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Lakes constitute the main element of hydrographic network of yeung. glacial areas.
They differ in morphometric parameters of their basins, size of drainage area and their
role in hydrological cycle. In terms of hydrography, they often constitute the main element
of river-lake network, many of them are blind reservoirs. Despite the:fact that they mainly
simultaneously came into existence, the rate of eutrophication of their waters is significant-
ly diverse. It results from both natural and antrophogenic reasons.

It is worth noting that a lake is not only a component of young glacial landscape
but also an ecosystem functioning mainly due to matterflow from the area drained
by the lake. This is the drainage area that functions as a constant supplier of various
forms of matter. The rate of natural eutrophication of a lake'i.e. slow, natural process
of ageing and declining, depends on the structure'of.the basin, reservoir morphome-
tric parameters and its hydrological regime.

The drainage area structure may provide a:favourable environment for area
flows or may limit them, whereas all lake natural'properties may be more or less fa-
vourable for the preservation of the\present state of trophy.

The resultant of all factors favourable for eutrophication has a different value for
each lake. The same strength of drainage area influence expressed in the amount of
biogenic substances carried from the drainage area into the lake, have a different
effect when the natural lake resistance to degradation is high, and different when the
lake is subjected to the outside’influence. And vice versa, in case of the same cate-
gory of lake resistance to degradation, differences in the state of trophy should be
expected when their drainage areas have different influence on the lakes.

The lake ecosystem tagether with the drainage area enriching it in matter con-
stitutes an ecological setting within which there is a constant flow of energy and mat-
ter. Such system can be called, as A. Kostrzewski (1991) proposed, a lake geoeco-
system. The functioning of a system understood in such a way is based on a con-
stant transport of different forms of matter from the drainage area and its accumula-
tion in the lake. The structure of the lake geoecosystem determines the course of
eutrophication process.

System.of.evaluation of natural eutrophication of lakes

Lake geoecosystem susceptibility to eutrophication can be evaluated on the basis of
the system suggested by the author of this article (Bajkiewicz-Grabowska 1981, 1987,
1992,2002), whereas lake natural resistance to the influence of the drainage area accord-
ing to the modifies proposal of the System of Evaluation of Lakes Quality (Kudelska et al.
1983, 1994; Bajkiewicz-Grabowska 1992, 2002). In this system, on one hand, the drai-
nage area is evaluated as a suoolier of the biogenic matter to the reservoir, on the other
hand, the lake is evaluated as a recioient of the matter. The degree of the drainage
area influence on the lake is evaluated on the basis of features characterizing lake
total drainage area as well as its direct drainage area.

The characteristics describing the degree of the total drainage area influence
on the lake include: lake index, also called Ohle's index (quotient of total drainage
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area and lake area), type of lake water balance (throughflow, outflow, no-outflow).
Ohle’s index informs of the degree of reservoir dependence on the drainage area,
whereas type of lake water balance informs of the lake role in the system of surface
discharge, therefore it informs of possible point source of matter supply and also of
possibilities of lake “rinsing”.

The degree of influence of the direct drainage area of which the surface load is car-
ried into the lake, depends on those features of physical-geographic environment which
accelerate this load or inhibit it. In the conditions of young glacial landscape these are:

- the size of drainage area actively participating in the matter supply; it is

measured by the degree of depression of the land (no-outflow areas);
AH
JA
drainage area in meters, A — direct drainage area in km?); its‘volume conditions in-
tensity of water erosion and the volume of area runoff;

— channel network density (D:Z—Al; 2| - the length of.all streams in the direct

— average slope of the drainage area (J =—; AH — denivelation“in the direct

drainage area, A — direct drainage area in km?); this parametr is.a measure of direct
and fast transport of matter to the lake;

— surface burdens and soil conditions indicating land permeability, therefore
describing the possibility of matter transport to thegroundwaters;

— land use reflecting the volume of the biogenic elements load to the lake.

Above characteristics are determined on.the basis of topographic, soil and agri-
cultural maps of the scale 1:25,000.

