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Monitoring of phytoplankton composition in five ertinked
reservoirs on the Sokolowka River in 2007 year.

Summary

The investigations in 2007 were carried out on ftescade reservoirs located on the
Sokolowka River - a typical urban storm water reeei The main function of the reservoirs is
retention and reduction of the storm water sewdgw fpeaks. Phytoplankton genera
composition, chlorophyla concentration and physical (water temperature, gery
concentration, pH, conductivity) and chemical (TN, P-PO4, N-NH4, N-NO3) variables
were analysed to determine the control factorshef tmulti-stressed ecosystem, that can be
used for it's restoration and prevention of algabims appearance.

The conditions resulting form the location of {h&rticular reservoirs in the variousl
sections of the cascade system along the riverufaddferent biotic structures of their
ecosystems. Therefore, they require different mamegmt and restoration measures. The first
two reservoirs and the last one, which is additigrsupplied with a tributary, receive high
flood peaks, therefore their conditions are mostlydified and dependent on precipitation
events. High turbidity induced by storm events favturbulence tolerant species adopted to
low light availability like Oscillatoriales. They are additionally more resistant to metald an
water toxicity what makes them better competitorsurban water conditions. Third and
fourth reservoirs located in the middle of the ealgcare more physically stable. Domination
of Chroococcales proves this calm conditions and better light alallty. This makes the
management nased on ecohydrological control angirsipaof biota potentially more

successfull.
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1. Introduction

Urbanization processes lead to changes in streamlogy and geomorphology with
next consequences of accelerated fluxes of matterient and energy with degradation of
their cycles. Thus most urban streams are smabraatith a low self-purification capacity.
Urban induced increase in riverine fluxes of nutiseand pollutants can also be diminished
by anthropogenic retention due to reservoirs canstmn, which create an efficient cascade of
sediments and nutrients traps (Meybeck and Tram33)20 However urban shallow
interconnected reservoirs located along urbanmsiseantinuum are exposed to hydrological,
physical and chemical instability due to storm wafkish events. The passage of high total
discharges volume from SWOs (Surface Water Outfafil CSOs (Combined Sewage
Overflow) through the drainage system in a compaeit short period of time may result in
ecological degradation of receiving waterbodiesirdurstorm (Mullis et al., 1996).
Occurrence of such events in shallow reservoirsatenge the phytoplankton community,
favoring some organisms, and biomass decreasdgeito flushing and dilution of organisms
and deterioration of light availability or increagiit due to resuspension of resting forms and
stages, periodical lack of top-down control as #ece of zooplankton wash out, growth
stimulation owing to nutrient supply (Barbiero, 9Such conditions may keep the system
in the turbid state characterised by high algaiaiss (Sheffeet al., 1993) with possibility of
toxic blooms occurrence what diminish the recrewtiofunction of reservoirs.

Phytoplankton taxonomic diversity increase fromgotrophic to mesotrophic and
eutrophic lakes in which the role of cosmopolitaepa@es with wide ecological amplitude rise.
Hypertrophic conditions appear are characterizedeldyction of taxonomic diversity due to
pollution and it’s toxic effect (Trifonova, 1998).

The aim of this study was to asses the phytoptankbmposition and physical and
chemical variables in the existing and newly camged interlinked reservoirs on the
Sokotowka River to infer possible control factonsthis multi-stressed system what can be

relevant for it's management and restoration.

2. Material and Methods
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Sokotowka River, crossing the northern part of ¢hg of Lodz stocked in combined
sewer system, is a typical urban storm water recesupplied mostly by around 50 storm
water outlets. The main channel was regulated Ingrete slabs, to straighten the course and
deepen the bed for purpose of runoff detention (Véag al., 2006). The whole catchment of
the river has 4593 ha from which the canalized pag an area of 2368 ha with 971 ha
impervious and natural part, from which storm wdtews into the river in an unorganized
way, has 2225 ha. The average imperviousness faftthe catchment amount to 0,21
(Kujawa & Kujawa, 2003).

