America with Some Further Records from 
Texas. The Southwestern Naturalist, 24, 3, 509–525.

Maciorowski, A.F., Benfield, E.F. & Hendricks, A.C. (1977) Species Composition, Distribution and Abundance of 

Oligochaetes in the Kanawha River, West Virginia. Hydrobiologia, 54, 81–91. 
http://dx.doi.org/10.1007/bf00018774

Mason, C.F. (1996) Biology of Freshwater Pollution. Longman Group Limited, Essex, pp. 82–88.
Milbrink, G. (1980) Oligochaete Communities in Pollution Biology: The European Situation with Special Reference to Lakes 

in Scandinavia. In: Brinkhurst, R.O. and Cook, D.G. (Eds.), Aquatic Oligochaete Biology. Plenum Publishing Corporation, 
N.Y., pp. 433–455.

Özkurt, S. (2000) Çatören ve Kunduzlar (Kırka-Eskişehir) Baraj Göletlerindeki Sazanların (Cyprinus carpio L., 1758) 
Dokularında Bor Birikimi.Turkish Journal of Biology, 24, 663–676.

Pascar-Gluzman, C. & Dimentman, C. (1984) Distribution and Habitat Characteristics of Naididae and Tubificidae in the 
Inland Waters of Israel and the Sinai Peninsula. Hydrobiologia, 115, 197–205. 
http://dx.doi.org/10.1007/bf00027917

Särkkä J. (1994) Lacustrine, Profundal Meiobenthic Oligochaetes as Indicators of Trophy and Organic Loading, 

Hydrobiologia, 278, 231–241. 
http://dx.doi.org/10.1007/978-94-011-0842-3_26

SKKY, Turkish Standards. (2008) Regulation of Water Pollution, 25687 Sayılı resmi Gazete
Pinder, L.C.V. (1986) Biology of Freshwater Chironomidae. Annual Review of Entomology, 31, 1–23.
Richardson, J.S. & Kiffney, P.M. (2000) Responses of a Macroinvertebrate Community from a Pristine, Southern British 

Colombia, Canada, Stream to Metals in Experimental Mesocosms. Environmental Toxicology and Chemistry, 19, 736–743.

Sæther, O.A. (1979) Chironomid Communities as Water Quality Indicators. Holarctic Ecology, 2, 65–74.
Sperber, C. (1950) A Guide for the Determination of European Naididae. Zoologiska Bidrag från, Uppsala Bd, 78 pp.
Timm, T. (1999) A Guide to the Estonian Annelida, Naturalist's Handbooks 1, Estonian Academy Publishers, Tartu-Tallin, 

Estonia, 208 pp.
Timm, T. & Veldhuijzen van Zanten, H.H. (2002) Freshwater Oligochaeta of North-West Europe. World Biodiversity Database, 

CD-ROM Series. Expert Center for Taxonomic Identification, University of Amsterdam.
ARSLAN ET AL.76  ·  Zoosymposia 9 © 2014 Magnolia Press



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


