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Abstract: In the present study, aquatic Oligochaeta (Annelida: Clitellata) fauna and environmental parameters 

from 15 predetermined stations in Sarıçay, Karamenderes, Tuzla, and Kocabaş streams in Biga Peninsula (North-

West Anatolia) were seasonally studied. Benthic samplings were collected via Hess Sampler and Ekman Birge 

Grab. During benthic samplings, temperature, electrical conductivity, pH, and dissolved oxygen were analysed 

on-site whereas chemical oxygen demand (COD), biological oxygen demand (BOD5), and water quality 

parameters such as PO4-P, and NO3-N were analysed in laboratory. In this study, a total of 340.993 individuals 

of Oligochaeta belonging 33 different taxawere obtained. The family Naididae had the highest number of species 

(29 taxa); and followed by Enchytraeidae (2 taxa) and Lumbriculidae (2 taxa).It was demonstrated through 

Multidimensional Scaling (MDS) that species that are tolerant to organic pollution, including Potamothrix 

hammoniensis (Michaelsen, 1901), Tubifex tubifex Müller, 1774, Limnodrilus hoffmeisteri Claparede, 1862 are 

dominant in the stations located in sub tributary basins. In addition, Bothrioneurum vejdovskyanum Stolc, 1886, 

Mesenchytraeus sanguineus Nielsen & Christensen, 1959 and Enchytraeus christenseni Dozsa-Farkas, 1992, 

found in this study, are recorded for the first time for the aquatic Oligochaeta Fauna in Turkey. 
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Biga Yarımadası Akarsularının Sucul Oligochaeta (Annelida: Clitellata) 

Toplulukları ve Mevsimsel Değişimleri 

 
Özet: Bu çalışmada, Biga Yarımadası akarsularından Sarıçay, Karamenderes, Tuzla ve Kocabaş’ta belirlenmiş 

15 örnekleme istasyonunda, Oligochaeta (Annelida: Clitellata) faunası çevresel değişkenler ile birlikte 

mevsimsel olarak araştırılmıştır. Bentik örneklemeler Hess Sampler ve Ekman Birge Grab ile gerçekleştirilmiş 

ve örnekler kantitatif olarak değerlendirilmiştir. Bentik örneklemeler sırasında, su sıcaklığı (T), elektrik 

iletkenliği (EC), pH ve çözünmüş oksijen (DO) yerinde, kimyasal oksijen ihtiyacı (COD), biyolojik oksijen 

ihtiyacı  (BOD5), PO4-P, NO3-N gibi su kalitesi laboratuvarda analiz edilmiştir. Araştırma sonucunda, Naididae 

familyasından 29 taksa, Enchytraeidae 2 taksa ve Lumbriculidae 2 taksa olmak üzere 33 taksaya ait toplam 

340993 birey tespit edilmiştir. Organik kirliliğe toleranslı Potamothrix hammoniensis (Michaelsen, 1901), 

Tubifex tubifexMüller, 1774, Limnodrilus hoffmeisteri Claparede, 1862 türlerinin alt akarsu havzalarında yer alan 

istasyonlarda baskın olduğu MD Sanalizi ile gösterilmiştir. Ayrıca, çalışmada tespit edilen Bothrioneurum 

vejdovskyanum Stolc, 1886, Mesenchytraeus sanguineus Nielsen & Christensen, 1959 ve Enchytraeus 

christenseni Dozsa-Farkas, 1992 türleri Türkiye sucul Oligochaeta Faunası için ilk kayıt niteliğindedir. 

 

Anahtar Kelimeler: Oligochaeta, Biga Yarımadası, Akarsular, Çevresel Değişkenler, MDS. 

 

Introduction 

Aquatic Oligochaeta species constitute an 

important part of the benthic fauna in fresh waters and 

generally most of them live freely on the benthos 

(especially members of Naidinae subfamily) while 

some species actively swim and live in the vegetation 

(Sperber, 1950; Brinkhurst & Jamieson 1971; 

Meadows & Bird, 1974; Bouguenec & Giani 1989). 

