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Abstract: Many large and small lakes of varying depths are present in the Eastern Black Sea Range of Turkey, the
nation’s third most important glacial region following the Agri and Cilo-Sat mountain ranges. During the present study,
6 expeditions to collect aquatic oligochaetes from these lakes were conducted in July and August of 2005, 2006, and
2007; qualitative and quantitative samples were collected from 59 glacial lakes. We present and analyze the dominancy
and distribution of aquatic oligochaete assemblages and their relation to environmental factors (temperature, dissolved
oxygen, pH, electrical conductivity, salinity, turbidity, PO 4'3—P, HCO,, organic carbon, hardness, Ca?*, Mg?, Si, water
depth, and altitude) using classification and ordination techniques. Canonical correspondence analysis (CCA) was used
to characterize the relationship between oligochaetes and the environmental variables. As a result, we determined the 4
most important environmental variables (elevation, water depth, dissolved oxygen, and temperature) affecting species
distribution in general. Sampling localities were clustered into 8 groups with the unweighted pair-group method with
arithmetic mean (UPGMA) based on physicochemical characteristics. The relationships between the total number of
individuals and environmental measurements were determined by a simple analysis of variance (ANOVA) test. The
results of our analyses suggest a significant positive correlation between altitude (P < 0.05; F = 2.994) and the total
number of individuals.

Key words: Oligochaeta, Clitellata, Haplotaxidae, Naididae, Enchytraeidae, Lumbriculidae, Tubificinae, Naidinae,
Eastern Black Sea Range, Turkey, glacial lakes

Tiirkiye'nin Dogu Karadeniz Siradaglar1 iizerindeki yiiksek rakimli gollerde sucul
Oligoket (Annelida, Clitellata) tiirlerinin dagilimi

Ozet: Agrive Cilo-Sat Daglarrndan sonra Tiirkiye'nin 3. biiyiik buzul bélgesi olan Dogu Karadeniz Siradaglarrnda gesitli
derinliklerde bityiiklii kiigiiklii bir ¢ok gl vardir. Bu ¢aligma boyunca, bolgedeki sucul oligoket topluluklarinin dagilim
ve baskinliklar1 analiz edilmis ve siniflandirma siralama (derecelendirme) teknikleri kullanilarak cevresel faktorlerle
iligkileri sunulmugtur. Oligoketlerle gevresel faktorler arasindaki iligkiyi ortaya ¢ikarmak i¢in kanonik korrespond
analizi (CCA) kullanilmustir. Tiirlerin dagilimini etkileyen 4 6nemli ¢evresel faktor, 6nem sirasiyla rakim, su derinligi,
¢ozlinmils oksijen ve sicaklik olarak belirlenmigtir.

Ornekleme yapilan lokalitelerde dliilen fiziko-kimyasal analiz sonuglarina gére yapilan UPGMA analiz sonucunda,
lokaliteler 8 gruba ayrilmistir. Toplam birey sayilari ile gevresel faktorlerin iligkisi basit ANOVA testi ile belirlenmistir.
Buna gore toplam birey sayisi ile rakim arasinda 6nemli pozitif bir iligki (P < 0.05; F = 2.994) oldugu saptanmugtur.

Anahtar sozciikler: Oligoket, Clitellata, Haplotaxidae, Naididae, Enchytraeidae, Lumbriculidae, Tubificinae, Naidinae,
Dogu Karadeniz Siradaglari, Tirkiye, buzul goller

* E-mail: seray.yildiz@ege.edu.tr
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Introduction

Lakes in high mountains and on glaciers are
unique habitats in terms of faunal composition,
because they constitute isolated environments. Our
knowledge of oligochaete fauna is still very limited
in some parts of Turkey, especially in the mountain
ranges. This study aims to explore the ecological and
faunistic features of mountain lakes in the Eastern
Black Sea Range.

Although various Oligochaeta studies have been
conducted ateasily accessiblelowland lakes, according
to Arslan (2006), only a few studies have focused
on the oligochaete fauna associated with the high-
elevation glacial and tectonic lakes in the mountains
of Turkey. Among these, a pioneering study by Yildiz
et al. (2005) investigated macroinvertebrate fauna of
Egrigol in the Taurus Mountains; a second study by
Yildiz et al. (2007) addressed the oligochaete fauna
of 16 lakes located in the Taurus Range. Ustaoglu
et al. (2008) investigated the limnology and fauna
of glacial lakes and streams on Mount Uludag in
western Anatolia. More recently, Yildiz et al. (2010)
presented the results of their study on the distribution
of oligochaetes (Lumbriculidae and Enchytraeidae)
in the littoral zones of glacial and tectonic lakes in the
mountains of the Eastern Black Sea Range of Turkey.

This study was part of a larger investigation
focused primarily on: 1) the littoral, profundal, and
pelagic aquatic macroinvertebrate communities;
2) the general limnology; and 3) the chemical and
physical parameters of high-elevation lakes occurring
in 6 drainage basins in the Eastern Black Sea Range.
The objectives of this study were to determine the
range of distribution of oligochaete species in the
area and to document the relationships between the
species and environmental variables.

Study area

The Eastern Black Sea Mountains are a range
rising along the Black Sea coast in northeastern
Turkey. The highest peak is Kackar Mountain (3937
m), and the plateaus at about 3000 m above sea level
are the highest parts of the range. The mountains are
partially glaciated and alpine in character, with steep
rocky peaks and numerous mountain lakes. Extensive
glacial and water erosion has given these mountains
their craggy, rugged look. Powerful streams and
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rivers rush down to the lower elevations. Locality
information for the 59 lakes in the 6 drainage basins
studied during this project, and the characteristics
of the sampling sites on those lakes, are presented in
Table 1 and Figure 1.

