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Abstract 

        The aim of this study was to found the effects of irrigation pumps on the distribution zooplankton in the Lake Eğirdir. The abundance of 
zooplankton in the Lake were determined in different zones (pelagic and pump outlet ) between May -September 2010 with 5 monthly 

periods.  Zooplankton samples were taken from pelagic and pump outlet zones by using plankton net a mesh size of 55 µm. A total of 49 taxa 

were recorded as 31 Rotifera, 16 Cladocera and 2 Copepoda. Sørensen similarity index and indicator species analysis were used. Testudinella 
patina, Euchlanis dilatata, Lecane luna, Lecane bulla, Disparalona rostrata, Nitocra hibernica, Trichotria pocillum and Mesocyclops 

leuckarti bodanicola, which were found in the lake, are indicator species of pelagic and pump outlet zones. 

     Keywords: Zooplankton, pelagic zone, pump outlet zone, Lake Eğirdir, Turkey 

 

 

 

INTRODUCTION 

 
         Zooplanktonic organisms of inland waters consist of 

Rotifera, Cladocera and Copepoda [1]. Zooplankton are 

indubitable the most important prey for larval and juvenile 

stages of freshwater fish [2]. The abundance and species 

diversity of the zooplankton is observed by several 

elements in fresh water. Organic substance, dissolved 

oxygen and water temperature are significant elements 

which controls the growth of zooplankton [3]. Aquatic 

invertebrates form e very diverse group, play an important 

ecological role, participate directly in the processes that 

maintain the aquatic ecosystem [4]. 
        Pumping systems have to feasible impacts on fish. 

Firstly, fish could be directly removed from river systems 

depending on the size, capacity and location of the pumps, 

this activity could effect many different species at many 

different life history stages. Secondly, pumps could 

physically injure or kill fish during the extraction process. 

Besides, Baumgartner et al. [5]) studied that the effects of 

irrigation pumping systems on fish of the Murray-Darling 

Basin. And, Baumgartner et al. [5] informed that effects of 

irrigation pumps on riverine fish. Over 2300 fish passed 

through the pump outlets over the study period, with many 

individuals (7.5 % of total) both killed and injured.  

 

 

 

 

 

 

 

 

 

 

        A large number of pump stations were installed 

around the lake Eğirdir to be used for different purposes 

(drinking water, agriculture, etc.) by DSI. In addition, every 

year, are reportedly taken from the lake water between 700-

1000 hm3, 6 pumps for different purposes and a regulator 

introduced by DSI. Also, Kesici and Kesici [6] determined 

that 700-1000 hm3 of water taken from the lake each year 

between 6 pumps for different purposes and a regulator 

introduced by DSI.  

       Within aquatic environment, the zooplankton fauna 

may vary greatly between the pelagic region and pump 

outlet region compartments. Several studies have 

demonstrated a higher richness in zooplankton species in 

littoral regions, especially when these are colonized by 

aquatic macrophytes [4]. This lack of studies on 

zooplankton organisms in (pump outlet zone) of the lakes 

also applies to Lake Eğirdir. Although many aspects of this 

lake have been studied since 1940 [7], tha majority of 

studies on the zooplankton community were carried out 

only in the pelagic zone [8-16]. Considering the pump 

outlet region area of Lake Eğirdir and the lack of studies on 

the zooplankton community in this compartment, the 

present study had two main objectives:  i) to demonstrate 

the contribution of the pelagic and pump outlet zones to a 

better characterization of the zooplankton fauna, and ii) to 

asses species’ distribution in different habitats (pelagic and 

pump outlet zones).  
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MATERIALS AND METHODS 

         

        Study area 

        Eğirdir Lake is located in southern Turkey at an 

elevation of 918 m above sea level. The surface area and 

mean depth of the lake are 47.250 ha and 7–8 m, 

respectively [17]. The lake serves as a municipal water 

source for the city of Isparta, and therefore, maintenance of 

good water quality is important within the lake. 

