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ABSTRACT: The paper contains general information about
42 dimictic and polymictic lakes representative for northe
~eastern Poland and is an introduction to a series of 12
papers. The main object of these papers is a characteristic
of structural and functional relations of lake ecosystems
depending on their trophic state and mictic character. Ave

erage and maximum phosphorus load for dimictic 1lakes was
1.1 and 8,8, 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.
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240 Zdzistaw Kajak, Bogusiaw Zdanowsk 1

The studies were conducted on 42 lakaa1, 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 Hydnﬂnnlogy,
Institute of Ecolbgy, Polish Academy of Sciences and the Department
of Hydrobiology, Inland Fisheries Institute in cooperation with
the Institute of Geography, University of VWarsaw, 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 Dby comparing
with data from other periods. |

Geographical and hydrographical aspects of the area and draine
age basin of particular lakes (Ba jkiewicz=-Grab o=
we k a 1983 ) have been analysed, also chemical and physical
characters of water and bottom sediments (Z d a n ow s k 1 1982,
1983a, 1983b, Ka r a b i n 1983), phytoplankton and chloro-
phyll (S podniewska 1983, Zdanowski 1983c),
zooplankton (E jsmont-Karabin 1983, Karabin
1983 ) and benthos (Preijs and Papinrneka 1983,
Stanczykowska, JurkiewiczeKarnk o
wseska and Lewandowsk i 1983, Wisédndiewsk i
and Dus oge 1983). Lakes of a medium size have been chosen
- the majority of them having 50-150 ha, and only few deviate from
‘these sizes, the smallest having 24 ha and the largest « 382 ha
(the complex of Great Masurian Lakes is the subject of other pa=
pers = G 1l iwdicz 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

: In some detailed investigations the number of lakes was even
greater = up to 46,
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similarly differentiated area and cn eimilar soils. Their indi-
vidual differences from this point of view are discussed by B a j=

kiewicz=-=Grabowskaeae (1983), Loamy=sand soils domi-
nate, Their permeability is not much differentiated, usually av=
erage., The lakes differ of course as 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 650 mm.
The highest precipitation is in summer months = July and August,
and also in November. Mean outflow per unit of drainage basin area
18 3,9-6.88 1 - sec™ > -km'z, usually 5«6, thus being wvery 1little
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 are similar for the total drainage
basin (all above data acc. to Ba jkiewicz=-Grab o=
we ka 1983), '

Lakes ranging from meso- 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
are given in Table I.

Total phosphorus concentration in the epilimnion in sumnmer
was 20-940 ug -1"1; 20506 for dimictic lakes and 53«-940 for poly=-
mictic lakes. The visibility of Secchi disc in summer was
0e3=6,9 Mm: 0,6=6,9 for dimictic lakes and 0.3=2.4 for polymictic
lakes. Trophic state index of Carlson for the summer period was
47 .3=203,.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 ,8-76,7 and 43,1-84.3 ) according to chlorophyll concentration.

