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I. GENERAL CHARACTERISTICS OF 42· LAKES 
AND THEIR PHOSPHORUS LOAD. STUDY OB~ECTIVES AND SCOPE * 

ABSTRACT: The paper contains general information about 
42 dimictic and polymictic lakes representative for north-
·-eastern Poland and is an introduction to a series of 12 
papers. The main object of these papers is a characte~tic 
of structural and functional relations of lake ecosystems 
depending on their trophic state and miotic character. Av~ 
erage and maximum phosphorus load for dimictic lakes was 
1.1 and a.a, respectively, and for polymictic lakes 2.6 and 
16.8. In 65% of dimictic lakes the visibility of Secchi disc 
decreased in relation to that recorded 15-28 years ago. 

I<EY \VORDS: Lakes, eutrophication, drainage basin, di­
mictic lakes, polymictic lakes, hypertrophy. 

* Praca wykonana w ramach problemu mi~dzyresortowego MR II/15 
(grupa tematyczna .. Ekologiczne podstawy jal<osci i czystosci w6d 
powie rzchniowych" ) • 
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The studies were conducted on 42 lakes 1 , representative for 
lakelands in north~eastern Poland. This is a differentiated hum­
mocky area typical of post-glacial areas. 

The studies were carried out by the Department of 1-fydrobiology, 

Institute of Ecology, Polish Academy of Sciences and the Department 
of Hydrobiology, Inland Fisheri&s In~titute in cooperation with 

the Institute of Geography, University of Warsaw, and the Depart­
ment of Hydrobiology, University of · Warsaw. 

The papers give the characteristics of the trophic state and 
the purity of these lakes including a quantitative analysis of 

main ecosystem components in order to: 
a. draw conclusions about the functioning of lake ecosystems 

depending on trophic state, pollution and mictic type, 
b. determine the characteristics and indices of lakes varying 

in trophic state, 
c. estimate the rate of trophic state changes by comparing 

with data from other periods. 
Geographical· and hydrographical aspects of the area and drain­

age basin of particular lakes (s a j k 1 e w 1 ~ z - G r a b o­
w s k a 1983) have been analysed, also chemical and physical 
characters of water and bottom sediments (z d a n o w s k i 1982, 
1983e, 1983b, K a r a b i n 1983), phytoplankton · and chloro­
phyll (s p o d n i a w s k a 1983, z d a n o w s k 1 1983c), 
zooplankton (e j s m o n t - K a r a b i n 1983, K a r a b i n 
1983) and benthos (P r e j s and P a p 1 ri a k a 1983 • 

s t a n c z y k o w e k a, :J u r k 1 e w i c z - I< a r n k o .. 
w aka and Le w a h do w ski . 1983, w is n i e w ski 
and D u e o g e 1983). Lakes of a medium size have been chosen 
- the majority of them having SQ-150 ha, and only few deviate from 

• 

these sizes, the smallest having ~4 ha and the largest - 382 ha 
(the complex of Great Masurian Lakes is the subject of other pa­
pers ~ G 1 i w i c z et al. 1980, data of the Institute of Eco. 
logy, Polish Academy of Sciences. in preparation). Only 12 of 
these lakes have outflows. 

All lakes examined are in the same geographical region, on a 

1 In some detailed investigations the number of lakes was even 
greater ~ up to 46. 
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similarly differentiated area and on similar soils. Their indi-. 
vidual difference& from this point of view are discussed by B aj-
k 1 e w 1 c z- Grab o w aka (1983). Loamy~aand soils domi­
nate. Their permeability is not much differentiated, usually av­
erage. The lakes differ of course ae regards the size of their 
drainage basin, character of plant cover, the occurrence or not 
and the amount of sewage point sources. The average declivity of 

' the area . . for particular lakes is 4-30%. Mean annual precipitation 
on. the whole area is about 550 mm, attaining in some places 650mm. 

