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ABSTRACT: The effect was determined of municipal sewage on the littoral subn1erged n1a,:ro­
phytes of five lakes in the Masurian Lakeland. Transformations have been found in the species 
composition and structure of the macrophyte community, as well as changes in the phenology, 
morphology, biomass and chemical composition of selected macrophyte species in littoral habitats of a 
varying degree of pollution with municipal sewage. In habitats with the highest degree of pollution a 
specific system of zones (of elimination, degradation and stimulation) of the macrophytes has been 
distinguished. A field experiment has shown that due Lo the effect of high concentrations of mttnicipal 
sewage, the degradation and elimination of the macrophytes are rapid. The amounts of macro- and 
microelements accumulated in the macrophytes were determined to evaluate the pla11ts as possible 
biological filters. 
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I. 1N1'llODUC'flON 

1"he effect of pollutions on aquati<~ vegetation can be considered fron1 two sideH, on ·the one · 
• 

hand the transformation and destruction of the macrophytes, and on the other hand to 
determine the role these plants may play in the processes of water purific~tion. Studies on this 
problem contribute towards the creation of a basis for the protection and recultivation of the 
macrophytes which are an important biocenotic and environment-forming ~lement of a lake . 
.littoral . . They will also make it possible lo determine tl1e optimum method for cultivatiqn of 

vegetation in different types of littoral. 
The few inve,stigations, carried out so far, of submerged and emergent macrophytes in lak.es 

polluted by municipal and industrial sewage covered tl1e species composition, distrib11tion, and 
floristic changes (F o r s h e r g 1964, 1965, S u o µi i n e n 1968, E I o r a n t a 1970, 
Ku r i m o 1970, U o t i) a 1971 ). The effect of different sewage on the morphqlogy, 
phenology and. the biomass of submerged macrophyt~s was also analysed (Ad .am 8 et al. 
1971,. Bernatowicz et al. 1974, Ozimek and Sikorska 1975, 1976, Pie: . 
c z y ri s k a, S i k o r s k a and O z i m e k 1975). 

The possibilities to use emergent rna~rophyles in the proc~ss of water purification were 
analysed by S e i d e ) . ( 1956, 1966 ). She has found that emergent macrophytes, and· especially 
Schoenoplectus lacustris (L.) ,f alla, 11ot only persist in highly polluted waters, but show quicker 
increments there than in the 

' 

unpolluted habitats. They t:ike up and accumulate large amoqnts 
of nutrients, and even toxin substances, e.g., phenols, thereby contributing to the biological 
water purification. · . 

W o Iv er ton and Mc Don a 1 d (1975) have fou11d that in· the tropical and subtropical · 
countries 'the Eichhornia crassipes (Mart.) Solms may considerably aid the process of water 
purification. C u l l e .y and Epp s (1973), as well as Su t to n and Orn e s (1975), 
suggest that it is possible to use for the same purpose pleustophytes such as: lemna, Spirodela, 
Wolffia. These plants contain considerable amounts of nutrients and are easy lo harvest by 
skimming surface with a rake or net. · 

As regards the submerged macrophytes, there l1ave not been any wide-scope studies 
published concerning their usefulness in the processes of water purification. Of the few papers 
published it will be as well to mention that by Mi k s (1954), who has stated that a dense 
bottom vegetation may play the role of biological filters and thus contribute to the control of 
water pollution. · 

The aim of the present study was to determine the transformation of the littoral 
macrophytes under the influence of municipal sewage discharged into five lakes of the Masurian 
Lakeland. The occurrence, species composition, community structure and phenology, 
condition, morphology, biomass arid the chemiral coinposition of five selected species of 
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submerged macrophytes in a littoral of a varying degree of pollution by municipal sewage, ~nd 
in an unpolluted one have been analysed. 

2. AREA AND METHODS 
• 

'fhe investigations were carried out in the Masurian Lakeland (northern Poland), in the years 
1972-1975, intensive investigations being carried out in the littoral of Mikolajskie Lake, and 

. ' 
extensive ones in the littoral of lakes Betdany, Sniardwy, Talty and Milici. 

Mikotajskie Lake is a eutrophic, holomictic, with area 460 ha, an aver~e depth 11 m and 
maximum depth 27 .8 m. The length of the shoreline is 14 km. The littoral zone -covers 87 ha 
wliich constitutes 19% of the lake surface. The samples were collected at seven polluted sites, 
and at five control sites situated in different parts of the littoral of Mikol'ajskie Lake, outside 
the area affected by . the ~unicipal sewage. The distribution of sites has been presented in 
Figu·re l. 
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Fig. i. Distribution of study sites in the littoral of Mikorajskie Lake 
I-XII - sites 

'l'able I. Characteristics of lakes investigated extensively 

• 

. 
Depth (m) 

Area Development of 
• Lakes mean (ha) maximum shore-line 

. 
f 

Sniardwy 10,970.0 23.4 
Betdany 940.0 46.0 

. Ta-lty 762.0 51.0 
Mi&:i 

I 

24.9 19.0 . 

5 . 9 2.2 . 
10.0 3.2 
13.6 3.2 

8.5 1.5 
I • • 

\ 
\ \ 

\ 
\ 

Number of study 
sites 

6 
4 
5 
3 
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Table I contains a general characteristics of the lakes Betdany, Sniardwy, Tatty and Milki 
( extensively studied) and the total number of study sites. 

C h e m i c a l a n a I y s e s o f t h e w a t e r. The water samples for chemical analyses 
were collected with a I-litre Patalas sampler at the distance 0.2, 5 and 10 m from the sewage 
outlets on polluted sites and at the same distances from the shore in the unpolluted habitats. 
Analyses -were carried out according to the S t a n d a r d M e t h o d s ... (1963), and J u s t 
and H e r m a n o w i c z (1964). The following were determined: dissolved oxygen (Winkler 's 
method), pH and electrolytic conductivity ( electrometrically), calcium, sodium, potassium 
(flame photometer), phosphates, nitrates, ammonia (colorimetrically), chlorides (Mohr's 
method). To separate large-particle suspensions, the water for chemical analyses was filtered 
througl1 a nylon net with a mesh-size of 0.1 mm. In Mikol'ajskie Lake water samples for 
chemical analyses were collected in the years 1972-197 4, at monthly intervals, from May to 
September, and in the remainihg lakes three times - in July and August 1973, and in July 
1974. A total of 350 water samples was collected and analysed. 

-~ n a I y s e s o f t h e m a c r o p h y t e s. ~At each site one profile 20 m wide was 
delimited, extending from the lake shore to the end of the shore terrace. Within this area the 
occurrence of individual species and macrophyte communities was recorded. 

Tl1e phytosociological analysis was carried out by Braun-Blanquet 's method (in Mikol'ajskie 
l.,a ke - in July 1972, and in the remaining lakes - in July 1973). A total of 100 phytosocio­
logical records was made, 80 of which have been set up in tables. The classification of the plant 
associations was ·based chiefly on the papers of T ii x en (1956), 0 b er do r fer (1957), 
K t pc z y n sk i (1960, 1965), D i\_m b s k a (1961), Matusz k i e w i c z (1967) and 
Tom as z e w i c z (1969). 

To determine the macrophyte biomass in the Mikolajskie Lake, plant samples were collected 
from frames of the size of 0.25 m 2 , over a distance of 3-5 m from the lake shore to the end of 
the shore terrace at each site. The analyses were carried out every two weeks from May to 
October in the years 1972-197 4. From depths greater than 1.5 m samples were collected by a 
diver. 1\ total of 600 plant samples was collected. The above-ground parts of the plants, pulled 
out in tl1e area delimited by the f~ame, were sorted by the species, and then after removing the 
periphyton and calcium deposits from them they were weighed on a11 analvtical balance. 

In the years 1972- 197 4, phenological observations of five selected macrophyte species were 
carried out eve11: ten days during the period April to October. 

Pla11t materials for chemical analyses were collected at monthly intervals from June to 
~eptember 197.3. A tota] of 500 samples was collected. The specimens were thoroughly cleaned 
- all periph)'ton and calcium deposits ""'·ere removed from them - and then dried at 70°C. The 
content of ea('h of the components was calculated per the dry weight of the plants which was. 
detern1ined simultaneously. The followi11g were determined: total nitrogen (Kjeldahl 's method), 
total phosphoru~ ( colorimetrically), potassium, sodium, calcium (flame photometer), iron, 
rr1agnesium. manganese and zinc (atomic absorption spectrophotometer ASA), chlorine 
(llusband and Godden ~s method) . . Analyses of the chemical composition of tl1e plants were 
tna,lt' after P et e r s b u r g s k i (1954), P i p er (1957) and J a c k so n (1958). 

Pla11t:-- to he analysed for chlorophyll content were collected twice in July 1974. The 
~petirnens '"-ere thoroughly cleaned, and chlorophyll-a was determined, separately in leaves and 

slem~. according to the standard metl1od (\,' o 11 en we id er 1969). 
-\ field Pxperiment ,,·a8 carried out to establish the type and magnitude of the transfor-

1nation~ cau:,ed b~· the influence of municipal sewage in macrophytes that had not previously 
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been affected b)- it, a11d to detern1ine the capabilit~· to regenerate of tl1e plant>.; subjected t(> ,1 
prolonged influence <>f the :3ewage. :\. detailed de:--criptio11 of the experiment is givc11 ir1 

- ~e(·tio11 7. 

;3_ CH . .\R_.\CTERISTICS OF THE H.~BIT . .\ TS STllDIED 

The polluted littoral habitats of tl1e five stud)1 lakes are located along shores whitl1 are in 
contact with the buildings <>f towns, villages and touris1n centr~s, which as a rule l1ave no sewe­
rage or sewage treatn1ent plants. The lake littoral is polluted by municipal sewage over: 1% , 
(Sniardwy, Betdany), 5% (Tahy), 14% (Mikotajskic) up to 301/c (~lilki) of the shore line. The stu-
died environments are also polluted by household and dwelling wastes, the mc)st intensive inflow 
of them exists in the summer, as a result of the presence of touri~ts in the Ma ·urian l,akela11d area. 
Municipal se°"1 age is carried into the lakes in a centralized (pipes or clitcl1es) and a non-t;en­
tralized way. This is the usual way of leading sewage in the Masurian Lakeland. According to 
P i e c z y n s k a, S i k o r s k a and O z i m e k (1975) over 50% of the 272 lakes found in 
this area are in contact with dwellings from which a considerable part of sewage is removed 
directly into the lakes. This method used for leading the sewage is similar to that found in the 
lakes covered by the present investigations. 

According to P i e c z y n s k a (1972), 220 t of dry weight of municipal sewage is 
discharged yearly into l\1ikotajskie Lake. This represents 83.6% of the total allochthonous 
matter. There are no such data for the remainder of the lakes. 

Of the habitats not affected by municipal sewage the analysis covered sites in the vicinity of 
which there are wooded areas, pastures, or meadows. In both the polluted and unpolluted 
habitats iri the shallow parts of the littoral the lake bottom is sandy-stony with an addition of 
mud, and in deeper parts - it is sandy-muddy. 

The chemistry of littoral waters of Mikol'ajskie Lake was studied by: P l a n t e r (1970), 
Pieczynska (1972), Kowalczewski (1975), Pieczynska, Sikorska and 
0 z i me k (1975), and Rybak and Si k ors k a (1976). The chemistry of littoral waters 

, , 

of Lake Sniardwy was analysed by P l a n t e r (1970), and lakes Sniardwy, Talty and 
Betdany - by Pieczynska, Sikorska and Ozimek (1975). These pa­
pers also discussed polluted habitats showing distinct transformation of physico-che­
mical properties of water and they characterized a very high astatism which is related 
mainly to irregular sewage inflow and wave action. 

The concentrations of the selected substances brought with the municipal sewage into the 
littoral of the five lakes are shown in Table II. Their highest content was recorded for sites with 
centralized sewerage outlet, where particularly high values of conductivity, ammonium 
nitrogen, chlorides, sodium and phosphates were obtained. At all sites the calcium content was 
the least variable. 

The concentrations of the substances analysed showed a high degree of variation, which was 
connected mainly with the irregular infl~w of sewage. Sites without centralized sewage outlet 
differed considerably in chemical composition of water from unpolluted sites only in 
Mikotajskie Lake. 