Thus lakes from the dimictic group had lower trophic state,
covering the range from meso- to hypertrophy, whereas the 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 (K 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).
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Table I, Selected characteristics of lakes examined and their drainage basins
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i 2 3 4 5 6 7 8 a 10 11 12 13 14 15 16
Dimictic lakes
Bartag 15.0 6.4 72 419 III 0.9 6 B 0.1 0 - 2.0 ;s -
| Czos 43.0 | 11.1 279 9860 III/IV 3.0 35 0.6 0.24 20 68 1.6 13,5 0.0 municipal
Exckie 55.8 | 15,0 | 382 | 96690 IV 16,8 253 Sl 4 .24 43 202 1.6 %5 0.0 municipal,
_ ' industrial
Gim 26.0 7 .8 176 1110 III 0.8 6 3 0.07 0 43 5.8 2.2 0.0
Gromskie 16.0 5.8 240 1108 IV 0.8 5 0.1 0.3 0 - 2.8 6.6 -
Jaskowskie 16.0 7.3 152 749 p % 0.7 5 0.1 0.1 0 59 23 19.9 - industrial
Potudniowe| 33.0 - 282 1.0 14 .9 0.0 industrial
Kierzlinskie 44,0 | 11.7 93 1160 B 2l 3 17 0.3 0.5 0 : 38 6.9 0:5 2.8 :
Kuec 28.0 8.0 98 878 III/IV - 9 B 0.2 0 40 5.4 0.4 2.9
Lampackie 38,0 | 11.1 | 198 | 8725 IV 3.9 44 0.8 0.27 35 62 1.3 29.4 0.0 municipal
Lidzbarskie 25,2 | 10.0 | 122 | 36340 IV 46.0 | 463 8.4 8.8 5 222 1.0 14.9 - industrial
Mataszewskie 17 .0 6.3 202 3810 IV 2.0 19 0.6 0.4 0 137 1.3 11°.8 0.0
Mardéz 41.0 | 11.9 332 | 21680 IIX 5.5 65 0.6 68 44 % § 7.8 0.0 distillery
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Ozdéw 40.0 | 12.9 61 319 | IV/III 0.4 5 B 0.1 0 29 3.8 0.4 0.0
Pizakno 56.0 | 13.0 259 1080 |III/1IV 0.3 4 0.1 0.67 98 20 6.4 1.0 3.1 distillery,
municipal
Probarskie 31.0 9.2 201 860 |IV/III 0.5 4 B 0.1 0 38 5.1 3.0 0.5
Rzeckie 29.0 7.0 56 1710 IV 4.4 30 0.8 1.0 0 87 0.9 21.5 0.0
Skanda 12.0 5.8 51 1080 IV 3.6 21 B 1.0 0 44 4.6 1.7 0.0
SZEng Maty 15.0 Bed 84 1440 IV 3.0 17 0.7 0.2 26 68 . 12 .4 - mun101pal ’
sawmill
Sztumsk:l.a8 24 .0 6.0 50 460 III 1.3 9 0.2 0.3 73 506 2.2 4.6 0.0 industrial,
municipal
\Vobel 15.0 4,2 23 .7 582 IV 6.0 25 0.8 3.6 31 4G4 0.6 11.6 0.0 dairy,
nmunicipal
12-0" 4-2" 23 .7-" 319- 0-3- 0.1"‘ 0-07" 0.6- 0.4— DQD-
Rgnge -56.0 | ~15.0| ~382 | -96690| TTI"TV| 46,0 4483 | 8.2 | -s.8 i B e S B a0 B
Polymictic lakes
Barlewickie BeD ] 432 1 683.7 928 II/I1I 3.4 315 B 0.9 0 940 0.6 87 .4 6.0 municinal,
industrial
Badze 6.7 2.8 |149.9| 1210 ' v 2.8 8 0.4 0.04 0 141 0.5 | 39.6 9.4
Bfﬂjﬂiﬁkie 5-2 2.7 136 -3 3270 II 6 0 18 0.9 0-5 0 157 0.6 68 .7 12 ol
| Burgale 7.4 | 4.6 79.0| 1260 |II/III 3.4 16 0.5 0.4 0 74 1.4 6.2 8.8
Dzugie 5.4 2.8 62.0| 1700 II 9.7 27 B 2.9 62 285 0.5 16.5 7.9 post-cooling,
: dairy
Hartowiec Se2 ] 2.8 69.2 | 1220 II 6.2 18 1.4 4,05 85 176 0.9 9.8 9.4 distillery
Itawskie 2.8 1.1 [(154.5 (36270 I 204 .0 | 235 36.9 10.1 99 420 0.3 |121.9 12.7 municipal,
dairy
indua;rial
Koxowin 7.1 ] 4.0 78.2| 2080 |II/III 3.0 27 1.3 0.3 0 53 2.4 1.3 9.4
Kraksy Duze 4.0 | 1.1 | 44.2 | 8760 I 178.0 | 198 33.7 16.07 96 504 1.5 1.6 1.4 municipal
Liwieniec 2.4 1.2 81.2 |34220 I 274.0 | 421 33.7 3.42 99 321 0.4 | 46.3 10.4 municipal,
distillery
Mé j 4,1 | 2.4 |116.5 998 II 3.5 ] B 0.1 0 80 0.9 18.6 7 .6
municipal,
distillery
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Table I (continued)

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Sambréd 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 1 3.7 | 1.6 |319.1 B5770 I 68.0 |112 9.9 5.78 99 142 2.1 | 35.6 - rettery, dairy

i distillery,
: municipal

Sedarniskie 6.1 | 2.5 | 168.0 R1910 II 51.0 8 7 4 0.05 0 920 2:5 -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 7.3

