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A b s t r a c t. In winter (06.02.2001) some chosen physico-chcmical and phycological paramc
ters of a humie lake-stream system were examined (the Kuzniczek Lake, about 0.2 ha; the Kuźnik 
Mały Lake, 1.68 ha; the Kuźnik Duży Lake, 1.08 ha) situated in the basin or the Strumień Stream in 
the Kuźnik Nature Reserve (the Wielkopolska Region, Poland). There were 102 laxa ol' algae af .. 
firmed from 10 systematic groups. Physico-chemica! and phycologica! autonomy of the Kużniczek 
Lake pointed to a profile very close to a distrophic one among all or lakes examined. In the Kuźnik 
Mały Lake and the Kuźnik Duży Lake quality dominalion of Bacillariophyceae and C)'anoprkaryola 
was observed. noc concentrations at the sites examined were hetween 4.3 and 14.8 mg CI-l. 

K c y w o r d s: winler algae, physical and chemical parameters, humic lake - stream system, 
"Kuźnik" Nature Reserve 

INTRODUCTION 

Most papers about algae and physico-chemical parameters of lakes, especiaJly 
humic lakes and peat-bogs, concentrated on the growing season with only limited 
data available on winter algae [9,10,16]. lt is elear that under ice, development of 
algae is shaped by factors different from those at work in the growing season 
[16,17]. Snow cover plus white ice can reduce the under ice light flux to near zero 
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(13). An abundance of algae occurs during winters with an ice-cover induced by 
nutrients and other growth-promoting substances from the non-frozen soils (12). 

The winter period is associated with a low [1,8] or high [4,14] abundance and 
biomass of algae. 

MATERIALS AND METHODS 

The present research covered a system ofhydrologically differentiated lakes located 
in the basin ofthe Stnlmiel' in the west trough ofthe Kuźnik Nature Reserve. The Na

tUfe Reserve Kuźnik is situated in its main part within the town border of Pila (the 
northem Wielkopolska region). The first of the lakes examined - the Kuźniczek Lake 
(an area of about OJ ha) is witllOut an outlet, the second - the Kuźnik Mały Lake (1.68 
ha) has an outlet at higher water levels and the third one - the Kuźnik Duży Lake (1.08 
ha) is with an outlet ali year round and flowable by higher water levels. 

Research was perfonned on 06/02/200 l. Sam pies ofwater we re co llected from 
holes drilled in 10 cm thick ice cover in the sites situated next to the phytolitoral. 
In the case of the Kuzniczek Lake, sites were situated in the north-east part of the 

lake close to the gathering of Phragmites australis (KL I) and in the south-west 

part at the gathering of Sphagnllm sp. (KU). In the case of the Kuźnik Maly Lake 

(KLM) and the Kuźnik Duży Lake (KOL) sites were situated in the centra l part of 
the west coasl. There were also water sampies from the Strumień Stream located be
tween the Kuźnik Mały Lake and the Kuźnik Duży Lake - S I and from sites below 
KDL - S2. Air and water temperature and water was taken in the area dissolved oxy
gen concentration, electrolytic conductivity, pH and the together with water now in 

the stream. Five litres of water was taken from each site. Jt was poured into I li tre 
containers. Two litres were taken for phycological analyses out of which was pre
served with Lugola Iiquid, the other was left unpreserved for the survival marking of 
algae. Three litres ofwater were designated for physico-chemical analyses, 2 ofwhich 

were preserved with chloroform and sulphuric acid, respectively, the 3rd litre was not 
preserved. In tests on water, colour, general and carbonate hardness, concentration of 

N, P, Ca, Mg, chlorides, sulfates, Na, K and Fe were marked according to standard 
methods [5,15). Dissolved organie carbon (DOC) was marked by the method described 

by Gómiak (6). Dissolved humic substances RSH were całculated according to the 
formula: RSH (mg C r l )=0.594 x DOC-0.525 (6). 

The present work constitutes a part of research on some chosen biological and 

physico-chemical parameters of habitatually valuable, boggy-Iake ecosystems in 
the northem Wielkopolska region. 
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RESUL1'S AND DISCUSSION 

1'he physico-chemical parameters measured at subsequent research sites, 10-
cated along a humic lake-stream system in the Kuźnik Nature Reserve are pre

sented in Table l. A floristic list of algae observed at the sites tested has be en 
presented in Table 2. 