The sites under study are characterized by considerable waves, due to which a fast dilution 
of the sewage begins already at a short distance from the sewage outlet. In Figure 2 examples 
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Table II. Ra11ge of variation of water chemistry at the study sites (0.2 m from sewage outlet area~ or shore) of five lakes in the Masurian 
Lakeland (May-September 1972., 1973., 1974) 

0 _ polluted sites with centralized sewage outlet, b - polluted sites without centralized sewage outlet, c - unpolluted sites ( control), - - no 
data., n. d. - not detected 

. 
. ---pH Conductivity NH + NO - P0 Cl- K+ Na+ Ca++ 

• ·. 4 3 4 
Lakes and sites (µS) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/I) (mg/I) 

. . • • . • . . • min. max. min. max. min. max. min. max. min. max. mm. max. min. max. min. max. •min . max. 

a 6.9 8.9 382 1341 0.20 130.00 n. d. 0.03 0.20 45.00 13.0 1156.0 11.0 37.0 11.7 1310.0 44.0 82·.o 
Mikol'ajskie b 8.3 8.7 296 550 0.02 2.30 n. d. 0.20 0.30 1.40 8.3 · 29.8 2.8 6.2 7.9 12.4 40.0 59.0 

C 8.4 8.7 271 325 0.02 0.15 n. d. 0.04 n. d. 0.06 6.9 13.8 2.3 3.0 4.4 8.7 35.0 48.0 

a 7.1 8.5 274 585 0.80 6.50 0.01 0.03 - - 12.0 38.0 2.3 4.4 11.0 24.0 53.0 98.5 
Tally · 280 

. 
b 7.9 8.3 330 0.02 0.10 0.01 0.02 - - 9.2 15.9 2.1 3.3 2:6 4.6 48.0 52.5 
C 8.4 8.7 271 282 0.02 0.05 n. d. n. d. - - 8.8 10.2 2.4 2.6 2.6 4.5 47.0 50.0 

• 

a 7.8 8.1 285 523 0.60 10.20 - - - - 12.8 43.0 2.4 6.0 4.6 8.5 39.0 53.0 
Mi&i b 7.9 8.3 282 350 0.02 0.08 - - -· - 9.0 16.2 2.4 4.J 4.0 4.9 39.0 46.0 

C 8.2 8.5 282 315 0.01 0.02 - - - - 11.2 13.C, 2.3 2.8 3.6 4.2 38.9 
• 
42.0 

I b 8.3 8.5 276 290 0.01 0.04 n. d. n. d. - - 9.8 12.0 2.1 2.3 3.6 4.8 37.5 49.0 Sniardwy 
C 8.3 8.5 274 282 - - - - - - 8.2 9.6 2.2 ~.4 3.5 4.3 37.0 39.0 ("l 

b 7.9 8.3 270 299 0.02 0.04 n. d. n. d. - - 9.8 15.2 2.3 2.6 2.8 5.5 37.2 58.5 Betdany 
C 8.1 8.4 270 274 0.01 0.01 n. d. n. d. - - 8.1 9.2 2.3 2.4 3.6 4.3 .. 31:0 39.0 

- . 
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Fig. 2. Change of conductivity, and of chloride and ammonium ion concentration in selected sites in the 
· littoral of Mikolajskie Lake (10 August 1973) 

· are given of changes in the conductivity, and in the coiicentration of ammonium (NH4 +) and 
chloride (Cl- ) ions at three sit es in Mikolajskie Lake in August 1973. With tl1e increasing 
distance from the place of sewage inflow the greatest, differences in the concentration of the 

• 

substances anal}'"Sed were fo11nd on the sites with centralized sewage outlets. Similar regularities 
were found at the same types of site in the .remaining lakes. 

On the basis of the data presented the following site grdups can he distinguished in the study 
area: 

1. heavily polluted - sites with centralized sewage outlets (the lakes Mil<ol'ajskie, Talty and 
Milki), 

2. slightly polluted - sites without centralized sewage outlets (Mikotajskie Lake), , 
3. very slightly . polluted - sites without centralized sewage outlets (the lakes Sniardwy, 

Betdany, Tahy and MiHci), 

~- unpolluted - control sites, located outside the range of buildings (all the lakes discussed). 
Among the five lakes studied the stronge·st transfor111ation of the chemistry of littoral waters 

was found for the part of Mikolajskie Lake in the vicinity of the town Mikotai ki. This is due to 
a high number of permanent inhabitants (3,100) and tourists (12,000) visiting the town in 
Slimmer. 
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4. GENERAL CHARACTERISTICS OF MACROPIIYTES 
, 

There is a comprehensive literature on the macrophytes of Mikotajskie Lake. The studies 
carried out so far dealt with their species composition, distribution, biomass, production, 
chemical composition, changes in the development of -the indicatory species over the 
phenological cycle of the lake (K o w a I c z e w s k i and W a s i I e w s k i 1966, S z c z e -
p a n s k i 1969' K a j a k , H i l l b r i C h t - I l k O w s k a and p j e C z y 11 s k a 197 2 , 
P i e c z y ri. s k a 1972, B e r n a t o w i c z 197 3, S z c z e p a -Ii s k a 197 3,. K o w a 1 -

. czewski 1975, Mochnacka-Lawacz 1975, Ozimek and Sikorska 1975, 
1976, P i e c z y n s k a, S i k o r s k a and O z i m e k 1975, S o s z k a 1975, 0 z i m e k 
and Bal c erzak 1976, 0 z i me k, A. Preis and K. Pre j s 1976 and others). 

In t he Mikotajskie Lake the vegetation covers 87 .0 ha (19% of the lake surface, 39 .0 ha 
thereof being occupied by emergent vegetation, and 48.0 ha by submerged vegetation. In the 
middle of the vegetation season the biomass of the macrophytes was estimated at 4.3 t of dry 
weight per 1 ha of littoral area (0 z i m e k and Ba 1 c er z a k 1976). This value was found 
to he similar to those recorded for Lake Tattowisko - 4 .1 t/ha (B e r n a t o w i c z and 
P i e c z y n s k a 1965), higher, however, than the value found for Lake fylamry, on the average 
2.8t (Bernatowicz and Radziej 1964), LakeWarniak - 2.2t (Bernatowicz 
1969), and Lake Sniardwy - 1.7 t of ·dry weight per 1 ha of overgrown area (Bern a -
t o w i c z, P i e c z y n s k a and Ra d z i e j 1968) (these lakes are also situated in the 
Masurian Lakeland), 

Phragmites co "1,munis Trin., covering 32.3 ha, that is, . 84% of the area occupied by all 
helophytes in Mikol'ajskie Lake, accounted for 90% of the emergent vegetation biomass of this 
lake (Ko w a l c z e w ski and Was i le w s k i 1966). The biomass of the submerged 
macrophytes was 2.1 t of dry weight per 1 ha of the overgrown area. Among them the highest 
biomass have: Characeae, Ceratophyllum demersum L., Elodea canadensis Rich,., Potamogeton 

perfoliatus L. and Myriophyllum spicatum L. (Ko w a I c z e w ski 1975). 
The vegetation of Mikol'ajskie Lake is of a low diversity, the small-lake phytolittoral type, 

according to Bern at ow i c z and Zach w i e j a (1966) classification, dominates there. In 
the littoral of Mikol'aj_skie Lake a total of 41 macrophyte species was found, forming 17 plant 
communities (0 z i m e k and B a Ice r z a k 1976). , 

In Lake Sniardwy the macrophytes cover 3,784.6 ha, that is 34.5% of the total lake surface, 
thereof 6.9% emergent macrophytes, and 27.6% submarged macrophytes. The macrophyte 

biomass was 1.7 t of dry weight per 1 ha of the overgrown area. Helophytes are found to occur 
up to the depth of 2 m, with Phragmites communis dominating among them. Submerged 
macrophytes occur up to a depth of 6 m, the dominating plants being Characeae, Cerato­
ph yllum demersum, Elodea canadensis (Bern at ow i c z, Pie c z y n s k a and Rad z i e j 
1968). 

In the Tahy-Ryrlskie lakes, vegetation occupies 264.2 ha, that is, 14.4% of the lake surface, 
wherefrom 6.6% emergent macrophytes, and 7.8% submerged macrophytes (data from the 
Institute of Inland Fisheries). No detailed data are available on the species composition of the 
macrophytes of the lakes Talty, Betdany and Milki. On the basis of observations it has been 
found that dominating among the emergent macrophytes of these lakes is Phragmites communis, 
whereas the following are abundant among the submerged macrophytes: Potamageton 

perfoliatus, P. pectinatus L., Characeae, C.eratophyllum demersum and Myriophyllum spicatum. 
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5. COMPARISON OF TIIE VEGETATION OF POLLUTED 
AND UNPOLLUTED HABITATS 

5.1. SPECIES COMPOSITION OF MACROPHYTES 

At the study sites in the littoral of the lakes Miko.tajskie, Sniardwy, Betdany, Talty and Mi.tki 
only submerged macrophytes are found. The cause of the absence of emergent macrophytes is, 
among other things, the development of the shores, e.g., concreting, foot-bridges, etc. 
Depending on the form of the shore terrace, the submerged macrophytes occupy a belt from 15 
lo I 00 m wide. At the study sites in the five lakes a total of 20 macrophyte species was found. 
Only one species, i.e., Potamogeton pectinatus · v. scoparius Wallr., appeared to be stro~ly 
associated with polluted habitats: it was recorded only for the heavily polluted sites. A total of 
l l species was found to be present in all types of site (though not in all the lakes). Of these the 
more nu1nerous in the polluted habitats were: Ceratophyllum demersum, Myriophyllum 
spicatum, Potamogeton pectinatus, P. crispus L., the r~mainder of species occurring in equal 
numbers at all sites. Of the remaining 8 species the following: Heleocharis acicularis R. et Sch., 
l,hara sp. and Potamogeton gramineus L., were found to be present at very slightly polluted 
sites and in unpolluted ones (more · abundant), whereas Chara aspera Willd., Ch. vulgaris I.J., 
Nitellopsis obtusa (Desvaux) J. Groves, Potamogeton trichoides Cham. et Schlecht., P. pusillus 
L. - only in unpolluted sites. 

In hoovily and slightly polluted sites the smallest n11mber of species was found, relative to 
the unpolluted sites of the same lake (Table III). 

The highest reduction in the number of species was noted for the polluted sites of 
Mikotajskie !Jake, where the total number of species in the lake was 20 (0 z i me k and 
Balcerzak 1976), and at the polluted sites only 11 species were found. 

£.'or the very slightly polluted sites and unpolluted ones, no significant differences were 
noted in the species composition of the macrophytes. As demonstrated previously, hardly any . 
differences were found between these sites in respect of the chemical composition of the water. 

Important for the determination of the individual species sensitivity to municipal sewage, 
apart from the species composition, is the analysis of their distribution. Figure 3 represents a 
diagram showing the distribution of macrophytes at heavily polluted sites, where with the 
distance from the area of sewage inflow the level of water pollution decreases. The closest to 
the area of sewage outlets Ceratophyllum demersum, Potamogeton crispus (Lake Mi.tki), 
P. perfoliatus, Myriophyllum spicatum (Lake Tatty) and P. pectinatus v. scoparius ~1ikotajskie 
Lake) occurred. 

Taking into account the frequency of the macrophytes in the study habitats of the five 
lakes, and the distribution of species in the l1eavily polluted sites, the following can be 
distinguished: 

1. Species with low sensitivity to municipal sewage - Potamogeton pectinatus v. scoparius, 
Myriophyllum spicatum, l"'eratophyllum demersum, Potamogeton crispus, P. pectinatus, 
P. perf oliatus. These occur only, or are found in larger numbers, in polluted sites, and 

• 

moreover, in sites with a centralized sewage outlets they appear the nearest to the sewage 
outlets, that is, in habitats with the highest sewage concentration. 

2. Species of medium sensitivity - Potamogeton lucens, P. compressus, P. obtusifolius, 
Batrachium circinatum, Elodea canadensis, Fontinalis antipyretica. Their frequency was the 
same at all sites. By comparison with the former species group, they grow at a longer distance 
from the sewage outlets, that is, where the sewage is already diluted considerably. 



Tah)e III. Species composition and frequenc)T of macrophytes in the study sites in the littoral of five lakes in th~ Masurian Lakeland 
Sites: a - heavily polluted, b - slightly pollute4, c - very slightly polluted, d - - unpolluted 
Occurrence: ++.++ - very abundant, +++ - abundant, ++ - rare, + very rare, absent 

., 

• . 
. . 

' , 
. I • Mikotajskie Talty Milki S11iardwy · Befdariy 

-. Species 
. 

. 

a b d a C d a . C d C d C d 
... . 