Stryjewskie 6.2 | 2.6 | 67.5 | 2263 II 13.0° | 34 2.5 0.07 0 160 0.7 | 50.5 8.4

Tuchel ‘ S.1 | 2.7 | 42.7 | 4760 | II/III |15.0 41 2.8 1.0 0 357 0.6 |100.3 0.06 | no data
Warpunskie 6.5 | 2,6 49,0 | 2300 II 8.1 47 3.5 1.5 0 134 0.5 | 30.0 0.08

Range 8.5 |-4:6 | ~254.8|-sez | T-TL/] 353 ol4ma21 | 3245 | 2-03" | o0-99 | s3-040 | -3 2:%0 | 2%

Istatic degree (acc. to Patalas 1960 after Z d an ow s k i 1983a) assumes the lowest value (I ) at constant mixing, the highest wvalue
(1v) et very well developed stratification. 2Schindler's index ~ ratio of total drainage basin surface area to the volume of the lake. 0Ohle’s
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. “Estimated lake loads are only for the direct drainage basin; for lakes with a high weter exchange rate
loads are of course greater, but difficult to determine as measurements of water amount and phosphorus concentrations in

| outflows are not
mads fraqugntlz. All lakes obtain also a load from the atmosphere (about 0,005 g--m'zinyr'i o . Hi1llBrichrtes1I1lkonwnnka, G 0=
szczynska

and Planter = in press), which is not included in above calculations, and some lakes obtain also the difficult to
estimate sewage from animal farms. Point loads are frequently too low; e.g., phosphorus load from "industrial wastes" is not considered if in
the data of the Centre of Investigations and Environment Control the character of indust is not stated precisely, or if there are no data

on P concentrations for & given kind of industry: this concerns lakes: EXckie, Jaskowskie, Juno, Lidzbarskie, Sambréd, Szelag Maty. 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..
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

the real

mean total P concentration for municipal, distillery and slaughterhouse wastes are 20 mg vlfi: for lake DXugie having post-cooling and dairy

wastes the phosphorus concentration has been assumed as for dairy wastes. For the Ilawskie Lake it has been assumed that the dairy wastes are
not treated. 02 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

the limited length of the cable of the oxygen meter. 7Lake Juno was treated as a whole from the point of its geographical and drainage basin
character, and as two separate parts (northern and southern) as regards its hydrochemical and biological character, because of the great dif-

ference in phosphorus concentration in epilimnion in summer. 8For the Sztumskie Lake it was assumed (on the basis of data of Janus z=-

kiewicz 1969) 100 m> . 24 hr™* for mixed sewage (municipal and slaughterhouse ) and the phosphorus concentration 11.4 g Mot n=> (as
for municipal wastes ). |
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This series of publications is a first attempt of elaborating
the material as a whole. |

The load of phosphorus to lakes from the drainage basin vare
ied considerably - 0.,04-16.1 g P - . year"i, but usually did not
exceed several ¢ o year’i (Table I ).

The load of phosphdrua (as the basic factor deciding geners
ally, and also in the area examined, about the trophic status of
lakes = Ka jak 1979, Zdanowski 1982), to lakes was
calculated as a sum of point and areal sources, assuming an an=
nual outflow in kg -ha"i- year"i 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 ke
how and S impson 1980, Re c k h ow, Beaulac

and S imps on 1980), The areas of particular types of plant

cover are taken from the paper by Bajkiewilicze~OGr a~
bowska (1983). _

The assumed values are much higher than those given by
H4'LAd brdeht «I Lk owWeka, Goszczyhska

and Planter (in press) for 7 small (0.3=2.3 kmz) 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™~t. yaar"i) end are at the bottom of the range
of literature data (review: K a j a k 1979). For a stream runne
ing across an area with buildings the value given by these au=-
thores is 0.23 kg Peha re year~ >, 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 overestima-
tions of the areal load, but such aimplification has been conside
ered as necessary at rough calculations, because a number of areas
without a surface outflow acc. 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 comes from the indirect drainage ba-

sin. Greater inflows, especially those running acrose villages,
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usually have water with high concentrations of total phosphorus
(data for March and August ), e.g., the Krutynia river at its mouth
to the Lampackie Lake - 0,36 and 0,29 mg P ° 1"1, respectively, the
inflow near Miluki to the same lake - 1.2 and 1.3 mg P*-l'i, the
Itawka river at its mouth to lake Kraksy = about 0,3 mg'-l“i at
both dates (B or ows k i et al. 1976, 1978).