        Zooplankton samples were collected monthly May 

2010-September 2010 from four stations selected from 

Lake Eğirdir in pelagic and pump outlet zones (Figure 1). 

Samples were taken using plankton net Hydrobios Kiel 

with a mesh size of 55 µm. The samples were preserved in 

a solution 4 % formaldehyde. The zooplankton were 

counted in Sedwick-Rafter chamber under invert 

microscope. The zooplankton organisms were identified to 

species level [18-23]. Water temperature, pH, dissolved 

oygen and conductivity were measured in the field using 

WTW 340i. Indicator analysis of species were assessed 

between pelagic and pump outlet zones by the test [24]. 
Sorenson similarity index was used while applying Bray-

Curtis method. The analysis was performed by using PC-

ORD [25]. In comparing the zooplankton composition were 

used the Shannon Wienner index and Pielou’s evenness 

index in the pelagic and pump outlet zones [26, 27]. 
 

 
Figure1. Map of the study area 

 

RESULTS AND DISCUSSION 

 
       The zooplankton determined belonged predominantly 

to the Rotifera, Cladocera and Copepoda in Eğirdir Lake. 

The total species were recorded from this lake during the 

present study, in which 63.3 % species of Rotifera, 32.7 % 

species of Cladocera and 4.0 % species of Copepoda 

contributed to zooplankton diversity in this lake. The total 

zooplankton population dominated by Rotifera. A list of the 

zooplankton organisms present in the samples is provided 

in Table 1. Monthly abundance of zooplankton for pelagic 

and pump outlet zones presented in Fig. 2-3. While 

Rotifera were the average number with 1.025 individuals/L 

during September; Copepoda showed the lowest abundance 

with 5 individuals/L during May in the pelagic zone. 

         The population abundance of Rotifera reached a 

maximum of 96.36 % in the pelagic zone. The lowest 

Rotifera was encountered during May, with a of about 128 

Ind/L. The maximum population abundance of Cladocera 

was observed 18.57 % during August. The minimum 

population abundance of Cladocera was found 10 Ind/L 

during May in the pelagic region. The Copepoda group 

quantitatively comprises 4 % of the zooplankton in the 

pelagic zone. Within this group, the lowest abundance of 

Copepoda was recorded in May as 5 Ind/m3 and the highest 

abundance was found in July as 10.08 %. Rotifera was in 

July with a maximum average of 99 Ind/L at pump region. 

On the other hand, Copepoda was in May with a minimum 

individuals (Figure 3).  Rotifera was the most dominant 

group in pump outlet zone, making up 95.57 % of the other 

zooplankton groups. Abundance of Rotifera was in May 

with a minimum value of 2 Ind/L. Cladocera and Copepoda 

were the dominant groups at the pump outlet zone with 

value of 25.78 % and 28.73 %, respectively. Figure 4 

shows the abundance (Ind/L) of zooplankton in pelagic and 

pump outlet zones, for samples collected during the study 

periods. It shows that Rotifera and Cladocera more 

abundance present than Copepoda at the pelagic zone of 

lake.  In contrast to the pelagic zone, Rotifera, Cladocera 

and Copepoda also were low abundant at the pump outlet 

zone (Figure 4). 

           It is found that the total zooplankton abundance of 

Rotifera were 92.45 % and 89.60 % at pelagic and pump 

outlet zones, respectively. Cladocera was recorded in low 

abundance (2.72 %) at pump outlet zone. Although 

Cladocera reached a maximum at the pelagic zone (4.04 

%). The maximum abundance of Copepoda was 7.68 % at 

the pump outlet zone (Figure 5).  

