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ABSTRACT
This study was carried out in July and August 2019 as a preliminary study to determine the benthic 
macroinvertebrate fauna of Karagöl, Çömçe and Yıldız Lakes, which are high-altitude lakes in the 
Aladağlar mountains. As a result of the examination of the collected macrobenthic fauna, seven 
species belonging to three families from three orders (Diptera, Coleoptera and Trichoptera) in 
Karagöl Lake, four species belonging to three families from two orders (Diptera, Haplotaxida) in 
Çömçe Lake, and five species belonging to three families from three orders (Diptera, Trichoptera, 
Haplotaxida) in Yıldız Lake were determined. The taxa detected is a new record for the studied 
lakes. Shannon-Weaver diversity (H) and Shannon-Evenness density (EH) indices were applied in 
order to determine the species richness of the lakes and the density relationships among the 
species, respectively. Accordingly, the highest diversity was observed in Çömçe Lake with a value 
of 1.18, followed by Karagöl Lake, and Yıldız Lake with values of 0.87 and 0.83, respectively. While 
the most balanced distribution was observed in Çömçe Lake with a value of 0.81, this was followed 
by Yıldız Lake and Karagöl Lake, with values of 0.46 and 0.34, respectively. In order to determine the 
similarities between the stations according to the distribution of the detected taxa, a two-way 
clustering analysis based on the Bray-Curtis similarity index was applied. Accordingly, while the 
highest similarity was calculated between Karagöl Lake and Yıldız Lake, it was determined that 
there was no similarity between Yıldız Lake and Çömçe Lake. 

Keywords: Benthic macroinvertebrate, diversity index, high-altitude lake, Aladağlar, Taurus Moun-
tains

INTRODUCTION

High mountains have extreme climatic condi-
tions, and are important formations in terms of 
hosting endemic species adapted to these 
conditions. There are many high-altitude lakes 
in these systems, which are seasonal or perma-
nent water bodies and important ecosystems in 
terms of biodiversity (Ustaoğlu et al., 2008).

High-altitude lakes in the Alpine belt are aquatic 
ecosystems that are very sensitive to environ-
mental changes, as they are isolated from an-
thropogenic effects due to their location (Wil-
liamson et al., 2008). In the mountainous regions 

where these lakes are located, the temperature, 
atmospheric pressure and amount of usable 
land decrease with the increase in altitude. 
These climatic or spatial differences limit the dis-
tribution of populations of species in both ter-
restrial and aquatic ecosystems. (Dullinger et al., 
2012). For this reason, these ecosystems are rep-
resented by relatively low numbers of endemic 
or adapted species to extreme environmental 
conditions (Galas, 2004; Krno et al., 2006; Sömek 
& Ustaoğlu, 2016). In this respect, these lakes are 
reference points in testing the effects of environ-
mental degradation on the ecosystem (Galas, 
2004; Taşdemir & Ustaoğlu, 2016).
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Benthic macroinvertebrates, which are one of the most import-
ant indicators of biological productivity in aquatic systems, form 
a wide niche in terms of taking place at different nutritional lev-
els. Most of these creatures have a key role in the transfer of mat-
ter and energy from the lower steps of the food pyramid to the 
upper steps in aquatic ecosystems. With these features, these 
living groups are important biological indicators used to deter-
mine the ecological structure, water quality, pollution and eutro-
phication in aquatic ecosystems (Dügel & Kazancı, 2004; Toksöz 
& Ustaoğlu, 2005; Akbaba & Boyacı, 2015; Şimşek, 2015). There-
fore, the qualitative and quantitative distribution of benthic fau-
na and the determination of various factors affecting this distri-
bution are important both within the scope of biodiversity and in 
ecosystem monitoring and index studies (Bayrak, 2015; Kıymaz, 
2018; Baydar, 2020). However, limnological studies in our country 
have generally been carried out on lowland lakes, which provide 
convenience in terms of transportation. Very few studies have 
been carried out on glacial or other lakes of different origin lo-
cated at high altitudes (Balık et al., 2003; Ustaoğlu et al., 2004; 
Yıldız et al., 2005, 2007; Ustaoğlu et al., 2008; Topkara et al., 2009, 
2011; Zeybek et al., 2012; Taşdemir & Ustaoğlu, 2016; Topkara et 
al., 2018).

The aim of this preliminary study was to determine the benthic 
macroinvertebrate fauna of Karagöl, Çömçe Lake and Yıldız 
Lake, which are high-altitude lakes in Aladağlar mountains.