Materials and methods

Sampling procedures and environmental

variables

Due to the high elevation of these lakes, most
of the study sites are covered by ice and snow for
8-9 months of the year, with ice-free conditions
usually present only during the warmest months
of July and August. To collect aquatic oligochaetes
from these lakes, 6 expeditions were conducted
in July and August of 2005, 2006, and 2007. Some
physicochemical features and the oligochaete fauna
of the 59 lakes (3 replicates per site) belonging to
the basins of 6 rivers (Coruh River, Firtina Stream,
Iyidere, Kabisra Stream, Solakli Stream, and Magka
Stream) were determined for the first time. Water
samples were taken from the littoral zone of each
lake, and 6 environmental variables, temperature
(°C), dissolved oxygen (DO, mg L), pH, electrical
conductivity (COND, us cm™), salinity (S, mg L),
and water transparency, were measured in situ with
a WTW pH meter (model 330), WTW oxygen meter
(model 330), YSI SCT meter (model 30), and Secchi
disk. Other variables (PO 4’3—P, HCO;,, organic carbon,
hardness, Ca**, Mg**, and Si) were measured in the
laboratory following the standard methods of the
American Public Health Association (1989).

Benthos samples were collected from different
parts of the littoral zone (between 0 and 50 cm) of
the lakes by hand-net (mesh size: 180 pm), disturbing
the substrate for 3 min. In addition, an Ekman-Birge
grab was used in deeper parts of the lakes. Benthic
samples were fixed on site with 4% formaldehyde.
After sorting the material, Oligochaeta samples
were preserved in 70% ethanol until identification
to the species level. After a temporary mounting of
sorted oligochaete samples on slides in Amman’s
lactophenol, the worms were identified using a
stereomicroscope and a binocular microscope. The
reference materials were kept in the collection of the
first author as permanent whole mounts on slides
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Table 1. Locality information for and dates of sampling at 59 stations in high-elevation lakes in the Eastern Black Sea Range of Turkey,
where surveys for aquatic oligochaetes were conducted in 2005, 2006, and 2007. Trophic scale: UO = ultraoligotrophic, O =
oligotrophic, M = mesotrophic.

nsl;[:ll:li)‘::s Code Sa;l;[t)(leisng Lakes Basins Al:::;de Coordinates Substratum types Tzzglllic
1 Co8 ?gg;;ggg Adaligol Coruh River 3020 t%? 583,,4130”,,1]\51’ hard, gravel ¢}
2 C07  19.08.2005 Ustgdl Coruh River 3030 %1(2)03 5{‘32,,5514”,,1;’ hard, gravel (0]
3 C09 ?gg;iggg Ortagol Coruh River 3010 ‘2:3 ;,513;/,,1;’ hard, gravel Uo
4 C10 ?ggg;gg? Biiyiikgol Coruh River 2980 Atg? ;33,,4;56”};’ hard, gravel Uo
5 C11  19.08.2005 Altgol Coruh River 2950 1(3)03 583/ ,5430”,,1]\31’ hard, gravel Uo
6 Fo08 g?gg;gg? Lake Atmeydan Firtina Stream 2910 i(gii}oll”};’ peat Uo
7 F10 g?g;;gg: Incegol Firtina Stream 2915 Liﬁ:ti ,026;,,1]\31’ peat Uo
8 F09 g?g;;gg? Kumlugol Firtina Stream 2860 Ail(z)ojSZ'ZIZ;”I;’ peat, ground soft Uo
9 F12  21.08.2005 Lake Altkapili Firtina Stream 3000 i(z;ii ,1517”,,1]\31’ peat ¢}
10 FI1  21.08.2005 Il;?il;fik Kapil Firtina Stream 3000 Ai%ii%%};’ hard, vegetation Uo
11 Fo3 gzg;;ggg Lake Cermes Firtina Stream 2780 i(z:%g,s(g,,l;’ gravel, stones UoO
12 F02  22.08.2005 Cermes Karagol Firtina Stream 2990 t(gig%z};’ gravel, stones Uo
13 FO1  22.08.2005 Lake Keci Firtina Stream 3070 42(2)":241”2550"”1]\31, gravel, stones UoO
14 Fl16 ;41182288553 Isimsizgol Firtina Stream 2890 iolo,%zgiig’ mud, stones Uo
15 F14 ;}ngiggg Lake Biiytikdeniz Firtina Stream 2900 i()1°%29’ ,(2192’,,,1]\31’ mud, stones (e)
16 F15 24.08.2005 Lake Meterez Firtina Stream 2990 40751 ,,49 ”,,N’ stones, sand M
41°09'45"E
17 F17 24.08.2005 Lake Karadeniz Firtina Stream 2770 40052,,42 ”,,N’ stones (@]
41°10'03"E
18 F18 29.07.2006 Lake Ceymakcur Firtina Stream 2650 101005131, ,‘;‘;”,,I;’ stones o
19 F19 30.07.2006 Biiyikgol Firtina Stream 2670 i01516210321;:1 :;?:fs’ in places 0
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Table 1. Continued.