The lowest pH value among the research sites was detected in the water from 

Ihe Kuźniczek Lake (ca.5.5 pH). lt also showed Ihe lowesl concenlralion of Ca, 

Mg, sulfates and Ihe lowesl values of general and bicarbonate hardness. Such con
cenlration levels are generally known as typical for the lakes described as distro

phic by the Naumann-Thieneman classification. The Kuźniczek Lake was 
characlerized by Ihe lowesl concenlralion ofNa, chlorides and sulfates. Tendencies 
similar lO described above, were found in Ihe Skrzynka Lake in Ihe Wielkopolska 

Nalional Park, wilh a peal-bog wilh Sphagnum [3] in its direct basin. Concentra
lions of K and Fe in Ihe water of Ihe Kuźniczek Lake were the highesl in ali sites 

lested. Basing on the results obtained a tendency towords an increase in pH value 
and conductivity was observed with the lowering of the basin. An opposite tendency 
was found for water colour. Similar levels of some of the physico-chemical pa

rameters tested in the sites below the Kuźniczek Lake may result from a connec
ting role of the Strumień Stream at least lemporarily. The oullying physico

chemical distinction ofthe Kuźnik Lake is probably also a consequence ofthe big

gest share, peat-bogs with Sphagnum in its direcl basin. 
Concentration levels of DOC, and RSH were used to rate waters of the sites 

tested [2] wilh respect to alpha- and beta-mezohumic water (the Kuźniczek Lake 2 
and the Kuźnik Mały Lake) with an exception of the oligohumic waters of the 
Kuźnik Duży Lake. 

One hundred- and - two algae laxa delected in all sites was relatively high as 
com pa red to other lake-peatland ecosystems tested in winter [10]. It resulted from 
a high laxonomic variety of algae in individual sites (Fig. I). Łaźniewska [II] 
studied flora of various peatland habitats in the "ZakreI" Nature Reserve (Ihe Ma

surian Lanscape Park) and noled less than 10 algae taxa in winter. A high numbers 
of taxa could result from the site position in the coastal zone of the lakes rich in 

taxa due to their bordering characler. 
In the Kużniczek Lake a quality domination of Euglenophyceae and Conjuga

lophyceae was observed (Fig. l). Bacillariophyceae and Cyanoprokmyola domi 
nated in bot h Kuźnik Lakes. An increase in the share of Cyanoprokaryola in the 

lakes along the Strumień Stream basin was also observed. In the water of the Stru-



220 P.M. OWSIANNY el al. 

T a b I e l. Physico-chemical parameters ef waler at the sites af humic lake-stream sys tem in Ihe 
"Kuźnik" Naturc Rescrve (2001.02.06., KLl - the Kuźniezek Lake l, KL2 - the Kuźniczek Lake:!, 
KML - the Kuźnik Mały Lake, SI - the Strumień Stream l, KDL - fhe Kuźnik Duży Lake 2, S2 -
the Strumień Slream 2) 

Parametersl KLI H2 KML SI KDL 52 
siles tested 

Air-temperature (oC) 4.0 4.0 4.0 4.0 4.0 4.0 

Water temperature (oC) 0.2 0.1 -0.2 -0.8 0.7 0.1 

Depth (research sites) (m) 0.30 0.25 0.40 0.01 0.50 0.025 

Dissolved oxygen (mg 02 1"1) 0.0 0.0 1.1 5.4 0.9 7.3 

pH 5.55 5.43 6.37 7.73 7.14 7.75 

Conductivity (~S cm-I) 36.4 32.9 360 346 366 373 

Colaur (mg Pt r t) 68 80 80 34 30 25 

N-NH, (mg N r t) 0.4 0.7 1.1 0.34 0.3 0.26 

N-NO, (mg Nr') 0.0005 0.0005 0.003 0.002 0.0045 0.004 

N-NO, (mg Nr') O O O O O O 

Organie N (mg Nr') 0.79 2.1 1.14 1.27 1.1 0.93 

Total N (mg Nr') 1.1905 2.8005 2.243 1.612 1.4045 1.194 

Total P (mg PO, r') 0.24 0.50 0.56 0.18 0.18 0.50 

PO,-orto. (mg PO, r') 0.12 0.40 0.10 0.08 0.06 0.06 

Ca (mg r') 2.85 1.79 65.5 64.2 68.5 69.2 

Mg (mg r') 1.74 1.09 6.9 6.1 6.1 7.4 

Tola1 water hardncss (m va l r1) 0.286 0.019 3.68 3.79 3.93 4.07 

Carbonate water hardness 14.24 9.26 192.24 188.68 195.8 202.92 
(mg Ca CO, r') 