The influence of the drainage area onymatter activation and transport to the
lake is evaluated by bonitation of each characteristics stated above at 0 do 3 points
scale, where 0 stands for very little influence on matter activation and lack of possi-
bility of its transport to the lake, and+8'stands for great possibility of matter activation
and its fast transport to the reservoir (Table 1).

Table 1 — Point critefien for the evaluation of the drainage area —
supplier matter to the lake

Characteristics Number of points
0 1 2 3
Ohle’s index <10 10-40 40 — 150 > 150
Type of lake water balance - outflow no-outflow throughflow
Morphometry of direct/drainage area:
— channel network density (kmkm?) <05 0,51,0 1,0-15 >15
- average slope of the basin (mkm™) <5 5-10 10-20 > 20
— share of depressionsi (%) > 60 45 - 60 20— 45 <20
Geological type of the basin loamy, peaty | sand-loamy | loam-sandy sandy
Lande use type of the basin forest, forest- agricultural, forest-
swampy, agricultural, pasture- | agricultural with
agricultural- pasture- forest- settlements,
forest, agricultural | agricultural pasture-
pasture-forest- with settle- | agricultural with
agricultural ments, settlements,
forest with | agricultural with
settlements | settlements

The final evaluation constitutes an arithmetic mean of the points given for evaluation
of each individual characteristics and on its basis the drainage area is classified to one of
the 4 groups of susceptibility to the supply of the surface load to the lake:

group 1 — mean value is lower or equal to 1,0; the drainage area strongly limit the
area flow, and demonstrates practically no possibility to deliver matter to the lake;
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group 2 - mean value amounts from 1,1 to 1,4; the drainage area demon-
strates little susceptibility to the activation of the area load stored in its area and little
possibility to deliver it to the lake;

group 3 — mean value amounts from 1,5 to 1,9; the drainage area demonstrates av-
erage susceptibility, thus it has average possibility to deliver the matter to the lake;

group 4 - mean value is equal or higher than 2,0; the catchment demonstrates
great possibility to activate the are load and quickly deliver it to the lake.

These evaluations also indicate which of the given characteristics is favourable
for fast matter supply to the lake (for instance: dense channel network;:high slope,
not many shares of depressions, catchment with settlement) and which inhibits this
process (for instance: lack of water courses, low slope, many shares of depressions,
loamy forms in the ground, many forests).

The lake natural resistance to the outside influence is evaluated according to
the modified proposal of the System of Evaluation of lakes Quality (Kudelska et al.
1983). The lake natural resistance to the drainage area influencetis determined by
the following characteristics:

— mean lake depth; shallow lakes of the same biogenic cempounds overloading
are more fertile than deep lakes (Kajak 1979);

— quotient of lake volume and its shoreline length; the higher value it has, the
more resistant the lake is to the outside influence (Sylwester et al. 1974);

- thermal stratification; it is expressed in.the {percentage of meta- and hypolim-
nion in the overall water mass (the higher valueqthe lower the lake productivity);

— quotient of bottom surface within epilimnion,and epilimnion volume being the
measure of recirculation of biogenic substances; the lower the value, the more fa-
vourable for the state of water transparency, as the contact with the bottom is lesser,
thereby less phosphorus from the bottom sediments gets to epilimnion (Fee 1979)

— mean rate of annual water exchange (quotient of mean annual lake runoff
and the volume of the lake); it demonstrates the intensity of reservoir “rinsing”. Lake
of faster water exchange may accumulate higher biogenes load than the lake of
slower water exchange even atithe same mean depth (Vollenweider 1976);

— Schindler's index (quotientyof the are receiving pollution, thus of total drai-
nage area, and the amount of water that thin it, thus lake capacity).

Above characteristicshare estimated on the basis of lakes bathymetric plans;
the volume of the runoff fromthe lake is obtained from the data of Institute of Mete-
orology and Water Management (IMGW).

Points from 0<(high resistance) to 3 (lack of resistance) are given to each indi-
vidual characteristics defining the lake resistance to the outside influence.

