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Abstract:  Several water quality and hydrologic parameters were measured to determine the physical, 
chemical and biological characters of six streams which flow into the Ömerli Reservoir (İstan-
bul). It was aimed to investigate the effects of the streams on drinkable water reservoir. For this 
purpose water samples were collected from twelve sites in six streams at monthly intervals be-
tween June 2005 and July 2006. Fifteen physical and chemical variables were measured to de-
termine the water quality. Principal components analysis (PCA) results indicated that stream 
width, flow rate and Chlorophyll-a were the most important variables in the streams. Total 
phosphate, ortho-phosphate, nitrite and dissolved oxygen were also found important. It is de-
termined that human impacts, land use and geology of streams were the most important factors 
influencing chemical features of the stream water. Ömerli Reservoir was affected negatively by 
mainly the Paşaköy Stream. The Riva Stream which is discharge water of the reservoir had also 
a serious pollution problem. The other streams are relatively clear in terms of nutrient enrich-
ment. Zooplankton species (25) were identified and canonical correspondence analysis (CCA) 
results indicated that nitrate, nitrite, orthophosphate, Chl-a, pH, water temperature, suspended 
solid material, oxygen and stream width were the most important variables influencing zoo-
plankton diversity. Zooplankton species were quite poor in all of the streams with the excep-
tion of Paşaköy and Riva streams. Indicator zooplankton species of eutrophication were found 
as dominant species in Paşaköy and Riva streams. 
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Introduction  
Water quality in an aquatic ecosystem is de-

termined by many physical, chemical and bio-
logical factors. Streams, rivers, lakes, and inland 
wetlands are interactive components of water-
sheds, and physical and chemical conditions of 
these ecosystems reflect the land use patterns and 
physical characteristics of the landscapes. Land 
use is one of the most essential factors determin-
ing water quality (Allan and Flecker, 1993). As 
land use patterns change and human populations 
increase, impacts of urbanization along the wild 
land-urban interface on water quality and aquatic 
resources will be accelerated (Mulholland and 
Hill, 1997; Tufford et al., 2003). 

A water reservoir usually changes its trophic 
status gradually to a higher level, even under 
natural conditions. However, human activities 
accelerate eutrophication process reservoir over 
the years. As a result of the rapid progress in hu-
man activity, the increasing population of the 
catchments area or excess fertilization of farm-
land increases the nutrient loading to lakes via 
connected streams and rivers (Goldman, 1988). 
This high input of nutrients by the flowing waters 
may lead to deterioration of water quality in lakes 
and reservoirs.  

Increased development in and around source 
areas is affecting many of the lakes’ drinking-
water supplies (Meyer and Likens, 1979; Dere et 
al., 2002; Tufford et al., 2003). Often it is impos-
sible or impractical for a municipal water de-
partment to purchase and control all of the land 
that contributes to the water supply, and ongoing 
development of private property carries a risk of 
adding to contaminant loads from a variety of 
sources. There have been several studies which 
point out effects of streams on the big lakes and 
reservoirs. Bolstad and Swank (1997) reported 
that consistent changes in water quality variables 
were related to land use changes. Similarly, Tong 
(1990) stated that urban development in the wa-
tershed lead to substantial modifications of water 
quality and flood runoff. Changing land use and 
land management practices are therefore regarded 
as some of the main factors that can alter the hy-
drological system as well as the quality of re-
ceiving water (Changnon and Demissie, 1996)   

As many other Mediterranean countries, in 
Turkey unplanned industrialization and distorted 
structuring have brought some lake eutrophica-

tion and augmentation of phytoplankton standing 
crops (Albay et al., 2003, Karafistan and Arık-
Çolakoğlu, 2005). A blooming of cyanobacteria 
is a typical phenomenon caused by eutrophica-
tion. In Ömerli Reservoir which is the biggest 
water reservoir supplying 48% drinking water of 
Istanbul, this event has occurred frequently since 
the 1990s (Albay et al., 2003), and there has been 
serious concern about eutrophication and cyano-
bacteria blooms ever since. Although this fact is 
known for a long time, there is no detailed study 
available on the streams which are possibly re-
sponsible in increase eutrophication by carrying 
nutrients into Ömerli reservoir. Therefore, the 
main aim of the study was to assess effects of the 
streams on Ömerli Reservoir which investigating 
specifically physical, chemical and biological pa-
rameters in both lake and its flowing streams.  

