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western and southern Turkey, as well as along the coasts of the Black Sea (Partal and 
Kahya in press).  According to Kahya and Kalayci (2004) the flow of running waters 
located in western Turkey has significantly decreasing trends.  Therefore lower flows can 
cause increases in water temperature and decreases in dissolved oxygen in the Büyük 
Menderes River system. 
 
Increases in water temperature and flow regime as a result of climate change will affect 
ecological processes, the geographic distribution of aquatic species, extinction of species 
and loss of biodiversity.  Climate change will alter hydrologic characteristics and water 
quality of running waters and will affect species composition and ecosystem functions.  
Floods will change the retention time of organic matter (Mulholland et al., 1997).  These 
events will reduce food availability for detritivorous macroinvertebrates and alter benthic 
macroinvertebrate composition.  The seasonal shifts are likely to have significant impacts 
on benthic communities in river ecosystems.  By way of an example, the possible climate 
change impacts on the benthic macroinvertebrate composition of the Büyük Menderes 
River (Figure 3) are discussed. 

Figure 3. Map of Büyük Menderes River, south-west Turkey 
 
The Büyük Menderes River is an important river system which includes wetland areas of 
the eastern Mediterranean region such as Lake Isikli, Lake Bafa, and the delta of the Büyük 
Menderes River. It is also a very significant river basin from a zoogeographical point of 
view.  It was a tributary of the Aegeopotamos River which originated from the Sarmatian 
Sea in the Pleistocene.  Aquatic taxa passed between Asia and Europe by this river and the 
fauna of the river now contains some extinct species of Palearctic fauna. 
 
The Büyük Menderes River rises as springs in the limestone formations near Dinar and 
flows west for about 560 km, draining 24,000 km2 of south-west Turkey before joining the 
Aegean Sea at the Büyük Menderes Delta, 115 km south of Izmir. The physicochemical 
characteristics, fauna, flora and problems of Bafa Lake and Delta region were outlined in 
Kazanci et al. (1999). 
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The river is well known for the many meanders along its course.  The main tributary 
streams are Çine, Dipsiz, Banaz, Çürüksu, and Ak.  Many of the small tributaries are dry in 
summer. 
 
The delta extends approximately 16 km seawards and the Delta region is an important bird 
area.  At the western part of the basin the maximum monthly precipitation range is 79-
132.3 mm, whereas in the drier eastern regions the range is 14-80.2 mm.  The annual 
average precipitation decreases from 999 mm in the west to 350.4 mm in the east, with an 
annual  average of 635 mm.  The average annual total evaporation is 2,122 mm.  It appears 
that there has been a decrease in precipitation due to the increase in temperature in the 
basin (meteorological data from the Ministry of Environment). 
 
The distribution of benthic macroinvertebrates in the Mediterranean region and their 
relationship with environmental variables are not well known in Turkey (Kazanci and 
Dügel 2000; Kazanci et al., 2003, Dügel and Kazanci, 2004).  The first detailed limno-
ecological survey presenting physico-chemical characteristics, benthic macroinvertebrate 
fauna and relationships between physico-chemical variables and macroinvertebrates in the 
Büyük Menderes River was by prepared by Dügel and Kazanci (2004) using multivariate 
analysis. The benthic macroinvertebrate assemblages broadly reflect environmental 
conditions and are used as indicators of environmental degradation or restoration  
(Rosenberg and Resh, 1993). 
 
The effects of climate change on community structure of benthic macroinvertebrate taxa 
are summarized below according to Dügel and Kazanci (2004): 
 
Two hundred and twenty five species of benthic macroinvertebrates were identified in the 
river system, and the distribution of species was influenced significantly by environmental 
variables.  Variables affecting species distribution, according to CCA, in order of 
importance, were: nitrite, nitrate, chloride, orthophosphate, electrical conductivity, 
dissolved oxygen, ammonium, total alkalinity, altitude, temperature, drainage area, flow 
velocity and stream order (Dügel and Kazanci, 2004). 
 
The following taxa prefer low temperature, high dissolved oxygen and high current 
velocity: 
 

Taeniopterygidae, Nemouridae, Leuctridae (Plecoptera); Oligoneuriidae, Heptageniidae, 
Ephemerellidae (Ephemeroptera); Aeshnidae, Gomphidae (Odonata); Rhyacophilidae, 
Leptoceridae and some species of Hydropsychidae (Trichoptera); Gerridae, Notonectidae 
(Hemiptera); Elmidae (Coleoptera); Pyraustidae (Lepidoptera); Tipulidae, Athericidae 
(Diptera). According to CCA results these do not tolerate climate change effects in running 
water ecosystems, i.e. high temperature, low dissolved oxygen and low water velocity. 
 
The following taxa can tolerate high temperature, low dissolved oxygen and low current 
velocity: 
 

Valvatidae, Bithyniidae, Planorbidae (Gastropoda); Coenagrionidae (Odonata); Unionidae, 
Sphaeriidae (Lamellibranchiata); Dytiscidae (Coleoptera); Lumbricidae, Tubificidae, 
Naididae (Oligochaeta); Glossiphoniidae (Hirudinea); Platycnemididae, Calopterygidae 
(Odonata); Sciomyzidae, Muscidae, Chironomidae (Diptera).  These can tolerate high 
temperature and climate change effects on the Büyük Menderes River ecosystem (Dügel 
and Kazanci, 2004). 
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Benthic macroinvertebrate communities present different assemblages along the Büyük 
Menderes River related to the existence of slight, moderate or heavy organic pollution. The 
Büyük Menderes River Basin is an important wetland area for biological richness in the 
Eastern Mediterranean Region.  In spite of its importance this river receives high inputs of 
organic and industrial wastes.  The increasing temperature, reduced  dissolved oxygen and 
lower flows brought about by climate change will also affect water quality negatively. 
 
In conclusion, the rivers in the Mediterranean climate region are in urgent need of 
protection and restoration. 
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