MATERIALS AND METHODS

Aladağlar is a mountainous areas located in the Central Taurus 
Mountains of the Taurus Mountains, stretching between the Ece-
miş Stream in the west and the Zamantı Stream valley in the east. 
This mountain range is located on the natural border between 
the Central Anatolia Region and the Mediterranean Region and 
separates the provinces of Kayseri, Niğde and Adana from each 
other. It is a unique area of Turkey in terms of natural life and rare 
species due to its transitional position between these two re-
gions and its highly diverse geomorphological structure (Gürgen 
et al., 2010; Zreda et al., 2011).

There are many peaks, such as Kızılkaya (3771 m), Demirkazık 
(3756 m), Kaldı (3734 m) and Emler (3726 m), in Aladağlar, an 
important mountain range where the highest peaks of the Tau-
rus Mountains are located (Yence, 2019). There are many 
high-altitude lakes of various sizes on these peaks and these 
lakes have the characteristics of crater lakes that occur during 
orogenic and epyrogenic movements, they are very important 
ecosystems in terms of serving as a shelter for many living 
groups (Balık et al., 2003). Having a variable climatic structure, 
Aladağlar has a Mediterranean climate on its southern slopes 

and a typical continental climate on its northern slopes (Toroğ-
lu & Ünaldı, 2008).

Within the scope of this study, field studies were carried out in 
July and August 2019 to determine the benthic macroinverte-
brate fauna of three high-altitude lakes in the Aladağlar moun-
tains. Location maps and general information about the study ar-
eas are given in Figure 1 and Table 1.

The benthic macroinvertebrate samples were made from the lit-
toral parts of the lakes using a dip net with a 500 μm mesh, de-
pending on the multihabitat sampling method. The benthic 
macroinvertebrate samples obtained were cleared of their mud 
and fixed in plastic drums containing 4% formaldehyde solution 
and transported to Nevşehir Hacı Bektaş Veli University Hydrobi-
ology Research Laboratory. First, systematic separation of the 
samples brought to the laboratory was made under the stereo-
microscope, and then diagnostic procedures were completed 
using the light microscope to the lowest possible systematic cat-
egory. For taxonomical identification of the specimens, the fol-
lowing were used: for Coleoptera, Illies (1955) and Brauer (1909); 

Table 1. Information on the studied lakes

No Lake Altitude Coordinate Characteristic Surface area (m2)

1 Yıldız Lake 3084 37°51’37.46’’K-35°11’27.72’’D Seasonal-bottom structure muddy 16024
2 Çömçe Lake 2974 37°52’17.23’’K-35°11’07.68’’D The permanent-bottom structure is 

muddy and aquatic plants are present.
356

3 Karagöl Lake 2876 37°52’25.94’’K-35°10’48.17’’D Permanent-bottom structure muddy 1626

Figure 1.  Location map of lakes.
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for Trichoptera, Ulmer (1961), Jansson & Vuoristo (1979), Brohmer 
(1979), Morse (1983) and Wallace et al., (1990); for Diptera, Şahin 
(1987, 1991) and Pennak (1989); for Haplotaxida, Brinkhurst & Ja-
mieson (1971), Brinkhurst & Gelder (1991), Milligan (1997), Timm 
(1999) and Wetzel et al. (2000).

Regarding the benthic macroinvertebrate groups: Dominance 
analysis (Kocataş, 1997) was used to examine the community 
structure, and two-way cluster analysis based on the Bray-Curtis 
similarity index (Bray & Curtis, 1957) was applied to determine 
the distinctions between stations depending on the distribution 
of species. Shannon-Weaver diversity and Shannon-Evenness 
density indices (Shannon & Weaver, 1949) were applied, respec-
tively, to determine species diversity and density relationships 
among species. Analyses were carried out using PAST 3.0, CAP 
4.0 and PC-ORD software packages.

RESULTS AND DISCUSSION

As a result of the sampling studies, a total of 1297 individuals 
were examined and as a result of the diagnoses, 11 species be-
longing to five families and 11 genera were identified in four or-
ders (Diptera, Coleoptera, Trichoptera, Haplotaxida) (Table 2).

Among the 1297 individuals examined, the highest dominanc-
es (914 individuals (70.47%); 211 individuals (16.27%); 157 indi-
viduals (12.10%); 15 individuals (1.16%)) were observed in 
Trichoptera, Haplotaxida, Diptera and Coleoptera orders, re-
spectively.