Materials and Methods  
Study Site 

The Ömerli Reservoir was established in 1972 
to provide drinkable water for Istanbul. The Riva 
Stream was located between the reservoir and 
Black Sea as discharge water for the reservoir. 
The reservoir currently is the biggest drinkable 
water reservoir in the northern part of the Mar-
mara region of Turkey (area=23.5 km2; maxi-
mum depth = 62 m; volume = 2.2 x 106 m3; Lati-
tude 41°:02′ N, Longitude 29°:22′ E). Although 
the reservoir provides ≈ 48% (mean = 872000 m3 
per day) potable water to Istanbul, the reservoir 
has been suffering from increasing eutrophication 
over the last few decades due to input of domes-
tic and industrial waste water, which enter mainly 
via streams (Albay et al., 2003). There are many 
small seasonal streams which are feeding the res-
ervoir. One of the most important streams is 
Paşaköy that was connected to the Riva Stream 
via a tunnel (3 m diameter and 6 km length) in 
order to prevent domestic and industrial waste-
water inputs into the reservoir (Fig. 1). In the late 
1990s the reservoir began to suffer from the toxic 
cyanobacterial (blue-green algae) blooms during 
late summer and mid autumn. In subsequent 
years, several thousand of fish (mainly Cyprinus 
carpio L., 1758) died from high cyanotoxin (mi-
crocystin) levels (Albay et al., 2003). In recent 
years, Istanbul Water Authority has applied cop-
per sulphate (algicide) to control the blue-green 
algal biomass at specific sites in the reservoir.  
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Figure 1.   Sampling stations in Ömerli Reservoir Basin. 1: Ballıca (Stream), 2: Ballıca (Lake), 3: 

Bıçkı (S), 4: Bıçkı (L), 5: Eski Riva (S), 6: Eski Riva (L), 7: Kömürlük (S), 8: Kömürlük 
(L), 9: Paşaköy (S), 10: Paşaköy (L), 11: Riva (S), 12: Riva (L).  

 
Sampling 

Five inflows and one outflow streams were 
selected for sampling as they were usually not 
dried up (i.e. available for sampling in all sea-
sons). Samples for chemical analyses were taken 
from the streams and their mouth to the lake be-
tween June 2005 and July 2006 on monthly basis. 
Water samples for nutrient analysis (NO3-N, 
NO2-N, TP, o-PO4, SiO2, SO4) were kept cool 
and in the dark until they were brought to the 

laboratory and then analyzed according to the 
standard methods (APHA, 1985). Temperature, 
dissolved oxygen, conductivity, and pH were 
measured in situ using a multi-parameter probe 
(Radiometer, Pioneer 65). Light intensity (lx) 
was measured to the nearest 1 lx using a Lutron 
LX 103 digital light meter. For suspended solid 
material (SSM), 100 ml water was taken for each 
sampling stations and it was dried by exposing 
105°C for 12 hours, then the remained material 
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was weighed. Water samples for Chlorophyll-a 
content was filtered and extracted through etha-
nol. Following the centrifugation, absorbance 
was measured before and after acidification in a 
spectrophotometer and then calculated (Ryther 
and Yentsch, 1957). Zooplankton samples were 
collected with the plankton net (cell diameter of 
55 µm) and fixed in 4% formalin solution and 
examined under an inverted microscope. The 
sampling was not possible due to drying up of 
some streams in summer months or their insuffi-
cient water density throughout the year (i.e. 
Paşaköy Stream). References used for the identi-
fication of zooplankton taxa were obtained from 
Mozdukhay (1969), Rose and Tregouboff (1957), 
Pontin (1978). 
 
Data analysis 
 

Species diversity was expressed with Shan-
non-Weaver Index (Shannon and Wiener, 1949). 

H’ = ∑
=

−
S

i
PiPi

1
)(ln            

 
where: P – total abundance of zooplankton com-
munity, 
ni – biomass of (i)-species. 
 