The investigations were carried out on five linkedervoirs on the Sokotowka river
which were modified and/or constructed to redtloe storm water sewage flow peaks
according to the concept of the restoration propgddhe Sokolowka river valley (Wagner
al., 2006). The reservoirs are categorized as smallateriverine character (Straskraba and
Tundisi; 1999) and differ from each other in agee stheoretical water residence time, light
intensity, input flow and nutrient supply (Tab. Two first ponds are situated in an old park,
two next are newly constructed ones located intesteea and the last one is placed on the
outskirts of the city in the middle section of niwealley which has maintained semi natural
character. To asses the input of nutrients andesulgul matter samples were taken also on

stations above reservoirs.

S[ha]| VI[km® | T[days] Age F [m?s]
Reservoir
1.Upper Pond | 1.64 22,5 7.7 old 0.006 | 0.030| 4.5
2.Lower Pond | 1.10 11.1 7.07 old 0.007 |0.033| 1.7
3. Zgierska 0.50 4.1 1.16 new (2004) | 0.007 | 0.033| 1.5
4. Teresy 1.40 22 2.62 new (2006) | 0.008 |0.039| 1.2
5. Pabianka 1.50 20 3.57 old 0.013]0.067 | 10.5

Tab 1. Characteristics of the Reservoirs (S — watearea, V- volume, T- theoretical water residence ithe, F
— input flow: min, average, max) (on the basis of ljawa & Kujawa, 2003).

Surface water samples were collected 2-4 times rathrfoom April to September 2007.
During the sampling, water temperature, oxygen eotration, pH and conductivity was
measured.Total phosphorus (TP) and phosphate pbisph(P-PQ) were measured
according to the ascorbic acid method (Golterreal., 1978). Total nitrogen (TN) was
analyzed using the persulfate digestion method Hoteho. 10071; HACH, 1997). Nitrate
nitrogen (N-NQ) was determined using the cadmium reduction methoethod no. 8039;
HACH, 1997) and the ammonia nitrogen (N-NH the phenate method (Goltermetral.,
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1978). Chlorophyllk concentration was estimated by method based dorecextraction and
determination by spectrophotometry (Lawton at 809).

Total suspended matter content was determinedanréplicates for each sample by
filtering the water through 0,45 um filters of knowveight and drying at 108 (12h).
Mineral matter content was determined by next mgnof the filters at a temperature of
500°C (4 h). Organic suspended matter content was leééclias a difference between total
and mineral matter content.

Meteorological data were obtained from the web site
http://www.tutiempo.net/en/Climate/LODZ/124650.htm.

Phytoplankton species composition and biomass werasured in 20-litres surface
water samples filtered through a plankton net wishum mesh size and preserved with a
Lugol's solution. Algae were identified to the genelevel and counted using a Fusch-
Rosenthal counting cell.

Species diversity was approximated by applicatioth® Shannon-Weaver Index

H'" = —E.l'.l.il."l_"'hl lngz[lh,.-"a"'r‘j:

whereni is the measure of théh species (as number of counted cells) End total sum of

ni.

3. Results

Weather conditions

The year 2007 showed very short or lack of wineasen (with average temperature
2,7 °C, minimum temperature minus 8@ and only 19 days with temperature belodQ) a
month-advanced Spring (the temperature aboW@ $tabilized after 25 of February) and high
but stable rainfall conditions — low amplitude ainfalls divided for long period (Tab.2).
However at the end of season there was obserwgacaltfor polish climate low-flow, which
caused two weeks of no discharge in the springgfdlite river.

Year RAINFALL TEMPERATURE
Sum | Average| Max quhber of_dfa>|/|s Average|Max | End of Nuhmber of days
without rainfa o o i with temperature
[mm] [mm] | [mm] [°C] |[°C]| winter balon 0
2007 393.7 2.4 23.1 94 15.8| 22.95.02 19

Tab 2. Characteristic of weather conditions in 200¥ear.
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Physical and chemical conditions

Water temperature at the beginning of investigaperiod in all reservoirs was below °ZD
(Tab. 3). On 29 May this level was exceeded and wvadsd maximum with 24,9C average
for all reservoirs. The temperature above °8)remained till 27 of September with three
exceptions (05 June; 11, 31 July). After this peribe temperature decreased again below
20°C. The highest average water temperature was notédierska and Teresa Reservoirs.
This is due to the fact that Zgierska Reservoirthe smallest one with the highest
surface/volume ratio, and Teresa is not directowflwith additional constructed barriers
which slow down the discharge.