The highest precipitation is in summer months- July and August, 
and also in November. Mean outflow per ·unit of drainage basin area 
is 3.9-6.88 1· sec .. 1 · km-2 , usually 5-6, thus be:Lng very little 

differentiated. Ouite high is the per cent of the area without 
outflow in the direct drainage basin: 0.75%, usually 30.60,%. It 
can be assumed that the values ere similar for the total drainage 
basin (all above data ace. to B a j k i e w i c z - G r a b o-
we k a 1983). 

Lakes ranging from mea~ to hypertrophy have been chosen on 
purpose, similar number for the dimictic and polymictic group (23 
and 19, respectively). More important data describing the lakes 
ar~ given in Table I. 

Total phosphorus concentration in the ep111mn1on in summer 
. was 20..940 l-19 • 1•1 : 2Q.e506 for dimictic lakes and 53-940 for poly­
mictic lakes. The visibility of Secchi disc in summer was 
0.3-6.9 m: o.s-6.9 for dimictic lakes and 0.3-2.4 f~r polymictic 
lakes. Trophic state index of Carlson for the summer period was 
47 .J.-103 .1 (47 .3-94 .• 1 and 61.4-103.1, respectively) according to 

total phosphorus concentration, 42.2-77.4 (32.2-67.4 and 47.4-
-77.4) according to the visibility of Secchi disc and 34.8-84.3 

, 

(34.~76.7 ~nd 43.1~84.3) according to chlorophyll concentration. 
Thus lakes from the dimictic group had lower trophic state, 

covering the range from meeo- to hypertrophy, whereas t~e poly .. 
mictic lakes covered the range from eu- to very high hypertrophy. 
This was probably mainly due to morphometry and to the connected 
with it type of matter cycling (1< a j a k 1983 ). 

The material from dimictic lakes was taken in 1977, and from 
polymictic lakes in 1978. Samples were taken twice during the year: 
during spring circulation (April~May) and at the peak of summer 
stagnation (July-August). 

https://3.9-6.88


Table I. Selected characteristics of lakes examined and their drainage basins 
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Table I (cont1nued) 
- . 1 2 3 . 4 5 6 7 8 9 10 11 12 13 14 15 16 

Sambr6d 4.3 1.9 128.4 5930 II 24.0 46 5.3 1.36 4 161 0.5 17.2 14.0 sawmill 
Szoby Male 3.7 1.6 319.1 35770 I 68.0 112 9.9 5.78 99 142 1.1 35.6 - retterr, dairy . distil ery, 

. municipal 
S~dariskie 6.1 2.5 168.0 21910 II 51.0 8 7.4 0.05 0 90 1.3 27.5 7.5 
Siercze 2.0 1.0 55.4 242 I 3.6 4 0.7 0.1 0 "84 1.6 12.9 7.1 
St ryjewskie 6.2 2.6 67.5 2263 II 13.0 34 2.5 0.07 0 160 0.7 50.5 8.4 N . 0. Tuchel . 5.1 2.7 42.7 1760 II/III 15.0 41 2.8 1.0 0 357 0.6 100.3 0.06 no data 

N 
\Varpuriskie 6.5 2.6 49.0" 2300 II 18.1 47 3.5 1.5 0 134 0.5 30.0 o.os I-I­

. CO 
2.0- 1.0- 42 • .,.. 242- . 2.8- 0.4- 0.04- 0.3- 1.3- 0.06- ~ Range I-II/m 4-421 Q-99 53-940 -8.5 -4.6 -291.3 -362iU -274.0 -36.9 -16.07 -2.4 -~~1.9 -14.0 m :e 

1static degree (ace. to Patalas 1960 after z d an o w ski 1983a) assumes the lowest value {I) at constant mixing, the highest value 
(IV) at very well developed stratificetion. · 2schindler's index- ratio of total drainage basin surface area to the volume of the lake. 3ohle's 