According to the evaluation made in the species category, the 
most dominant species was L. bipunctatus (70.47%), followed by 
U. uncinata (13.88%). The lowest dominance was found in the 
taxa of T. tubifex (0.31%) and P. limbatellus (0.62%).

Regarding the distribution of macrobenthic fauna in the studied 
lakes: in Karagöl Lake, 465 individuals were examined and seven 
species were identified from three families (Chironomidae, Dy-
tiscidae and Limnephilidae) in three orders (Diptera, Coleoptera 
and Trichoptera). Among the examined individuals, the highest 
dominance (78.71%) was observed in L. bipunctatus, while the 
lowest dominance (1.29%) was detected in M. nebulosa. In 
Çömçe Lake, 54 individuals were examined and four species 
were identified from three families (Chironomidae, Naididae, En-
chytraeidae) in two orders (Diptera, Haplotaxida). Among them, 
the highest dominance was observed in C. sphagnetorum 
(50.00%), while the lowest dominance was detected in T. tubifex 
(7.41%). In Yıldız Lake, 778 individuals were examined and five 

Table 2. Taxa distribution of lakes and calculated index values (*: Tolerance level evaluated at genus level)

Systematic Categories

Lakes

Tolerance ReferenceKaragöl 
Lake

Çömçe 
Lake

Yıldız 
Lake

Diptera    
Chironomidae    
Virgatanytarsus arduennensis (Goetghebuer, 1922)  +     
Chironomus tentans (Fabricius, 1805)  +   +   
Micropsectra paraecox (Wiedemann, 1818)  +  +  7* Bode et al., 2002
Macropelopia nebulosa (Meigen, 1804)  +   +   
Procladius sp.  +   + 9 Bode et al., 1996
Psectroladius limbatellus (Brundin, 1949)   +    
Coleoptera    
Dytiscidae    
Porhydrus lineatus (Fabricius, 1775)  +     
Trichoptera      
Limnephilidae      
Limnephilus bipunctatus (Curtis, 1834)  +   + 3* Bode et al., 1996
Haplotaksida    
Naididae    
Tubifex tubifex (Müller, 1774)   +  10 Bode et al., 1996
Uncinais uncinata (Ørsted, 1842)    +   
Enchytraeidae      
Cognettia sphagnetorum (Veydovsky, 1878)   +    
Number of Species 7 4 5   
Species Number of Individuals 465 54 778   
Calculated Indexes   
Shannon-Weaver (H) Diversity 0.867 1.178 0.830   
Shannon Evenness (EH) Density 0.340 0.812 0.458   
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species were identified from three families (Chironomidae, Naid-
idae, Limnephilidae) in three orders (Diptera, Trichoptera, Haplo-
taxida). Among them, the highest dominance was observed in L. 
bipunctatus (70.44%), while the lowest dominance was detected 
in C. tentans (1.54%).

In determining the diversity of an ecosystem, the number of spe-
cies in that ecosystem and the number of individuals attached to 
each species are very important (Magurran, 1988). When the spe-
cies richness in the habitats is compared, the highest diversity 
belongs to Karagöl Lake, with seven species, followed by Yıldız 
Lake, with five species. The lake with the lowest diversity was de-
termined to be Çömçe Lake, which is represented by four spe-
cies. According to the results of Shannon-Weaver diversity index 
(H) calculated using the abundance values of the determined 
macrobenthic fauna, the highest diversity was observed in Lake 
Çömçe with a value of 1.18, followed by Karagöl Lake and Yıldız 
Lake with values of 0.87 and 0.83, respectively. According to the 
results of Shannon Evenness density index (EH), in which the bal-
ance-equality values was calculated depending on the distribu-
tion of the species, the lake with the most balanced distribution 
was Çömçe Lake with a value of 0.81, followed by Yıldız Lake and 
Karagöl Lake with values of 0.46 and 0.34, respectively (Table 2 
and Figure 2).

The differences in the calculated diversity values between sta-
tions that are the same in terms of species richness are due to 
the differences in the distribution characteristics of the species 
that are there. Likewise, the stations that have a higher ratio in 
terms of H value, which expresses diversity, however many low-
er species they contain, are also related to the distribution char-
acteristics of the individuals belonging to the species that are 
found there. Therefore, although the species richness of Çömçe 
Lake is lower than that of Yıldız Lake and Karagöl Lake, the 

higher calculated diversity value (H) is explained by the more 
balanced distribution of the species found there. As a matter of 
fact, according to the Shannon Evenness index (EH) results ap-
plied to calculate the balance-equality characteristics of the 
species belonging to the lake ecosystems, it was observed that 
the EH value calculated for Çömçe Lake was 0.81, while this val-
ue was calculated 0.46 and 0.34 in Yıldız Lake and Karagöl Lake, 
respectively.