. . . - , 
. ' . Po ta mogeton-pectinatus :- .. 

v. scoparius Wallr. ++++ - - - - - - - - - - - -
, . . . • 

. Ceratophyllum demersum . . . 
L. ++++ ++++ +++ ++++ -t!+++ +++ 

; . +++ +++ ++ ++·+ +++ +-f++ +++ 
. +·+ ·+++ Elodea canadensis Rich. +++ +++ +++ +++ +++ ++ ++ ++ ++ t+ . .+++ 

' Myriophyllum spicatum L. +++ ++++ ++ +++ +++ ++ . ++ ++ .+ ++ ++ 
. 

.++ ++ 
Fontinalis antipyretico L. +++ +++ +++ ++ ++ ++ ++ ++ . ++ ++ ++ +++ +++ .. 

. . 
Potamogeton pectinatus L. - ++++ ++ +++ +++ ++ ·++ +++ ++ -f++ ++ +++ ·+++ 

• . 
P. crispus L . ++ ++ + ++ + + +++ ++ · -t- ++ + ++ + 
P. perfoliatus L. ++++ ++++ ++++ ++ ++ ++ - . - - +++ +++ ++ ++ . 
P. compressus L. + + + .+ . + + + ·+ ·+ + ·+ + + . . • 
Batrachium circinatum Fr. ++ ++· ++ t + + - - - + + + + 
Potamogeton lucens L. ++ 

i 

+ + + 
• 

+ + - - +++ ++ + + 
. 

P. obtusifolius Mert et 
Koch + + + + . ++ + - + + + + + ++ ,. 

Heleocharis acicularis 
-

R. et Sch. • - - +++ - + ++ - + . ++ ++ +++ + +++ . 

Chara sp. - - . +++ - +++ . ++++ - - ++ +++ ++++ ++ ++++ 
. 

Ch. aspera Willd. - - ++++ - - -
, 

- - - - - - - • 

Ch. vulgaris L. . - - +++ - - - - , - - - - - -
. . Nitellopsis .obtusa (Des- . 

..._ vaux) J. Groves - - ++ - - - - . - - - - -
. 

Potamogeton gramineus L. - - + - .._.. ' - - - - + + - -
. . • P. trichoides Cham. et 

. . . . - + . Schlecht.: - - • - - - - - - - . - - . -
. P. pusillus L. - - - - - - - -

• 
-

. 
- - -. + · 

. . 
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Distance fPom sewageoul/etarea(m) 
1 2 3 4 5 6 7 8 g·@ ll 

,. 
I I I I I I I I I I I 

Potamogelon pectinotus 

P. pectinolus v:. scoparius 
I 

P. perfoliatus . 
. • 

P.lucens • 
More distant rang@ 
of Yegetalion Pcrispus 

' 

. . ' P. compre'ssus depending on /Ill' 
► s,'lope of snore P. obtus,folius 
terrace 

Elodea canodensis . . 

. Myriophyllum spict1lum 

Ceratophyllum demersum 
. Balrachiurn circinatum ' • 

fonhnaus anhpyrelica 
• 

• 
1, 

• 

Fig. 3. Diagram to .show the distribution of macrophytes in heavily polluted sites in the littoral of Miko.tajskie 
Lake, Lake Talty and Lake Milki · · 

3. Very sensitive species Heleocharis acicularis, Chara aspera, Ch. vulgaris, Chara sp., 
Nitellopsis obtusa, Potamogeton pusillus, P. trichoides, P. gramineus. These species occurred 
only at the very slightly p9lluted or unpolluted sites, their frequency in the latter being higher. 

5.2. MACROPHYTE COMMUNITIES 
• 

During earlier investigations of several sit~s in the littoral of Mikolajskie Lake it was observed 
that municipal sewage caused a transformation of the macrophyte associations (0 z i m e k 
and Si k ors k a 1976). 

Within the scope of .the present research a phytosociological analysis has been carried. out of 
the vegetation in the entire littoral of Mikotajskie Lake, and at selected littoral sites of the lakes , 
Sniardwy, Betdany, Talty and Milki. 
· In the study area three plant associations and four c~mmunities of the class Potametea, 
alliance Eu-Potamion have been identified. The Characeae communities were not analysed in 
detail. 

. . 
General data on the occurrence, distribution, number of species and the cover of the 

communities have been presented in Table IV. Shallow parts of the _littoral, up to. a depth of 
1.5 m, are occupied by phytoceno_ses of Potametum perfoliati, Potametum lucentis, of the 
communities with Potamogeton pectinatus v. scoparius, with· Potamogeton gramineus and with 
Characeae, deeper parts (1.5-5.0 m) being occupied by phytocenoses of the community with 
Batrachium circinatum, association Ceratophylletum demersi, and community with Fontinalis 
antipyretica. In general outline, the . distribution of the communities at the individual types of 
site did . not differ. Because o,f their distribution, the mos~ exposed to the sewage are the 
communities with Potamogeton pectinatus v. scoparius and Potametum perfoliati, w~ich grow 
nearest to the areas of sewage outlets. · 



-

-

Table IV. General characteristics of macrophyte communities from different habitats of five lakes in the Masurian Lakeland 
1 - distance from shore or from sewage outlet area (m), 2 - depth (m), 3 - cover (per cent), 4 - number of species, - - absent 

. . Sites 

• 

Communities heavily polluted slightly polluted very slightly polluted t1r1polluted 

1 2 3 4 J · 2 3 4 1 2 .3 ,t I 2 .1 4 

' 
With P. pectina-

3 0.3-0.6 40 1 - - - - - - - - - - -· -
. tus v. scoparius 

Potametum per-
5 0.5-0.8 40 1 0.5 0.2-1.0 70 3 0.5 0.2-1.2 8() 5 0.5 0.2-l .5 90 6 

foliati 

Potametum luc- 0 . 7 0.7-1.5 100 9 0.5 · 0.5-1.5 80 5 0.5 0.2-1.5 80 5 0.5 () .2- -I .5 8() 6 . N 
entis -· . 3 

. ~ With Batrachium 
~ 

10 1.0-2.0 80 5 12.0 1.0-2.0 80 5 20.0 1.0-2.0 90 5 2().0 l .(►-2.0 80 
, 

5 
circinatum 

Ceratophyllecum 
11 1.5-3.0 90 4 15.0 1.5-3.5 90 4 25.0 1.5-3.5 8Q 4 25.0 l .a - 4.0 9() 4 

demersi . 

With Fontinalis 
15 2.0-4.0 60 2 20.0 2.0-5.0 60 2 30.0 2.0-5.0 60 2 40.() 2.0- 5.0 6() 2 

antipyretica 

. With Potamoge-
- - - - - - - - Q.5 0.2-0.7 70 4 O.;) 0.2-0.7 7() 4 

ton gramineus ,. 

. With Chara- ,i - - - - - - - - 0.2 0.2-1.2 100 3 0.2 0.2--l .5 1()0 
ceae 



Polomelum /uwnlis 

a b C d 

Potometum perfolio/i 

a b C d 

Cerolophylletum demersi 

a b C d 

0 

b b b 

C C C 

d d d 

a 

b 

Community with 
Bolrachium circinotum 

a h C d 

a 

/J 

Communitg with 
Fonlina/is onlip!/retico 

0 b C d 

l:2]36-55 

056-75 

~ 75-100 

Coefficient of 
similorif!I {%) 

C 

d 

Siles: 
a- heaY11y 
b- slighllg 
c- very slighllg 
d- unpolluted 

polluted 

• 

Fig. 4. A comparison of phytocenoses of macrophytes in different habitats of five lakes in the Masurian Lakeland 
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The community with Potamoget_on pectinatus· v. scoparius was found only at heavily 
polluted sites, nearest to (!3 m from) the sewage outlet areas. N~teworthy is that tl1is 
community forms aggregations of a loose areal structure, and that tl1e plants are in poor 

condition. . . · . . 

Potametum perfoliati was found at all types of site. As the pollution of the water increases, 
the number' of species in Potametum perfoliati phytocenoses and the degree of cover decrease,· 
~nd in heavily polluted sites nearest to the sewage outlet a-reas it is represented by a congeneric 
aggregation, the ,cover not ex(;eeding 40%. Noteworthy, too, is the poor vitality of the plants.· 
The coefficient of similarity 1 was calculated, using Kulczynski 's (1940) formula (after 
S z a f e 'r and Zar z y c k i 1972), for phytoce11oses of different sites, and it was found that 

the phytocenoses of the unpolluted, slightly and very slightly pollute~ sit~s were very sirnilar 
(the coefficient of similarity being of the order 75-100%). A much lower level of similarity was 
found when comparing the phytocei:ioses of the above-mentioned sites and those of tl1e heavily 
polluted ones, the coefficient of similarity not exceeding 45?/o (Fig. 4). 

Subject t~ changes, with an increasing pollu~ion of the water (from ~npolluted to heavily 
p6lluted sites), are also Potametum lucentis phytocenoses, where an increase in 'the number of 
species ·.and in the degree of cover can be seen. In the heavily polluted sites the plants are 
exuberant and with a dark-green colour of the leaves and stems. Howev~r, it should be _noted 
that at heavily polluted sites Potametum lucentis phytocenoses ahvays occurred at longer 
distances from the sewage outlet areas (7-10 ~), than the former two communities (the 
community with Potamogeton pectinatus v. scoparius and Potametum perfoliati), where the 
sewage dilution is very high and the habitat is very fertile. A comparison of the similarity of the 
phytocenoses of this ass~ciati!>n at different sites has shown that it decreases · with the 

increasing level of pollution (Fig. 4). 
Phytocenoses of Ceratophylletum demersi, of communities with Batrachium circi·natum and 

F<:ntinalis antipyretica are always found at ~ fairly long distance froin the shore (12-180 m), 
depending on the form of the shore terrace, the slope of which they colonize. At heavily 
polluted sites they occur in habitats where the dilution of the sewage is already considerable. 
No differences were found in the form of the phytocenoses of Cer~tophylletum demersi and of . . 

communities with Batrachium circinatum and Fontinalis antipyretica at the·particular types of 
site, where there is always a dominance of one species. The similarity between records 
(randomly selected) from indi,vidual site types, as calculated according to Kulczyllski 's (1940) 
formula (after S z a fer and .z a r z y ck i 1972), was high, from 83 to ~00% (Fig. 4). 

Communities with Potamogeton gtamineus and with Charflceae are found only at very 
slightly polluted and unpolluted sites. Their forms at both site types _are very similar. 

According to their occurrence, distribution, and form at the study sites, the submerged 

macrophyte communities distinguished can be divided into three groups: 
1. a community that is characteristic only of heavily polluted sites - aggregation of· 

Potamogeton pectinatus v. scoparius; 
2. communities £011nd on all types of site; their transformation at heavily polluted sites 

varies with the distance from the sewage outlet area, being: 
a. negative - Potametum perfoliati, 
h. positive - Potametum lucentis, 

. . 

1 Coefficient of similarity = S = 1 OO • (...£ + ~) ( o/c ), where: c - number of species common to both records, 
2 a b 

a - number of species in record 1, b - number of species in record 2. 
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c. not transformed - Ceratophylletum demersi, and communities with Batrachium 
circinatum, and with Fontinqlis antipyretica; 

· 3. characteristic only of unpolluted and very slightly polluted sites, communities with 
Potamogeton gramineus and Characeae communities . 

.. 

5.3. DIST:JUBUTION AND BIOMASS OF THE VEGETATION 
IN THE LITTORAL OF MIKOtAJSKIE LAKE 

' 

The distribution and bior_nass of the vegetation in polluted and in unpolluted habitats of the 
littoral of Mikotajskie Lake are shown in Figures 5- 7. At heavily polluted sites~ with a 
centralized outlets of municipal sewage, a "'distinct areal system of vegetation, characteristic only 
of this habitat, is found. 

• 

I . I . 
Zones of: elimination ldegrotblion stimulolion fislance from sewage outlet area ( m) 

A 5 .B C g 1 , 13 
-·,. ~~~~~~~::;r,;::i-;--:;;:.~ -,----.---,----,----.-, Sewage : :.--:-:-!. .. . . . . . . . . . . . 

'' ,I, • • • • • • •• • .. • • ou,1e, area · · · .·.·.·.·.·:·.-:•.·:•.-·.:•··· .. . · 
I I••• • f •• • I • 

I I ♦ • 1 • ♦ •I•• I • f I ♦ f ••• I . . . . ... f . • ·.·:•:1 ·· . . . ·=. . ·. . . . .. 
. . . . . . ·. . ·. .. -~.-....~! .. . ... -·~ 

♦ ♦ .a: ♦ ♦-.·♦~- t ♦ 
·r .•. 