4 index - ratio of total drainage basin surface area to lake surface area. water exchange rate - ratio of annual outflow to the lake volume. 
B - lakes without inflows. 5estimated lake loads are only for the direct drainage basin; for lakes with a high we~er exchange rate the real 
loads are of course greater, but difficult to determine as measurements of water amount and phosphorus concentrations in outflows are not 
made frequently. All lakes obtain also a .load from the atmosphere {about 0.005 g • m-2 • yr-1 - H 1 1 1 b r i c h t - I 1 k o w s k a, G o­ 0 

to 
s z c z y n s k a and P 1 ant e r -in press ), which ia not included in above calculations, and some lakes obtain also the difficult to <0 estimate sewage from animal farms. Point loads are frequently too low; e.g., phosphorus load from "industrial wastes• is not considered if in c the data of the Centre of Investigations and EnVironment Control the character of industry is not stated precisely, or if there are no data CD on P concentrations for a given kind of industry: this concerns lakes: Elckie, ~asko\"'skie, ~uno, ·Lidzbarskie, Sambr6d, Szel~g Haly. As re­ ~ 
gards lakes Barlewickie and Sztumskie, although it is known that they obtain a load of municipal and industrial wastes there are no data. m 
Lake Tuchel is undoubtedly polluted, but no data are available on the kind and amount of sewage. For Lake Liwieniec it has been assumed that ~ 
mean total P concentration for municipal, distillery and slaughterhouse wastes are 20 mg • 1-1 ; for lake D!ugie having post-cooling and dairy N wastes the phosphorus concentration has been SS$Umed as for dairy wastes. For the Ila"vskie Lake it has been assumed that the dairy wastes are Q. 
not treated. 6o2 was measured in the deepest place, about 1 m above the bottom, and in the lake > 30 m deep at the depth of 30 m, because of m 

:J the limited length of the cable of the oxygen meter. 7Laka Juno was treated as a whole from the point of its geographical and drainage basin 
character, and as two separate ~arts (northern and southern) as regards its hydroche~ical and biological character, because of the great dif- :: 0 

ference in phosphorus concentration in epilimnion in summer. 8 For the Sztumskie Lake it was assumed (on the basis of data of J a n u s z­ CO 
3 A 

k i e w i c z 1969) 100m3 ~ 24 hr-1 for mixed sewage (municipal and slaughterhouse) and the phosphorus concentration 11.4 g Ptot • m- (as 1-1-
for municipal wastes). 

https://2.8-0.4-0.04-0.3-1.3-0.06
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This series of publications is a first attempt of elaborating 
tl1e material as a whole. 

The load of phosphorus to lakes from the drainage basin var­
1 ied considerably - 0.04-16.1 g P • m-2 • year- , but usually did not 

1 exceed several g • m .. 2 • year- (Table I). 

The load of phosphorus (as the basic factor deciding gener­
ally, and also in the area examined, about the trophic status of 
lakes - I< a j a k 1979, Z d a n o w s k i 1982), to lakes was 
calculated as a sum of point and areal sources, assuming an an­
nual outflow in kg· ha-1 • year-1 from forests .. 0,05, meadows -

• 

0.1, fields 0.4 and areas with buildings - 1.0. These values were 
assumed as average and most probable for these areas according to 
numerous literature sources (review: K a j a k 1979, R e c k­
h o w and S 1 m p e o n 1980, R e c k h o w, B e a u 1 a c 

and s 1 m p s o n 1980). The areas of particular types of plant 
cover are taken from the paper by B a j k i e w 1 c z - G r a­
b o w s k a {1983). 

The assumed values are m~ch higher than those given by 

H 1 1 1 b r i c h t - I l k o w s ·k a, G o s z c z y ~ s k a 
and P 1 ant e r {in press) for 7 small (0.3-2.3 km2 ) partial 
drainage basins of the 

• 

river Jorka~ drained by small unpolluted 
streams. But the values given by these authors are very low 

(0.007-0.06 kg • ha .. 1 • year-1 ) and are at the bottom of the range 

of literature data {revi&\Y: I< a j a k 1979 ). For a stream runn­
ing acrose an area with buildings the value given by these au­
thors is 0.23 kg P • ha-1 • year·1 • These studies have not taken 
into consideration the export of matter by waters from showers, 
which, as it is known, take out considerable amounts of matter. 