Oxygen average concentrations show decrease fnenUpper Pond to the Lower
Pond from which it increases reaching the highesaimamount in the Pabianka Reservoir —
9.1 mg/l. The minimum (0.9 mg/l) and maximum (2tng/l) values were noted in Upper
Pond due to high matter input and phytoplanktordpetion. In all reservoirs over saturation
of surface water was noted. The smallest amplituae observed in Teresa Reservoir which
was the only one were the oxygen depletion wasbserved (Tab. 3).

The average values of pH in all Reservoirs weréegsiimilar between 7.90 — 8.10
indicating low concentration of carbon dioxide e twater due to phytoplankton assimilation.
There were observed occasional fluctuations indhge of 5.6 — 9.5 (Tab. 3).

Conductivity increases along cascade reachingotiiedt amounts in the first two
reservoirs and the highest in the last reserveichS relation may result from the input of
particulate forms of nutrients and their graduahenalization (Tab. 3).

Total suspended matter concentration changed betwe® — 48.2 mg/l showing
decreasefrom yhe first to third reservoirand tlraerease. The suspended matter in all
reservoirs revealed mostly organic character. Tipped pond was exposed to the higher
matter input with the highest amplitude of inputorid the first Pond to the fourth the input
was decreasing reaching higher value in the laseReir (Tab. 3).

The concentration of total phosphorus is fallingnir the Upper Pond to the last
Pabianka Reservoir reaching in the latter one rti@e a half of the concentration of the first
one. The dissolved form of phosphorus reached idfigebt average in the Lower Pond and
the lowest in Pabianka Reservoir. There was segyhasphorus limitation in the Upper Pond
whereas in the others occasionally low level (<i)uwas achieved. Total and dissolved
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forms of nitrogen revealed similar relation alomgervoirs. The amount decreased from the
first one to fourth one with small increase in thst reservoir as a result of higher external
input (Tab.3). The average amounts of ammonia rewsaled limitation in Zgierska and
Teresa Reservoirs. The limitation level of 100 pgés also observed periodically in other
reservoirs as a result of high assimilation by ppignkton. The average nitrate value was
kept above limitation level > 0.3 (Benion and SmRB00), reaching periodical falls also due
to phytoplankton assimilation (Tab. 3).