Alkalinity (m val r') 0.23 0.20 3.60 3.50 3.60 3.80 

50:; (mg r') 2 8 6 8 lO 

CI· (mg r') 4 4 12 9 8 lO 

Na (mg r') 1.25 1.35 5.21 4.60 4.40 4.60 

K (mg r') 0.98 1.48 0.85 0.76 0.65 -.68 

Fe (mg r') 0.87 0.58 0.07 0.07 0.06 0.06 

DOC dissolved organie carbon 9.3 12.8 14.8 8. 1 4.3 7.5 
(mg C r') 

RSH dissolved hunllls 5.00 7.08 8.27 4.29 2.03 3.93 
substances (mg C 1. 1

) 
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T a b I c 2. List or taxa collected from the sites tesłeJ in the "Kuźnik" Nature Reserve 

(2001.02.06., KLI - the Kuźniczek Lake I, KL2 - Ihe Kuźniczek Lake 2, KML - the Kuźnik Mały 
Lake, SI - the Strumien Stream l, KDL - the Kuźnik Duży Lake 2, S2 - the Strumień Strearn 2; 
Scale o f abundance: I - single, 2 - few, 3 - fa irly numcrous, 4 - numerous, 5 - abu ndant) 

Phycoflora 

CYANOPROKARYOTA 

For/leo spirll/ina fo. goesingense 
(Palik) V. Polianskij 

Ap/wJ1othece sp. 

SynechococcIIS aeruginoslIs Nageli 

Aphanothece slagnina (Sprengcl) A. Braun 
in Rabenchorst 

Gleocapsa minima (Keissler) Hollerbach 

Merismopedia sp. 

C~'anothece aeruginosa (Nageli) Komarek 

Dacty/ococcpsis [ascicularis Lemmermann 

Aphanocapsa sp. 

Gloeocapsa fiume/ica 
(Lemmenn ann) Hol lerbach 

Oscilatoria limosa Agardh 

Aphanocapsa ef. holsatica 
(Lemmermann) Cronberg et Komarek 

Phormidium sp. 

Oscil/atoria ef. proboscidea Gomont 

Oscil/a/oria ef. {u/gens Boeher 

Pseudoanabaena catenata Lauterborn 

Chroococcus lurgidus (Ktilzing) Nage li 

Pseudospiru/ina amoena Pankow et Jahnke 

Oscillatoria gracifis Boeher 

BACILLARJOPHYCEAE 

Fragilaria sp. 

PinII/aria nłpes/ris 
I-łantzsch in Rabemhorst 1861 

Frustu/ia saxonica Rabcnhorst 

Eunotia e.xigua (Breb.) Rrtbenhorst 

rabe/aria [loculosa (Roth) Katzing 

LKI LK2 LKM SI LKD S2 

2 

2 2 

2 

2 

3 

2 

2 5 

2 

2 

2 

2 

2 

4 

3 3 

3 
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T a b l e 2. Continued 

Cymbella compacta Ostrup 

Gomphonema er. bavaricllm 
Reichardt et Lange-Sertalot 

Navicula sp. 

Nitzschia sp. 

Cymbella affnis Ktltzing 

Gomphonema sp. 2 

Fragi/aria bicees CKiltzing) Lange-Sertalot 

Me/ostra variam Agardh 

Cym bella sp. 

Au/acoseira islandica O. MUlI. 

Cvc/otella sp. 

Gomphonema sp. 

Fragi/aria crotonensis Kitton 

Diaroma ehrenbergii KOtzing 

CWllhella lanceo/atG CEhr.l van Heurek 

CHRYSOPHYCEAE 

Dinobrron bavaricllm lmhof 

Dinobn1ol1 ser/u/aria Ehrenberg 

Dinobryon cylindrictlm var. alpinum 
CImhoO Baehmann 

Dinobryon affenllalum CHilliard) HiIliard 

XANTOPHYCEAE 

BOlrvodiopsis (/,.l1i=(/ Borzi 

Cl1araciopsis minima Paseher 

OphiocvliulIJ maius Ntigeli 

Myxochloris sphagnicola Pascher 

Clwraciopsis et: varians Paseher 

CHLOROPHYCEAE 

Coenochloris sp. 2. 