Table 2 — Point criterion for the evaluation of the lake resistance
to the outside influence

Characteristics Number of points
0 1 2 3
Mean lake depth (m) >10 5-10 3-5 <3
Lake'volume (hm®) to shoreline length (m) >5 3-5 1-3 <1
Thermal stratification (%) ] >35 20-35 10-20 <10
Cgltllj\:ﬁetz?ntgo)m surface (m®) to epilimnion <0,10| 010-015 | 0.15-0.30 | >0.30
Rate of annual water exchange > 10 5-10 1-5 <1
Schindler’s index (m™) <10 10-30 30-100 > 100

The final evaluation constitutes an arithmetic mean of the points given for eval-
uation of the influence of each individual lake characteristics (Table 2). The mean
lower than or equal to 0,8 indicates that the lake belongs to category | (the lake is
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highly resistant to the outside influence), from 0,9 to 1,6 — category Il (average resis-
tance), from 1,7 to 2,4 — category lll (low resistance) and more than 2,4 — category
IV (no resistance, the lake is highly subjected to the outside influence).

The combination of the drainage area susceptibility and lake resistance groups al-
lows to indicate 4 types of lake geoecosystems of different rate of natural eutrophication.

The first type constitutes such a lake geoecosystem in which natural lake cha-
racteristics (| or Il resistance category) as well as the drainage area characteristics
(1 or 2 susceptibility group) are not favourable for lake waters eutrophication; the
lake is resistant to the outside influence and its drainage area is slightly.active in de-
livering the area load to the lake. Thus, such geoecosystem has a chance to main-
tain the trophy on a low level.

The second type represents such lake geoecosystem in which unfavourable
for the lake drainage basin conditions (strong possibility of delivering the area load
to the reservoir — 3 or 4 susceptibility group) are compensated. by high lake resis-
tance to the outside influence (I or Il resistance category). As a result, the rate of
their natural eutrophication should be moderate.

The third type constitutes such a lake geoecosystem in_which there are fa-
vourable lake drainage basin conditions (the basin is slightly,active in delivering the
area load to the reservoir — 1 or 2 susceptibility group’) but the lake itself is sub-
jected to the outside influence (Il or IV resistance category). The lake eutrophication
develops gradually, however, the interference in drainage area conditions (e.g. the
development of tourism) may lead quickly to an increase in its rate.

The fourth type is a lake geoecosystem, whieh natural conditions are favoura-
ble for very fast water eutrophication. The lake'is subjected to the outside influence
(Il or IV resistance category).

The results of the evaluation

50 lake geoecosystems were selected from Mazurian Lakeland and Kashubian
Lakeland. On the basis of the evaluation presented above, it was determined with
respect to the rate of natural eutrophication, which type of lake geoecosystem they
represent (Table 3). The lake. geoecosystems were selected so that the lake drai-
nage basins demonstrated varied susceptibility to the matter supply, and lakes va-
ried resistance to the degradation (Table 3).

Table 3.— Types of the lake geoecosystems depending
onthe natural degradation rate

Group of drainage Categories of degradation ability of lakes
basins as a sup-
plier of master to | 1 n Vi
the lake
. Szurpity
j Kierzlﬁr'?snlfiéaDuze Kotowin se'?jﬁzsiie T HTEIEE
Bobiecinskie Wielkie
Mamry Rekowo Dus
2 Wigry Kamienne tuknajno Junno
Pitakno Osuszyno Lubowisko
Czos tapalickie Branickie Backie
3 Glebokie ~ Wobel Ranskie ltawskie
Radunskie Gorne Zarnowieckie Lubygosé Kretynskie
Radunskie Dolne Wielki Ocypel Stezyckie Tuchel
Efckie Brodno Wielkie Liwieniec Kraksy Duze
4 Juno Dabrowskie Puchlin Trzebno
Ktodno, Ostrzyckie Potegowskie Swiete
Charzykowskie Sianowskie Patulskie Katebie

71




References

1. Bajkiewicz-Grabowska E., 1981 — The influence of the physical-geographic envi-
ronment on the biogenous matter delivery to the lake — J. Hydrol. Sci., 8: 1-4: 63-73.