Reservoir 1.Upper Pond 2. Lower | 3. Zgierska| 4. Teresa | 5. Pabianka
Pond Reservoir | Reservoir Reservoir
Chl a [mg/m] 86.5 47.8 28.3 28.4 64.1
min-max 26-258.2| 1.0-202.2| 42-958| 25-854| 6.4-154.4
O, [mg/l] 7.4 5.4 6.7 7.8 9.1
min-max 09-20.1| 1.0-141| 14-121| 48-14.9 2.1-16.8
Temp°C 16.6 16.7 17.6 17.3 16.6
min-max 6.5-237 | 61-238| 6.6-244| 6.0-25.9 59-24.2
Cond. US/ 462 491 476 579 595
min-max 356 - 1036 | 380-1068 | 365-1098 | 432 -1016 398 - 952
pH 8.10 7.90 8.00 7.90 7.90
min-max 58-9.5 5.6 -9.3 5.6 -8.9 5.6 —8.8 5.6 -8.7
TP [mg/l] 0.43 0.35 0.31 0.30 0.21
min-max 0.12-0.58| 0.06-0.67| 0.15-0.66| 0.10-0.84| 0.11-0.37
P-PQ [mg/l] 0.10 0.14 0.12 0.07 0.03
min-max 0.10-0.27 | 0.00-0.25| 0.0-0.41| 0.0-0.17 0.0-0.10
TN [mg/l] 2.19 1.87 1.24 1.21 1.53
min-max 0.40-4.50| 0.30—-4.50| 0.10-3.25| 0.40-3.10| 0.40-3.80
N-NH4 [mg/l] 0.23 0.21 0.08 0.04 0.12
min-max 0.03-0.76 | 0.01-0.52| 0.01-0.29| 0.00-0.14| 0.00-0.26
N-NO3 [mg/l] 0.75 0.52 0.47 0.53 0.60
min-max 0.10-1.40| 0.10-1.30| 0.10-1.40| 0.10-1.20| 0.20-1.20
TSS [mg/l] 23.39 13.53 10.28 12.29 19.71
min-max 8.05-48.17| 4.20 — 24.40 4.40 — 21.93 5.20-18.90 9.15 - 32.38
OSS:TSS 0.81 0.79 0.77 0.78 0.78
min-max 0.62-1.00| 0.63—-1.00| 0.44-1.00] 0.61-1.00] 0.54-1.00
input
TP [mg/l] 0.73 0.40 0.38 0.39 0.31
min-max 0.00-1.53| 0.22-0.78| 0.07-1.06| 0.11-0.83| 0.20-0.60
TN [mg/l] 4.33 2.39 1.87 1.58 1.71
min-max 0.00-5.90| 0.50-4.20| 0.30-1.50| 0.70-4.30| 0.60-4.80
TSS [mg/l] 45.62 23.95 13.53 11.91 27.85
min-max 0.00 — 307.60 7.50 — 38.40 4.20 — 24.40 3.65 —27.80 7.98 — 206.40
OSS:TSS 0.67 0.82 0.7 0.76 0.78
min-max 0.00-0.89| 0.65-0.99| 0.63-1.00] 0.55-1.00] 0.52-1.00

Tab 3. Comparison of mean amounts of measured paragters for five linked reservoirs in 2007 year
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Figure 1. Dynamic of physical conditions in five reervoirs on the Sokolowka River in relation to

precipitation conditions.
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Phytoplankton dynamic and diversity.

In all reservoirs chlorophylh concentration revealed highly hypertrophic condis
with very high amplitude of changes in the rangevieen 1 — 258 mg/f(Fig. 2). In the three
first reservoirs which are directly connected thghbst concentration was observed in the
Upper Pond 86.5 mg/hreaching almost a half of this amount in the Lowend and one
third in the Zgierska Reservoir (Tab. 3). The cbjdryll a concentration in Teresa Reservoir
remained almost on the same level as in Zgiersk@asing highly in Pabianka Reservoir.

The phytoplankton composition revealed appearante6 otaxonomic groups:
Baccilariophyceae, Cyanobateria, Euglenophyta, ©bloyta, Xantophyceae and
Chrysophyceae (Fig. 3, Tab. 4). Two first reservaginowed absence of last two groups, and
in the third reservoir weren’t found Chrysophycebeitwo last reservoirs all groups were
noted. Four reservoirs revealed presence of Badoiihyceae at the beginning and ending of
investigations period with shift to Cyanobacter@minanation in early spring and summer.
Teresa Reservoir differed and revealed ChrophyCyaabbacterial dominance at the
beginning however at the end of investigation pelacillariophyceae were noted (Fig. 3).
Phytoplankton number oscillate between 500 cefl/dmd 705 thousands cell/dnreaching
the maximum in the Upper Pond and minimum in Padd@dReservoir (Tab. 4).

Cyanobacteria were the dominant group in four keses reaching there the highest
average percentage participation - above 40 %. @nBgierska Reservoir the Cyanophyta
percentage participation was below 40 % and theas @bserved Chlorophyta domination
(Tab. 4).
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Figure 2. Dynamic of chlorophyll a concentration ad Shannon Index (H) in five interlinked Reservoirrs
on the Sokolowka River in the 2007 year.
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Figure 3. Dynamic of phytoplankton community strucure in five reservoirs of the Sokolowka River.
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The name of 1.Upper | 2. Lower | 3. Zgierska 4. Teresa 5. Pabianka
taxonomic group Pond Pond Reservoir Reservoir Reservoir
Bacillariophyceae | 26.8 (9) 20.6 (9) 19.8 (8) 12.4 (10) 13.4 (9)