I t 

: .. . . . •:,·.:,. . . . . 2 ····•.:-., .. 
I I ♦ t f I 

·, •·::: .. I . . . : . ~ .... 
·:·:1, ·. ~ .. . ~1,500 I 

~ I I . : ~ ::::. 
.~ 1,200 

i 
~ 

800 I 
I 
I 

" Potomogeton perfolioius i Batrochium circinatum 
-11- lucens t f Ceratophyllum demersum 

\ 

-11- pectinatus I' 
' 

fonlinolis ontipyretica 
_,_ • cr,spus I Hell'oc/Joris aciculoris - ..,,_ ~ compressus t Characeae 

' Elodea conqdensis 

Fig. 5. Distribution and biomass of the vegetation in heavily polluted sites of the littoral of Mikofajskie Lake 
(July 1973) · , 

In close vicinity of the sewage outlet area a zone devoid of macrophytes is found (A), 
extending up to 3 m from the sewage outlet at site III, or to 5 m at sites I, II and IV: In 
summer, Sphaerotilus natans Kutz. is noted there in large numbers. The water is characterized 
by a high concentration of the mineral and organic substances, many times higher than con­
centrations encountered in the next zones and at slightly polluted and unpolluted sites. Oxygen 
depletion was often found there. Zone A has been named macrophyte elimination zone. 

2 - Ekol. pol., 26, 1 · 
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Oistonce from shore (m) 
g 5 13 

1 

2 

. . . .... . . . . . . . . . ,5 . .. . . . .. 
. . 
. ·1 
I 

Fig. 6. Distribution and biomass of the vegetation at slightly polluted sites in the littoral of Mikol'ajskie Lake' 
(July 1973) 

Explanations as for Figure 5 

Oistonce from shore (m) 
JO tO 20 

. . . . . . . . . . . . . . ...... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 
. . ·. · .'·: ·1·· . ... . . . . . . . . . . . . 2 . . . . . . . . 

··.·.·.:·.r:• . . . . I . . . . .. I I ..... =·: 

I I .. f . . . .. . . . I I I . : :· 
I I 5 

I 

Fig. 7. Distribution and biornass of the vegetation in unpolluted sites in the littoral of Mikolajskie Lake 
(July 1973) 

Explanations as for Figure 5 

1'he next zone (B) is made up of congeneric aggregations of Potamogeton pectinatus v. 
scoparius, or Potamogeton perf oliatus. They occupy a belt 2-3 m wide. In the middle of the 
vegetation season, the biomass of the plants in this zone does not exceed 200 g of fresh weight 
per 1 m 2 , being about six times lower than the mean biomass of the submerged macrophytes of 
the littoral of Mikotajskie Lake (0 z i me k and Balcerzak 1976). Zone B has been 
named the macrophyte degradation zone. 

The C zone - of macrophyte growth stimulation (about 7 m from the sewage outlet area) 
covers a strip 3 m wide. In the Mikotajskie Lake it is colonized by Potamet11m lucentis. Density 
of vegetation is very high here, the size of individual plants is being large, which accounts for 
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the high level of biomass - on an average 1,620 g of fresh weigl1t per 1 m2
• Tl1is value is eight 

times l1igher than that for the former zone, and also nearly twice as high as tl1e biomass value 
found for the sites with a slight pollution and those with no pollution (Figs. 5- 7). 

In summer, of the nine species found in zone C the following account for the major 
proportion of the biomass: Potamogeton lucens, P. perfoliatus, Elodea canadensis, 
Myrzophyllum spicatum (Fig. 8). At distances greater than 10 m from the sewage outlets no 
ey idence was found to indicate an influence of municipal sewage on the plants. The following 

occur there successively: a community with Batrachium circinatum, Ceratophylletum demersi, 
and a community with Fontinalis anlipyretica, which, as has been demonstrated in the 
phytosociological analysis, have the same form in all habitats studied, and attain a similar 
biomass (Figs. 5- 7). They grow outside the range of sewage activity. 

Zones 
% 8 C BC 

100 

. . • + . . . .. + . . . . . . . • . •• . + • . • . + . . 
· ... . . . • ... . .. .... .. • . .. .. . .. •: . . . . . .. .. • . . . . ... . . . .. . . . . . . . . . . .. .. . . 

• • I • . . . . . . . . .. .. . • . .. . . . . . . . . . . . . ... . . . . . . . . . .. •·:. !• . . 50 . . . . . . . ... . . . . . . . .. . .. . . . .. . . . . ... • . . . . . . .. .. . • . . .. .. . . : .... . . . .. . •• . . • . . . . . . . .. .. ... . .. . . . . . . ... . . . • . . . . . . . . . .. . . . . . .. .. I I I I I ... . . . . . 
• 
. . .. .. . . . . . . • . . . . . .. .. • ! • . . .. . . .. . . . • . • . . . . . . .. . . . . . . . . . . I I: . . . . . . . . . . . 
. . . . . . . . . . ... . . . . . ... . . . . . . • . . .. I I I I 

I Ill Sites: V VI IX X %/ 

heoYt!fJ po/Ivied .slightly po/Ivied unpolluted 

Q Potomogeton perfoliotus ~ Elodea conadensis 
' 

-11- pectinatus Bafrochivm circinatum 

-11- lvcens (I) Cerotophyllum demersum 

• _,,_ cr,spus ~Choraceae • 

D _,,_ compressus I]] Heleocharis acicularis 

IS'1 Mgriophy/lum spicatum 

Fig. 8. Contribution of different species to macrophyte biomass in selected sites in the littoral of Mikofajskie 
Lake (July 1973) 

Ziones: B and C - for expla.11ations see the text 

At slightly polluted and unpolluted sites did not occur the above-described zonation. 
Starting from the shore, plants form multispecific associations. As regards the macrophyte 
biomass and its areal diversity, no significant differences could he seen between the slightly 
polluted sites and the control ones (Figs. 6, 7). However, differences were found in the 
contrihu tion of the particular species to the biomass. At slightly polluted sites within the strip 
0.5 up to 10 1n from the lake shore (in shallow lake parts) the highest contribution to the 
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, ' 

biomass was recorded for: Potamogeton perfolintus and P. pectinatus (Fig. 8). At the 
unpolluted sites, at the same distance from the shore, and at the same depth, Characeae always 
represent a fairly large proportion of the biomass, from 18 to 75% (Fig. 8). At larger d~tances 
( with an increasing depth) the differences between the heavily pollute~ slightly polluted and 
unpolluted sites beco~e blurred. 

1972 
1,200 ,,_... __ 

~ ------:.-.--·-·:· --_. ____ ·-..... 
.,,,-- ---- .....__~. ,,,,,,, ---- "--' . 400 -r•---------- ........,; ~ .'!': .;::,:.:: .: : • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • . • • --..;;;: 

1973 

""\ 

"' 
~ 
~ 400 
~ •••••••••••••• • •• • • • • ••• • • • •• ••••••• -~ 
I 
-<::: • 
~ 

~ 1974 
~ 

• 

1,200 
.----·-----·-·-· -----

~· ------------- ............... . ----- -- -- . 4IJ() --- ,,,,,,,. ...... --- ---. ~ ······... .. ' .... . 

. 
Moy June July Aug. Sept 

· Sites: . . ......... • · · • · · • z_a;e g} /Jeayi/g polluted 

. . Sligh/lg polluted 
---- unpolluted 

Fig. 9. Changes in macrophyte biomass from May to September in ~he years 1972- 1974 in the littoral of 
Mikotajskie Lake 

Changes in biomass were observe4 during th~ vegetation season in the degradation and 
stimulation zones of four heavily polluted sites, of three slightly polluted, and five unpolluted 
ones. Presented· in Figure 9 are mean biomass values found in these site groups ~uring the 
particular months of the consecutive study years 1972-197 4. In the degradation zone (B), the 
highest biomass was found in June, that is, in the first period of the growing season. Then a 
considerable decrease in biomass followed, this being connected with the earlier dying of plants 
in this zone. In the stimulation zone (C) of heavily polluted sites, at slightly polluted, and 
unpolluted ones the maximum value of biomass was found in mid-July. 

' 
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6. EFFECT OF MUNICIPAL SEWAGE ON SELECTED MACROPHYTE SPECIES 
IN THE LITTORAL OF MIKOLAJSKIE LAKE 

• 

6.1. GENERAL 

In order to determine the effect of municipal sewage on each of the suhn:ierged macrophyte 
species, a phenological analysis was carried out, as well as investigations of the condition, 
morphology and chemical compositio11 of the plants derived from three types of habitat: 
heavily polluted ( of the degradation (B) and stimulation (C) zones), slightly polluted, and 
unpolluted. Five macrophyte species which occurred in different habitats, were analysed: 

1. Potamogeton per/ oliatus in_ zones B and C of three heavily polluted sites, in three slightly 
polluted, and in five unpolluted ones, 

2. Potamogeton pectinatus in two slightly polluted sites, and in two unpolluted ones, and 
P. pectinatus v. scoparius in zones B and C of one heavily polluted site, 

3. Potamogeton lucens in the C zone of two heavily pollu~ed sites, and in three unpolluted 
sites, · 

4. Potamogeton crispus and Myriophyllum spicatum in the C zone of two heavily P::~lluted 

sites, in two slightly polluted, and in two unpolluted ones. 
The plants to he used for the above-mentioned studies were always collected from the same 

type of bottom, and at similar depths (to 1.2 m). The data presented below ( except the data on 
the morphology and biomass) for each species are the mean values for the sites listed above. 

6.2. ·PHENOLOGY AND PLANT CONDITION 

The length of the vegetation season, and the development of aquatic plants depend on the 
phenological cycle of the particular species, as well as on the environmental conditions, e.g., 
temperature (K a t a n s k a j a 1969, B e r n a t o w i c z 1973 and o·thers). 

For the analysis of the effect of municipal sewage on the growth of the macrophytes the 
phenological cycles were observed of five species derived from habitats differing by the level of 
pollution. A. comparative study was made _of the plants present at the degradation and 
stimulation zones of heavily polluted sites (cf. Section 5.3.), and plants from slightly polluted 
and from unpolluted sites. · 

A disturbed. phenological cycle and significant differences in the length of• the vegetation 
season 'Vere found for Potamogeton perfqliatus and P. pectinatus v. scoparius, colonizirig the 
degradation zone (B) of the heavily polluted sites (Fig. 10). 

In this zone, Potamogeton perfoliatus occurs from May to the beginning of September. The 
pla~ts begin to die as early as the beginning of July. On their leaves black necrotic spots appear, 
at first covering the top and the edges of a leaf, then extending over the whole leaf blade. In 
mid-July 70% of the leaves of all plants are affected hy necroses. At this time the turions' 
formation was observed. In natural conditions turions appe~ only at the end of the vegetation 
season, and they serve the plant to endure the winter. Sc u Ith or p e (1967) reports that 
turions are the response ·of the plants to adverse conditions, e.g., low temperature, nutrient 
deficiency. The phenological observations carried out in the Mikofajskie ~ake have shown that 
the formation of · turions, a specific defensive response of the plants, is also induced by 
municipal pollutions. In mid-August, P. perf oliatus is alteady completely without leaves, and 
only hare, blackened stems can he seen. In all the remaining, polluted and unpolluted, habitats 
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* -Potomogeton pectinalus r. scopor1us 

.Fig. 1(). Phenological cycles of macrophytes in the littoral of Mikptajskie Lake (1972) 

the growing season of P. perfoliatus is much longer - from April to November. The plants begin 
to die in September , at the same time also turions are formed (Fig. 10). 

In Pota,mogeton pectinatus v. scoparius, growing in the degradation zone, leaf chlorosis and a 
loss of 50% of leaves were found in mid-July. In the B zone, Potamogeton pectinatus v. 
scoparius occurs only in its vegetative stage. In the remaining habitats the vegetation season of 
Potamogeton pect.inatus lasts much longer, by about 45 days (Fig. 10). 

For the remaining species: Potamogeton lucens, P. crispus and Myriophyllum spicatum, not 
found in the degradation zone (B), no significant differences were found in the duration of each 
of the phenological phases and the length of the whole growing period in the habitats studied 
(Fig. 10). The above-described regularities of the earlier dying of plants in the l1eaviest polluted 
habitats recurred in three consecutive growing seasons (1972, 1973, 197 4). 