In estimations of the phosphorus load from the drainage basin, 
it has been assumed that it comes from the whole area. including 
that without surface outflow. This can result in some overeetima-

. . ... 

tions of the areal load, but such simplification has been consid-
ered as necessary at rough calculations* ~ecauee a number. of areas 
without a surface outflow ace. to the map may have some outflows 
in reality·, due to land reclamations, ditches, etc. 

The estimated loads from the direct drainage basin are only a 
part of total load for lakes with a high coefficient of water ex­
change, where the main load cornea from the i~direct drainage ba­
sin. Greater inflows, especially those running acrose villagea, 

https://0.007-0.06
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usually have water with high concentrations of total phosphorus 
{data for f'1arch and August). e.g., the l<rutynia river at its mouth 
to the Lampackie Lake - 0.36 and 0.29 mg P • 1-~, respectively, the 
inflow near Miluki to the same lake~ 1.2 and 1.3 mg P • 1-1 , the 
Ilawka river at -its mouth to lake l<reksy - about 0.3 mg • 1•1 at 

both dates (a o rows k i et al. 1976, 1978). 
Data on the character and the volume of sewage point sources 

have been ta~en mainly from the work by G 1 e r c u s z k i e­
w i c z- B a j t 1 i k and ~ a b 1 o n s k 1 {1977), assuming 

' {analogously as G i e r c u e z k i e w 1 c z - a· a j t 1 1 k and 

G l ~ b a· .1< 1 {1981)) the phosphorus concant ration in mg • 1-1 in 

municipal sewage 11.4, from distillery se.o, from slaughterhouses 
7.6, from dairies 2.5, from retteries 26.0, and the reduction of 
concentration at mechanical cleaning by 2~6, and at mechanical­
-biological cleaning by 40%. The seasonal character of sewage 
sourc~s has been taken into consideration giving 220 days for the 

distillery campaign and 120 days for the tourist season in holi­
day cent res. 

Phosphorus load to polymictic lakes is on the average higher 
than to d~mictic ones both for mean values for these two groups 

1 of lakes (2.6 and 1.1 g P tot • m-2 • year- , respectively) and the 

maximal ones (Table I) • 
. 

Phosphorus load to lakes, and total phosphorus and nitrogen 
concentration in epilimnion in summer correlated positively with 
the density of river network in the drainage basin and also with 
the ratio of the surface area of drainage basin to the surface 
area and volume of the lake (Table II ). 

Some of these lakes were investigated in the years 1950..1963 

(o 1 s z e w s k 1 and P a s c h a 1 s k i 1959, P a t a 1 a s 
1965, o 1 s z e w s k i et al. 1978). The data on the visibil~ 

ity of Secchi disc and the oxygen concentration at the bottom 
were compared for these years and for own data for years 1977-j978 
{Table III). In the majority of dimictic lakes (11 out of 17) the 
visibility of Secchi disc decreased in summer. In some lakes the 
oxygen defi.cit at the near-bottom hypolimnion layers increased. 
But out of 11 polymictic lakes only three had lower visibility. 
However, it has to be taken into consideration that absolute 
values of the visibility of Secchi disc many year~ ago {measure~ 

menta of 0 1 s z e w s k i and P a s c h a 1 s k i 1959, P a .. 
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Table II. Relationship bet_ween the phosphorus and nitrogen con-
centration in the lake epilimnion in summer and the chosen para­
meters of the drainage basin (only lakes without a through flow 

and without sewage inflow were considered) 
Mean values and th~ range are given. Lakes of a network densityin 
the drainage basin: <0.5 km-1 : Ol6w, Sarz, Gromskie, BartQg,Pro­
barskie, l<o~owin, Siercze, BQdZ~; 0.5-2.0 km: l<ierzlinskie, l<uc, 

Ma~aszewskie, Burgale, M6j, Warpunskie, Brajnickie 

Elements compared Numerical values 

Density of water network,km•km•2 <0.5 0.5-2.0 
{and the number of lakes) (a) (7) . 
Oh le f ' s index a.o 19.3 