Chrysophyceae 0 (0) 0 (0) 0 (0) 3.2(1) 5.1(2)
Xantophyceae 0 (0) 0 (0) 5.9 (1) 2.2(1) 3.5(2)
Cyanobacteria 47 (5) 48.7 (4) 35.9 (7) 45.3 (8) 43.5 (8)

Euglenophyta 1.8 (3) 2.2 (3) 0.6 (3) 1.0 (3) 0.8 (3)

Chlorophyta 24.3 (20) | 28.5(13) 38.1 (21) 35.8 (23) 33.7 (21)

Cells density 5308503 | 1902485 858507 1067240 728915

Average / SD 14459829 | 4292474 1453196 1706639 875979

Average H 2.2 15 1.6 2.0 2.0
9 0.0-3.3 ] 0.0-25 0.0-27 0.6-3.0 0.2-35

Tab 4. The average percentage participaton of parntular phytoplankton groups in five reservoirs on tre
Sokotowka River; SD — standard deviation, H- Shanno-Weaver Index, 1-D — Simpson Index of diversity.
In the brackets is given the number of found genera

In the Cyanobacteria group there were found gefnena three orders: Osscilatoriales,
Nostocales and Chroococcales (Tab. 5), from whistilf@toriales were the most abundant in
two first reservoirs and in the last one whereasrémaining two reservoirs were rich mainly
in Chroococcales.

The order 1.Upper | 2. Lower 3. Zgierska 4. Teresa 5. Pabianka
Pond [%] | Pond [%] | Reservoir [%] | Reservoir [%] | Reservoir [%]
Nostocales 5.2 16.4 3.2 16.1 0.4
Chroococcales 0.0 18.4 65.8 50.9 27.6
Osscilatoriales 66.2 65.2 311 33.1 66.7

Tab 5. The average participation of found orders oCyanobacteria in the Reservoirs on the Sokolowka
River.

4. Discussion

Small and shallow reservoirs are more productiam tlarge and deep lakes due to the
higher ratio of the area of catchment and are&sémoir what contribute to higher nutrients
and matter input. Additionally in shallow resensthe internal nutrient input is higher due to
the increased contact with sediments. Urban catotsnare more exposed as a result to
imperviousness of the catchment. Sokolowka Rivaratterized as high/medium impervious
has decreased water storage capacity, what byasederunoff, sustain transport of suspended
sediments (Ellison and Brett, 2006; Marsa&tkal., 2005). This also lead to more frequent
appearance of flood waves caring high amounts gpesuded matter and nutrients (Rigtic
al., 2006) and flushing earlier deposited sedimertg. great amount of matter and nutrients

is intercepted by reservoirs what increases thephty, turbulence and changes the light
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conditions due to higher turbidity. The classifioatof reservoirs located on the Sokolowka
river as riverine with short retention time (Tal). cbuld pointed to the less possibility of
harmful cyanobacterial blooms occurrence which digh the recreational and ecological
status of waterbodies. Moreover hypertrophic lakes ponds are often associated with small
green-algae with blue-green algae scarce or ab@eaynolds, 1989; Jenses al., 1994;
Trifonova. 1998). Investigated reservoirs revedtezl presence of Chlorophyta, however the
problem of green water containing cyanobacteriaml@lso appeared.