To he able to compare the condition of the plants colonizing different habitats, a condition 
coefficient was used , this coefficient being the ratio of the fresh weight of the leaves (healthy, 
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Potomogelon pep/ oliatus 
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Potomogeton pectinatus 4 
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Potomogeton /ucens ,-,"-
~ 

Potomogeton crispvs 
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Myriophgllum spicatum 
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June July Aug. Sept. 

zone 8} ., . 
---- -,- C Slt'eS l1eav1l!I polluted 

-·-·- s,~es slighllg polluted 
-11- unpolluted 

* Potamogeton peclinatus v. scoporius 

Fig. 11. Change of macrophyte conditio11 coefficient during the vegetation season of 1972 in the littoral of 
:MikoJ'ajskie Lake 

without necroses) to the fresh weight of the stems. A coefficient value equal to zero indicates 
that there are no healthy leaves, the vitality of the plants is low, and photosynthesis is almost 
completely inhibited. Obviously, the condition coefficient for plants with annual above-ground 
stems will vary during the vegetation season. A clearly lowered condition was found for 
Potamogeton perfoliatus and P. pectinatus v. scoparius colonizing the degradation zone (B) of 
heavily polluted sites, by comparison with the plants from the remaining habitats (Fig. 11 ). The 
change in the value of the condition coefficient for these species is very evident: from 2.0 in 
June to O in August - for P. perfoliatus, and from 2.5 to O in September - for P. pectinatus v. 
sco parius. The great differences in the maximum values of the condition coefficient of 
P. pectinatus between the plants of the stimulation zone (C) of the heavily polluted site and 
those of the remaining habitats result from the fact that at the for1ner site the scoparius variety 
grows, this variety producing many stems and a large number of leaves. 
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~,or PtJtamogeton crispu." and Myri<Jpliyllulll spi,·at111ri, ,vhich do not occur in the 
degra<lation zone, no differen<~es were found in tlie varialior1 of the cor1ditiot1 coefficient during 

• 
tlie vegetation season in any of the study l1al>ilats ( ~,ig. l I ) . 

'J'J1(1' aL<>vc regularities were found in tl1e conse<'utive sl11<ly years. 

6.3. MORPHOI~OGY AN.J) lll0l\1ASS ()F PJ., ANTS 
, 

In the relevant literature there is little informati<>n on tl1e effect of 1)ollt1I io11 t1 pon the 
morphology of aquatic plants (EI or ant a 1970, Ad a 111 R cl al. 1971). l)uri11g tl1e ar1alysis 
of the plant communities in Mikotajskie Lake attention wa~ givcr1 l<> tl1c ext1Ler,tr1l gro\\·th ot· 
the macrophytes present in the stimulation zone (7-10 m frorn tlit• l-iewagc outl<!t area) of the 
heavily polluted sites. To check if the plants of this zone <.liffer ~ignificantly frorn tJ1e plar,ts 
(belonging to the _same species) growing at slightly polluted and unpollt1Le<I sites ar1 analy8is was 
carried out of the morphological characteristi<~s of five spet~ies. Tl1is a11alysis covere<I tl,c stern 
length and foliage density, as well as the colot1r of the leaves and steins, an<J tl1e hio1r1ass of tJ,e 
individual shoots, in the middle of the vegetation season (July ] <)72- l 97 4). · 

' 

Table V. Morphological data and biomass of J>otamogrton p,>rf oliat us in the lil I oral <>f M ikolaj~k ie 

Lake ( average for 30 plant~. July 1973) 

B io111a~:-- of shoot~ 
Lengtl1 of 

. 
Sites Nu1nller of fr<'~l1 weight stems V ( '/o rx· leave~ (cm) (µ;) 

. . 

I 81.0 ± 4.4 29 + - J 7.3 + o.:i 16. :t 
""'8 - + ~ 0 3.i.2 I lea ,·ily polluted ( zone C) II ' .;) - ~- 28 + 2 (). ·1- + 0.7 

IV 80.0 ± 4.5 29 + - ) 7 .:i + 0.:1 2() .() 

V 42.3 + 5.6 25 ± 2 :i. I ± 0.t) (,6.5 

Slit?l1tly polluted VI 38.0 ± 3.1 21 -+ -•) 2 . .... ' + 0.4 ,) r:? .... 8 

VII 42.0 + 5.4 25 + 2 2.9 + - 0 .,) r: (}2.:-\ 

-r VIII 34.5 ± 4.8 21 ± 2 2.2 + ().5 65.4 
IX 33.8 ± 3.2 23 + 2 2.:{ + ().4 ()5.6 

Vnpolh1tcd X 33.4 + 4.0 22 + 2 2.7 + ().2 37.0 
XI 32.0 + 2.9 24 + 2 2.3 + ().3 ()5.2 

XII 41.2 + 7.9 32 + 2 2~9 + ().5 48.3 

• 

*
,., a 
,, =-:;; • 100, a - standard deviation. 

X 

Po ta m o g e t o n p e r f o l i a t u s. In the zone of stimulation of macrophyte growtl1 
(C) of the heavily polluted sites this species attains a considerably large-r size of the vegetative 
parts (leaves and stems) than in the remaining habitats. The stem length ranges from 78.!'i to 
81.0 cm, the leaf length from 2.5 to 6.8 cm, and the breadth from 1 .5 to :3.1 cm. In this Z<>ne, 
both the leaves and the stems are of a dark-green colour. At slightly polluted and unpolluted 
sites, the leaves of P. per/ olintus are thick, 'I.leather-like'', light-greer1 with a brown margi11. 
Their length varies between 2.2 and 4.8 cm, and their breadth between J .2 and 2.2 cm. 1,he 

https://l'crt>.sa


Mu11icipal se,vage and subnterged marcophytes 25 
. . 

stems are half the lengtl1 <>f tl1ose in t ••e zo11e <>f p~ant growtl1 stirnulati<>n (C) of tl1e l1eavily 
polluted sites (Tablt~ V). · 

The ster11s are ~f a whiti:.-;h-pink colour, fragile and l,.reakiiig easily. At tl1c 8ligl1tly polluted 
and at t1npollt1 ltJld sites, ll1e values of tl1c l,iomass of tl1e individual sl1oots of P. perfolial,u.s are 
similar, bei 11g ahot•·l half t l1e l)iornas.s val11c ·for tl1e pla11ts from the. (~ zone <>f the heavily 
polluted sites. The C()<!fficier1t <>f 1,i<>mas8 variation ( V) was higher ('l'able V). · 

The sl1oot hior11ass ·an<l sle~ le11gtl1 of Potamogeton perfoliatus in all the l1al,ital:,, were 
compared hy t1si11g tl1e Stu(ler1t I-lest at the level of significar1<:e 0.() I. 1\ s'tatistical r1<>t1-sigr1i­
ficar1ce of di ffcrcnce~ was fc)ttncl witl1ir~ i;ite groups homogeneous in re:-;1,e<:t of tlae lfAvel <;>f 
polltttion, as also i11 Lhe com1>ariHon of· plant~ frorn sligl1tly poll11te<l and unr,ollute<l sites. 
Ho\.\rver. statistical <iiffercnces were fc>tJrt<l wl1er1 <·<~rnparing ·planlR from heavily pollute<l sites 
ar1<l fror11 slightly J>ollu Lc<l <>r1es, and frorn heavily polluted and u·11polluted sites. 

It may, therefore, be st~le<l tl1at r11t1ni<!iJ>al sewage of tl1e <~on<~entration at wl1ich it reacl1es 
the :-;timu lati()tl Z<>11e (C:) <>f tit<~ l1cavily pollute<J sites in tl1e littoral of Mikotajskie I Jake, has a 
significant effect <>tl 1:<Jl<1n1oget<>n p,,r_{oli,,tus, <'ausiitg its exuberant growth an<1 l1igh hiom~ss 
valtJes. Mort•over, witl1 regarcl t<> ster11 lengtl1 an<I i,;}1oot biomass, the plants fo11r1<l in the C zo11e 
sho,'\' a le$ser varialior1. 

Po I a 111 <> g e t <J 11 11 e c I i n ,, l u s. In tl1e (; zone of the heavily pollu tcd site~ a prof t1scly 
branched ~co11,1riu.s v-<1ri,~ly is four1<i witl1 a ricl1 f<>liage; it ~ltatns the largest size and l>iomass, 
a11d al the &1me l imc the 1>la11ts are not mt1t·l1 varied (Table VI). 'fl1c leaves and stems are of a 
dark-~rec11 cololtr . . 

, 

Tahle VI . Morµholo~ical dala and l,i<>n1a~s of Pota,n<>gotou pecti,,atus in the, lilt oral 
,>f M ik<><htjskie J4akc .( a vcrag~ -f<>r 4() 1>laut s • .I ul y 197 :i) 

· For cxplanat ion of V ~cc Table V • 

. 
. 

Riomass of shoots 
I ,cngtl1 Nun1her 

Sites <>f stc111~ of frf'~h weight · 
V (o/r) 

( ('10) leaves (g) 

. 
. Hravily p<>llule<I 

I I I 36.:i + 0.9 98 + 5 (). -1 ± 1.() 2().9 
( zone C)"* , 

SI igl1tly polluted V 22.6 + I . 9 37 + 2 I . () ± 0. I 55.() 
VI -<>4 . ,-, ) + 99 4,2 ± 3 1.2 + 0.2 58.4, -·- . . 

. V 11 l 12. 9 + 1. 4 3;i + 3 0.8 + 0.1 !i ·l.2 -U111lolluted ,.. ~ 4 • IX 18.2 + 1.6 36 + 3 l . () + 0.1 ; ) . ) . ' 
. 

• 

·X·P,>tantol,fel (>n peel i,u,t u:, v. sco ,,,irius. 

At the ~lightly 1>oll11le<I ,111cl unpollt1le(I sil~s, l'olanio!{elo11 pt>clin,,tus is of similar forrr1. Its 
·l,i<>n1ass v,1ries hct,~ecn 0.8 ancl 1.2 g; tl1c leaves ar~ fairly (liversc, their <liversificalion l,cing 
11t<)f(! Lhan l wictl> tl1al found for the l1cavily polluted site ('J'al>le VI). 

When c<>n1paring, IJy 1r1car1s of tlle Stu(lent t-lesl (al tl1c significance level 0.()1 ), the shoot 
bior,1ass a11d tl1e sterr1 lt~11glh <>f tl1e plants from sligl1Lly poll11Led anc! unpolL11lcd sites, no 

. . 
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) 

sig11ificanl <Jifff'r<·11t:c~ were f<>U11(I~ l,ul \vl1e11 <.:,<>ltlJ)arin~ pla11ls fr<>tn l1cavily polltJLcd silc:-- and 
1-l1<>s•· frorn Ll1,\ rest (>f sites, ~lalisti,·ally sigr1ificanl <liffcr<~n .. e:-; wrre foun<l. 

·rahlc \ 11 . \11,,rphol<>git:,al data auc.J hiorna,~ <>f J>ota111<>g,•t,,11 /11c,•11s in tht· litt<>ral of \likc>iaj:--kit• l ,ake 
(a\t·ragt· f<>r :\(l J>lant:-;. J11ly l'J7J) 

1.-<,r t·xplanal ion <>f V ~<•t· 'l'ablt' V 

l ,c•ngth of Hi(>tnas~ of sl1oots 
Nun1l,cr C)f 

:--l ('lllS Si t<·s f r•·~l1 wt:ight I leave~ I . ( j', ) 
( t, l ll ) (g) 

. 

. ) -I I 07. 7 + I . -) . -r, I 1 + - I 7 _ <, + 2.4 • ) -1 • I 

He~\il) polluted ( 20 l\(' () 
IV g-? + - I I . : ~ 4) + I I 2. I + 2. () t, 2.1\ 

I • -

~ - X ."ih. t\ + Q.7 I I :\ 8.8 + I . 8 81.8 
+ + tt () + '). (J . ... 