Most of the members of aquatic Oligochaeta feed 

uponfine particles deposited on sand and mud and 

therefore, help clean the substrate. 

Members of Oligochaeta are used in the 

assessment of water and sediment quality as they can 

be used as an indicator for the type and level of various 
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pollution sources due to their tolerance to variable 

environmental conditions (Goodnight & Whitley, 

1961; Reynoldson & Rodriguez, 1999). Also, since 

they constitute a major food for fishes and other 

invertebrates, they are important components of the 

food chain (Milbrink, 1983; Chapman & Brinkhurst, 

1987).  

In this study, seasonal distribution of Oligochaeta 

members were correlated with environmental 

variables in the sub and upper tributary basins of 

Sarıçay, Karamenderes, Tuzla, and Kocabaş streams 

in Biga Peninsula. 

Materials and Methods 

Study Area 

The study area is located in the western part of the 

Marmara Region in North-West Anatolia (Fig. 1). 

Previous works have indicated high levels of nitrogen 

and phosphorus due to extensive use of agriculture 

fertilizers and discharges of domestic waste in 

Karamenderes and Sarıçay Streams as well as 

excessive concentrations of some heavy metals due 

stations were established in 4 different streams from 

upstream to downstream (Table 1). 

 

Figure 1. Sampling stations (S: Sarıçay, Km: 

Karamenderes, T: Tuzla, K: Kocabaş). 

The idenfication of the Oligochaeta species was 

performed following Brinkhurst (1986), Brinkhurst & 

Jamieson (1971), Kathman & Brinkhurst (1998), 

Timm (2009), Wetzel et al., (2009). 

Table 1. Sampling stations and their coordinates 

 

Sampling and Analysis 

Benthic samples were taken seasonally using a 

Hess sampler dredge (covering a surface of 900 cm2), 

and Ekman Birge Grap (15*15 cm) between Autumn 

2008 and Summer 2009. Benthic samples were taken 

as two replicate and the sampling materials were fixed 

with 4% formaldehyde after sieving. While some 

parameters (temperature, pH, electrical conductivity, 

and dissolved oxygen values) were measured in situ, 

other parameters (Chemical Oxygen Demand (COD), 

Biological Oxygen Demand (BOD5), PO4-P and NO3-

N measurements) were measured in the laboratory 

after transportation of samples collected in the field. 

Environmental variables were assigned to quality 

classes according to Legislation of Water Quality 

Control (LWQC) of Turkey (Anonymous, 2012) 

(Table 2). The data set subjected to multi-dimensional 

Scaling (MDS) analysis using SPSS 10.1.  

Table 2. Legislation of Water Quality Control 

(LWQC) of Turkey. 

(a): Concentration or percentage of saturation 

Results 

In the present study, 33 taxa belonging to 

Oligochaeta were identified. Among these, Naididae 

had the highest number of species (29 taxa) followed 

by Enchytraeidae (2 taxa) and Lumbriculidae (2 taxa). 

A total of 340993 individuals belonging to3 orders, 3 

families, 4 subfamilies, 18 genera and 31 species were 

collected. 

Sarıçay  

A total of 69586 individuals from 20 Oligochaeta 

species were collected in three stations (Table 3). 

Species distributions between stations and seasons 

also showed variability. While the highest number was 

observed in station 2 (S2) in the autumn (16716 

individuals/m2), 13066 individuals/m2 and 10656 

individuals/m2 were observed in the summer and 

spring respectively. The lowest number of individuals 

was observed in station 1 in the autumn with a density 

of 322 individuals/m2 and in summer with a density of 

888 individuals/m2. 

While Tubifex tubifex (28250 individuals/m2), 

Potamothrix bavaricus (4307 individuals/m2, % 

D=6.19), Stylaria lacustris (2986 individuals/m2), 

 St. 

1.(S1,Km1,T1,K1) 

St. 2. 

(S2,Km2,T2,K

2) 

St. 3. 

(S3,Km3,T3,K3) 

St. 4. 