nsl;(z::::s Code Sa;r:l;t)iisng Lakes Basins Alg:;de Coordinates Substratum types Tl;:zll;ic
20 F13  31.07.2006 Lake Kiblekaya Firtina Stream 2870 %10103)96,%46’:};) sand-mud o
21 FO6  01.08.2006 Lake Sirpal Firtina Stream 2940 ‘i%‘gilolg jéli’smud’gravel’ o)
22 FO7 01.08.2006 Lake Cahberik Firtina Stream 2810 i(g%i,l(;,};’ sand-mud (@)
23 C02  19.08.2005 Lake Dagbasi Coruh River 2710 %1(2)03 476,'(2127””1;’ hard, gravel M
24 07 02.08.2006 Lake Akcaagil fyidere 2940 i(z:f;ol,lf(;,,l\é’ ;T:i:slz)‘il’egsr avel,in
25 110 03.08.2006 Lake Citrik fyidere 2850 t‘gf 496,,3519”,,1\];’ zz‘:e'smud'gr avel o)
26 11 03.042006 Lake Salar Tyidere 2820 2)?532, 20891; Z?::é:nud'gr avel- 0
27 C03  04.08.2006 Lake Batiaksu Coruh River 3050 t%? 590,,1339”,,1;’ sand, stones (¢}
28 C04 04.08.2006 Lake Kuzeyaksu Coruh River 3070 %3;,3 590,,1597”,,1;’ sand, stones o
29 C05 04.08.2006 Lake Doguaksu Coruh River 3120 étg?;,%i’,,l;’ sand, stones, rock (0]
30 101 20082006 Dipsizgdl fyidere 2670 ﬁf’; 22851; ﬁ:gi;:ﬁge in 0
31 04 20.08.2006 Lake Hatalan Iyidere 2810 t(géz ,1214”,,1;5]’ silt, mud, stones, UoO
32 103 20.08.2006 Lake Kiigiikhatalan fyidere 2800 i%3239126212 silt, mud, stones, UO
33 fo6  20.08.2006 Lake Sivrinin Iyidere 2700 i%323935921\EI rock, silt Uo
34 105  20.08.2006 Lake Kiigiiksivri fyidere 2710 3(2:339,'3560””1]\31, rock, silt Uuo
35 108  21.08.2006 Lake Katrec fyidere 2700 Atg? ;i, ,(;61”,,1;’ rock, silt 0
36 {09  21.08.2006 Lake Kiigiikkatreg fyidere 2690 t%? ;i ,153;,,1]\31’ rock, silt uo
37 C12 23.08.2006 Lake Deniz Coruh River 3370 1010%99,22’,,1;’ rock, silt, stones UO
38 C13  24.08.2006 Lake Kartal Coruh River 2940 ?1051%,/20(1:’1;, in places rock Uo
39 Cl4 24.08.2006 Lake Devise Coruh River 2935 420;51%”2122””1;, silt, stones Uo
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Station ode Sampling Lakes Basins Altitude Coordinates Substratum types  Trophic
numbers dates (m) scale
. i Kabisra 41°09'28"N, .
40 K01 25.08.2006 Arhavi Karagol Stream 2660 41°24'19"E rock, silt (0]
. 40°37'14"N,
41 S01  26.08.2006 Uzungol Solakli Stream 1100 40°17'44"E mud (0]
. .. 40°31'34"N, rock, stones, pieces
42 102 25.07.2007 Lake Koyun Iyidere 3010 40°28'58"E of rock Uo
. . 40°38'51"N,
43 C06  26.07.2007 Ortagol Coruh River 2960 40°52/09"E stones, mud, sand (0]
4 o 1/ //N’
44 S05  27.07.2007 Lake Aygir Solakli Stream 2710 0 3 ,3 ¢ . mud, sand, stones M
40°23'28"E
40°31'54"N,
45 S04 27.07.2007 Lake Balik Solakli Stream 2570 40°23'01"E mud Uo
40°31'58"N,
46 S09  28.07.2007 Lake Buz Solakli Stream 3040 40°27'36"E mud (@]
- .. 40°31'41"N,
47 S07  28.07.2007 Biiyiikyayla Karagol Solakli Stream 2930 ot mud Uo
40°27'03"E
- 40°32'00"N,
48 S08  28.07.2007 Lake Piromer Solakli Stream 2870 40°27°09"E, mud Uo
. 40°31'30"N,
49 S03  29.07.2007 Multat Karagol Solakli Stream 2800 40°21'46"E mud Uo
. 40°31'15"N,
50 S06  29.07.2007 Lake Sarigicek Solakli Stream 2880 40°24'21"E mud Uo
. 40°31'46"N,
51 S02  30.07.2007 Lake Kirklarcami Solakli Stream 2740 40°20'06"E mud, coarse rock UO
.. . 40°30'36"N,
52 C01  30.07.2007 Goloba Coruh River 2540 40°19'12"E mud Uo
53 F20 22.08.2007 Lake Tobamizga Firtina Stream 2620 Ailll :)125 ,1:,’97,,11\31’ sand-mud Uo
- 41°02'08"N,
54 F21  22.08.2007 Lake Kii¢iik Tobamizga Firtina Stream 2630 41°15'39"E sand-mud Uo
P, 40°59'24"N, sand-mud, in places
55 F22  23.08.2007 Biyiik Ciftegol Firtina Stream 2600 41°15'41"E rocks Uuo
N, 40°59'36"N, sand-mud, in places
56 F23  23.08.2007 Kiigiik Ciftegol Firtina Stream 2550 41°1549"F,  rocks Uo
57 FO5 25.08.2007 Lake Biiyiik Balikli Firtina Stream 2990 i%:;gz %:_,81 ,,I;’ mud, few stones UoO
58 F04 25.08.2007 Lake Kayakaynak Firtina Stream 3080 40 :L ¢ ,17 ,,N’ stones, mud Uo
40°52'43"E
40°34'34"N, sand-mud, in places
59 MO01 26.08.2007 Lake Cakur Magka Stream 2530 39°4126"E rocks, gravel, many Uo

macrophytes
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Figure 1. Map of 59 sampling stations associated with 6 drainage basins in the Eastern Black Sea Range in Turkey, where
surveys for aquatic oligochaetes were conducted in 2005, 2006, and 2007. C = Coruh River Basin, F = Firtina Stream
Basin, I = Iyidere Basin, K = Kabisra Stream Basin, S = Solakl1 Stream Basin, M = Magka Stream Basin.

in CMCP 10 solution. Specimens were identified
using the keys and other distributional information
presented by Brinkhurst and Jamieson (1971),
Brinkhurst and Wetzel (1984), Sperber (1948, 1950),
Nielsen and Christensen (1959), Timm (1999), and
Timm and Veldhuijzen van Zanten (2002).