) 
I . -·> U11µol lut erl XI :r1. i l.h ii - I -

• ) - '> + ,i().() XI 1 -·) . .., -+ J. I ~\ +· I ."i .(t (). h 

I',, I" 111 (J /! t> I r, 11 I tt <.; e 11 s. It is ir1 tl1(· C Z<>Jt<' <>f tl1c l1t~avily J><>llut~cl sites t~1at ll1is 
:-.1>t·c·ic·:-. allai11 :-, tl1c~ larg c·~l sizt· ar1cl l>i<>tr1as~ ( 'l'al,I<· VI I) . l11 Ll1is Z<>n<~, Ll1c leaves ancl slems <>f the 
fllar1l :--- arc <lark-~r•·c·n in <"<>l<>t1r. \\·l1cr<~as in Ll1e re1r1ain(lt~r <>f tl1c l1,1l>ilat:-- llit~ leaves are ligl1t­
-gr.-c·11 \villi J l>rt>\\11 111argi11, tl,c sl c rr1:-: ltt•i11g of a wl1itc-gr<~<\n <·<>l<>tlr. 'l'l1e variation <>f tl1e 
l,i<>111a :-.s <>f Ll1c· ir1clivitlt1al ~l,c><>l:--- witl1in all tl1 e slu<ly site~ was l1igl1 , fr<>tn 40.() l<> 81.8¼ 
('l\1l,lc· \ 11 ) . . Sla li~tit:all}· sigr1ifi('at1l <lifft•r<'rH·cs wer<~ f<>Un<J lu·twecn tl1 c Jllant~ from l1<~avily 

t><>lli1lt·<I :-, ilc ·s (zt>flt• (~) ar1,l frt>Jtl t1tlJ><>llt1lP<I s il<'s . 
J> ,, I ,1 ,,, ,, ~ e t c, 11 c: r is /J 11 s. f>la11t :-- <l<~riv<·<J f r<>trt tl1rt'e type~ c>f ~ilc cl<> nol cJiffer 

sig11ific,111tly i11 rt• :-, t>t•c l t>f tfu·ir -111c>r1>l1<,I(>µ:). 'l'lie stc·1r1 l<·11gll1s, tl1t~ numl,ers <>f leaves, and the 

bio111ass values of tit~ i11(Ji\'i<lt1al:-, are sir11ilar. 'l'l1cy cl<> r1c>l <liffer in ('Ol<>11r eill1rr, their leave8 
l,ci11µ: <>fa grt·t·r1 c.;0l01Jr ,,.:itl1 a l,r<>Wtl rr1argin , tl1t~ sterns - <>f ar1 olivc-greer1 c·c,lour. 

/\I_}' r i ,, /J h _v I I L1 111 s JJ i ,. ,, / ,, 111. \ (> sigr1ifi<'ar1l <lifferen<~e::; in tl1e 1n<>rpl1ology and 
l,i<>r11a:--:-- \Vere- f<>1111cl a111c>11g J>l,tnls ,lt~ri,t!<I fr<>1,1 tl1ree types of site. 'l,l1e variation of shoot 
l,i<>tr1._1:-,:--. l<><>. wa:-- :--i111ilar i11 all l1al)itals. 

'l'l1•~ alu,\tc' rt·~t1laritics <li~c,1:-:st~(I f<>r five s1)<~t·ies were fc>ttn<I als<> in 1972 and 1974. 
'l'f,t· efft•cl of th•· sar11,· •·<>r1<:t!nlrali<>r1 <>f 111unic:ipaJ sewage varies from speries to species. 

Dilt1le,I 1ru1r1ici1>,tl :-:c·wagt· ,-va~ fo1111cl l<> l1ave a poi:-;iliVt! effcrt <>n tl1c rn<>rphol<>gy and l>i<>mass 
(>f tl1rcc· 011l of tilt' five s1><~c-it~s slt1(liccl (l'vt,1m<>g<>l<Jn JJerfvlintus, />. lurens and/>. pectinatus). 
J>,>l<1111oµetor, ,·ris1>11s ar1<I ti1.yri<>/Jl1yll1111i SJ>i,·,1/um (lie! 11<>l (liffcr in respect of ll1eir morphcJlogy 
a11cl hi<>tttass in ar1y <>f tl1t· l1al•ilal l}' (lt's. 

,,.4. (:111(1\11(:AI , ( :()l\1P()Sl 'rl()N ()F PJ ., AN'rS 

'l'J,c·rc· i~ a11 t·xlt~r1:-;i\t<! lileralt1re <>JI the <'<>nlenl <>f tltt! t!sHcntial mac:ro- an(l microelements in 
lh<· r11acr<>1•l1)'·tes ((; <> r 11 a m I<):,:~, (: a i r1 <" s 19(>!3, ;\ 11 e r1 I•)' 19(>(>, 19(>8, Boyd 
1968. I CJ70a , I <J7()l•, I{ <~ r n a l <> w i c z I 9(J9, 11 tl t <· l1 i n s <> n l 97!; , Jr1cl many otl1ers). It 
cit·a I::; w i l h r11acr<>J)l1)1 les <lcriv<~<I fr<>rn tl llJl<>llutc,I l1al,ital~. S e i (J e I ( 196(>) foun(l a l1igl1 
cor1tc·11l <>f rr1acr<>- arttl r11icro,\lt·rr1,•r1ts i11 crr1c"rge11l macr<>f>l1yt<·s fc>tJn(I ir1 hal>itats affe<:l~<I l>y 

i 11011 sl ria I •~ f fl It rr1 ls. 
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• 

In (>rder lo 
' 

determi11e tl1e magnitt1de of tl1e effect of mt1nicipal sewage 11pon· the che1uical 
compo~iti(>l1 of s11bmerged macrophytes. an analysis \\·as tarried out for tl1e content of seve11 

_ macroele111<~nts (nitrogen. pho~phorus. potassium, sodium. calcium, magnesium an<l chlorine). 
and. of tl1ree microelement~ (iron. zinc and manga11ese) in fi,:e ~p~cies deri,,ed from difJ'ere11t 
l1abitats in tl1e littoral of ~likotajskie Lake. Tl1.e results obtained in July 1973 have been 
presentecl in Table \ ,.III. The presentation ha~ be~n restricted to the data for one month, 
becau:"e. a:-- had been found ·pre,·iousl)·. the content of most elements does not vary significantly 
during the \·egetation season (T. Ozimek - · unpublished data). . 

It ha~ hee11 fot1nd that in all the plants under stuay municipal se\\·age causes a considerable 
inC'rcase in the ti~sue content of chlorine, sodium, zinc and iron, and to a lesser extent of · 
mag11esium. As. the pollution increases, the levels of these -elements in the plants grow. For 
insta11re, the content of chlorine in plants from the sligl1tly polluted sites was about 1.3 times 
a~ l1igh as in the plants from the unpolluted sites, and already twice as high in the plants ·from 
the stimulation zone, ~·hereas in the plants from the degradation zone of the heavily polluted 
sites a~ much as t hree times as_ high as in the plants from the unpolluted sites. A reverse 
relatio·nship was found for manga11ese, the content of which in the macrophytes \\1as found to 
decrease as the level of pollution increased. Tl1is is probably due to the fact that as a result of a 
high iron content the uptake of manganese by plants is made difficult (C u r t i s and ~ 1 a r k 
1958). :\.s regards the remainder of the elernents, rather a considerable.increase was found of 
potassium and phosphorus in Potamogeto·n perfoliatus,slight differences in Potamogeton lucens, 
P. crispus and Myriophyll,,m spic_atuni as the 

' 
pollution of the water increased, and a reverse re-

lationship in Potamugeton ,pectinatus. As far as calcium is concerned, only in Potamogeton cris­
pus was a higher content found at the polluted sites, whereas all the other species showed either 
no differences, or a lower content at the polluted sites. ~ 

When comparing the content of elements in tl1e different species, it was found that, apart 
from a few exceptions, the chemical composition of cliff erent species deriveJ from the• same 
habitats was very similar. , 
· The level of nitrogen, phosphorus, calcium, potassium, iron, manganese and zinc in the 

plants studied ( even those from the degradation zone) was within the range reported by various 
authors for submerged macrophytes deQved from unpolluted habitats, but about twice as high 
content of sodium and magnesium was found jn plants from h~vily poll~ted sites as the values 
reported by other investigators (II a r per and Daniel 1934, Ne Ison and Pa Im er 
1938·, Gorham 1953, Gerlo.ff and Krombholz-1966, Boyd 1968, 1970b, 
Bernatowicz 1969, Hutchinson 1975). 

In addition to the analysis of the macro- and microelements, the content of chlorophyll-a 
was determined. In the morphological description it has been mentioned that plants growing in . 
habitats varying in the level of pollution differ by the

1
colour of their leaves and stems. These 

differences were _particularly marked in Potamogeton perfoliatus, P. pectinatus and P. lucens. 
The analysis has shown the largest amounts of chlorophyll-a in the leaves and stems of the 
species enumerated, growing in the C zone of heavily polluted sites (Fig. 12). The leaves of 
P. perfoliatus and P. pectinatus, derived from the B zone of heavily polluted site" were found to 
contain less chlorophyll-a, relative to the plants from the other habitats (Fig. 12). In these 
species numerous leaf chloroses and necroses occurred. No significant differences in the content 
of chlorophyll-a were found be·tween plants from slightly1Jolluted and unpolluted sites. The 
above regularities have been found also for chlorophyll-h (T. Ozimek - unpublished data). 

Municipal sewage, in the concentrations found in zones Band C of the heavily polluted sites 
in the littoral of Mikotajskie Lake, has a significant effect on the chlorophyll content in the 
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Fig. 12. Chlorophyll-a content in fresh mass of macrophytes in the littoral of Mikolajskie Lake (1973) 

. 

leaves and stems of some macrophyte speeies, and indire~tly upon the photosynthetic 
· capabilities of tlie plants. 

7. FIEI.D .~:XPERIMENT 

:\ field exprrin1ent was rnade to determine the type and the rate of the transformations of 
ma<~rophytes under the influence of n1unicipal sewage, and t<) estimate Ll1e possillility to 

regenerate of plants derived from polluted habitats. Tiie experi1nent con~isted in tl1e tran~plan-. •. 

tation of Potamogeton perfoliatus and l'. lucens ·from an t1npollt1t•~d littoral to a hea\1il)' 
pollt1ted littoral, and vi<·~ versa. Sonie of tlie results f~om tl1e experirnentH, in wl1icl1 
Potamogeton perfoliat1ts was transplanted, l1ave been presented in earlier papers (() z i n1 e k 
and S i k <> r ~ k a 197[>, 197() ). . 

1'lie experin1ent ,va:-- carried out at two l1eavi_ly polluted sile8'\ witl1 a c'·e11tra]ize<l ~e,vage 
out Jets (l and IV), a11d at one unpolluted sile (XI) in 1\1ik<)rajskit~ I Jake. 'l'l1t'8e ~ites have a 
sintilar type of bottom (sandy-stony) and a similar wave action inte11sity. 

The plants, <~arefully pulled out, together ,vitl1 tl1eir rhizo1nes and roots, fro111 tl1e t111p<>llt1le(l 
litl<>ral were (after being weigl1ed and marke<I) replanted in the sites aff eC'le<I l)y sewage, a·t 
distances l, 2 and 5 m f ror11 tl1e ~ewage ot1llet arP.a ,tc>wards ti1t' mi<l<lle of tl1r lake. In tlit~ 

· unpollt1 ted site, plants frc>m t l1e <legra<lation Z<lne (P<Jla nl<Jge t 011 p<'rj'olit1 I us) ar1cl l lie sti1nt1-
lation z~ne (P. lucrns) ,verP rt'Jlla11tcd. . 
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·r11rt·t• re1,licalio113 of tl,c- (''()t•rittl('lll \\('ft' ,natl,·: in June· . .lul~ . . \ugust I <J-;-:{. ·ro cl1cck ft>r 

llit· t·ffe<'l <>f tJ1t· lran:"'1>la11lalic>11 it:--.-lf <>tl tl1t· gr(>,,Lh ,,f ll1t n1ac.r,,pl1ytc·s. 1)la11l;-- ,,c·rt· lrtlrl:--­

planlt·J ,, itl1i11 tht· st1111~ ~ilc~ . . \<> cffc<'l ,,a:-- f<>lllltl aftc•r thf-lir lra11:--1>la11lati<>ll ,, itl1in tltt· :--a111c• 

:--ilt' tht· 1>la11l~ c.lflf>t'ar~d l<> µ-rt,,, j11;-;l a:-- lht· 1111lran:--1>la11lc<I J)la11l:--. 1•:(t('h tirnt· <,() J>larll:-- ,,c·r,· 

tra11~1•la11lt•<l. f>la11l~ f<>r :--ltt<l~ ,,ert· <·<>llc·<·lt·cl c·,er~· t,,<> cla~:--: .. l,angt·:-- ,,<'re· <>l>:"'t·r,,·,I in tltt· 
col<>tlr <>f tl1c l<'a\t':--. ;--lt·r11:-- ar1<I rl1iz<>tllt':--. ar1<I ir1 tl11· l>i(lt11a~~- Si,n11lta11t·<>t1~I~·- i11,c·:--lig.1tc-,I ,,c·rt .. 
aL,o J>la11l~ <'t1rrt·11ll~ 1t1·c·:--t•r1l i11 a fH>ll11lc·<I lill<>ral an,1 ir1 an 111q,ollttlc·,I <>nc·. 