Principal components analysis (PCA) was 
employed to evaluate biotic (taxa) and abiotic 
(physical or chemical) variables following ter 
Braak and Prentice (1988) using CANOCO v. 4.5 
(ter Braak and Smilauer, 2002). PCA was run on 
a correlation matrix of centered, standardized and 
transformed variables using correlation biplot 
scaling of PCA axes. 

Linear and nonlinear Canonical Correspon-
dence Analyses (CCAs) (ter Braak, 1994; Legen-
dre and Legendre, 1998; Makarenkov and Leg-
endre, 2002) were used to explore relationship 
between the annual maximum abundances of 
zooplankton and environmental variables. All 
data were log transformed prior to analysis to 

better approximate normal distributions. A Monte 
Carlo permutation test (with 499 permutations) 
with forward selection was used to obtain signifi-
cance values (α = 0.05) for each variable. The 
mean values of each environmental factors and 
zooplankton data were analyzed using program 
CANOCO v. 4.5 (ter Braak and Smilauer, 2002). 

Differences between sampling stations were 
tested with Analysis of Variance (ANOVA) (Zar, 
1999) and Pearson Product Moment Correlation 
Analysis was used to explore correlations among 
biotic and abiotic factors using program 
STATISTICA 5.0 (StaSoft Inc. 1995).  

Results and Discussion 
Physical and chemical variables 

Physical features which are temperature, con-
ductivity, TDS, stream width and flow were not 
significantly different between streams and sam-
pling stations in the lake (ANOVA, P>0.05). 
However, TP and NO2 as the most important nu-
trients and SSM were significantly higher 
(P<0.01) in Paşaköy and Riva streams compared 
to other streams. Other chemical variables were 
not so high and did not change between seasons 
and sampling points (P>0.05). Mainly, TP, o-
PO4, and NO2 concentrations in the stream sites 
were higher than those in their lake sites. This ef-
fect was the most distinguished in Paşaköy 
Stream. Chl-a concentrations showed seasonal 
variations having minimum values in winter and 
maximum ones in the summer months. Reservoir 
sites had higher Chl-concentrations compared to 
streams sites. Paşaköy, Riva and Eski Riva 
streams were represented by the highest Chl-a 
values. The first (PCA1) and second (PCA2) axis 
were both significant and explained 35.8% and 
28.5% of observed variance in environmental 
variables, respectively (Fig. 2). Chl-a exhibited 
high positive loadings on PCA1, while stream 
width and flow were negatively correlated with 
this axis. TP, o-PO4 and NO2 were positively cor-
related while dissolved oxygen negatively with 
PCA2. 
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Figure 2.   PCA ordination of 15 environmental variables. Trick marks indicate 0.2 units along both 

axes. Variables abbreviations are: DO: Dissolved oxygen, Q: Flow, EC: Electrical con-
ductivity, TP: Total phosphor, NO3: Nitrate, NO2: Nitrite, SiO2: Silicate, SSM: Suspended 
solid material, T: Water temperature, PO4: ortho-phosphate, SO4: Sulphate. 

 
 
 
 
 
Zooplankton: composition, seasonality and spcies 
diversity   

The zooplankton community was composed 
of crustaceans (cyclopoid copepods, nauplii, Cy-
clops sp., Bosmina longirostis, Daphnia sp., 
Diaphanosoma sp.) and 17 species of Rotifera 
(Table 1). Rotifera was the dominant group with 
90.6%. The succession of zooplankton showed 
maximum in April (Fig. 3) with a value of 4504 
ind. l-1. Rotifers were present throughout the 
sampling period. During the sampling period, 
two Rotifer species, Keratella cochlearis and 
Polyarthra sp. were present. Cladocers and Co-

pepods appeared in only few densities. The lake 
sites had always higher diversity index and 
streams were represented by few zooplankton 
species and abundances with exception of 
Paşaköy and Riva streams (Table 2). Indeed, the 
general complexity and overall similarity of the 
zooplankton community in the Ömerli Reservoir 
system was reflected in the results of the PCA 
that showed the first two factors captured about 
66.7% of the variability in the dataset. PCA1 
(Fig.4) accounted for about 49.6% of the primar-
ily reflected differences in the abundance of Ker-
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atella cochlearis (negative) and Polyarthra sp. 
and Filinia sp. (both positive). 
Table 1. Identified zooplankton in the Ömerli Reservoir Basin. 
 