Data analyses

Faunistic and environmental data were analyzed
by canonical correspondence analysis (CCA) after
testing the data with detrended correspondence
analyses (DCA). During the CCA progress in the
CANOCO program (ter Braak, 1989), we selected 59
stations, those from which species had been collected
at least twice during this study. This method permits
the construction of theoretical variables (ordination
axes) that best fit the species data according to a
unimodal method of ordination (ter Braak, 1987).
In order to eliminate or reduce the effect of the
skewness of the data, we log-transformed [In (x + 1)]
all environmental variables, with the exception of pH.
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The statistical significance of the relationship between
all species and all variables was tested with a Monte
Carlo permutation test using 199 permutations. Rare
species were downweighted, and taxa encountered
in only one sample were excluded to reduce
multicollinearity (ter Braak and Barendregt, 1986; ter
Braak, 1995). A clustering analysis of the unweighted
pair-group method with arithmetic mean (UPGMA)
was conducted using the MultiVariate Statistical
Package (MVSP) version 3.1 (Kovach, 1998), in order
to identify different taxonomic assemblages among
the species at each sampling site. The relationship
between the total number of individuals and
environmental measurements was determined by a
simple analysis of variance (ANOVA) test.

Results
Qualitative analysis

During the 2005, 2006, and 2007 sampling periods,
8721 individuals belonging to 15 genera and 28 taxa



[19 taxa from Naididae, 9 of which are in subfamily
Tubificinae (according to Erséus et al., 2008); 5 taxa
from Enchytraeidae; 3 species from Lumbriculidae;
and 1 species from Haplotaxidae] were collected.
A list of the 28 oligochaete taxa collected from the
study area is given in Table 2. Spirosperma ferox (in
6 basins at 48 stations), Tubifex tubifex (in 6 basins
at 33 stations), and Stylodrilus parvus (in 6 basins
at 21 stations) were the dominant species. Among
these, 20 taxa were new records for the study area.
In all samples, the Naididae dominated (68% of the
specimens; subfamily Naidinae, 36%, and subfamily
Tubificinae, 32%) (Table 2).

Regarding the species diversity of the stations,
station 44 (Lake Aygir) had the highest species
richness (9 species), followed by stations 11, 20,
31, 41, and 52 (Lake Cermes, Lake Kiblekaya, Lake
Hatalan, Uzungol, and Goloba, respectively), each
with 8 species. There were no oligochaete species
observed at stations 2, 13, 29, or 55.

Environmental variables

Some physicochemical measurements, according
to station, are presented in Table 3.

Statistical analysis

In the ordination procedure, 7 environmental
variables were used. Variables affecting species
distribution were, in order of importance according
to CCA, elevation, water depth, dissolved oxygen,
and temperature (Figure 2).

The CCA involved 7 environmental variables with
1 nominal variable (habitat type) and 6 selected taxa
that showed wide distribution in 59 samples (Figure
2). Accordingly, CCA was able to explain 90.6% of
the species-environment relationships with about
48.4% variance (Table 4).

The first ordination axis reflected a gradient mostly
related to temperature (Figure 2). Forward selection
with Monte Carlo permutation tests indicated that
elevation was the main environmental variable
associated with assemblage composition (P < 0.05;
F = 5.99). The second ordination axis indicated that
water depth, as the second most important factor (P
< 0.05; F = 1.84), had the next largest effect on the
occurrence of species. The remaining environmental
variables had relatively small effects on species
composition. The species related to temperature are

S. YILDIZ, M. OZBEK, M. R. USTAOGLU, H. SOMEK

seen in the lower right quadrant of the ordination
diagram in Figure 2.

According to the UPGMA analysis, the studied
lakes were clustered into 8 groups. The most
important ecological parameter in determining these
groups seemed to be elevation, because the montane
lake was placed toward the upper side while the
alpine lakes were toward the lower side (Figure 3).

According to ANOVA test results for the data
collected during surveys of aquatic oligochaetes at 59
stations, a significant correlation was found between
the total numbers of individuals and altitude (P <
0.05; F =2.994).

Discussion

Alpine lakes are among the most remote and
undisturbed aquatic environments in Europe. In
general, those at higher elevations are considered to
be pristine, as they are less influenced by pollution
from agriculture and wastewater than those at lower
elevations (Fiireder et al., 2006).

Glacial and tectonic lakes on mountains of high
elevation are difficult to reach because of the rough
terrain. Consequently, the studied lakes are not yet
exposed to anthropogenic pollution.

Oligochaete communities in high mountain lakes
and ponds include species with various ecological
demands, both narrow and wide (Dumnicka and
Galas, 2002). Dumnicka and Galas determined
that oligochaete species from high mountain ponds
and lakes can be grouped ecologically as follows: 1)
species known almost exclusively in high elevation
lakes and ponds, 2) opportunistic species, 3) cold-
stenothermic species, and 4) semiaquatic species.
While oligochaetes are common invertebrates in
high mountain streams, they are rarely the dominant
group in ponds and lakes located immediately
adjacent to these streams (Lencioni et al., 2004).

Due to the high elevation and cold water
temperatures of the lakes investigated during this
study, overall species diversity was low; a similar
distribution pattern was observed for oligochaete
communities in these lakes. Oligochaete species
found in the Eastern Black Sea Range show similarities
to those found in previous studies of other European
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3 TR high-mountain lakes (Dumnicka and Galas, 2002;

Tubig Ophi ser Milbrink et al., 2002; Lencioni et al., 2004; Kownacki
L”’”b’iwvdcp . et al., 2006; Krno et al., 2006).