Aftt•r l•c•i11g lr,11t:--J>la11lt·,I frt>1n tl1,· ttTl(><>llt1lc·<I lill<)ral l<> tl1c· c·li111inati<>11 ari<I ,l,·gr'"1<lati<)tl 
Z<>tlt':-. <>f tl1,• l1,•a\il~· })<>llt1Lt\cl ~ile:-.. l'<>l<1rr1<>µ·,,t<>tl lu<'etls failc·cl l<> <'<>l<>nizc· tl,c· Z<>nes. 1•1anl:-­
re1>lar1lt><J al a l r11 (li:-.la11cc fr<>tll Ll1e :-.f'\\·agc <>l1tl,·l area :-.ur, i, t•cl f<>r 1-l cla~ s. tit<>:-.(' rt·t•la11tc·(I al 
J r11 for 2() <la~'~, a11(I tl1<>:--c al .=i r11 for:~() (la~·:--. ,,l1<'reaflt•r th,·ir con11>lclc· clc·:--lrt1cli<>t1 f<>ll<>, ... c·,I. 
l,ikc,,i:-;f'. afl(•r l>t>itlf.! tra11:-.1>la11lc"\<l fr<>lll Ll1e ~li1r1t1lalic>r1 Z<>n<' rl<>:-.t·r l<> Lit<' :-.c\'''"l{! ◄' <>ttllt•l arc·a. 
f><>l<tnl(Jf:f'l<Jr1 lurens l>Pt'a111t·. aftc·r a ~irnilar p,·ri<><I, <·<>lll(>lt·lt·l~ c·li111i11alC'cl I)~· the· :--c•,, age\. 'l'l,c 
11cgati,·e effe<'l of tl1c :-:c~,,aµc· <>rl tl1r tra11s1>lanlec) Jllants ,va:-. 1uar1if,·slt·,I Jlrirnaril)· l•~· rl<'<'f<)~C:-­
<lf tl1e Ira,·<·~. slt'm:; a11<I rl1iz<>fllt'!--. 'f'he t~arlir:--il lo l,e ~tJl>j<'('t l<) tl1c· l>la .. ke11i11g a11cl tlt'..;lr,1c·lit>11 
,~·ere tl1<~ rl1iz<>n1es. tli,~ l<>\\'rr l,·av<·:-. an(l tl1P ligttle~. It l1a~ air"<> l•t·e11 fc,tJfl<I tl,at ,1ffc·,·lt'cl I,~ 
nc<·r<>st':-- at a :-;ir11ilar rat,· \\'f'f("\ lea, e8 witl1 evi<lf'11<·e of grazir1~ ar1cJ r11ine<l stern J>arls. \l•·<·l1a11ical 
clar11age lo tl1e ti~~uc~ fa .. ilitalt·cl tl1r al>s<>rpli<>tl <>f scv;agc. 'l'l1r <larr1agr lr<J l<> a ,It•rrc,1se i11 tl1.­
l>i<>rr1a~s of tl1c transplant,!cJ Jllanls; fc>r instan('e, <lttring Llie 1-l <la~ s tl1f' l>io111a:-:s lc>ssr~ l<> tl1e 
pla11ts r~plante<l at 1 rn <li~tar1<·f• frc>n1 tl1c s<\w,1g<' 011tlel area ar11<>t1r1tccl <>r1 tit<· a\f>rage lo <>I 1/r 
(l:ig. J :J). 111 /'. P,<>rfoli<1/us the r1egati,·e <'l1a11gPs cat18e<l l))' tl1c mt1nicipal sr,vage arf> fa~tcr tl1ar1 
ir1 P. lucens. :\fter l,ririg lran:--iplante<l to the pollule<l litl<>ral, />. p<>rj',;liatus ~t1r,i,·<·,J fc>r ul><>ttl 
half tl1e peri<ld of survi,1al <>f /'. luc,•ns, an<l tl1e rate of deslrt1cti<ln <>f tl1t· [>la11l:-. ,,·a:-- f,1strr 
(f"'ig. l :3). 1'his is •·or1n~t'ted ,vit~1 the morpl1<>-analomy <>f tl1e :-iJ>f!cies. rJ~l1,· :-:l("\rns ar1~I rJ1iz<>r11cs 
of P. per/ olin t us arP Lhinn('r. S<) they are rnore vu lnrralJle lo <larr1age, an<I ,tr~ nt<>rc casil~- l>r<>kt!tl 
h)r the wave~. 

1"'11e longer the distan<'~ from the se,vage <>t1tlet area, tJ1e longer ,vas Ll1c peri<>(I after ,,·J1i<'J1 
necroses and losses lo l)i()n1ass followed, anll tl1e perio<l of sttrvival of tl1e plant~. '}'his is r,~lalc<I 
t<> the dilt1tion of the sewage witl1 tl1e distance frorn its outlets into tlic lake. 

1\fter being lransplar1le<J from tl1e slin1ulation zc>ne (7- 10 m frorn tlic s<·,vagc ot1llel area) l<> 
tl1e unpolluted littoral l',>l<1niot:el<>n lurens ct>lor1izc<l tl1e lill<>ral. 'l'l1c plants grew, i11,•rf'asin~ 

the density ancl tl1e area o,·c11pie<J. rfhe oi<,111as..~ of tl1e trar1~plantccl plant~ increases. an,) after 
tl1e :31 cxperin1ental days it appeared to have almcJst ci(>til>lecl (l·"'ig. 14). Tl1e trans1>lantcll pla11l:-. 
survived until Octc>lJrr, like tl1c>se plants which grew tl1ere pcrrnanently. 1\ c·c>rnparison of tl1<' 
l>iomass changes in Potamogeton per/ olint us and I'. lur.<>ns ha:-- ~l1<>,vn tl1al ll1<· ~r<>,vtl1 rate <l~· 
tl1e l>ioma~~ of P. lucPn.,, was faster. In tl1e case <>f P. perf'<>liatus, tl1t\ i11<li, illt1al~ lrar1s1>lar1lP<J 
were of a very poor t·ondition, due to wl1icl1 ,Jurin~ the first (Jays of tl1e <~xpcrirnent there rven 
oc·curred l<>Hses to tl1e l>iornass (11.,ig. 14). ,\fter l>eing transf)lar1lt·<l lo tl1e unpollutc<I littoral, 

P. LL1cPr1s, like P. pPrf<Jli<1l1ts, became rent~wecJ during the next veg~tation scasc>n, b11t no growth 
was found in tl1e plants transplanted to the lilt<>ral affectccl Ly the sewage. 

()n tl1e l>aSi8 of tl1e field experiment it l1as l,een conr.l11<le<l tl1al tl1c absence of vegetation in 
the elir11ination zone is <'at1~e<l b)'· tl1e inf1t1rnce of tl1e rn11ni<'ipal se,vage, and that the degene­
ration <>f the macr<>pll)'les is fast. Tl1e experirnent l1as also sl10\\1n that there exic,t consideral>le 
regenerative possil,ilities in tl1e two pondweed species anal}·sed. 
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8. MACROPHYTES AND THE PROTECTION 
OF LAKES AGAINS~l' MlJNICIPAL POLIJUTIONS 

Taking into account the possibility·, suggested in the literature, of usi11g macrophytes as 
biological filters (S e id e l 1956, 1966, Cu 11 e y and Epp s 1973), a calculation w~s 
made of the amount of macro- and microelements accumulated by the macrophytes studied. 
The estimation has been made for. the vegetation growing in the particular types of habitat in 
the littoral of Mikotajskie Lake. The data relate to the period of maximum biomass value o.f the 
plants, found in each of the habitats (in the degradation zone - June, in the remaining· h~bitats 
- July). In these months, too, the highest content of macro- and microelements in the plants 
was recorded (T. Ozimek - unpublished data). 

Table IX. Content of selected elements in the macrophytes in various habitats 
of the littoral of Mi~ol'aj skie Lake (June*· and July 197 3) 

Content 
Sites in dry N p K Na Ca Mg Cl Fe Mn Zn 

weight 

mg/g 30 3 30 12 12 10 15 0.7 0.2 0.05 • 
zone B* 

• mg/m 2 600 60 600 200 300 200 300 14.0 4.0 . 0.10 

Heavily 
• 

mg/g 30 !l 20 10 25 12 10 0.9 0.2 0.04 polluted 
zone C 

mg/m2 4,800 480 3,200 1,600 kt.,000 1,920 1,600 144.0 32.0 6.4 

mg/g 20 2 20 5 ~~o 5 5 0.5 0.4 0.02 
Slightly polluted 2 

mg/m 1,800 180 1,800 450 2,700 450 450 45.0 36.0 1.8 

mg/g 20 2 20 5 30 5 4 0.5 0.5 0.02 
lJnpolluted 

mg/m 2 1,400 140 1,400 350 2,100 350 280 35.0 35.0 1.4 

The smallest amounts of macro- and microelements accumulated in the plants per 1 m 2 are 
found in the degradation zone (B), the largest in the stimulation zone (C) of heavily polluted 
sites (Table IX). The differences, which are considerable, result from the large differences in the 
biomass of the plants (the content of macro- and microelements in the plants differs slightly). 

In the stimulation zone, by comparison with the degradation zone, the macrophytes attain 
eight times as high a biomass value. 

Although the highest values of the accumulation of elements were found in the stimulation 
zone of the heavily polluted sites, th_ese values (Table IX) are lower than those reported by 
Seidel (1966) for emergent macrophytes. For instance, according to the above author, 

Schoenoplectus lacustris accumulates 6,720 mg of phosphorus, 3,290 mg of magnesium, 
10,300 mg of potassium and 21,170 mg of sodium per l 1n 

2 (on experimental plantations). The 

differences result from better possibilities to accumulate a number of elements, and a higher 
b1omass values attained by Schoenoplectus lacustris .per 1 m 2 than by the submerged 
macrophytes analysed in the present paper. 
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It has been ealc:ulated that the vegetation of the whole polluted part of the littoral of 
Mikotajskie Lake (about 30,000 m 2 ) contains, in the middle of the vegetation season, about 
(>0 kg of pl1osphorus, 480 kg of potassium, 600 kg of nitrogen, 192 kg of sodium, 14.4 kg of 
iron. According to G o r s k i and R y b a k (197 4), every year 1,362 kg of phosphorus i~ 
brought into the Mikotajskie [.Jake with the municipal sewage, that is, about one twentieth of 
the phosphorus flowing in with the municipal sewage is accumulated in plants from polluted 
habitats. • 

In the case of high conc•!ntrations of municipal sewage the submerged vegetation cannot 
play a significant role in the 1)rocess of self purification of the waters. It accumulates a relatively 
small amount of nutrients and becomes quickly destroyed (see the description of the macro­
phyles from tl1e degradation zone). Submerged macrophytes might succes.gfully play the role of 
biological filters if the quantities of municipal sewage discharged into the given lake were small. 
In habitats with a considerable dilution of the sewage they grow exuberantly, attaining high 
values of biomass, and thereby accumulate fairly large quantities o~ nutrients ( see the 
description of the macrophytes from the stimulation zone). Important, too, is the fact that 
they are present for the same length of time as the plants in the unpolluted habitats. In order to 
''take back'' the excess amounts of nutrients from the environment, it would be possible to 
harvest the plants at the end of the vegetation season, when in the natural conditions plants 
with annual above-ground stems begin to die. This procedure would prevent this important 
element of the littoral biocenose from being prematurely destroyed. If the harvesting of 
macrophytes is not applied, they can all the same contribute to the inactivation of part of the 
nutrients, because some of the macrophytes after their death get into the bottom sediments and 
are not included in the cycling of the matter in the lake. 

9. DISCUSSION 

The littoral habitats in the study area are subject to a vary mg transformation, depending on 
the amount, concentration, and the method and regularity of sewage discharge, as also 
indirectly on such environmental factors as, for instance, the wave action which causes a rapid 
dilution of the sewage. At a very low level of pollution no transformation of the vegetation 
could be seen, at a low level - there was primarily a change in the species composition, and at a 
high level - ,~hanges in the species composition and structure of the plant communities, and of 
the phenology, condition, morphology and chemical composition of each of the species. 

D ~ m b s k a (1965) has found that the vegetation of the lakes with a low trophic level, e.g., 
the lobelia lakes, is very sensitive even to slight changes in the chemistry of the water. No such 
relationship was found in the case of the vegetation studied in five eutrophic lakes, which does 
not become transformed as a result of small changes in the chemistry of the water, caused by 
the inflow of municipal sewage. This indicates that the vegetation of the eutrophic lakes is 
much less sensitive to slight changes in the environment than is the vegetation of the lakes with 
poor trophic conditions. 