(Km4,T4,K4) 

 

Sarıçay 40° 12ʹ 557ʺ N 

26° 51ʹ 852ʺ E 

40° 12ʹ 556ʺ N 

26° 51ʹ 848ʺ E 

40° 14ʹ 326ʺ N 

26° 40ʹ 454ʺ E 

_ 

Karamenderes 39° 77ʹ 538ʺ N 

26° 69ʹ 165ʺ E 

39° 50ʹ 484ʺ N 

026° 19ʹ 322ʺ E 

39° 59ʹ 617ʺ N 

26° 12ʹ 619ʺ E 

40° 00ʹ 500ʺ N 

26° 12ʹ 399ʺ E 

Tuzla 39° 35ʹ 246ʺ N 

26° 25ʹ 109ʺ E 

39° 29ʹ 991ʺ N 

26° 19ʹ 989ʺ E 

39° 31ʹ 590ʺ N 

26° 17ʹ 231ʺ E 

39° 55ʹ 813ʺ N 

26° 15ʹ 915ʺ E 

Kocabaş 39° 93ʹ 861ʺ N 

27° 23ʹ 224ʺ E 

40°22ʹ999ʺN 

27°24ʹ304ʺ E 

40°05ʹ670ʺN 

27°12ʹ708ʺ E 

40°37ʹ807ʺ N 

27°31ʹ715ʺ E 

 

  Classes of Water Quality 
WATER QUALITY PARAMETERS I II III IV 
A) Physical and inorganic- Chemical 

parameters 
        

    1) Temperature (oC) 25 25 30 > 30 
    2) pH 6.5-8.5 6.5-

8.5      
6.0-9.0 6.0-9.0 

except 
    3) Dissolved Oxygen (mg O2/L)a 8 6 3 < 3 
    4) Oxygen saturation (%)a 90 70 40 < 40 
    5) Nitrate Nitrogen (mg NO3‾-N/L) 5 10 20 > 20 
    6) Total Phosphorus (mg   P/L) 0.02 0.16 0.65 > 0.65 
B) Organic parameters         
    1) Chemical Oxygen Demand 

(COD) (mg/L) 
25 50 70 > 70 

    2) Biological Oxygen Demand  

(BOD) (mg/L) 
4 8 20 > 20 
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Slavina appendiculata (3752 individuals/m2) and Nais 

barbata (2597 individuals/m2) were the most 

dominant species in Sarıçay, population densities of 

Nais elinguis (11 individuals/m2, % D=0.02), Dero 

obtusa and Nais variabilis (33 individuals/m2, % 

D=0.05) were significantly lower (Table 3).  

In Sarıçay, a high level of Shannon (H’) diversity 

index between seasons and stations of Oligochaeta 

fauna was found in station 2 (autumn H’=1.792) 

(Table 3). 

The results of the multi-dimensional scaling 

analysis (MDS) are given in Figure 2 (Stress=0.234 

and R2=72.8%). According to MDS plot (Figure 2), it 

was observed that the relationship between 

Oligochaeta species identified in Sarıçay and 

environmental variables were collected in 4 different 

groups.  

Karamenderes Stream 

In Karamenderes, a total of 59097 individuals 

belonging 20 species and 1 genus was determined. The 

highest densities were observed in the stations 3 and 2 

(10933 and 10179 individuals/m2, respectively). In the 

autumn, in station 1 a total of 8259 individuals/m2 

were observed. The lowest densities were observed in 

stations 3 and 2in the summer (233 and 355 

individuals/m2, respectively). While T. tubifex (9524 

individuals/m2, % D=16), Limnodrilus hoffmeisteri 

(7359 individuals/m2, % D=12.40), and S. lacustris 

(5939 individuals/m2, % D=10.00) were dominant, 

Potamothrix heuscheri (11 individuals/m2, % 

D=0.02), Chaetogaster diaphanus and Bothrioneurum 

vejdovskyanum (33 individuals/m2, % D=0.06) were 

frequently identified although with much less 

densities. The F% values were identified as T. tubifex 

(100%), L. hoffmeisteri (87.5%), Psammoryctides 

albicola (68.75%) and Limnodrilus udekemianus 

(56.25%). 

