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! R@AHGLAQ Physicochemical parameters of water and phytoplankton composition were studied in the dirnictic, 
submountain Dobczyce Reservoir (southern Poland) affected by summer storrnflow, which took place in Sep­ 
tember 2007. During summer (except September) temperature, pH, dissolved oxygen, and carbonates showed 
vertical differentiation. Stormwater flow through the system had a destabilizing effect on summer stratification. 
It diluted the concentrations of salts (sulphate and chloride) and slightly increased the concentration of nutrients 
in the reservoir. In phytoplankton some changes in the dominant species among the Cyanobacteria group were 
noted. 

INTRODUCTION 

It is well known that hydrological conditions influence various processes in dam reser­ 
voirs. Seasonal hydrological fl uctuations effect both the physical, chemical and biological 
features of reservoirs [4, 5, 14, 17, 20, 21]. According to Bone!! [2], fl ow pathways that 
dominate during storm or snowmelt events determine the surface water chemistry both 
during and after the event. It is also the most important feature affecting the diversity and 
dynamics of phytoplankton [18]. Changes in retention time might be crucial for changes 
in the phytoplankton community composition and density both in shall ow [8] and in deep 
water bodies [6]. 

Floods are natural, periodicall y occurring events. However, in recent years/decades, 
increased frequencies of heavy rainfall and fl ood events in southern Poland have been ob­ 
served. Because heavy precipitation and maximum flow in rivers in southern Poland usu­ 
all y occur in summer, summer stormflow strongly disturbs the typical summer stratifi ca­ 
tion that occurs in submountain reservoirs. Literature focusing on the effects of periodic 
flood events on reservoir physicochemical and biological features is scarce [6]. In fact, 
only a few studies examine the effect of floods on phytoplankton in dam reservoirs, espe­ 
ciall y the deep ones [ 16, 25, 26]. This issue is an important one since it is predicted that 
global warming will result in heavier precipitation and more frequent and violent floods. 
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the flood event (September 19, 2007). At the same time, samples for physicochemical 
analyses were collected from the Raba River close to the inlet to the reservoir (Fig. 1 ). 
Samples for physicochemical parameters and chlorophyll a measurements were taken 
using a bathometer at depths of O, 2.5, 5, 7 .5, I O, 12.5, 15, 20 and l m above the bottom 
( l 08 samples in total). Samples for qualitative and quantitative analyses of phytoplankton 
were taken using a 5 dm' sampler from the epil imnion. 

The following parameters were measured: water temperature, conductivity, pH, dis­ 
solved oxygen, anions (chloride, sulphate, hydrocarbanate) and nutrients (P-tot, NO;, 
N-NH/). Water temperature, conductivity, and pH were measured in situ. Analyses of 
anions: chloride, sulphate, hydrocarbonate, and nitrate were conducted using ion chro­ 
matography (DlONEX, IC25 Ion Chromatograph). Dissolved oxygen was determined 
according to the Winkler method. Ammonia was analyzed with the nesslerization method, 
while P-tot (after mineralization) was measured using the molybdenum blue method [ 1 ]. 
Chlorophyll a was extracted in hot 90% ethanol and measured spectrophotometrically at 
665 nm and at 750 nm [15]. Samples of phytoplankton were fixed with Lugcl's solution 
and concentrated by sedimentation from a l dm3 sample [ 19]. Algae were counted accord­ 
ing to Lund er al. [9]. 

Daily discharge data for the Raba River were recorded from Regional Water Man­ 
agement Board in Krakow. To calculate the relationship between discharge of the Raba 
River and physicochemical parameters in the Dobczyce Reservoir, monthly water dis­ 
charge in the Raba River was calculated. Statistica 8.0 was used for statistical analysis. 

RESULTS 

Discharge and physicochemical parameters in the Raba River 
Mean annual water discharge in the Raba River near the inlet to the Dobczyce Reservoir 
was 12.7 m+s' in 2007. The lowest mean water discharge was recorded from April to 
July (2.8--4.5 m+s'), while discharge was the highest in September (mean 42.6 1113-s-1). 

Between 6-l l September, stormflow discharge ranged from 85 to 430 m+s' (maximum 
on 8 September; Fig. 2). In total, 90 mln 1113 of water reached the reservoir in that period. 
It constituted 8 I% of the reservoir capacity. Physicochemical parameters of water during 
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Fig. 2. Daily water discharge in the Raba River in 2007 
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August (Fig. 4). In August, the temperature of the surface water was 22°C, while near the 
bottom it was 12.8°C. Summer stormflow (September) affected the water temperature. It 
decreased from the surface to a depth of 15 m (the range of decrease was 4.5 to 6.1 °C), 
while close to the bottom (at a depth of25 m) it slightly increased (by ca. I °C, Fig. 4). In 
October more homogenous temperature in the water column occurred. 
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fig. 4. Temperature. dissolved oxygen. oxygen saturation. conductivity, pH. and chlorides in the water column 
of the Dobczyce Reservoir in August. September. and November 2007 

pl-I of the water was always nearly neutral or alkaline (pl-I 7.3-8.5) (Fig. 3). In the 
winter months, spring and autumn overturn, pl-I ranged from 7.9-8.3 and was character­ 
ized by low variability in the water column (CV = 0.06-1.1 ). During summer stratifica­ 
tion (except September) great pH variabil ity in the water column was found (Fig. 4). It 
was higher in the epilimnion (pH 8.1-8.6) and lower in the hypo! imnion (pH 7 .3-7 .8). In 
September similar pH (7.8-7.9) in the water column was found. 