S T‘j;p_ Using the trophic scale based on mean

5 Spro . concentrations of total phosphorus (TP) measured in

) — > the study area (Catalan et al., 2006), 56% of the lakes

(33 lakes) could be classified as ultraoligotrophic (TP
Figure 2. CCA diagram with selected environmental variables - Material d Methods: uni
and the dominant oligochaetes present at 59 stations <4.7 pg L") [see Materials an ethods; units were

associated with high-elevation lakes in the Eastern for L™'], 36% oligotrophic (23 lakes) (4.7 < TP < 9.3
Black Sea Range of Turkey in 2005, 2006, and 2007. ug L—l)’ and 8% mesotrophic (3 lakes) (9_3 <TP < 31

Table 4. Results of canonical correspondence analysis (CCA) from data collected during surveys for aquatic oligochaetes at 59 stations
in high-elevation lakes in the Eastern Black Sea Range of Turkey in 2005, 2006, and 2007.

Axes 1 2 3 4 Total inertia
Eigenvalues 0.353 0.145 0.090 0.057 2.726
Species-environment correlations 0.906 0.673 0.444 0.457
Cumulative percentage variance
of species data 13.0 18.3 21.6 23.7
of species-environment relations 48.4 68.2 80.5 88.4
Sum of all eigenvalues 2.726
Sum of all canonical eigenvalues 0.730
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Figure 3. UPGMA dendrogram illustrating the relationship of aquatic oligochaetes at 59 stations in high-elevation lakes in the Eastern
Black Sea Range of Turkey, where surveys were conducted during 2005, 2006, and 2007.
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ug L™1). Low values of chlorophyll-a measured in the
studied lakes also confirm these findings.

Naididae, the dominant family by number of taxa
in this study, is one of the most important groups of
aquatic Oligochaeta. Most naidids are cosmopolitan
and occur throughout the world (Martin et al., 2008).
Species of the subfamily Naidinae inhabit the water
column, submerged vegetation, and the surface of
sediments, and they can be fairly active swimmers.
The tubificoid Naididae (especially those taxa in
subfamily Tubificinae) represent the most diverse
and widely distributed group of aquatic microdriles.
They are commonly associated with sediments in
aquatic habitats.

Spirosperma  ferox (Naididae, Tubificinae),
present at 48 stations in 6 basins, was the dominant
species in this study. It is a freshwater form widely
distributed throughout the Holarctic region, and
it is common particularly in northern cool-water
bodies (Timm and Veldhuijzen van Zanten, 2002).
This species is an indicator of oligotrophy (Milbrink,
1987), most commonly associated with very fine
sandy to silty substrates with a high organic matter
content (Verdonschot, 2001). Dumnicka and
Galas (2002) found this species to be dominant
in the small high-mountain ponds in the Tatra
Mountains of Poland. These authors defined S. ferox
as an opportunistic species. This species was also
tfrequently found in small, shallow lakes and in the
deep littoral areas of mountain lakes of the mountain
pine zone in the Western Tatras (Sporka, 1992) and
other mountainous areas, including the Pyrenees
(Juget and Giani, 1974), Alps (Wagner, 1987), and
Rila Mountains (Uzunov and Varadinova, 2000).
According to Milbrink et al. (2002), in the profundal
zones of lakes characterized as oligotrophic, S. ferox
is dominant, either alone or together with Tubifex
tubifex in about equal proportions. The same authors
noted that, in oligotrophic situations, T. tubifex is
generally a dominant species, often together with S.
ferox and Stylodrilus heringianus, and occasionally
with a few additional species. This species community
is particularly common in waters at high elevations.
In this respect, the results of the present study are
similar to those of previous studies.

Tubifex tubifex (present at 33 stations in 6 basins)
is a characteristic species indicating oligotrophy in

S. YILDIZ, M. OZBEK, M. R. USTAOGLU, H. SOMEK

western and northern Sweden, as well as in most of
Norway and Iceland, from lowland to high-elevation
habitats (Milbrink, 1980, 1994). It is mainly known
as a species characteristic of heavily polluted waters,
where it can reach very high densities (Poddubnaya,
1980). Milbrink (1983) claimed that T. tubifex
occurs in environments in which competition or
predation is weak (in Dumnicka and Galas, 2002).
This cosmopolitan species, although not commonly
encountered, is locally abundant in habitats of
varying water quality, including pristine alpine and
subalpine lakes (Klemm, 1985); the bottoms of large,
unproductive, oligotrophic lakes; grossly polluted
and organically enriched sites with low oxygen
tensions; and aquatic habitats supporting few other
species (Brinkhurst, 1996). In oligotrophic situations,
T. tubifex is generally a dominant species, occurring
together with S. ferox (Milbrink, 1980). Timm (1996)
also found this species in a small oligotrophic lake
in Estonia with Spirosperma ferox. Our findings are
consistent with these results.

Lumbriculidae is a thermophobe family of the
northern temperate zone (Timm, 1980). It was
represented by 3 species in this study (Lumbriculus
variegatus, Stylodrilus parvus, and S. heringianus). S.
parvus, the third most dominant species in this study
(present at 21 stations in 6 basins), is a Palearctic
species. It lives in various types of water bodies,
including lake bottoms, and is also common in
mountain streams (Lencioni et al., 2004). In a study
of the oligochaete communities in mountain streams
of Poland, Dumnicka (1994) found that a third group
of 5 streams was characterized by an oligochaete
fauna dominated by the Lumbriculidae. Among
the determined taxa, S. parvus was the dominant
species along the entire length of the studied streams.
According to Dumnicka and Galas (2002), the genus
Stylodrilus, and probably also L. variegates, are cold-
stenothermic species in the Tatra Mountains. L.
variegatus has very wide ecological valence (Timm,
1970).