Shannon (H’) diversity index between seasons and 

stations of Oligochaeta fauna of Karamenderes Stream 

in Station, 3in the autumn was H’=2.007 (Table 4). 

The MDS plot showed 3 different groups with respect 

to the relationships between Oligochaeta species and 

environmental variables (Fig. 3). Over % 80 of the 

relationships was explained by MDS analysis (Stress= 

0.196 and R2= 83.1%).  
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Figure 2. The relations between the physicochemical 

parameters and Oligochaeta species detected in 

Sarıçay Stream.  

Tuzla Stream 

In Tuzla Stream, a total of 174592 individuals 

belonging 25 species and 1 genus were determined. 

The highest density was observed in Station 3, in the 

spring with 36910 individuals/m2, and in the Station 2, 

with 30624 individuals/m2. The lowest density was 

observed in the Station 2, in the winter with 665 

individuals/m2, and in the Station 4, with 1878 

individuals/m2 (Table 5).  

 

Figure 3.The relationsbetween the physicochemical 

variables andOligochaeta species detected in 

Karamenderes Stream. 

In Tuzla Stream, species with the highest densities 

were identified as the following: O. serpentina 26529 

individuals/m2, (% D=15.20), Nais christinae20158 

individuals/m2, (% D=11.55), N. barbata19481 

individuals/m2, (% D=11.16), N. variabilis18903 

individuals/m2, (% D=10.83) and T. tubifex 15984 

individuals/m2, (% D=9.16). Species with the lowest 

densities were as follows: P. bavaricus and Pristina 

sp. 11 individuals/m2, (% D=0.01), Enchytraeus 
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christenseni, Lumbriculus variegatus and Stylodrilus 

sp. 22 individuals/m2, (% D=0.01). The highest F% 

values identified were as follows: T. tubifex and O. 

serpentina (100%), N. barbata (87.5%), N. christinae 

(81.25%), S. lacustris (75%), N. variabilis (68.75%) 

and P. albicola (62.5%) (Table 5). 

The highest Shannon (H’) diversity index between 

seasons and stations of Oligochaeta fauna of Tuzla 

Stream was found in the Station 1 (winter H’=2.047) 

> Station 3 (spring H’=2.044) > station 4(autumn 

H’=2.032). The lowest Shannon (H’) diversity index 

was found in Station 2(summer H’=1.086) < Station 3 

(summer H’=1.534) < Station 1(spring H’=1.577) 

(Table 5). 

A significant part of the relationships could be 

explained by MDS analysis (Stress= 0.24 and R2= 

71.12%). The relationships between Oligochaeta 

species and environmental variables can be evaluated 

in 5 different groups. 

Kocabaş Stream 

In Kocabaş Stream, a total of 37718 individuals 

belonging to 17 species were determined. Species with 

the highest densities were as follows: S. lacustris 

12876 individuals/m2, (% D=34.14), T. tubifex 8714 

individuals/m2, (% D=23.10) and L. hoffmeisteri 3297 

individuals/m2, (% D=8.74). Species with the lowest 

densities were as follows: N. christinae, Nais pardalis 

and N. variabilis (11 individuals/m2, % D=0.03). The 

highest F% values were 93.75% for T. tubifex, 68.75% 

for L. hoffmeisteri and 56.25% for L. udekemianus 

(Table 6).  

The highest Shannon (H’) diversity index between 

seasons and stations of Oligochaeta fauna of Kocabaş 

Stream was found in Station 2 (spring H’=1.695) > 

Station 2 (autumn H’=1.661) > Station 3 (spring 

H’=1.574). The lowest Shannon (H’) diversity index 

was identified in the Station 4 (autumn H’=0.3344) < 
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Station 1(autumn H’=0.465) < Station 1 (summer 

H’=0.634) (Table 6). 