It is known that the diversity and density of macrobenthic fauna 
elements are low in limnological studies on mountain lakes (Ri-
eradevall et al., 1999). This is in agreement with the findings in 
our study.

According to the results of the applied two-way cluster analysis; 
while the highest similarity was calculated between Karagöl Lake 
and Yıldız Lake with a rate of 0.65%, it was determined that there 
was no similarity between Yıldız Lake and Çömçe Lake (Table 3, 
Figure 3 and Figure 4). Regarding the distinctions among lakes, 
the following were determined to be distinctive taxa: for Karagöl, 
V. arduennensis and P. lineatus, for Çömçe Lake, P. limbatellus, T. 
tubifex and C. sphagnetorum and for Yıldız Lake, U. uncinata.

Figure 3.  Distribution of detected taxa in lakes (Virg ard: 
Virgatanytarsus arduennensis, Chi ten: Chironomus 
tentans, Mic par: Micropsectra paraecox, Mac neb: 
Macropelopia nebulosa, Pro sp.: Procladius sp., Pse 
lim: Psectroladius limbatellus, Por lin: Porhydrus 
lineatus, Lim bip: Limnephilus bipunctatus, Tub tub: 
Tubifex tubifex, Cog sph: Cognettia sphagnetorum, 
Unc unc: Uncinais uncinata).Figure 2.  Diversity profile of lakes.

Table 3. Similarity rates between stations (Bray-Curtis)

Karagöl Lake Çömçe Lake Yıldız Lake

Karagöl Lake 1
Çömçe Lake 0.03 1
Yıldız Lake 0.65 0.00 1
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Within the scope of the study, the most dominant group in terms 
of number of individuals is the Trichoptera order with a domi-
nance rate of 70.47%. The members of this order are known for 
their high population rates in freshwater habitats and their low 
tolerance for organic pollution. Therefore, the members of this 
order are important biological indicators used in water quality 
determination studies (Wiggins & Mackay, 1978; Bouchard, 
2004). In our study, L. bipunctatus (tolerance level=3) (Bode et al., 
1996) species belonging to the Limnephilidae family determined 
in this order was observed as the dominant species in Karagöl 
Lake and Yıldız Lake. The species belonging to the genus Limne-
philus are generally the species that can live in lakes and are 
widely distributed in Palearctic and Holarctic regions (Sipahiler, 
2010). Records of L. coenosus and L. lunatus species belonging 
to this genus were given in some lakes on the Taurus Mountains 
(Topkara et al., 2009; Zeybek et al., 2012). L. bipuctatus larvae 
usually live in stagnant or slowly flowing waters such as ditches, 
streams and small rivers, and their feeding areas can be perma-
nent or temporary (Wallace et al., 2003). In our study, this species 
was found in muddy soils with stone and rocky biotopes.

The order represented as the second dominant group in terms of 
the number of individuals was observed as Haplotaxida, with a 
dominance rate of 16.47%. The taxa belonging to this order are 
generally cosmopolitan species and their records have been re-
ported from some high mountain lakes in Turkey (Brinhurst, 1969; 
Geldiay & Tareen, 1972; Milbrink, 1980; Ustaoğlu, 1980; Taşdemir 
et al., 2004; Yıldız & Ustaoğlu, 2016; Topkara et al., 2018). The 
species identified in this order in our study belong to the families 
of Nadidae and Enchytraeidae. The species belonging to the 
Nadidae family are known to have high ecological tolerance 
(Brinkhurst and Jamieson, 1971). The T. tubifex species, which 
was determined to be in the Nadidae family, was only observed 
with four individuals in Lake Çömçe. It is known that the T. tubifex 
species (tolerance level=10) is abundant in aquatic systems with 
high pollution level and organic matter input (Bode et al., 1996; 

Yıldız, 2003). It is thought that this species is represented by few 
individuals in Çömçe Lake because the lake water exhibits oxy-
gen-rich clean water and there is no organic pollution due to the 
absence of any livestock activities around the lake. While many 
species belonging to the order Haplotaxida have been reported 
from some lakes on the Taurus Mountains, records of T. monta-
nus, T. nerthus, T. bergi and T. ignotus taxa belonging to the Tu-
bifex genus have also been given (Yıldız et al., 2005, 2007). U. un-
cinata species, which was determined to be in the same family, 
was only found in Yıldız Lake. This species is known for its high 
population rates in freshwater ecosystems (Baturina, 2012). The 
C. sphagnetorum species, which was determined to be in the En-
chytraeidae family, was observed only in Çömçe Lake. This spe-
cies, which is known to have a very high ecological tolerance, is 
known to spread in coastal areas in fresh water and rarely in the 
bottom water of oligotrophic lakes (Zeybek et al., 2016).