• 

4-27 9-47 

Schindler's index 1.6 4.9 
0.4-3.6 1.5-18.1 

2 1 
Ptot load, g·m- .yr- 0.1 0.5 

0.04-0.3 0.1-1.55 

Ptot concentration, ~g·l-1 63.1 94.3 
29-141 38-157 

concentration, pg ·1-1 1074 1456 Ntot . 620..2460 111D-1860 

t a 1 a a 1965) were much greater in dimictic lake~- on the av .. 
erage 2.9 m (0.4-6.3 m)- than in polymictic ones: 1.1 m (0.4-
-2.8 m). The polymictic lakes were already then much more eutro ... 
phic than the dimictic lakes. 

In the majority of dimictic lakes the phosphorus load was not 
extremely high - about or below 1 g P • m-2 • year-1 , and :In several 
lakes only (Juno P6lnocne, ~uno Poludniowe, Lidzbarskie, Elckie, 
Wobel) it was several g·m-2 • (of course, it exceeded as a rule 
the permissible and even dangerous concentration according to 
criteria of V o 1 1 e n w e i d e r 1969.) Thus the deteriorat- . 
ing water purity expressed by worse visibility of the Secchi disc 
was the result of poor defence mechanisms of the lake. It should 

• 

be pointed out that in almost all dimictic lakes, and only in 
some polymictic lakes of a Ptot concentration in summer over 
60 tl9 • 1-1 , although polymictic lakes had usually greater phos­
phorus load than dimictic ones, the water purity deteriorated. 
This is undoubtedly due to higher average trophic state of p~ 

lymictic lakes than dimictic ories. In the group above 60 mg P~l-1 

https://0.1-1.55
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Table III (continued) 

1 . 2 3 4 5 6 7 
• 

. 

Elckie 
. 

56.0 202 Sept. 1950 1.7~ 
Aug. 1951 0.4 0 
July 1977 1.6 0 

. 
Lidzbar- 25.2 222 Aug. 1963 

• 

1.2 0.9 
--Sk-18-- :July 1977 1.0 ---- .... . 

. -
Juno Po- 33.0 282 Sept. 1950 2.2 0 
--fucfn1.owe July 1977 1.0 0 

Wobel 15.0 464 Aug. 1950 0.7 0 
~uly 1977 0.6 0 

. 
--; 

Kolowin 7.2 53 Aug. 1962 2.a · 7.9--8.1 
Aug. 1959 1.2 

. ~uly 1978 2.4 9.4 

t-16j 4.1 80 Aug. 196Z 0.75 7.7-7.9 
July 1978 0.9 7.6 . 

s~danekie 6.1 90 Sept. 1959 0.75 8.1-12.1 
~uly 1978 1.3 7.5 

Ranskie 7,8 92 Aug. 1952 2.2 0 
July 1978 1.4 6.5 

. 
p 6.5 134 Aug. 1964 o.s 8.9-9.1 Y!!!:~l!.n..:-_ 

s ie July 1978 0.5 6.9 ---- . 
Brajnickie 5.2 157 Aug. ·1952 0.4 0 

• July 1978 0.6 12.4 

Stryjew- 6.2 160 Aug. 1963 0.75 8.2 
skie July 1978 . 0.7 8.4 

Hartowiec 5.2 176 Aug. 1963 0.7 o .a.. a .a 
Aug. 1959 o.s -:July 1978 0.9 9.4 

Dlugie 5.4 285 Sept. 1963 0.75 -
July 1978 o.s 7.9 

Tuchel 5.1 357 Aug. 1963 0.7 6.7-8.8 
~---- :July 1978 0.6 t . 
Kraksy 4.0 504 Aug. 1962 0.9 16.7-17.4 

Duze :July 1978 1.5 1.4 

• 

* Heavy water bloom~ 

total phosphorus concentration was 204 (ao-504) and 168 {66-

-464) ·mg. 1-1 , respectively. Many year.s ago the visibility of Sec­
chi disc was within this group much lower in polymictic lakes {on 
the average o.a m at the range 0.4-2.2 m) than in dimictic lakes 
(on the average 2.4 m at the range 0.4-3.8 m). As it is known 

• 
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• 

(K a j a k 1979, 1983), at h~gher total phosphorus concentra­
tion (from several tens up to about 100 f9• 1-1 ) it is no longer 
a limiting factor. Therefore, lakes which in earl~er investiga­
tions had a higher trophic state {mainly polymictic lakes) Showed 
smaller decrease in visibility than lakes which then had a lower 
trophic state. 