Generally in almost all investigated reservoirs tipical shifts in phytoplankton
succession was observed with Baccilariophyceae mmmoe in spring and beginning of
autumn and summer Cyanobacteria domination (Fig.TBe phytoplankton composition
discovered presence of typically occurring groupgloytoplankton. The concentration of
chlorophyll a revealed highly hypertrophic conditions what coslgygest low biodiversity
(Trifonova, 1998). In all Sokolowka reservoirs wéoeind 52 genera what makes them quite
rich. However the Indexes felled periodically tar@aning no diversity, what means high
pollution. The highest diversity was observed ire thirst reservoir, the richest in
phytoplankton density, with Shannon Index - 2.2K(Td). The highest diversity of this
reservoir may result from its dual character anduoence of genera characteristic both for
lotic and lenitic environments. Additionally theveere periodically observed genera with
benthic type of life (most pennante Baccilariopragewhat could result from mixing regime
and resuspension of organisms. The highest diyexsis observed | Teresa Reservoir and the
last Pabianka Reservoir where was not seen suchceeabe in diversity. According to
Cyanobacterial orders occurrence the reservoirs beamlivided in two groups: first with
Oscillatoriales domination — Upper Pond, Lower Pdadbianka Reservoir and second with

Chroococales domination — Zgierska and Teresa Raiser

The role of chemical conditions in controlling community structure.
The high concentration of nutrients in all resersoevealed favorable conditions for

phytoplankton development. The maximum amountsutfients and matter were noted in
first reservoir (Tab. 3) what stems from the fdwttit opens the cascade and thus receive the
highest loads (Tab. 3). The loaded nutrients arstimo particulate forms as the conductivity
is there the lowest (Tab.3), however the biolodgycalvailable pool reaches high amounts.
(Tab. 3). The Upper Pond retain almost 55% of TB &h% of TN (Tab. 3). Due to the

retention of nutrients and matter in reservoirsirttencentration falls down along the
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cascade, however average amounts exceed the Icvidilcee for eutrophication (0.1 mg P/I
and 1.5 mg N/l OECD 1983). The Upper Pond is alsaracterized as the only reservoir in
the cascade which never suffers available phosghlarutation (Tab.3). Due to the age of
pond (Tab. 1) this can be a result of higher irdbmput from deposited riverine sediments
and large amounts of leaf litters which adds to seeliment and additionally enhance
phosphorus release by creation of periods of higygen demand and depletion (Tab.3)
(Birch and McCaskie; 1999). Similar conditions ageel in the Lower Pond as a result of
close connection and in the Pabianka Reservoir liegopdditionally by waters from the
Sokolowka tributary- the Brzoza River which is ayfly polluted storm water recipient.
Therefore the nitrogen concentration in this resens higher despite the fact that it is the
last one in the cascade. High nitrate content sHamensive sewage contamination. When
high nutrient loading is achieved by high rates ioflow, retention time may be
correspondingly reduced; the dominant algae woelckssarily be those whose growth rate
exceed the rate of dilution. The lake which receilarge quantity of industrial and domestic
effluent was dominated by Chlamydomonas, Scenedgs@hlorella and centric diatoms
(Reynolds, 1989). In all reservoirs Cyanobactedhieved domination instead of expected
Chlorophyta. In all reservoirs their occurrenceretated with TP input (0.28), and pH (0,30),
what confirm their requirements and reveal positigeemical conditions for their
development. The periodically observed nitrogenitatiron which occurred due to high
assimilation in all ponds could suggest occurreoicé&lostocales in all reservoirs, but this
order was not so highly present (Tab. 5). The ofaetors had to interact in controlling

community structure.

The role of physical conditions in controlling community structure.

Low water temperature and mixing in the beginning & the end of investigated period was
responsible for Baccillariophyceae domination. Tiherease of temperature above 20 °C
leaded to Cyanobacteria occurrence (Fig. 4), wbafien their temperature requirements
(Smith and Bennet, 1999; after Tillman, 1984). Vehort and mild winter season and a
month-advanced Spring could created good conditidos summer phytoplankton

development due to weakened top-down control (Zskeand Wagner, 2004). Quite high but
stable rainfall conditions leaded to changes imient and matter input, altered mixing regime
and therefore modified light conditions. Cyanobaateare known to dominate in calm