Ancislrodeslllus faIcallIs (Corda) Ralfs 

Pandorino smithii Chodat 

Coenochloris sp. l. 

Monoraphidiun/l1Iinlltul11 <Nag.) Kom.-Legn. 

MonoraphidiwJ1 conlorlllll/ (Thur.) 
Kom.-Legn. 

2 

2 3 

2 2 

2 

2 

2 

2 

2 3 

2 

2 

3 

2 

2 3 5 5 

2 

5 4 2 

2 
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T a b l e 2. Continued 

Coe/aslrel/a s/riolala Chodat 

EchinosphaeridiulIIl1ordsledlii Lemmermann 

Monoraphidiul1/ sp. 

CONJUGATOPHYCEAE 

SIal/ras/rum in[lexuf11 Breh. 

Spirogyra sp. 

Cosmoaslrum hvslrix (Ralfs) Pa l.-Mordv. 

Pleurotaeniul1l sp. 

Pleuroaleniul11 minulllll1 v. minu/um (Ralfs) Oelp. 

Slaurodesmus sp. 

Zygnema sp. l 

Cosmarium amol1eum wir. amoneLl/n Breh. 

Micrasterias tnmcata \'ar. trlfl7cala (Cordsa) ex Breb. 

Tetmemorus sp. 

PleurolaeniwlI ehrenbergii var. ehrenbergii (Bre b.) 
de Bary 

StaurastruIII sp. 

Clos/erium sp. 

Cosmarium sp. 1 

Zvgnema sp. 2 

Cosmarium biocIIlaluIII (Brcb.) ex Ralfs var. biocu
latu m 

Closlerium diane var. dione Ehrcnb. ex Ralfs 1848 

Cosmariuf1I sp. 2 

CRYPTOPf/YCEAE 

Cnplomonas sp. 

Cr}!pfOmOnas er. /enllis Pasehcr 

DINOPf/YCEAE 

Peridiniwn raciborski va r. pa/lis/re Lindemann 

Peridinillm acic/llitemm Lcmmennann 

Gymnodinium mftralllm Schiller 

G)IIlIl1odinilll/l lIberrimllf/l (Allm:m) Kofoid c,1 Swezy 

Peridinium bipes Slein 

2 

2 

2 

2 

3 3 

2 2 

2 

2 

2 

2 

2 3 3 

2 
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T a b I e 2. Continued 

lVolos=.'nskia pascheri (Such landt) v. Stosch 

Gvmnodinium \I'awrikae Schiler 

G)lmnodinium sp. 

RAPHIDOPHYCEAE 

GOI1}'osIOf11llm semen (Ehrenberg) Oiesing 

EUGLENOPHYCEAE 

Phacus IOl/gicQlIda v. inseCfa l-łuber·Pestalozzi 2 

EI/g/ena sp. 

En/onosiphon sp. 

Pale/omOlJus er. su/cala Stokes 

Tracl1elomonas gronu/osa Playfair 

Trachelomonas armafa var. heterospina Swirenko 

As/asia sp. l 

Euglena ocus Ehrenberg 

As/asia ef. IOl/go Pringsheim 

Astasia sp. 2 

Trachelomonas volvocina Ehrenberg 

er. Heleronema sp. 

Phacus clIrvicouda $wirenko 

Patelomonas sp. 

Menoidiut1l lorluQsum var. tortuosunt (Stokes) Sen n 

PhacIIs acuminotus var. ecu/leGudala 
(Roll) Poe hm ann 

3 

2 

2 

2 3 2 

4 

3 

2 

2 

2 

2 

2 

2 

mień Stream I, between the Kuźnik Maly Lake and the Kuźnik Duży Lake CyGl1O

pl'Okaryo/a, Xan/ophyceae and Dinophyceae we re dominant. Though, in the Stru

mień Stream 2 site below the Kuźnik Duży Lake, Dinophyceae, Chrysophyceae 

and CyanoprokG/yo/a were predominant. 