It has to be taken into consideration that sometimes the vis­
ibility of Secchi disc may be high (due to small seston amount) 
as a result of unfavourable conditions for phytoplankton growth 
- e.g., occurrence of toxic substances or the not fully explained 

I 

mechanisms causing that the plankton is poor in ''winter-kill" . 
lakes (review of literature, K a j a k 1981) the latter oc-
curring most probably in Lal<e l<raksy {Table III ). 

Chemical qualities of lakes examined (apart from the concen­
tration of biogenic substances- Table I) are quite similar. 

The organic matter content in bottom eediments in summer in 
dimictic lakes is between 20 and 48% (only in lake Gim 74%), and 
in polymictic lakes - between 21 and 57%. 
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SUMf'·lARY 

The paper provides general information on complex studies con­
ducted on 42 lakes (23 dimictic and 19 polymictic lakes) which 

. 
are representative for the lakelands in north-eastern Poland.The 
studies were carried out by the Department of Hydrobiology, In~ 

stitute of Ecology, Polish Academy of Sciences and the Inland 
Fisheries Institute in cooperation with the Institute of Geogra­
phy and Department of Hydrobiology of the University of Warsaw. 
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Detailed data concerning various investigations and general con­
clusions are presented in other papers of this volume. 

The main object was the characteristic of trophic state and 
the purity of lakes and a quantitative analysis of the main eco­
system components as a basis for determining: (1) characteristics 
and indices for lakes of various trophic state, (2) ~he function­
ing of lake ecosystems depending on trophic state, pollution, and 
degree of mixing, (3) the rate of trophic state changes by com­
paring with data from other periods. On the area examined sandy­
-loamy soils of an average permeability dominated. The area de­
clivity was 4-30%. f-1ean precipitation was 550 mm, average out­
flow per unit of area was usually 5-6 1 • s.ec-1 • km-2 • Areas v-lith­
out outflows covered usually 3Q-6~b of the drainage basin. The 
surface area of the majority of lakes was 50~150 ha. Total phos­
phorus concentration in epilimnion in summer ~1as 20-940 t'9 • 1-1 , 
the visibility of Secchi disc 0.3-6.9 m • . 

On the basis of the surface area of the drainage basin, the 
type of soil utilization, and the data on the amount and kind of 
sewage, the literature data on phosphorus export from land, the 
phosphorus load to lakes was estimated. Mean and maximal load 
for dimictic lakes was 1.1 and a.a, respectively, and for . poly~ 

2 1 mictic lakes 2.6 and 16.1 P tot • m- • year- (Table I ) , thus ex­

ceeding considerably (from ~everal up to a hundred times) the 
permissible load according to criteria of Vollenweider (1968). 

Phosphorus load and also total phosphorus and nitrogen con­
centration in epilimnion in summer correlated positively \~th the 
density of river net in the drainage basin and with the ratio of 
surface area of the drainage basin to the surface area and volu­
me of lake (Table . II). 

In 28 lakes examined 15-29 years ago the visibility decreased, 
mainly (in 11 out of 17, i.e., in 65%) in dimictic lakes.In some 
lakes the oxygen deficits in the hypolimnion \~ere greater (Table 
III). The greater per cent of dimictic lakes, where changes were 
observed as compared with the state soma years ago, was · undoubt~ 

edly due to the fact that the trophic status of these lakes was 
and is lower on the average than that of polymictic lakes, and 
therefore these lakes are more sensitive to the increasing load 
and concentration of nutrients. 

https://lakes.In
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POLISH SUMf\1ARY 
• 