Data on the character and the volume of sewage point sources
have been taken mainly from the work by Ciercus=zki1ie=
wicze-Bajtlik and Jabtonskdi (1977), assuming
* (analogously as Giercuszkiewicz-BaJtlikand
Gtabskdi (1981)) the phosphorus concentration in mg « 17+ 1
municipal sewage 11.4, from distillery 88.0, from alaughterhouaes
7.6, from dairies 2,5, from retteries 26.0, and the reduction of
concentration at mechanical cleaning by 20%, and at mechanical-
~biological cleaning by 40%. The seasonal character of sewage
sources has been taken into consideration giving 220 days for the
distillery campaign and 120 days for the tourist season in holi-
day centres., |

Phosphorus load to polymictic lakes is on the average higher
than to dimictic ones both for mean values for these two  groups
of lakes (2.6 and 1.1 g Pudy m"z- year'i, 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
(Olszeweki and Paschalski 1959, Patalas
1965, 01l s zews 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 1977-1978
(Table III). In the majority of dimictic lakes (11 out of 17) the
vigibility of Secchi disc decreased in summer. In some lakes the
oxygen deficit 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 years ago (measure-

ments of Ol s zewskdi and Paschalskdidi 1959, P a=
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Table II. Relationship between the phosphorus and nitrogen COMNe=

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 the range are given. Lakes of a network density in

the drainage basin: < 0.5 km'iz Oibébw, Sarz, Gromskie, Bartag, Pro=

barskie, Kotowin, Siercze, Badze; 0.5-2,0 km: Kierzlinskie, Kuc,

Mataszewskie, Burgale, M6j, Warpunskie, Brajnickie

Elements compared Numerical values
Density of water network.km-km"z <0,5 0.,5=2,.0
(and the number of lakes) (8) (7)
Ohle’s index 8.0 19,3
L 27 Qwd?7
Schindler’s index 1.6 4.9
0.4=3.0 1.5-18.1
Py ori100d, g*m"z-yr'i 0.1 0.5
0,04=0,3 Os1=1.55
P eot concentration, pg-l'i 63.1 94,3
29-141 38157
Ntot concentration, yg-l"i 1074 1456
‘ 6202460 1110-1860
| | |

t alas 1965) were much greater in dimictic lakes -~ 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'z- year'i. and in several
lakes only (Juno Péinocne, Juno Potudniowe, Lidzbarskie, Ekckie,
Wobel) it was several g A (Of course, it exceeded as a rule
the permissible and even dangerous concentration according to
criteria of Vol lenweide r 1968,) 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 P.ot Concentration in summer over
60 ug -1'1} although polymictic lakes had usually greater  phos=-
phorus load than dimictic ones, the water purity deteriorated.
This i1s undoubtedly due to higher average trophic state of pO=

lymictic lakes than dimictic ones. In the group above 60 mg P-l"i
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Table III. Changes after 14-29 years in the visibility of Secchi
disc and O, concentration at the bottom in dimictic (D) and poly=
mictic (P ) lakes
Oxygen data -~ the same dates as for the visibility data. Unde re=
lined lakes are those with a decrease in the visibility of Secchi
disc after some 20 years. Dash =« no data, t - traces. Data for
years 1950-1963 « acceto Ol s ze ws k i et al. (1978) or P a=-
t alas (1965), data for years 1977-1978 = acc. to Kar ae
bin (1983)and Zdanowsk i (1983a). Considered were
only lakes with data recorded many years ago. The lakes are given
in the order of increasing Ptoi concentration in summer 1977 or