CONCLUSIONS 

Clear physico-chemical and tloristic differences between the Kuźniczek Lake 

and other sites tested is interesting in the context of geomorphological research 

show ing that the Kuźnik Lake and the Kuźnik Mały Lake were single water reser-
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KLl KL2 KML SI 

Research sites 

KDL S2 

• Cyanoprokaryota 

D Bacillariophyceae 

!!li Chrysophyceae 

C2I Xantophyceae 

UD Chlorophyceae 

il'l Conjugatophyceae 

ll!I Cryptophyceae 

m Dinophyceae 

• Raphidophyceae 

I!!I Euglenophyceae 

Fig. 1. Chan ges in the taxonomic structure of phycoflora in the sites testcd in the "Kużnik" Nature 
Rescrve (2001.02.06., KLI - the Kumiczek Lake l, KL2 - the Kuźoiczek Lake 2, KML - the Kuźnik 
Mały Lake, S]- Stream Strumień 1, KDL - the Kuźnik Duży Lake 2, S2 - Slream Strumień 2) 

voirs in the past (B. Nowaezyk, P.M. Owsianny, not published data). Changes in 

the physieo-ehemieal and phycologieal parameters noted along the basin slope in 

the Kuźnik Nature Reserve seem to show, a decreasingly distrophic character of 

the lakes studied. [I may resu ll from a lowering rale of peatlands with Sphagnum 

in the direet basins of the lakes as well as the change in the hydrologieal charac

teristics of lakes to whieh become more open. 

ACKNOWLEDGMENTS 

Ąuthors would like to express their thanks for help to Professor Lubomira 

Burchardt and Professor Jerzy Siepak. 

REFERENCES 

J. Abgcti M.D., Smol J.P.: Winther limnology: a comparison ofphysical, chemical and biological 

characteristics in two temperate lakes during iee cover. Hydrobiologia, 304, 221-234, 1995. 
2. Banaś K.: Orying of organogenic habitat and functioning of lake ecosystems (in Polish). In: 

Multifuntional role of forests - Nature protection - Economy Education (Eds A. Barcikowski , 

M. Boióski, A. Nienartowicz). O.W. Turpres, Toru!l; 191-199, 1999. 
3. Burchardt L., Kokociński M., Machowiak-Bennett D., Mcssyasz B., Nagcngast Bt. 

Owsianny P.t Pełechaty M.: Do the changes in phytaplaneton comrnunity reflect the changes which 

take place in the littoral (1929-1998) of lake Skrzynka (Wielkopolski National Park)? (in Polish). 



226 P.M. OWSIANNY e/ al. 

In: Fresh water Eclons. Slructure-Types-Functioning (Ed. S. Radwan). Wyd.UMCS, Lublin; 
257-262, 1998. 

4. Cloero J.E. Alpinc A.E., Cole B.E., Heller T.: Seasonal changes in the spatial distribution or 
phytoplankton i smali, temperate-zone lakes. 1. Plank. Rcs., 14, 1017-1024, 1992. 

5. Elbanowska H., Zerbe J., Sierpak J.: Physico-chemical rcsearch of water (in Polish). Wyd. 
Nauk. UAM, Poznań; 232, 1999. 

6. Górniak A.: Speclrographic method or marking Ihe concentralion and quality of dissolved or

ganie carbon in waler (in Polish). Gospodarka Wodna 2 (1995), 31 -33, 1995. 
7. Górniak A.: Hurnie substances and their role in functioning ol' fresh water ecosystems (in Po

li5h). Dissertationes Universitatis Varsoviensis 448. Wyd. UW Braneh in Białystok; 151 , 1996. 
8. Joncs R.I., IImavirta V.: Verti eal and seasonal variat ion of phytoplankton photosynlhesis in a 

brown-waler lake with iee eover. Freshwat. Biol., 8, 561-572,1978. 
9. Lecewicz W., Sokołowska W., Wojciechowski 1.: The changes or winter phytopianklon in re

lallon to Ihe light climate in the lakes with various trophy. Ecol. po!., 13, 193-208, 1973. 
10. Łaźniewska l.: Winter in the peat bogs. In: Materials from 191h Conference of Phycological 

Section or Polish BOlany Association "Ecology and taxonomy or algae-marriagc or reason? 