weather conditions which provide stabilisation cdter column (Webster and Hutchinson,
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1994; KShler, 1992; Rappala, 1998). According to Reynolti898) blue-green algae also
occur widely in polymictic bodies of water wherght penetrates to a small fraction of the
mixed depth. With such conditions small or solitalye-green algae are often associated. The
conceptual model proposed by Havens et al, (1998yanobacterial assemblage of a shallow
eutrophic lake based on this suggestion expliche dominance of Cyanobacteria in
Sokolowka Reservoirs. Two first ponds and the ¢ast are characterized by highest turbidity
due to intensive matter input (Tab.3) and nutrgnimoted phytoplankton development. Such
conditions lead to self-shading and promote lovligadapted species like Oscillatoria
(Reynolds and Bellinger, 1992; Mur and Schreuspi®vens et al, 1998;dkler and Hoeg,
2000; Mishke, 2003). This explain also the low depment of Nostocales and Chroococales
in this ponds, which have high light demand (Dakahd Teubner, 2000; Mishke, 2003).
Zgierska and Teresa Reservoirs were mostly chairsetieby Chroococales occurrence with
Microcystis domination what according to the cortaap model is connected with calm
conditions. Microcystis was also noted in othereresirs during most stable weather
conditions (mostly when sum of precipitation wasvéo or equal 20 mm) which due to
diminished mixing leaded to the maximum surfaceewdemperature. As Microcystis is
conspicuous during the warmer, high insolation qusiit developed mostly in two warmest
reservoirs (Tab. 3).

Abiotic factors like weather conditions seemed @ the most important for community
structure development in this interlinked systesifactors controlling nutrient supply, light
conditions, water column stability and wash out idenfirms earlier investigations (Mishke,
2003). The interconnection of reservoirs creatéetbhces between them which might be
important for their management and restoration. Twab reservoirs intercept the high flood
peaks therefore their conditions are mostly moditad dependant on precipitation events.
Similar situation is in the last reservoir whiclteese additional pool of substances from the
Sokolowka tributary. High turbidity induced by storevents favour turbulence tolerant
species adopted to low light availability like O¢storiales (R-strategic according to Huszar
and Caraco, 1998 after Reynolds) which are additiprmore resistant to metals and water
toxicity (Shehata et al, 1999) what makes themebetbmpetitors in urban water conditions.
Moreover rainfall events could weakens the top-d@ffect as a result of favoring Rotifera
what with dominance of filamentous phytoplanktorrnie limit development of big

crustacean (Rennella and Gisr 2006). Zgierska and Teresa reservoirs whichiraréne

middle of cascade are more physically stable. Dation of Chroococcales prove this calm
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conditions and better light availability. Therefdree manipulation and shaping of biota can

be there possible and relevant.

Conclusions and further steps:

1. The first step for blue-green algae preventiorhim iteservoirs opening the cascade is
reduction of bottom-up effect. This can be achielgadomplex activities in the upper
part of the river, including limitation of supplyoim point sources, construction of
biofilters on stormwater outlets, improvement afidtioning of the settlement pond.

2. The more stable conditions of reservoirs in thedi@df the cascade enable direct
activities in reservoirs like macrophytes plantifigr nutrients allocation into
unavailable pool and trophic manipulations.

3. To achieve and verify the suggested activitiestner analysis of plankton dynamic
and trophic interactions in reservoirs is needeadddition the metal transfer in trophic
pyramid will be assessed.

4. Furthermore the cyanobacteria cell-bound toxins cfotystins and anatoxins)

appearance and eventual concentration will be agdly
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UPPER POND LOWER POND ZGIERSKA RES. TERESA RES. PABIANKA RES.
Bacilariphyceae

Cymbella sp. Cymbella sp. Cymbella sp. Cymbella sp. Cymbella sp.
Fragilaria sp. Fragilaria sp. Fragilaria sp. Fragilaria sp. Fragilaria sp.
Navicula sp. Navicula sp. Navicula sp. Navicula sp. Navicula sp.
Nitschia sp. Other Pennante Nitschia sp. Nitschia sp. Nitschia sp.

Asterionella sp.

Aulacoseira sp.

Other Pennante

Pinnularia sp.

Other Pennante

Melosira sp.

Aulacoseira sp.

Cymatopleura sp.

Cymatopleura sp.

Aulacoseira sp.

Other Centric

Melosira sp.

Other Pennante

Other Pennante

Melosira sp.