Stylodrilus heringianus, which was recorded as
a new species for Turkey in one of the most recent
studies (Yildiz et al., 2010), is considered to be the
most reliable indicator of oligotrophic conditions
in the Palaearctic region (Milbrink, 1980). It is
a clean-water (Probst, 1987; Timm et al., 2001)
and cold-stenothermic species (Lang and Lang-
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Dobler, 1980; Dumnicka and Galas, 2002). It is
also an oligosaprobic species (Timm et al., 2001).
L. variegatus and S. heringianus seem to have wider
ecological requirements; hence, they were also
encountered in other types of water bodies sampled
in this study.

Enchytraeidae is a cosmopolitan family. They are
found from the polar regions to the tropics, from
the bottom of lakes and rivers to the bottoms of the
oceans, in permanent ice (glaciers) or snow, and in
permafrost soils. They also exist in abundance in
sewage trickle filter beds and pristine marine sands,
and they occur in large numbers in water-logged
soils and throughout the range of soil types, in all
but dry deserts (Wetzel et al., 2000). Enchytraeidae
was the best represented family in a recent study
of the Eastern Black Sea Range (Yildiz et al., 2010).
Similarly, this family was most common in other
studies connected to high-mountain lakes (Manca
et al., 1998; Rieradevall et al., 1998; Lencioni et al.,
2004). According to Dumnicka and Galas (2002),
members of this family were considered semiaquatic
species, especially some species from the genera
Mesenchytraeus, Cognettia, and Henlea.

There have been very few attempts to define
the major variables affecting macroinvertebrate
distribution. Wathne et al. (1995), Fjellheim et
al. (2000), and Boggero et al. (2005) identified
elevation as the most important factor influencing
the distribution of species in remote alpine lakes
across Europe. Our findings correspond very well
to this pattern. In addition to the effect of elevation,
other environmental parameters influenced the
distribution of littoral macroinvertebrates in these
lakes. Similar to previous studies, our study found
that elevation is the most important factor influencing
the distribution of oligochaete species in the Eastern
Black Sea Range (Figure 2).

The distribution of species along the first axis
reflects requirements associated with elevation and
temperature. The distribution of Spirosperma ferox
is positively correlated with elevation and negatively
correlated with water depth and dissolved oxygen.
Tubifex tubifex and Lumbriculus variegatus are
negatively correlated with temperature and positively
correlated with water depth (Figure 2). Aulodrilus
pluriseta is positively correlated with temperature and
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negatively correlated with water depth and dissolved
oxygen. Limnodrilus hoffmeisteri and Ophidonais
serpentina are negatively correlated with elevation
(Figure 2).

The width and depth of the water body appeared
to be the most important factors in the distribution
of oligochaete species (Nijboer et al., 2004). Many
researchers showed relationships between the
oligochaete community and water depth (Collado
and Schmelz, 2001; Nijboer et al., 2004). In our
study, multivariate analysis (CCA) showed that
the distribution patterns of oligochaete species
assemblages are significantly correlated with depth.
Probst (1987) and Sarkka (1987, in Peralta et al,,
2002) noticed that while L. hoffmeisteri diminishes in
density with depth, T. tubifex increases in density in
deeper water.

In the UPGMA diagram (Figure 3), the percentage
of habitat similarity in environmental data from each
sampling station was the highest between stations
22 and 21. Stations 58 and 16 were also found to be
similar to each other. In contrast, the oligochaete
fauna associated with station 41 (Uzung6l) was the
most different from the other stations (Figure 3),
and because the elevation of this lake is lower than
the others, it can be classified as a montane lake; the
other lakes are subalpine and alpine lakes (Oertli et
al., 2008).

This study represents a pioneering contribution
to the research of oligochaete communities in the
glacial lakes of Turkey. Further research is needed,
in Turkey and in other glacial regions, to address the
lack of information on the taxonomy and ecology of
this group of animals.

Acknowledgements

This project was supported by the Scientific
and Technological Research Council of Turkey
(TUBITAK, Project 104/Y/183). We are deeply
grateful for their support. We would also like to
thank Dr Siileyman Balik, Dr Hasan M. Sar1, Dr Cem
Aygen, Dr Ali flhan, Dr Esat T. Topkara, and Mesut
Kaptan for their invaluable support and help with
technical issues. We also thank Dr Mark J. Wetzel
(University of Illinois at Urbana-Champaign, Illinois,
USA) for the linguistic revision of the manuscript.



References

American Public Health Association. 1989. Standard Methods for
the Examination of Water and Waste Water. American Water
Works Association and Water Pollution Control Federation.
American Public Health Association, Washington D.C.

Arslan, N. 2006. Records of Aphanoneura and aquatic oligochaetes
from Turkey. Fresenius Environmental Bulletin 15(4): 249-254.

Boggero, A., Marchetto, A., Manca, M., Mosello, R. and Tartari,
G.A. 2005. Studies on small mountain lakes in the Val Grande
National Park (Central Alps, Italy). Studi Trent. Sci. Nat., Acta
Biol. 82: 43-54.

Brinkhurst, R.O. 1996. On the role of tubificid oligochaetes in
relation to fish disease with special reference to the Myxozoa.
Annual Review of Fish Diseases 6: 29-40.

Brinkhurst, R.O. and Jamieson, B.G.M. 1971. Aquatic Oligochaeta of
the World. Oliver & Boyd, Edinburgh.

Brinkhurst, R.O. and Wetzel, M.J. 1984. Aquatic Oligochaeta of the
World: Supplement. A Catalogue of New Freshwater Species,
Descriptions and Revisions. Canadian Technical Report of
Hydrography and Ocean Sciences, No. 44. Fisheries and
Oceans Canada, Ottawa.