- 978

" e 1 : e —_ -b .
. tot o
Lakes M:Ctic Depth in Hatie ivi:tbi at t%e
e m |summer - Y |botton
. -1 P -1
- | - G capugnde T _ _|mg-17" |
1 2 > 4 5 7
Pitakno 56 .0 20 Sept. 1959 5. 4,3-4,9
Aug- 1961 6 4-6“"5.9
O%dw 40.0 29 Aug. 1950| 1. 0.6
July 1977]| 3. 0
Probarskie 31.0 38 Sept. 1950 3. t
July 1977 5. t
Skanda 12.0 44 Aug. 1962| 4. 0
July 1956| 1.
July 1977 | 1. 0
Bartag D 15.2 - Sept. 1959 2.75 0
““““““ July 1977 | 2. .
Mardéz 41,0 44 JU]-Y 1951 2. 2.9
July 1977q 2 0
Gromskie 16.0 66 Aug. 1952 3. "oxygen
________ July 1977 2 et i
| Y ] | bottom"
Czos 43,0 68 Sept. 1950| 2. 0.2
e At | Aug. 1962| 2. “
Szelag Maiy 15.0 68 | Aug. 1961| 3. | -
""""""""" ' July 1977 | 1. -
Lampackie 38.0 73 Sept. 1959| 3. | 0.4~0,8
s S g ~ 3U1Y ‘1977 i -
Rzeckie 29.0 | 87 | Aug. 1960| 2, -
""""" July 1977 | O, 0
Mataszew- 17 .0 137 Aug. 1952| 3, 0
Rl T T e July : 1977 1. O
Juno POi=~ 270 | 75 Sept. 1950| 2. 0
~ nocne July 1977l 1. 0.1
“““““ L R0 W) RO |
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Table III (continued)

1 x- 3 4 l_ 5 6 7 ]
Exckie 56,0 202 | Sept. 1950 | 1.7
Aug @ 1951 | 0.4 0O
July 1977 | 1.6 0
Lidzbar=- 25 .2 222 .Aug. 1963 | 1.2 0.9
skie July 1977 | 1.0 -~
Juno Po=- 33.0 282 | Sept. 1950 | 2.2 0
Zudniowe July 1977 | 1.0 0
Wobel 15.0 464 Aug © 1950 | 0.7 0
""" July 1977 | 0.6 0
KoXowin 7 «2 53 | Aug. 1962 | 2.8 7 «9=8.,1
Aug. 1959 | 1.2
July 1978 | 2.4 9.4
MéJ 4-1 80 AU%. 1962 0175 7-7-7 -9
July 1978 | 0.9 7 .6
Sedanskie 6.1 90 | Sept. 1959 | 0.75 8.1-12.1
July 1978 | 1.3 7.5
Ranskie 7.8 92 | Aug, 1952 | 2.2 0
i o July 1978 | 1.4 6.5
Warpune P 6.5 134 | Aug. 1964 | 0.8 8:9=9,.1
- skie - July 1978 | 0.5 649
Brajnickie 5.2 157 | Aug. 1952 | 0.4 0
| July 1978 | 0.6 12 .4
Stl’ZJQWﬂ 6.2 160 Aug. 1963 | 0,75 8.2
skie JUly 1978 0.7 8.4
Hartowiec 5.2 176 | Aug. 1963 | 0.7 8.0=8,8
Aug. 1959 | 0,5 -
July 1978 | 0.9 9.4
Diugie 5.4 285 | Sept. 1963 | 0.75 -
- July 1978 | 0.5 7«9
"""" 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 (80-504) and 168 (66~

=464 ) mg - 1"'1. respectively. Many years ago the visibility of Sec-
chi disc was within this group much lower in polymictic lakes (on
the average 0.8 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 higher total phosphorus concentra=-
tion (from several tens up to about 100 M9 1"1) it is no longer
a limiting factor. Therefore, lakes which in earlier 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
- 8.,J., Occurrence of toxic substances or the not fully explained
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 Lake Kraksy (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 sediments 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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SUMMARY

The paper provides general information on complex studies cone
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, Ine
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) the 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 4-303. Mean precipitation was 550 mm, average OUtw

flow per unit of area was usually 5«6 1 -sec-l- km'z. Areas withe-
out outflows covered usually 30-60% of the drainage basin. The

surface area of the majority of lakes was 50~150 ha. Total phos=

phorus concentration in epilimnion in summer was 20~940 yg*-l'i,

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 1load
for dimictic lakes was 1.1 and 8.8, respectively, and for poly-
mictic lakes 2.6 and 16.1 P iakes
ceeding considerably (from several up to a hundred times) the
permissible load according to criteria of Vollenweider (1968 ).