ROTIFERA  
Brachionus sp. Pallas, 1766 
Keratella cochlearis (Gosse, 1851) 
Keratella quadrata (O.F. Müler, 1786) 
Euchlanis sp. Ehrenberg, 1832 
Lepadella sp. Bory de St. Vincent, 1826 
Squatinella sp. Bory de St. Vincent, 1826 
Epiphanes sp. Ehrenberg, 1835 
Cephalodella sp. Bory de St. Vincent, 1826 
Lecane sp. Nitzsch, 1827 
Filinia sp. Bory de St. Vincent, 1824 
Asplanchna sp. Gosse, 1850 
Trichocerca sp. Lamarck, 1801 
Synchaeta sp. Ehrenberg, 1832 
Ploesoma sp. Herrick, 1885 
Polyarthra sp. Ehrenberg, 1834 
Hexarthra sp. Schmarda, 1854  
Rotatoria sp. Scopoli, 1777 
CLADOCERA 
Diaphanosoma sp. Fischer, 1850 
Daphnia sp. O. F. Müler, 1785 
Bosmina longirostris (O. F. Müler, 1785) 
COPEPODA  
Cyclops sp. O.F. Müler, 1785 
Nauplius  
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Figure 3. Monthly variation in zooplankton (zoo.) abundance. 
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Table 2. Species diversity (Shannon Weaver index) of the zooplankton in the sampling stations: 
 

 Ballıca 
(S) 

Ballıca 
(L) 

Bıçkı 
(S) 

Bıçkı 
(L) 

Eski 
Riva (S) 

Eski 
Riva (L) 

Kömürlük 
(S) 

Kömürlük 
(L) 

Paşaköy 
(S) 

Riva 
(S) 

Riva 
(L) 

Jun. 2005 0.36 1.87 1.78 1.53 1.24 1.01 - 0.96 1.58 - 2.26 
Jul. 2005 2.00 1.50 1.51 1.62 1.02 1.78 0 0.50 2.03 1.98 2.00 
Aug. 2005 1.06 - 1.57 1.69 1.14 1.20 0.96 1.91 2.02 1.65 1.52 
Sep. 2005 1.31 1.15 0.95 1.89 1.28 0.96 0 0.69 1.56 1.33 1.43 
Oct. 2005 1.42 1.28 1.31 1.55 1.04 1.08 0.56 1.1 1.36 1.19 1.31 
Nov. 2005 0.87 0.57 - 0 0 - 0.41 - 0.86 1.59 - 
Dec. 2005 1.58 1.33 0.64 0 0.56 0.95 0 - 1.33 1.16 - 
Jan. 2006 - - - - - - 0.69 0.64 - 1.78 1.67 
Feb. 2006 - 0.69 - - 0.94 1.56 0 - 0.49 1.14 1.54 
Mar. 2006  1.10 1.56 0 1.62 1.04 1.61 1.62 1.36 0.91 2.13 0.98 
Apr. 2006 0.64 0.26 0.95 0.79 0.56 0.32 1.34 1.06 0.08 0.58 0.01 
May. 2006 0.75 0.13 0.23 0.03 0.33 0.22 0 0 1.34 0.09 0.06 
Jun. 2006 2.07 0.96 1.22 0.62 1.46 0.67 0.78 0.8 1.32 1.29 0.66 
Jul. 2006 1.28 1.37 1.42 0.59 1.21 - 1.20 0.64 1.86 1.79 2.12 
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Figure 4. PCA ordination of 25 zooplankton species. Trick marks indicate 0.2 units along both axes. 