Catalan, J., Camarero, L., Felip, M., Pla, S., Ventura, M., Buchaca,
T., Bartumeus, E, de Mendoza, G., Mir6, A., Casamayor, E.O.,
Medina-Sénchez, J.M., Bacardit, M., Altuna, M., Bartrons, M.
and de Quijano, D.D. 2006. High mountain lakes: extreme
habitats and witnesses of environmental changes. Limnetica
25(1-2): 551-584.

Collado, R. and Schmelz, R.M. 2001. Oligochaete distribution
patterns in two German hardwater lakes of different trophic
state. Limnologica 31: 317-328.

Dumnicka, E. 1994. Communities of oligochaetes in mountain
streams of Poland. Hydrobiologia 278: 107-110.

Dumnicka, E. and Galas, J. 2002. Factors affecting the distribution
of Oligochaeta in small high mountain ponds (Tatra Mts,
Poland). Arch. Hydrobiol. 156(1): 121-133.

Erséus, C., Wetzel, M.]. and Gustavsson, L. 2008. ICZN rules - a
farewell to Tubificidae (Annelida, Clitellata). Zootaxa 1744:
66-68.

Fjellheim, A., Boggero, A., Halvorsen, G.A., Nocentini, A.M.,
Rieradevall, M., Raddum, G.G. and Schnell, Q@.A.
2000. Distribution of benthic invertebrates in relation to
environmental factors. A study of European remote alpine lake
ecosystems. Verhandlungen der Internationalen Vereinigung
fiir theoretische und angewandte Limnologie 27: 484-488.

Fiireder, L., Ettinger, R., Boggero, A., Thaler, B. and Thies, H. 2006.
Macroinvertebrate diversity in Alpine lakes: effects of altitude
and catchment properties. Hydrobiologia 562: 123-144.

Juget, J. and Giani, N. 1974. Répartition des oligochétes lacustres du
Massif de Néouvielle (Hautes-Pyrénées) avec la description de
Peloscolex pyrenaicus n.sp. Annls. Limnol. 10: 33-53.

S. YILDIZ, M. OZBEK, M. R. USTAOGLU, H. SOMEK

Klemm, D.J. 1985. A Guide to the Freshwater Annelida (Polychaeta,
Naidid and Tubificid Oligochaeta, and Hirudinea) of North
America. Kendall/Hunt Publishing Company, Dubuque, Iowa.

Kovach, W. 1998. MultiVariate Statistical Package. Ver. 3. 01. Kovach
Computing Services, Pentraeth, Wales.

Kownacki, A., Dumnicka, E., Kwandras, J., Galas, J. and Ollik, M.
2006. Benthic communities in relation to environmental
factors in small high mountain ponds threatened by air
pollutants. Boreal Environment Research 11: 481-492.

Krno, 1., Sporka, E, Stefkova, E., Tirjakovd, E., Bitusik, P., Bulankova,
E., Lukas, ], Illésova, D., Derka, T., Tomajka, J. and Eern}'f, ].
2006. Ecological study of a high-mountain stream ecosystem
(Hincov potok, High Tatra Mountains, Slovakia). Acta Soc.
Zool. Bohem. 69: 299-316.

Lang, C. and Lang-Dobler, B. 1980. Structure of tubificid and
lumbriculid worm communities and three indices of trophy
based upon these communities, as descriptors of eutrophication
level of Lake Geneva (Switzerland). In: Proceedings of the
Aquatic Oligochaete Biology (eds. R.O. Brinkhurst and D.G.
Cook), Plenum Press, New York, pp. 457-470.

Lencioni, V., Dumnicka, E. and Maiolini, B. 2004. The Oligochaeta
fauna in high mountain streams (Trentino, NE Italy): ecological
and taxonomical remarks. Studi Trent. Sci. Nat. Acta Biol. 81:
167-176.

Manca, M., Ruggiu, D., Panzani, P, Asioli, A., Mura, G. and
Nocentini, A.M. 1998. Report on a collection of aquatic
organisms from high mountain lakes in the Khumbu Valley
(Nepalese Himalayas). Mem. Ist. Ital. Idrobiol. 57: 77-98.

Martin, P., Martinez-Ansemil, E., Pinder, A., Timm, T and Wetzel,
M.J. 2008. Global diversity of oligochaetous clitellates
(Oligochaeta; Clitellata) in freshwater. Hydrobiologia 595:
117-127.

Milbrink, G. 1980. Oligochaeta communities in pollution biology:
the European situation with special reference to lakes in
Scandinavia. In: Proceedings of the Aquatic Oligochaete
Biology (eds. R.O. Brinkhurst and D.G. Cook), Plenum Press,
New York, pp. 433-455.

Milbrink, G. 1987. Biological characterization of sediments by
standardized tubificid bioassays. Hydrobiologia 155: 267-275.

Milbrink, G. 1994. Oligochaetes and water pollution in two deep
Norwegian lakes. Hydrobiologia 278: 213-222.

Milbrink, G., Timm, T. and Lundberg, S. 2002. Indicative profundal
oligochaete assemblages in selected small Swedish lakes.
Hydrobiologia 468: 53-61.

Nielsen C.O. and Christensen, B. 1959. The Enchytraeidae Critical
Revision and Taxonomy of European Species (Studies on
Enchytraeidae VII). Naturhistorisk Museum, Aarhus.

Nijboer, R.C., Wetzel, M.J. and Verdonschot, PEM. 2004. Diversity
and distribution of Tubificidae, Naididae, and Lumbriculidae
(Annelida: Oligochaeta) in the Netherlands: an evaluation of
twenty years of monitoring data. Hydrobiologia 520: 127-141.