Other Centric

Aulacoseira sp.

Aulacoseira sp.

Other Centric

Melosira sp.

Melosira sp.

Other Centric

Other Centric

Chrysophyceae

| Dinobryon sp.

| Dinobryon sp.

Xantophyceae

Anabaena sp

Aphanisomenon sp

Rhizochloris sp.

Aphanisomenon sp

Rhizochloris sp.

Anabaena sp

Rhizochloris sp.

Aphanisomenon sp

Gomphosphaeria sp.

Gomphosphaeria sp.

Aphanisomenon sp

Aphanisomenon sp

Oscilatoria sp

Microcystis sp.

Microcystis sp.

Gomphosphaeria sp.

Gomphosphaeria sp.

Phormidium sp.

Merismopedia sp

Merismopedia sp

Microcystis sp.

Microcystis sp.

Spirulina sp. Oscilatoria sp Oscilatoria sp Merismopedia sp Merismopedia sp
NN Spirulina sp. Phormidium sp. Oscilatoria sp Oscilatoria sp
NN NN Phormidium sp. Phormidium sp.
NN Spirulina sp.
NN
|Evgenophyta
Euglena sp Euglena sp Euglena sp Euglena sp Euglena sp
Phacus sp Phacus sp Phacus sp Phacus sp
Trachelomonas sp. Trachelomonas sp. Trachelomonas sp. Trachelomonas sp. Trachelomonas sp.
Chlorophyta

Dictosphaerium sp.

Micractinium sp.

Kirchneriella sp.

Dictosphaerium

Dictosphaerium

Micractinium sp.

Lagerheimia sp.

Monoraphidium sp.

Golenkinia sp.

Kirchneriella sp.

Kirchneriella sp.

Monoraphidium sp.

Oocystis SP.

Kirchneriella sp.

Monoraphidium sp.

Monoraphidium sp.

Oocystis SP.

Tetraedron sp.

Lagerheimia sp.

Oocystis SP.

Oocystis sp.

Coelastrum sp.

Actinastrum sp.

Monoraphidium sp.

Tetraedron sp.

Tetraedron sp.

Scenedesmus sp.

Coelastrum sp.

QOocystis SP.

Actinastrum sp.

Actinastrum sp.

Pediastrum duplex

Scenedesmus sp.

Coelastrum sp.

Coelastrum sp.

Coelastrum sp.

Sphaerocystis sp.

Staurodesmus sp.

Scenedesmus sp.

Scenedesmus sp.

Scenedesmus sp.

Chlamydomonas sp.

Tetrastrum sp.

Staurodesmus sp.

Tetrastrum sp.

Tetrastrum sp.

Chloromonas sp.

Pediastrum boryanum

Tetrastrum sp.

Pediastrum boryanum

Pediastrum duplex

Pandorina sp.

Pediastrum duplex

Pediastrum boryanum

Sphaerocystis sp.

Sphaerocystis sp.

Closterium sp.

Sphaerocystis sp.

Pediastrum duplex

Chlamydomonas sp.

Chlamydomonas sp.

NN

Chlamydomonas sp.

Sphaerocystis sp.

Chloromonas sp.

Chloromonas sp.

Chloromonas sp.

Chlamydomonas sp.

Pandorina sp.

Pandorina sp.

Pandorina sp.

Chloromonas sp.

Closterium sp.

Volvox sp.

Closterium sp.

Eudorina sp.

Cosmarium sp.

Closterium sp.

Cosmarium sp.

Pandorina sp.

Staurastrum sp.

Cosmarium sp.

Staurastrum sp.

Closterium sp.

Mougeotia sp.

Chlorella sp. Mougeotia sp. Cosmarium sp. Chlorella sp.
Peridinium sp. Chlorella sp. Staurastrum sp. Peridinium sp.
NN Koliella sp. Spirogyra sp. Koliella sp.
NN Chlorella sp. Crucigena
Peridinium sp. NN
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Koliella sp.

NN

Tab 6. List of found phytoplankton genera in five nterlinked, urban reservoirs.
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