Praca zawiera og6lne informacje o kompleksowych badaniach 42 

jezior (23 dymiktycznych i 19 polimiktycznych) reprezentatywnych 
dla pojezierzy na p6lnocnym wschodzie Polski. Badania prowadzil ze­
sp6! Zakladu Hydrobiologii Instytutu Ekol~gii Polskiej Akademii 
Nauk i Instytutu Rybactwa ~r6dlQdowego z udzialem Instytutu Geo~ 

. 
grafii oraz Zakladu Hydrobiologii Uniwersytetu Warszawskiego. Dane 
s zczeg6lowe z poszczeg6lnych zakres6w bada~ oraz podsumowanie ca­
~o~ci SQ zawarte w nastepnych pracach niniejszego tomu. 

Celem prac byla charakterystyka stanu trofii i czystosci jezior 
oraz ilo~ciowa analiza gl6wnych skladnik6w el<osystemu jako podsta­
wa do: 1) okreslenia cech charakterystyczn.ych i wskaznik6w dla je­

zior r6~naj trofii, 2) wnioskowania o funkcjonowaniu el<osystem~w 

jezior, zaleznie od trofii, zan.ieczyezczenia, stopnia mil<sji, 

3) oceny tempa zmian trofii przez por6wnanie z danymi z innych 
of<res6w. Na badanym terenie dominowaly gleby piaszczysto-gliniaste 
o sredniej przepuszczalnosci. Spadef< terenu ksztaltowal si~ w gra­
nicach 4-30%. Sredni opad wynosil 550 mm, sredni splyw jednoetkowy 
najcz~sciej 5-6 1 • sek· 1 • km-2 .obszary bezodplywowe stanowily naj­
cz~sciej 30-6~6 powierzchni zlewni. Wi~kszos6 jezior mia~a po­
wierzchni~ SQ-150 ha. St~zenie fosforu calkowitego w epilimnionie 
letem za\vieralo si~ w granicach 20-940 (-19 • 1-1 , widzialnosc kr~zka 
Secchi'ego 0,3-6,9 m. 

Na podstawie wi.elkosci zlewni, charakteru uzytkowania ziemi oraz 
danych o ilosci i rodzaju sciek6w i przyj~tych na podstawie pis­
miennictwa danych o splywach obezarowych fosforu oszacowano ladun­
ki fosforu do jezior i ich obciQzenie fosforem ze zlewni bezposred­
niej. Obci~zenie 6rednie 1 maksymalne wynosilo odpowiednio dla je­
zior dymiktycznych 1,1 i 8,8, za' dla polimfktycznych 2,6 i 16,1 g 

Pcalk • m-2 • rok-1 {tab. I), przekraczal~ witc znacznie {od kilku 
do ponad 100 razy) obciQzenia dopuszczalne wg kryteri6w V o 1-
1 e n w e i d e r a (1968). 

ObciQ~enie fosforem a tak~e stQ~enie fosforu i azotu . calkowite~ 

go w epilimnionie latem korelowaly pozytywnie z g~sto~ciQ sieci 
rzecznej w zlewni oraz ze stosunkiem powierzchni zlewni do po­
wierzchni 1 obj~to~ci jeziora (tab. II). 

Dla 28 jezior badanych 15-28 lat temu stwierdzono spadef< wi­

dzialno~ci, gl6wn1e (w 11 na 17, a wi~c w 65%) w jeziorach dymik­
tycznych. W niekt6rych jeziorach stwierdzono · takze wi~keze deficy-

• 



253 Ecological characteristics of lakes 
. 

ty tlenowe w hypolimnionie {tab. III ). ~Vi~kszy procent jezior dy-
miktycznych, w kt6rych stwierdzono zmiany w stosunku do stanu 
sprzed wielu lat, wynika niewQtpliwie z faktu, ze stan trofii tych 
jezior byl 1 jest jeszcze przeci~tnie nizezy niz jezior polimik­
tycznych i ze wobec tego jeziora te bardziej reagujQ na wzrost la­
dunku 1 st~te~ substancji biogennych. 
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