The water was well oxygenated during winter as well as spring and autumn over­ 
turn (8.0-12.8 mg·d111"3, Fig. 3). In summer (except September) the concentration of dis­ 
solved oxygen was higher in the epilimnion (oxygen saturation reached ca. 103% in June 
and August) compared to the meta- and hypolimnion (Fig. 4). Hypolimnion was poorly 
oxygenated (0.4- 3.8 mgdrn' from June to August). In September (the flood event) the 
whole water mass was moderately well oxygenated (6.7-8.3 mgdrn', oxygen saturation 
69-83%, Fig. 4). Subsequently, in October, typical summer oxygen stratification was 
again present (4.4-9.4 mgdm', oxygen saturation 45-97%). 
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Fig. 6. The concentrations of sulphate, hydrocarbonatc, NO3·, N-NH/, and P-tot in the water column of the 
Dobczyce Reservoir in August, September, and November 2007 

Hydrocarbonates ranged from 86.1 to 192.0 mgdm' (Fig. 5) and were character­ 
ized by higher vertical variability compared to chlorides and sulphates. Higher hydro­ 
carbonate concentrations (mean 150-180.5 mg-dm') occurred in the whole water mass 
in winter, spring and autumn overturn, as well as in the metalimnion and hypolimnion 
in summer (except in September; peak 191 mgdm+in June at the depth of 10-12.5 m). 
The lowest concentrations of hydrocarbonates were found in the epilimnion in summer 
(in August 86 mgdm'; Fig. 6). In August and October, hydrocarbonate concentrations 
increased from the surface to the bottom (Fig. 6). During the September flood event, the 
concentrations of hydrocarbonates were low ( 128-148 mgdm') and more homogenous 
in the whole water mass. 

The highest nitrate (NO
3
·) concentrations in the water mass occurred in the winter 

months, and during the spring and autumn overturn (4.0-5.9 mgdm'), while concentra­ 
tions were the lowest in August (2.3-3.8 mgdrn-', except the concentrations at 25 m, 
Fig. 5). During summer stratifi cation vertical variability in nitrate concentrations was 
observed (Fig. 6). Concentrations were lower in the epilimnion than in the hypolimnion 
(Fig. 6). In September, during the flood event, nitrate concentrations (3.0-3.7 mgdm') in 
the water (especiall y in the epilimnion) were higher compared to August. 
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Ammonia nitrogen (N-NI-I/) ranged from 0.20 to 0.93 @AB'<Cin the reservoir 
(Fig. 5). Low N-NH

D
E concentrations occurred in January, February, April, September, 

and from October to December (mean 0.23-0.27 mgdm'), while the highest concentra­ 
tions occurred in the hypolimnion in August (0.25-0.93 @AB'<CFG In September during 
the flood event, N-NH/ concentrations were low (0.34-0.51 mgdm-') and rather ho­ 
mogenous in the water column. A decrease in N-NH/ concentration in the hypolimnion 
compared to August was observed (Fig. 6). 

Concentrations of P-tot were low (mean 0.022-0.025 mgdm-') in the winter months 
(January-March), during spring mixing (May), and in summer (June, August; Figs 5 and 
6). The highest P-tot concentrations were found during the flood event in Septernber 
(0.055-0.075 mgdm+at the depths of7.5-12.5 rn) and in the hypolimnion in October 
(0.12 mgdm' at the depth of25 m). 

A statistical analysis showed the relationships between the Raba River discharge 
and selected pararneters in the water of the Dobczyce Reservoir, i.e.: a significant nega­ 
tive correlation with water transparency (r H -0.6, p I 0.05), conductivity (r H -0.71, p I
0.02), chloride (r H -0.61, p < 0.05), and sulphates (r H -0.66, p < 0.02), and a significant 
positive relationship with P-tot (r = 0.62, p < 0.05). 

The highest chlorophyll a concentration and variability in the water column was 
noted in January, whereas the lowest occurred in July. Diatoms constituted the dominant 
group in January. Almost 80% of total density and 90% of total biomass of phytoplankton 
was composed ofStephanodiscus neoastrea "complex" 1-lakansson & Hickel. Subsequent 
rnonths were characterized by generally low concentrations of chlorophyll a. In August, 
the dominant group was the blue-green algae (mostly Merismopedia tenuissima Lernm. 
and Microcystis spp.) and cryptophytes ( Cryptomonas spp.). The concentrations of chlo­ 
rophyll a in September were insignificantly higher compared to August. The dominant 
groups were again the blue-green algae and cryptophytes. However, changes were ob­ 
served in the dominant species among blue-green algae ( Woronichinia naegeliana (Un­ 
ger) Elenkin. was dominant) but not among the cryptophytes. 

The highest concentration of chlorophyll a was noted in the upper part of epilimnion 
(0-5 111). In September, chlorophyll a concentrations reached 9.5 ugdm' (the highest 
concentration at 2.5 m). fn August and October, there were insignificantly lower maxima 
- 7.1 ugdrn' (both months· max. concentration at 2.5 m). We observed decreases in chlo­ 
rophyll a concentrations at the deepest water level (from 7.5 m to the bottom) in October. 

DISCUSSION 

Mean annual water discharge in the Raba River in 2007 was higher compared to those 
found during 1986-1999 (10.65 m+s') [14], but lower than those found in 1997 (14.86 
m+s') [13] when the greatest flood event in the 20th century was noted. Maximurn water 
discharge in the Raba River in September 2007 was twice as low as that recorded during 
a flood in July 1997 (884 m+s") [13]. Between 6-1 I Septernber 2007, about 90 mln rnJ

of water entered the reservoir, making up about 81 % of the total reservoir capacity. Such 
high waler inflow affects summer stratification in the deeper part of the reservoir. 

Our results indicated that the most significant variation in water transparency of 
the Dobczyce Reservoir was inversely related to the water discharge of the Raba River. 
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