           According to the individuals of Rotifera was 

determined 9583 Ind/L in the pelagic region, and 213 Ind/L 

in the pump outlet region. Copepoda was found 363 Ind/L 

in the pelagic region, and 18 Ind/L in the pump outlet 

region Moreover, Cladocera showed 419 Ind/L in the 

pelagic region and 6 Ind/L in the pump outlet region 

(Figure 6). (During the study, the water was drawn a total 

of 26.724.771 m3 over pump).  
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Table 1. Occurrence of zooplankton taxa in samples from pelagic and pump outlet zones 

 Months 

ROTIFERA May June July August September 

Platyias quadricornis     - 

Brachionus angularis -     

Brachionus calyciflorus   - - - 

Brachionus patulus -  -  - 

Brachionus quadridentatus -     

Keratella cochlearis      

Euchlanis dilatata      

Mytilina sp. - -    

Trichotria pocillum  - -   

Trichotria tetractis -    - 

Lecane flexilis  - - - - 

Lecane luna      

Lecane bulla      

Lecane clostrocerca  - -  - 

Lecane lunaris - - -  - 

Lecane stenroosi - -    

Scaridium longicaudatum -  -  - 

Cephalodella gibba - -  - - 

Trichocerca sp.  - - - - 

Trichocerca capucina -     

Trichocerca cylindrica -  -   

Trichocerca similis  -    

Trichocerca bicristata - -    

Ascomorpha sp. - -    

Synchaeta pectinata      

Polyarthra dolichoptera      

Asplanchna priodonta      

Testudinella patina      

Conochilus dossuarius -     

Hexarthra mira      

Filinia longiseta      

CLADOCERA      

Diaphanosoma lacustris - - -   

Daphnia cucullata  -    

Ceriodaphnia quadrangula - -    

Moina micrura - - -  - 

Macrothrix laticornis - - -  - 

Bosmina longirostris      

Pleuroxus aduncus  - - - - 

Disparalona rostrata  -   - 

Chydorus sphaericus      

Alona guttata  -  - - 

Alona quadrangularis -   - - 

Alona rectangula     - 

Acroperus harpae - - -  - 

Graptoleberis testudinaria    - - 

Leydigia leydigi -  -  - 

Biapertura affinis  - - - - 

COPEPODA      

Mesocyclops leuckarti bodanicola      

Nitocra hibernica      

                                                                         : Pelajic zone : Pump outlet zone : Pelagic and pump outlet zones 
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Figure 2. Average number of individuals for the zooplankton taxa 

in the sampling zones (pelagic zone) during the study period 

 

 
Figure 3. Average number of individuals for the zooplankton taxa 
in the sampling zones(pump out zone)      

 

    

 
 

Figure 4. Average number of individuals for the zooplankton taxa 

in the sampling zones (pelagic and pump out zones) during the 
study period 

 
Figure 5. Composition of zooplankton in pelagic and pump outlet 

zone (%) 
 

Figure 6. Composition of zooplankton as individuals  in pelagic 

and pump outlet zone  
 

Axis 1 and Axis 2 extracted 14.84 % and 8.99 % of the 

original distance matrix respectively. P.dolichoptera, 

B.longirostris and M.leuckarti bodanicola were the species 

that showed a positive correlation with 1st axis. Besides, 

D.cucullata, M.leuckarti bodanicola and B.longirostris 

specimens showed a positive correlation 2nd axis. There 

was no correlation in the third axis (Table 2). The pelagic 

and pump outlet zones of this lake did not show any 

statistically significant difference according to species 

diversity (t= 6.698, p<  0.05)  (Figure 7). But, the pelagic 

and pump outlet zones of this lake did found statistically 

significant difference according to species richness (t= 

6.698, p<  0.05) (Figure 8). The reason for this was related 

to the distribution of quantitative of the species. Because 

the terms of Evenness values were found statistically at the 

5% level is almost no difference between the pump outlet 

and pelagic zone (t=2.066, p<  0.05) (Figure 9). In other 

words, the more species found in the pelagic zone 

compared with the pump outlet zone. T. patina, E.dilatata, 

L.luna, L.bulla, D.rostrata, N.hibernica and T.pocillum had 

the best indicator species, showing in the pelagic zone 

(Table 3). M.leuckarti was the species that found as 

indicator species in the pump outlet zone (Figure 10). It 

shows that species diversity of pump outlet zone was more 

density than species diversity of pelagic zone (Figure 7). 
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Figure 7. Species diversity of pump outlet and pelagic zones 
 