Species abbreviations are: Bra: Brachionus sp, Kcoc: Keratella cochlearis, Kqua: Keratella 
quadrata, Euc: Euchlanis sp., Lep: Lepadella sp., Squ: Squatinella sp., Epi: Epiphanes sp., 
Cep: Cephalodella sp., Lec: Lecane sp., Fil: Filinia sp., Asp: Asplanchna sp., Tri: Trichocerca 
sp., Syn: Synchaeta sp., Plo: Ploesoma sp., Pol: Polyarthra sp., Hex: Hexarthra sp., Rot: Ro-
totoria sp., Dia: Diaphanosoma sp., Dap: Daphnia sp. Bos: Bosmina longirostris., Cyc: Cy-
clops sp. Nau: Nauplius.  
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Relationships of zooplankton to environmental 
variables  

The first two CCA axes (Axis 1 with λ = 
0.181 and Axis 2 with λ = 0.112) explained 
48.6% of the variance in the species abundance 
data (Table 3). Arrows represent environmental 
data (Fig. 5) and point the factor direction of 
maximum variation. The length of each arrow is 
proportional to importance of that variable in as-

semblage ordination. Accordingly, NO3, NO2, 
TP, o-PO4, Chl-a, pH, SSM, temperature, oxy-
gen, light and stream width were the most sig-
nificant (P<0.01) variables with respect to spe-
cies occurrence of zooplankton. The remaining 
variables had a relatively small effect on the spe-
cies composition. The species-environment cor-
relations were high as 0.780 for the first axis and 
0.631 for the second axis. 
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Figure 5.   Canocial correspondence analysis diagram of species and environmental variables. Ar-

rows indicate environmental variables. See Fig. 2 and 4 for species and variables abbre-
viations. 
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Table 3. Main results of canonical correspondence analysis (CCA). 
Axes                                       1      2      3      4  Total inertia 
 Eigen values                           0.181  0.112  0.077  0.062          2.839 
 Species-environment correlations   0.780  0.631  0.560  0.664 
 Cumulative percentage variance 
 of species data                      6.4   10.3   13.1   15.2 
 of species-environment relation    30.1   48.6   61.4   71.7 
 
 Sum of all Eigen values                                 2.839 
 Sum of all canonical Eigen values                                                    0.603 
 

The results showed that all the studied chemi-
cal and physical parameters during 14 months 
had profound effect on the streams and conse-
quently the lake. PCA analysis indicated that 
physical parameters were the most important fac-
tors while chemical factors were the second im-
portant variables which affected the streams. In 
fact, CCA analysis suggested that these chemical 
and physical variables correlated well with the 
zooplankton communities. 

The results also indicated that physical fea-
tures such as temperature, conductivity, TDS, 
flow, stream width were complying with the 
typical seasonal changes of Mediterranean type 
of streams as expected (Butturini et al., 2002; 
Cobelas et al., 2005). These types of streams 
were characterized by slow flow, high tempera-
ture, TDS, conductivity in summer while vice 
versa in winter months. Basically, changes in 
these variables are due to mostly temperature 
fluctuations. Higher conductivity and TDS values 
in the streams can be explained by either direct 
effect of temperature or some particles trans-
ported by sediments in the streams. pH values ob-
tained in the present study were in agreement 
with the previous studies conducted in the Ömerli 
Reservoir (Albay and Akçaalan, 2003; Gürevin et 
al., 2006). However, SSM, TP and o-PO4 con-
centrations were represented as mostly higher in 
the streams than the lake which suggests potential 
effect of streams to the lake by transporting solid 
particles and nutrients. Considerably higher nu-
trient values were also observed in Paşaköy and 
Riva streams. Fluctuations in the nutrient con-
centrations in the streams during the study period 
are suggestive of potential affect of anthropo-
genic activities. Ceyhan (1999) determined that 
SSM in the Paşaköy Stream increased from 14.7 
mg l-1 to 56 mg l-1 in a seven years period (1990-
1997). In the present study, the average SSM of 
the same stream had almost nine times more than 
those measured in 1997 by Ceyhan (1999). Simi-
larly, Ceyhan (1999) also highlighted dramatic 
increase of TP in Paşaköy Stream from 560 µg l-1 