The MDS analysis explained a significant part of 

the relationships (Stress= 0.197 and R2= 86%). The 

environmental variables and Oligochaeta species 

indicated 3 different groups according to their level of 

relevance (Fig. 5). 

Figure 4.The relations between the physicochemical 

variables and Oligochaeta species detected in Tuzla 

Stream.  

In the present study, all Oligochaeta taxa identified 

in Tuzla and Kocabaş Streams were recorded for the 

first time (Table 5, 6). In addition, B. vejdovskyanum 

Stolc, 1886 in Karamenderes Stream, Mesenchytraeus 

sanguineus Nielsen & Christensen, 1959 and E. 

christenseni Dozsa-Farkas, 1992 in Tuzla Stream are 

new records for the Oligochaeta fauna of Turkey.  

Figure 5. The relationships between the 

physicochemical variables anf Oligochaeta species 

detected in Kocabaş Stream.   

Environmental Parameters 

Temperature values of the surface water showed 

typical temporal differences. While dissolved oxygen 

ranged between 2.55 mgL-1 and 15.9 mgL-1, pH values 

fluctuated between 6 and 9. COD values showed 

seasonal fluctuations between 3.24 and 137 mgL-1.  

The highest values measured in Station 3 in 

Sarıçay (S3) indicated that this station was classified 

as Class IV with regard to water quality. Seasonal 

COD values of Karamenderes Stream in stations 2 and 

4 (Km2 and Km4) in autumn were 66.8 mgL-1 and 66.6 

mgL-1, respectively and therefore are classified as 

Class III with respect to water quality. The vicinity of 
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Karamenderes Stream is characterized by extensive 

agriculture activities particularly olive production. 

The increased COD values in the autumn are therefore 

caused by the discharge of the waste water from olive 

oil production. COD values of Tuzla Stream, 

seasonally measured in all stations (except the station 

3 (T3) in autumn), generally remained below 20 mgL-

1. However, COD parameter of the station 3 (T3) in 

autumn was found to be 214 mgL-1 an therefore can be 

classified as Class IV (Table 6). The surface water in 

all sampling stations of Kocabaş Stream were of Class 

I quality with regard to COD values. 

BOD5 values showed differences both between the 

streams and the seasons; Karamenderes Stream can be 

classified at Class I quality of surface water except the 

values measured in spring in the stations 3 and 4 (Km3 

and Km4) (in the values of 4.62 and 4.125 mgL-1 

respectively). It was also observed that Tuzla Stream 

at the Class I quality in respect to BOD5 values; 

similarly, the Kocabaş Stream, was found at Class I 

quality surface water characteristics, except from 

value measured in the station 2 (T2) in spring as being 

8.91 mgL-1 (Table 7). 

There is no significant difference observed in NO3-

N values in all sampling localities. However, in 

autumn, at the 3rd station of Tuzla Stream (T3), nitrate-

nitrogen was measured as 6.7 mgL-1 and it showed at 

Class II water quality. It was determined that the water 

quality of all streams diminished according to PO4-P 

values. In Sarıçay Stream, it was observed that 

according to PO4-P values, water quality at Class III in 

all sampling stations. While the highest value 

measured in Karamenderes Stream was determined as 

8.34 mgL-1 in the station 2 (Km2), in spring; the lowest 

value was determined as 0.014 mgL-1 in the station 1 

(Km1), in summer. It was identified that according to 

ortho-phosphate values measured especially in the 

stations 1st, 2nd and 3rd of Karamenderes Stream, 

water quality at Class III and IV. Measured as 0.88 

mgL-1 in the station 2, Tuzla Stream in winter, the 

lowest value of ortho-phosphate was identified as 0 

mgL-1 in the station 4, in autumn. It was observed that 

phosphate values were high in all the stations of Tuzla 

Stream; and especially in the stations 2nd and 3rd, 

water quality at Class III. The results of PO4-P 

measurement recorded in the streams indicate that 

there are domestic or agricultural wastes (Table 7).  
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Discussion 

In this study, Bothrioneurum vejdovskyanum Stolc, 

1886, Mesenchytraeus sanguineus Nielsen & 

Christensen, 1959 and Enchytraeus christenseni 

Dozsa-Farkas, 1992 were recorded for the first time in 

Oligochaeta Fauna for Turkish freshwaters. In 

previous studies carried out in Sarıçay and 

Karamenderes streams by Türkkan (2008) and 

Akbulut et al., (2009), respectively, the number of 

Oligochaeta species reported were less than those 

reported in the present study. In this study, 23 new taxa 

were reported for the first time for this region and 

updates the Oligochaeta fauna in Biga Peninsula.   