F o r s b e r g (1964, 1965) has found that pollutions, among other things, cause the change 
from the dominance of the stoneworts to the dominance of the pondweeds in lakes. This 
corresponds to the results obtained from studies of the vegetation of the littoral of Mikotajskie 
Lake. A comparison of the present distribution of the vegetation in Mikotajskie Lake with the 
results obtained by B. Solinska in 1962 (unpublished data) has shown a disappearance of 

3 - Ekol. pol., 26, I 
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species of the family Characeae and a stronger growth of the pondweeds in habitats which 
border on the town Mikol'ajki ( defined as a slightly polluted sites). Since the tirr1e B. Solinska 
carried out her studies the population of the town Mikotajki has increased, and there has been 
a considerable increase in tourism in tl1e areas adjacent to the lake, and consequently the 
amount of sewage and the degree of the pollution of waters have increased. Moreover, the 
conclusion can he drawn that with a low pollution of water the changes in the environment are 
great enough to cause the elimination of species sensitive to pollution, but not great enough to 
cause transformations of the less sensitive plant species that grow there. These species do not 
show any differences in their phenology, condition, morphology, or significant differences in 
the chemical composition, relative to the plants in the unpolluted habitats. , 

In heavily polluted habitats with a centralized sewage outlets P i e c z y rt s k a, 
Si k ors k a and Ozimek (1975) have distinguished two zones: (1) a saprotrophic zone, 
being under the direct action of sewage and characterized by the predominance of decomposi­
tion processes, elimination, or by highly reduced numbers and biomass of the various groups of 
organisms (benthos, fauna colonizing stones, periphyton algae), and (2) a polytrophic zone, 
fertilized by dilute_d sewage, and with frequent outbreaks of organisms. A similar differentiation 
is found in the case of the macrophytes. Four stages of the action of sewage on the vegetation 
ar~ observed as the concentration of the sewage decreases: elimination, d@gradation, stimulation 
of growth, and no influence. The range of the particular stages of influence varies with the 
different groups of organisms, depending on the multiplication rate, and on the morpho­
-anatomical and physiological characteristics of these organisms. For instance, the zone of mass 
growth of periphyton algae is found closer to the sewage out]ets (2-3 m) than the zone of 
stimulation of the macrophytes (7-10 m). 

The zones of elimination, degradation and of tl1e stimulation of macrophyte growth were 
distinguished on the basis of a phytosociological analysis ( of the distribution, species 
composition and structure of the communities). That this division into zones was right has been 
proved by further detailed investigations of the phenology, condition, morphology and 
chemical composition of five dominant macrophyte species, and the field experiment. 
Obviously, by using such a method for the analysis more information, and more-detailed 
information ,vas obtained, but the method is much more laborious than the phytosociological 
analysis. It appears, therefore, that for a quick assessment of the effect of pollution on an 
aquatic vegetation, e.g., in investigations based on monitoring, the phytosociological method is 
very useful. 

K ) o t z I i and G r ii n i g (1976) maintain that the morpho-anaton1ic characteristics, and 
the chemical composition of the plants can be used as an indicator of environment transforma­
tion. As can be conclud·ed from the results analysed in the present paper, the various associa­
tions of macrophytes, and the different types of leaf lesions: chloroses and necroses, can also 
serve as indicators. Their advantage lies in the fact that they are easy to identify in the field ( no 
additional laboratory techniques are required), whereas their disadvantage is tha·t their 
sensitivity is too low, so they are of diagnostic "·alue only when the transformation of the 
environment is of a considerable magnitude. In long-term observations the indicators of changes 
in the environment, due to the influence of sewage, are floristic changes. Apart from the results 
of the present study, the same conclusion is suggested by the data published by F o r s b e r g 
(1964, 1965) and Suominen (1968). 

The transformations of the submerged mac.rophytes ( elimination and destruction), observed 
in heavily polluted habitats, indicate that their resistance to pollution is lower than that of the 
emergent macrophytes, which grow quite ,-vell even at high concentrations of municipal sewage 
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and induslrial effluents (\\; o l n ~- 1962. Seide) 196.3). T'l1is alsc) sl10¼·~ tltat tl1c JJ<)ssillilit)· 
i~ lin1ite<l of t1sing submerged macroph~·tes as l)iological fiiters i11 tl1~ biologic:al l)rocei"ses of tlie 
selfpt1rific a tio11 of \\"a ter. 

I \\'ish to express my cordial thanks to Professor Dr. r= \V'a Pieczynska for the valuable a11d t!aref ul 
com1nents, and the time she kindly spent with me dttring the preparation of the prese11l paper. l should like 
to ex tend my thanks also to my colleagues at the Department of H)'drohiologJ' , Institute of Zoology , 
l jniversil)' of Warsaw, for the advice and assistance wl1ich they '"'·ere kind enc>1tgh to give 1ne many a 1i1r1e. 

A determination was carried out of the transformations of littoral macrophytes under the influe11ce of , 
municipal sewage, discharged into five lakes of the l\1asuria11 Lakela11d: l\'likotajskie~ Betdany, Sniard wy, Tatt y 
and .l\1ikki. 

On the basis of the degree of the cl1anges in the che1nistry of the waters of the littoral bordering trpori 
built-ttp areas 1hree types of site were distiriguished: very sligl1tl}·, slightly and heavily polluted. In 
Mikotajskie Lake, the most transformed littoral habitats were found in the part of tt1e littoral \vl1ich borders 
on the town Mikohtjki ( ,.fable II). 

At very slightly polluted sites (without any significant changes in the chemistry of tl1e water) no 
differences were found in the species composition (Table III), or in the form of tl1e macrophyte con1mu1utics 
(Table IV, Fig. 4 ), and individual species, relative to the unpolluted sites. 

At slightly polluted sites a considerable reduction in the numbe~ of species ,vas found, especially of 
Characeae (Chara aspera, Ch. vulgaris, Ch. sp. and Nitellopsis obtusa) and Heleocharis acicularis, common i11 
the unpolluted littoral (Table Ill). These species have been defined as sensitive to. municipal pollution. In the 
remaining species, found at these sites, no differences in development (Fig. 1()), conditio11 (Fig. 11 ), 
morphology, biomass (Tables V-VII), or chemical composition (Tal)le VIII) were found, as con1pared ,vit11 

' the plants derived from unpolluted sites. Thus, the changes in the conditions, caused by tl1e municipal 
sewage, are in this site group great enough to cause the elinrinatio11 of the species which are very sensitive t<) 

the municipal sewage, but not great enough to cause transformations of the less sensitive plant species found 
there. 

The most changed vegetation was fou11d at heavily polluted sites and with a clearly cl1anged cl1entlstry of 
the water. Apart from the elimination of certain species (the same as at the slightly polluted sites) a clear 
transformation was found of the plant communities (Table IV, Fig. 4) and of individual species~ of their 
phenology (Fig. 10 ), condition (Fig. 11 ), morphology, biomass ( Tables V -VII) and chemical composition 
(Table VIII). At these sites the following three zones, differing in the degree of sttbmerged macropl1yte 
transformation (Figs. 5-7), ,vere distinguished: the elimination zone, degradation zone and lhe zone of 
macrophyte growth stimulation. 

A field experiment has shown that high concentrations of municipal sewage cause a fast des I ruction of 
macrophytes, leading on to their elimination from the habitat. 

In an analysis of the possibility to use submerged macrophytes as biological filters, a calculation was made 
to determine the amou11ts of macro- and microelements accumulated in the plants studied (Table IX). Tl1is 
estimation has been done for the submerged vegetation found in habitats with varying levels of polltttion, and 
in an unpolluted site of the littoral of Mikol'ajskie I.Jake. It has been found that in tl1e case of high concentra­
tions of municipal sewage submerged macrophytes r.annot play a significant role in the proce~ of purification 
of the lake waters. Macrophytes would be able to play the role of filters if the amounts of municipal sewage 
discharged into the lake were small. In habitats with a considerable dilution of the sewage the plants grow 
exuberantly, attain high values of biomass., and, therefore, a considerable amount of elements is accumulated 
in them. 

11. POLISH SUMMARY 

Okreslono przeksztalcenia makrofitow litoralnych pod wplywem sciek6w komunalnych dochodz~cycl1 
do pi~ciu jezior Pojezierza Mazurskiego. Badania prowadzono w latach 1972- 1974 w jeziorach: Mikol'ajskie, 

Beldany, Sniardwy, Talty i Milki. 
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Na podstawie stopnia przeksztalcenia chemizmu wed litoralu kontaktujqcego si~ z zabudowaniami 
wyr6zniono trzy typy stanowisk: bardzo slabq, slabo i silnie zanieczyszczo11e. Najsilniej przeksztalcone 
srodowiska litoralne stwierdzono w Jeziorze Mikolajskim w partii litoralu kontaktuj'1cej si~ z miastcm 
Mikolajki (tab. II). 

Na stanowiskach bardzo sl'abo zanieczyszczonych (o nie zmienionym istotnie chemizmie wody) nie 
stwierdzono r6znic w skladzie gatunkowym (tab. III), wyksztal'ceniu zbiorowisk makrofitow (tab. IV, rys. 4) 
i poszczeg6lnych gatunk6w, w por6wnaniu ze stanowiskami nie zanieczyszczonymi. 
. Na stanowiskach slabo zanieczyszczonych stwierdzono znacznq redukcj~ liczby gatunk6w, przede 
wszystkim Characeae (Chara aspera, Ch. vulgaris, Ch. sp. i Nitellopsis obtusa) oraz Heleocharis acicularis, 
pospolicie wyst~pujqcych w litoralu nie zanieczyszczonym (tab. III). Gatunki te uznano za wrazliwe na 
zanieczyszczenia komunalne. U pozostalych wyst~pujqcych na tych stanowiskach gatunk6w nie stwierdzono 
r6inic w ich rozwoju (rys. 10), kondycji (rys. 11 ), morfologii, biomasie (tab. V-VII) i skladzie chemicznym 
(tab. VIII), w por6wnaniu z roslinami ze stanowisk nie zanieczyszczonych. Zmiany warun ko\\· powodowane 
przez scieki komunalne sq wi~c w tej grupie stanowisk na tyle duze, ie powodujc\ eliminacj~ gatunk6w 
bardzo wrailiwych na zanieczyszczenia komunalne, lecz nie na tyle duie by powodowac przeksztal'cenia 
wyst~pujqcych tu mniej wrazliwych gatunk6w roslin. 

Najbardziej zmienionc\ roslinnosc obserwowano na stanowiskach silnie zanieczyszczonych, wyrainie 
przeksztal'conych pod wzgl~dem chemizmu wody. Poza eliminacj~ pewnych gatunk6w (tych samych jak na 
stanowiskach slabo zanieczyszczonych) stwierdzono wyraine przeksztal'cenia zbiorowisk (tab. IV, rys. 4) i 

• 

poszczeg61nych gatt1nk6w makrofit6w: ich fenologii (rys. 10), kondycji (rys. 11), morfologii, bio1nasy 
(tab. V-VII) i skladu chemicznego (tab. VIII). Na stanowiskacJ-1 tych wyr6zniono trzy strefy o r6znym 
stopniu przeksztarcenia makrofito,1/ zanurzonych (iys. 5-7). Sc\ to strefy: eliminacji, degradacji i stymulacji 
rozwoju makrofit6,v. 

Na podstawie eksperymentu terenowego stwierdzono, i:e pod wplywem wysokich styzeti sciek6w komu­
nalnych makrofit)' ulegaj~ w szybkim tempie destrukcji i Sc\ nast~pnie eliminowane ze srodowiska. 

Analizujclc mozli,vosc zastoso\.vania makrofit6w zanurzonych jako filtr6w biologicznych, obliczono, i1e w 
badanych roslinach zakumulowane jest makro- i mikroele1nent6w (tab. IX). Oceny dokonano dla roslinnosci 
zanurzonej zasiedlaj~cej srodowiska o r6i:nym stopniu zanieczyszczenia i nie zanieczyszczone litoralu Jeziora 
Mikolajskiego. Stwierdzono, ze w przypadku wysokich st~zen sciek6w komunalnych makrofity zanurzone 
nie mog~ odegrac istotnej roli w procesie samooczyszczania w6d jeziornych. Roly filtr6w makrofity 
zanurzone moglyby spelniac przy doplywie niewi~lkich ilosci sciekow komunalnych. W srodowiskach o 
znacznym rozcieticzeniu sciek6w rosliny rozwijaj~ si~ bujnie, osi~aj~ wysok~ biomasy i tym samym za­
kumulowana jest w nich znaczna ilosc pierwiastkow. 
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