in 1990 to 2900 µg l-1 in 1998. However, in the 
present study TP was found 1460 µg l-1 in 
Paşaköy Stream while it was 628 µg l-1 in its 
mouth opening to the lake. Recent residential de-
velopment near Ömerli Reservoir has mostly in-
fluenced Paşaköy Stream which has received 
much sewage water from thousands of people 
and industrial development. In 1998, a Biological 
Plant Treatment was constructed on Paşaköy 
Stream to decrease nutrients levels of the stream 
and then this stream was connected to Riva 
Stream to prevent domestic and industrial waste-
water inputs into the reservoir. However, findings 
of the present study suggest that no significant 
improvement of water quality has been achieved 
compared to previous studies (Ceyhan, 1999; Al-
bay and Akcaalan, 2003; Gürevin 2004) for both 
in the stream and the lake. It was also observed 
that water from the Treatment Plant still emptied 
into the reservoir when flow of Paşaköy Stream 
was high. In fact, water quality of Riva Stream 
has become much worse after connection of the 
Paşaköy Stream.  

Determining empirical relationships between 
anthropogenic stressors and water chemistry is an 
important step toward understanding and ac-
counting for the factors that control water quality 
in the streams. Research so far has demonstrated 
that watershed land use influence the physical–
chemical conditions of receiving waters. Numer-
ous studies have attributed nutrient enrichment in 
streams to the export of nutrients have been 
linked to nutrient levels in lotic ecosystems (Dil-
lon and Kirchner, 1975; Johnson et al., 1997). 
The results suggest that Ömerli Reservoir water 
quality is strongly and positively related to point 
source discharges, activities related to urban and 
residential development. A linkage between 
stream water chemistry and increase in human 
population is consistent with the findings of Car-
penter et al. (1998), who reported strong relation-
ships between sewage discharge and an inte-
grated index of nutrient enrichment. Jordan et al. 
(1997) observed that TP was the most strongly 
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associated with suspended particles in streams of 
the Chesapeake Bay watershed and concluded 
that a large pool of phosphorus was adsorbed and 
transported with sediment. TP was highly corre-
lated with SSM in the sites sampled in the present 
study and it is likely that phosphorus concentra-
tions are influenced by factors controlling erosion 
and sediment transport. TP was also strongly cor-
related with Chl-a concentrations, suggesting that 
phytoplankton is another important pool of phos-
phorus in the streams. Urban land use and point 
source discharges have been linked to phospho-
rus enrichment in stream ecosystems (Osborne 
and Wiley, 1988). It is well known that high flow 
stored nutrients which are flushed out to be taken 
up or stored in locations farther downstream 
(Clinton and Vose, 2006). In contrast, prolonged 
periods of in-stream water retention increase a 
variety of in-stream bio-chemical processes 
(Baker et al., 2000) as is the case with streams in 
the present study which has very slow flow re-
gime as they are not so sharp and steep. 

Zooplankton composition of the streams and 
lake studied has supported the nutrient-enriched 
status of Paşaköy and Riva streams by domi-
nancy of some indicator species of eutrophicated 
waters, i.e. Bosmina longirostris, Keratella coch-
learis, Polyarthra sp., Filinia sp. (Herzig, 1987; 
Berzins and Pejler, 1987; Berzins and Bertilsson, 
1989). In fact, statistical analyses have revealed 
that strong relationships of these species to NO2, 
NO3, TP, o-PO4, CHL-a are also indication of eu-
trophication. Considering previous studies and 
present results, it seems that there is a trend for 
crustacean zooplankton biomass to strongly with 
TP (Hanson and Peters 1984; Pace, 1984; Yan, 
1986) and less with Chl-a. A possible explana-
tion could be the higher seasonal variability 
found for Chl-a when compared with TP (Hanson 
and Peters, 1984). 

Conclusions 
In conclusion, this study suggests that streams 

are heavily affected by urbanization or other land 
uses and have negatively influenced the Ömerli 
Reservoir, which is very important for supplying 
drinkable water of Istanbul metropolitan. The 
polluted streams should be rehabilitated and 
managed more effectively. Undisturbed streams 
access must retain its clarity and low nutrient 
content. Water quality and other limnological 
variables should be continuously monitored on 
regular basis.  
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