2. Bajkiewicz-Grabowska E., 1987 - Evaluation of Natural Suscepitibility Shallow
lakes to Degradation — Geo-Journal 14, 3: 279-289.

3. Bajkiewicz-Grabowska E., 1992 — Assesment of Lakes Eutrophization Rate on the
Basis of Catchment Area Evaluation — Miscellanea Geographica, 5: 89-94.

4. Bajkiewicz-Grabowska E., 2002 — Obieg materii w systemach rzeczno-jeziornych.
WGISR UW, Warszawa, 274 pp.

5. Bajkiewicz-Grabowska E., 2010 — Czyste jeziora Pomorza. Diagnoza. Badania
Limnologiczne 7, 74 pp.

6. Fee, E. J., 1979; A relation between lake morphometry and primary productivity and its
use in interpreting whole-lake eutrophiation experiments. Limnol. Oceanogr., 24: 401-416.

7. Kajak, Z., 1979; Eutrofizacja jezior. PWN, Warszawa.

8. Kostrzewski, A. (red.), 1991; Koncepcja programu: Menitering obiegu materii,
kompleksowy monitoring srodowiska przyrodniczego w podstawowych typach geoekosys-
temow Polski. Komitet Naukowy przy Prezydium PAN ,Cztowiek i Srodowisko”, Poznan.

9. Kudelska, D., Cydzik D., Soszka H., 1983 — System oceny jakosci jezior — Wyd.
IKS, Warszawa.

10. Kudelska, D., Cydzik D., Soszka H., 1994 ¢~ Wytyczne monitoringu podstawowego
jezior — Bibl. Monitoringu Srodowiska, Warszawa.

YOK 620.9

OBPABOTKA QHEPIETUYECKUX PACTEHUIN HA MAXOTHbIX 3EMIAX
BTIONbLUE

Kluba Mieczystaw, Rudnicki Roman, Jezierska-Thoéle Aleksandra
Uniwersytet Mikotaja Kopernika, Torun, Polska, mietklub@umk.pl

The article gives an outline of the issues of the use of arable land in Poland un-
der the energy crops-annual and perennial. The main objective of this research was
the spatial analysis_and evaluation of the development of energy crops in Poland,
taking into consideration natural, historical and urban conditions.

BBeneHue

OunpektuBa EBponerickon Komuccum 28/2009/BE ycTaHaBnvMBaeT yBeNUYEHME
y4yacTna BO30OOHOBIEHHbBIX MCTOYHUKOB 3HEPIMM B OKOHYaATENbHOM WUCMONb30BaHUN
9Heprum Anga uenoro EBpocotosa Ha ypoBHe 20%. [Ans oTaenbHbIX YIEHCKUX CTpaH
aTa uenb onpegenieHa Ha pasHoM ypoBHe [1]. B coOoTBEeTCTBMM C aKLEeCCUOHHbIM
Tpaktatom ¢ EBpocotosom ¢ 2004 roga, lNonbwa obsA3anacb yBennuuTb yvactue
SHEepruu co3gaHHoOM 13 BO30OHOBNEHHbBIX NCTOYHUKOB B 3HepreTuke 0o 7,5% B 2010
rogy v 0o 14% B 2020 rogy. NpounssoactBo Guomackl Ha aHepreTuyeckme Lenm mo-
XeT ObITb, 3aTeM, rMaBHbIM NPUYMHSAOLWMM AKTOPOM AN AOCTMKEHUSA 3TUX LEeneun.
Cuntaetcs, 4YTo noTeHuman Guomachl Nonblun NPUHAANEXUT K CaMblM BbICOKAM B
Espone u BbiHocuT 895 M [2].

TepMUH «aHEpPreTUYECKNe pacTeHnsa» NOOYNHAETCS Kak U K OOAHOroAMYHbIM, Tak
N K MHOrofieTHUM obpaboTkam Ha MaxoTHbIX 3EeMIISIX C UCKMNKYUTENbHbLIM NpeaHa-

3Ha4YeHneM Ons 9HepreTU4ecknx uenen. PactutenobHas bunomacca, nobiBaemasi u3
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