In our study, six species belonging to Chironomidae family were 
identified in the Diptera order, which is represented by the high-
est species richness. Chironomidae species have a cosmopolitan 
distribution and show a wide distribution in many environments, 
from clean water to very polluted water (Stribling et al., 1998). 
The observation of the members of this family with high density 
in aquatic systems allows to make an evaluation about the heavy 
metal accumulation in the environment. Records belonging to 
this family have been reported from some mountain lakes in Tur-
key (Ustaoğlu et al., 2008; Taşdemir & Ustaoğlu, 2016; Topkara et 
al., 2018). In our study, C. tentans, M. nebulosa and Procladius sp. 
species identified from this family were found in Karagöl Lake 
and Yıldız Lake, M. paraecox species were detected in Karagöl 
Lake and Çömçe Lake, V. arduennensis was only detected in 
Karagöl Lake and P. limbatellus was only detected in Çömçe 
Lake. It is known that C. tentans is generally distributed in a wide 
tolerance range (tolerance level=10) in eutrophic lakes (Hilsen-
hoff, 1987; Bode et al., 1996; Kazancı et al., 1997; Ayık, 2006). In 
our study, this species was found in shallow water on the shores 
of lakes. It is known that M. praecox (tolerance level=7) and M. 
nebulosa species are commonly found in lakes with moderate 
oligotrophic properties (Bode et al., 2002; Kökçü, 2016). It is 
known that Procladius sp. has a high tolerance range (tolerance 
level = 9) and is distributed in slow flowing or shallow regions of 
aquatic systems (Bode et al., 1996; Taşdemir et al., 2010). It is 
known that P. limbatellus can adapt to different environmental 
conditions and can spread in different habitats (such as stagnant 
or flowing waters and rackish waters) (Taşdemir et al., 2010). In 
some lakes on the Taurus mountain range, the taxa of C. plumo-
sus, C. thummi, C. tentans, C. viridicollis and C. anthracinus be-
longing to the Chironomus genus, M. notescens and M. junci be-
longing to the Micropsectra genus and Procladius sp belonging 
to the Procladius genus have been reported (Yıldız et al., 2005; 
Taşdemir et al., 2011).

Dytiscidae members identified in the Coleoptera order are gen-
erally adapted to all aquatic habitats (Nilsson 1996). Records of 
many taxa belonging to this order have been reported from 
mountain lakes in Turkey (Ustaoğlu et al., 2008; Topkara & 
Ustaoğlu, 2011, 2015; Zeybek et al., 2012; Topkara et al., 2018). In 
our study, the P. lineatus detected in this family was determined 

Figure 4.  Two-way cluster cluster dendogram of lakes (Bray-
Curtis).
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to be from the regions where vegetation is abundant in Çömçe 
Lake. In a study on the Taurus mountains, the record of this spe-
cies was reported (Topkara et al., 2009).

Although there are some studies on the determination of the 
macrobenthic fauna of some lakes in the Taurus mountain range, 
there is no study on the determination of the macrobenthic fau-
na in the lakes included in this study (Sipahiler, 1992; Balık et al., 
2003; Ustaoğlu et al., 2004; Yıldız et al., 2005, 2007; Topkara et al., 
2009; Taşdemir et al., 2011; Yence, 2019). Therefore, the taxa de-
tected is a new record for the relevant lakes.

CONCLUSION

It is important to determine the biological diversity of high-alti-
tude lakes, which are special ecosystems, by increasing the 
number of studies done on them. The results obtained from 
this study are a prestudy in determining the biodiversity in 
lakes. In a study with a longer sampling period in which all the 
high-altitude lakes in the Aladağlar mountains are included, it 
will be of great importance to evaluate the macrobenthic fauna 
of these lakes together with the physicochemical parameters of 
the lakes and to reveal them fully. In addition, it should not be 
forgotten that these ecosystems should be protected and the 
negative effects that may occur on the existing fauna and flora 
should be taken into account against possible future ecotour-
ism activities.
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