 

 
Figure 8. Species richness of pump outlet and pelagic zones 

 

 

 
 

Figure 9. Pielou’s evenness index for pump outlet and pelagic 

zones 

 
 

 

 
 

 

Table 2. Pearson and Kendall Correlations with Ordination  

Axes 

Species Axis 1  

(r) 

Axis 2 

 (r) 

Axis 3 

 (r) 

Kelcoc 0.519 -0.025 -0.229 

Asppir 0.559 0.175 -0.116 

Synpec 0.542 -0.167 -0.279 

Poldol 0.707 -0.152 -0.346 

Fillon 0.512 -0.068 -0.229 

Braang 0.209 0.144 -0.017 

Bracal -0.221 -0.509 -0.021 

Brapatu 0.211 -0.056 -0.093 

Braqaud -0.116 -0.170 0.004 

Hexmir 0.372 0.068 -0.130 

Ascomo 0.115 0.297 0.131 

Condos 0.262 0.093 0.034 

Trisim 0.389 0.211 -0.040 

Tricylin 0.479 -0.071 -0.251 

Tric.sp          -0.268 -0.278 -0.262 

Tribic -0.039 -0.009 0.127 

Tricap 0.492 -0.057 -0.252 

Tricpoc -0.516 -0.263 -0.408 

Trictet -0.122 -0.117 0.133 

Tespat -0.218 -0.071 0.238 

Eucdila -0.521 -0.278 -0.125 

Leclun -0.303 -0.139 -0.047 

Lecbul -0.445 -0.353 0.040 

Lecflexi -0.268 -0.278 -0.262 

Lecclost -0.445 -0.289 -0.567 

Lecsten -0.077 -0.007 0.191 

Leclunar -0.205 -0.076 -0.019 

Mytilina -0.397 -0.229 -0.105 

Platquad 0.200 -0.065 -0.091 

Scarlong -0.415 -0.417 -0.044 

Cepgib 0.047 0.166 0.060 

Boslon   0.716 0.537 -0.083 

Aloquad 0.285 -0.055 -0.096 

Correc 0.006 0.222 0.258 

Alogut -0.241 -0.306 -0.148 

Pleadun -0.268 -0.278 -0.262 

Dapcuc 0.018 0.507 -0.002 

Chyspha 0.129 0.099 0.056 

Biaperaf -0.268 -0.278 -0.262 

Graptes 0.207 -0.056 -0.102 

Disros    -0.511 -0.290 -0.218 

Moimicru -0.077 -0.009 0.003 

Ceriquad 0.130 0.177 0.055 

Macrolat -0.432 -0.152 -0.240 

Leyleyd -0.477 -0.459 -0.196 

Dialac 0.256 0.392 -0.110 

Acrohar   0.002 0.281 0.150 

Nithib 0.415 0.023 -0.164 

Mesoleuc 0.633 0.576 -0.050 
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Table 3. Results of indicator species analysis 

Species 
Max 

grup 

Indicator 

Value 

(IV) 