73



Distribution of aquatic oligochaetes (Annelida, Clitellata) of high-elevation lakes in the Eastern Black Sea Range of Turkey

Oertli, B., Indermuehle, N., Angélibert, S., Hinden, H. and Stoll, A.
2008. Macroinvertebrate assemblages in 25 high alpine ponds
of the Swiss National Park (Cirque of Macun) and relation to
environmental variables. Hydrobiologia 597: 29-41.

Peralta, L., Escobar, E., Alcocer, ]. and Lugo, A. 2002. Oligochaetes
from six tropical crater lakes in Central Mexico: species
composition, density and biomass. Hydrobiologia 467: 109-
116.

Poddubnaya, T.L. 1980. Life cycles of mass species of Tubificidae
(Oligochaeta). In: Proceedings of the Aquatic Oligochaete
Biology (eds. R.O. Brinkhurst and D.G. Cook), Plenum Press,
New York, pp. 175-184.

Probst, L. 1987. Sublittoral and profundal Oligochaeta fauna of Lake
Constance (Bodensee-Obersee). Hydrobiologia 155: 267-275.

Rieradevall, M., Jiménez, M. and Prat, N. 1998. The zoobenthos of
six remote high mountain lakes in Spain and Portugal. Verh.
Internat. Verein. Limnol. 26: 2132-2136.

Sperber, C. 1948. A taxonomical study of the Naididae. Zoologiska
Bidrag fran Uppsala 28: 1-296.

Sperber, C. 1950. A guide for the determination of European
Naididae. Zoologiska Bidrag fran Uppsala 29: 45-78.

Sporka, F. 1992. Malostetinavce (Oligochaeta) jazier v Zépadnych
Tatrach. Zbornik TANAP 32: 139-148.

ter Braak, C.J.E 1987. The analysis of vegetation-environment
relationships by canonical correspondence analysis. Vegetatio
69: 69-77.

ter Braak, C.J.E. 1989. CANOCO - an extension of DECORANA to
analyze species environment relationships. Hydrobiologia 184:
169-170.

ter Braak, C.J.E 1995. Ordination. In: Proceedings of the Data
Analysis in Community and Landscape Ecology (eds. R.H.G.
Jongman, C.J.E. ter Braak and O.ER. van Tongeren), Cambridge
University Press, Cambridge, pp. 91-173.

ter Braak, C.J.F. and Barendregt, L.G. 1986. Weighted averaging
of species indicator values: its efficiency in environmental
calibration. Mathematical Biosciences 78: 57-72.

Timm, T. 1970. On the fauna of Estonian Oligochaeta. Pedobiologia
10: 52-78.

Timm, T. 1980. Distribution of aquatic oligochaetes. In: Proceedings
of the Aquatic Oligochaeta Biology (eds. R.O. Brinkhurst and
D.G. Cook), Plenum Press, New York, pp. 55-77.

Timm, T. 1996. Tubifex tubifex (Miller, 1774) (Oligochaeta,
Tubificidae) in the profundal of Estonian lakes. Int. Revue ges.
Hydrobiol. 81(4): 589-596.

74

Timm, T. 1999. A Guide to the Estonian Annelida. Naturalist’s
Handbooks 1. Estonian Academy Publishers, Tartu-Tallinn.

Timm, T., Seire, A. and Pall, P. 2001. Half a century of oligochaete
research in Estonian running waters. Hydrobiologia 463: 223-
234.

Timm, T. and 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.

Ustaoglu, M.R., Balik S., Sar1;, HM., Mis, D., Aygen, C,, Ozbek,
M., ilhan, A., Tasdemir, A., Yildiz, S. and Topkara, E.T. 2008.
Uludag (Bursa)daki buzul gélleri ve akarsularinin faunasi. E.U.
Journal of Fisheries and Aquatic Sciences 25(4): 295-299.

Uzunov, Y. and Varadinova, E. 2000. Oligochaeta limicola from
glacial lakes of the Rila Mountains National Park (Bulgaria). In:
Proceedings of the Biodiversity and Evolution of Glacial Water
Ecosystems in the Rila Mountains (eds. V. Golemansky and W.
Naidenow), Inst. Zool., Sofia, pp. 45-48.

Verdonschot, PEM. 2001. Hydrology and substrates: determinants of
oligochaete distribution in lowland streams (The Netherlands).
Hydrobiologia 463: 249-262.

Wagner, B. 1987. Population dynamics of oligochaetes in a high
mountain lake. Hydrobiologia 155: 191.

Wathne, B.M., Patrick, S.T., Monteith, D. and Barth, H. 1995.
Acidification of Mountain Lakes: Palaeolimnology and
Ecology. AL: PE 1 Report for the Period April 1991-April
1993. Ecosystem Research Report 9. European Commission,
Luxembourg.

Wetzel, M.]J.,, Kathman, R.D., Fend, S. and Coates, K.A. 2000.
Taxonomy, Systematic ~ and Ecology of Freshwater
Oligochaeta. Workbook Prepared for North
Benthological Society Technical Information Workshop, 48th
Annual Meeting, Keystone Resort, CO, USA.

Yildiz, S., Tagdemir, A., Ozbek, M., Balik, S. and Ustaoglu, MLR. 2005.
Macrobenthic invertebrate fauna of Lake Egrigél (Glindogmus-
Antalya). Turk. J. Zool. 29: 275-282.

American

Yildiz, S., Ustaoglu, M.R. and Balik, S. 2007. Contributions to the
knowledge of Oligochaeta (Annelida) fauna of some mountain
lakes on the Taurus Range (Turkey). Turk. J. Zool. 31: 249-254.

Yildiz, S., Ustaoglu, M.R. and Balik, S. 2010. Littoral Oligochaeta
(Lumbriculidae and Enchytraeidae) communities of some
mountain lakes on Eastern Black Sea range (Turkey). Zoology
in the Middle East, Supplementum 2: 151-160.