With respect to aquatic Oligochaeta biodiversity, 

the highest taxa number identified was from Tuzla 

Stream with a total of 26 taxa. On the other hand, the 

least number of taxa were detected from Kocabaş 

Stream represented by 17 taxa. The number of taxa 

identified from both Sarıçay and Karamenderes 

Streams were 20. Biodiversity and Shannon Index (SI) 

values were in accordance with high species richness 

corresponding to higher SI values. For example, Tuzla 

Stream which had the highest biodiversity had also the 

highest SI values and Kocabaş Stream, had the lowest 

biodiversity corresponding to lowest SI values. The SI 

index of Sarıçay ranged between 0 to 1.792; the SI 

value of 0 corresponded to only one species identified 

in the sampling station. The higher biodiversity of 

Tuzla Stream can be explained by the pristine nature 

of the area which is sparsely populated (Anonymous, 

2011) that promotes higher water quality. In contrast, 

Kocabaş Stream flows through densely populated 

rural area with heavy agricultural activities which 

promotes poor water quality and resulted in lowest 

oligochaeta biodiversity.  

Distribution and density of Oligochaeta species 

depend on many factors such as temperature of water, 

environmental factors, bottom microflora and aquatic 

plants (Grigelis et al., 1981). Water temperature alone 

effects distributions of aquatic Oligochaeta widely. 

For example, Yıldız et al., (2010) showed positive 

correlation between distribution of Dero digitata and 

temperature. Our results supported those of others 

reported in the literature. 

S. lacustris was reported as a salt tolerant species 

(Chekanovskaya, 1962). Our results are in accordance 

with this as high numbers of this species were 

observed in the downstream regions of Kocabaş 

Stream (station 4), where the effects of seawater 

penetration is pronounced. 

Considering the reported wide ecological tolerance 

of the genera Potamothrix, Tubifex and Limnodrilus 

(Wetzel et al., 2000; Brinkhurst & Jamieson, 1971; 

Hare & Shooner, 1995), to environmental parameters 

such as NO3-N, PO4-P, BOD5 and COD, in the present 

study, the presence of high densities of these species 

were expected (Figure 3). Arslan & İlhan (2010) found 

a positive relationship between L. hoffmeisteri, P. 

hammoniensis and NO3 levels. According to Milbrink 

(1973; 1980) and Rodriguez & Reynoldson, (2011), P. 

hammoniensis had a high tolerance to water quality 

parameters that are indicative of eutrophication and 

organic pollution such as COD and PO4-P levels. 

Similarly, N. elinguis was reported to be abundant in 

algal waters and reported to have a high tolerance 

against organic pollution (Brinkhurst, 1971) and high 

nutrient concentrations (Polatdemir-Arslan & Şahin, 

2003; Yıldız et al., 2007). Overall, our findings are in 

accordance with those reported in the literature. For 

example, in spring and summer, when PO4-P levels 

were high dense populations of N. elinguis in planted 

habitat were detected.  

In this study, environmental parameters and 

faunistic data were in accordance. With respect to 

PO4-P and COD values, Karamenderes, Sarıçay and 

Kocabaş Streams are considered to have Class III and 

IV water quality (Table 7). The Oligochaeta diversity 

of these streams are characterized by a dominancy of 

pollution tolerant species. Species such as Tubifex, 

Potamothrix and Limnodrilus are frequently attributed 

to organic pollution of aquatic environments and based 

on the results of this study these 3 streams are under 

stress of organic pollution.  
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