Mean S.Dev p * 

Kelcoc 2 51.5 51.5    1.63   1.0000 

Asppir 2 49.0 45.7    4.61   0.3800 

Synpec 1 32.7 33.5    6.61   0.7060 

Poldol 2 53.1 49.9    3.42   0.4740 

Fillon 1 32.7 33.6    6.45   0.7170 

Braang 1 35.6 36.4    5.99   0.7380 

Bracal 1 5.9 5.9    0.19   1.0000 

Brapatu 1 2.9 7.2    4.42   1.0000 

Braqaud 1 23.5 11.3    5.42   0.1050 

Hexmir 1 17.6 24.9    6.66   1.0000 

Ascomo 1 26.2 24.0    6.07   0.4820 

Condos 1 17.6 25.1    6.70   1.0000 

Trisim 1 28.0 32.7    6.23   1.0000 

Tricylin 2 22.2 26.6    5.76   1.0000 

Tric.sp          1 5.9 5.9    0.19   1.0000 

Tribic 1 23.5 11.1    5.07   0.0810 

Tricap 2 15.7 14.8    5.67   0.6400 

Tricpoc 1 29.4 14.0    5.02   0.0440 

Trictet 1 17.6 10.3    4.28   0.2540 

Tespat 1 58.8 21.8    6.54   0.0010   

Eucdila 1 76.5 27.0    6.41   0.0010 

Leclun 1 52.9 20.8    5.98   0.0020 

Lecbul 1 70.6 24.8    6.53   0.0010 

Lecflexi 1 5.9 5.9    0.19   1.0000 

Lecclost 1 17.6 10.3    4.25   0.2490 

Lecsten 1 17.6 10.2    4.21   0.2420 

Leclunar 1 5.9 5.9    0.19   1.0000 

Mytilina 1 29.4 13.8    5.01   0.0450 

Platquad 1 18.8 14.0    5.10   0.3550 

Scarlong 1 17.6 10.1    4.11   0.2270 

Cepgib 2 5.9 5.9    0.19   1.0000 

Boslon   1 50.0 50.0    1.58   1.0000 

Aloquad 1 5.9 11.2    5.39   1.0000 

Correc 1 10.6 13.9    5.20 1.0000 

Alogut 1 17.6 10.1    4.16   0.2350 

Pleadun 1 5.9 5.9    0.19   1.0000 

Dapcuc 1 24.0 25.0    6.81   0.7210 

Chyspha 1 21.0 17.4    5.52   0.4120   

Biaperaf 1 5.9 5.9    0.19   1.0000 

Graptes 1 7.8 10.1    4.13   1.0000 

Disros    1 29.4 13.7    4.86   0.0390 

Moimicru 1 5.9 5.9    0.19   1.0000 

Ceriquad 1 5.9 11.5    5.46   1.0000 

Macrolat 1 5.9 5.9    0.19   1.0000 

Leyleyd 1 11.8 7.1    4.41   0.4750 

Dialac 2 23.5 11.2    5.35   0.0980   

Acrohar   2 5.9 5.9    0.19   1.0000 

Nithib 1 63.0 38.2    5.58   0.0040 

Mesoleuc 2 62.7 42.0    5.90   0.0060 

1: Pump outlet zone  2: Pelagic zone  

 
Figure 10. The spatial distributions of species in the study area 

(s1-s17: pump outlet zone; s18-s34: pelagic zone) 

    

       They were found that the littoral zone plays a 

significant role for a better characterization and 

conservation of the zooplankton fauna in tropical lake [4]. 
In this study, the highest number of species was obtained in 

the sample from pump outlet zone (46 species) and the 

lower number was found in the pelagic zone (27 species) 

(Table 1). Zooplankton are found to similar qaulitative in 

pump outlet and pelagic region. In addition to the high 

abundance of Copepoda by percantege, this consideration is 

based on the highly abundance of these Copepoda and their 

only increased small forms. The number of individuals of 

Rotifera, Cladocera and Copepoda were also found 

between pump outlet and pelagic region to be significant 

different as observed in the study (Total zooplankton of 

pelagic region with 10365 Ind/L and total zooplankton of 

pump outlet region with 238 Ind/L). Baumgartner et al. [5] 
observed quantify the composition and number, of fish 

removed from main river channels via pumping systems 

and investigated any changes over the diel period in 

Murray-Darring Basin. In addition, they are reported that 

the degree of fish injury, mortality and the relative physical 

impacts of the pumping process [5]. In general, we 

observed in zooplankton that the individuals of species in 

pelagic region are more extensive than for pump outlet 

region. Zooplankton in pumps showed in this lake, and did 

draw together with irrigation water. But, the proprotion of 

those taken zooplankton could not affect ecological level in 

lake Eğirdir. 
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