Phosphorus load and also total phosphorus and nitrogen cone
centration in epilimnion in summer correlated positively with the

8 & year'i (Table I ), thus ex=

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 4 oubt: 0F. 87 .. Rsuie: 4D 65%} in dimictic lakes.In some
lakes the oxygen deficite in the hypolimnion were greater (Table
III ). The greater per cent of dimictic lakes, where changes were
observed as compared with the state some years ago, was undoubte
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.
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POLISH SUMMARY

Praca zawiera ogdlne informacje o kompleksowych badaniach 42
jezior (23 dymiktyeznych i 19 polimiktycznych ) reprezentatywnych
dla pojezierzy na pdéinocnym wschodzie Polski. Badania prowadzii ze-
sp6t Zaktadu Hydrobiologii Instytutu Ekologii Polskiej Akademii
Nauk i Instytutu Rybactwa Srédladowego z udzialem Instytutu GCeo=
grafii oraz Zakzadu Hydrobiologii Uniwersytetu \larszawskiego. Dane
szczegoiowe z poszczegdlnych zakresow badan oraz podsumowanie caw
x08ci s@ zawarte w nastegpnych pracach niniejszego tomu,

Celem prac byiza charakterystyka stanu trofii i czystosci jezior
oraz ilosciowa analiza gidéwnych skiadnikdow ekosystemu jako podsta-
wa do: 1) okreslenia cech charakterystycznych i wskaznikéw dla je-
zior réznej trofii, 2) wnioskowania o funkcjonowaniu ekosystemoéw
jezior, zaleznie od trofii, =zanieczyszczenia, stopnia miksji,
3 ) oceny tempa zmian trofii przez pordéwnanie z danymi z innych
okreséw, Na badanym terenie dominowaity gleby piaszczysto-gliniaste
o $redniej przepuszczalnosci. Spadek terenu ksztaitowal si¢ w gra-
nicach 4«30%. éradni_opad wynosit 550 mm, $redni spiyw jednostkowy
najczesciej 5=6 1 - sek'i"km-z.Obazary bezodptywowe stanowily naje
czesciej 30-600 powierzchni zlewni. Wigkszo$¢ jezior miata po=-
wierzchnig 50-150 ha. Stezenie fosforu caitkowitego w epilimnionie
latem zawierazo si¢ w granicach 20-940,yg*-1"1, widzialnoéc krazka
Secchi’ego 0,3=6,9 m.

Na podstawie wielkosci zlewni, charakteru uzytkowania ziemi oraz
danych o ilos$ci i rodzaju $ciekéw i przyjetych na podstawie  pis-
miennictwa danych o spiywach obszarowych fosforu oszacowano tadun-
ki fosforu do jezior i ich obciazenie fosforem ze zlewni bezposred-
niej. Obciazenie srednie i maksymalne wynosilio odpowiednio dla je=-
zior dymiktycznych 1,1 i 8,8, zas dla polimiktycznych 2,6 1 16,1 ¢
Vet * W %o pok™ (tab. I ), przekraczato wigc znacznie (od  kilku
do ponad 100 razy ) obcigzenia dopuszczalne wg kryteridw V 0 l=
lenwedidera (1968).

Obciazenie fosforem a takze stezenie fosforu i azotu caikowite-
go w epilimnionie latem korelowaly pozytywnie =z gestoscig sieci
rzecznej w zlewni oraz ze stosunkiem powierzchni zlewni do  po=-
wierzchni i objetoéci jeziora (tab. II ). |

Dla 28 jezior badanych 15«28 lat temu stwierdzono spadek wi-
dzialnoséci, giéwnie (w 11 na 17, a wiec w 65%) w jeziorach dymik-
tycznych. W niektdérych jeziorach stwierdzono takze wigksze deficy~
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ty tlenowe w hypolimnionie (tab. III ). Wiekszy procent jezior dy-
miktycznych, w ktérych stwierdzono zmiany w stosunku do stanu
sprzed wielu lat, wynika niewatpliwie z faktu, ze stan trofii tych
jezior byt i jest jeszcze przecigtnie nizszy niz jezior polimik=-
tycznych i Ze wobec tego jeziora te bardziej reaguja na wzrost la=-
dunku i stezen substancji biogennych.
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