Tleń, 11-14/05/2000, Wyd. FIL, Bydgoszcz: 101,2000. 
II. Łaźniewska 1.: Peat bog phycoflora in a naturc rcserve Zakręt (Masurian Landscapc Park), (in 

Polish). Acta Botanica Warmiac et Masuriae, l, 171-182, :!OOJ. 
12. Ncb'acus M.: Algal water-blooms under iee. Verh. Int. Verein. Limmno!., 22, 719-724. 
'3. Talling J.F.: Frcschwater algae. In: Physiology and biochemistry or algac (Ed.: R.A. Lewin). 

Acad. Press, New York, 743-757, 1962. 
14. Tirell T.: The impaet of waler cxchallgcs and sed imenl on the waler quality in a shallow eulro

phic lake. In: 9th Nordic Symposium on Scdimcnls (Eds: Brobcrg A., Tifl!n T.). InsI. Limno· 
logy, Uppsala, 45,1983. 

15. Sicpak J.: (Ed.). Physico-chemical analysis ofwater and soils (in Polish). Wyd. UAM, Poznall: 
193,1991. 

16. Wojciechowska W., Pęczuła W., Zykubek A.: Eutrophication and winter-period slruclurc or 
phytoplankton in Iree deep lakes in the Lęezna-Wlodawa, Pol. J. Ecol., 46,89-99, 1998. 

17. Wright T.R.: Dynamie ofa phytoplankton community in a ice-covered lake. Limnol. Oceano., 
9,163-179,1964. 



WINTER PHYCOFLORA AND PHYSICO-CHEMICAL PARAMETERS 227 

ZIMOWA FYKOFLORA I WARUNKI FIZYCZNO-CHEMICZNE 
UKŁADU JEZIORA HUMUSOWE - STRUMIEŃ 

W REZERWACIE PRZYRODY KUŹNIK (WIELKOPOLSKA) 

P.M Owsiannyl, T Sobczyński2, P. Niedzielsk? 

lZakład Hydrobiologii, Uniwersytet im. A. Mickiewicza 
uL Marcelińska 4, 60~801 Poznail, Polska, e-mail: pmowsianny@wp.pl 
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S t r e s z c z e n i e. Badaniami (06.02.2001.) fizyczno-chemicznymi i fykologicznymi objęto 
układ zróżnicowanych hydrologicznie jezior Kuzniczek, Kuźnik Mały i Kuźnik Duży \V zl~wni 

niewielkiego Strumienia w Z rezerwacie przyrody "Kuźnik" (Wielkopolska). W wodzie Kuźniczka 

stwierdzono najniższe spośród badanych stanowisk wartości pl-J, wapnia, magnezu, twardości ogól
nej i wodorowęglanowej, sodu, chlorków i siarczanów. Takie koncentracje są uznawane za typowe 
dla jezior opisywanych jako dystroficzne. Wyższy, podobny poziom wartości niektórych para
metrów fizyczno-chemicznych dla stanowisk poniżej Kuźniczka wynika raczej z połączenia 

stanowisk Strumieniem. Fykonorę reprezentuje 102. taksony glonów z la grup systematycznych. W 
Kużniezku jakościowo dominowały Euglenophyceae i Conjugalophyceae, w jeziorach Kuźnik Mały 
i Kuźnik Duży natomiast Bacillariophyceae i Cyanoprokaryola. W Strumieniu pomiędzy Kuźnikami 
dominowały Cyanoprocaryola, Xanlophyceae i Dinophyceae, a na stanowisku poniżej Kuźnik a 

Dużego - Dinophyceae, Chrysophyceae i Cyanoprokar)'ofa. Zmiana wartości badanych parametrów 
stanowiskach wzdłuż spadku zlewni Strumienia wskazuje jak się wydaje na zmniejsu1.jący się 

charakter dystroficzny badanych jezior. Przyczyną takiego stanu, pOZ.1 zmniejszającym się udzinłcm 

torfowisk ze Sphagnum w zlewniach bezpośrednich jezior, może być zmiana charakteru hy
drologicznego jezior na bardziej otwarty. 

S ł o w a k I u c z o w e: zima, glony, parametry fizyczne, chemiczne, jezioro humusowe, stru
mień, rezerwat przyrody 




