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ABSTRACT: Analysis of chemical and biological research carried out in the Junes of 
1968 and 1995 did not reveal changes in the trophic status of the majority of lakes over the 
27-year period. The lack of significant changes in either physico-chemical parameters (SD, 
• 
conductivity, pH, N-NO3, N-NO4, P-PO4, FeTot, Ca and Mg) or biological indices 
(chlorophyll-a concentration, structure and abundance of phytoplankton) allowed for the 
classification of the lakes into three groups: dystrophic (Lake Orchowe), moderately eutrophic 
(Lakes: Sp61ne, Pereszpa, Koseniec and Brudzieniec) and highly eutrophic (Lake Brudno). 
Only in Lake Ptotycze was a change in status revealed - from moderately eutrophic to 
dystrophic. The findings allowed conclusions to be drawn regarding the effectiveness of the 
protection afforded the area to date. 

KEY WORDS: eutrophication, lakes, phytoplankton, chlorophyll-a, chemical 
composition of waters 

1. INTRODUCTION 

Sobib6r Landscape Park takes in the eastern part of the 4czna-Wlodawa 
Lakeland and lies between 51 °22' and 51 °30' N and 23°30' and 23°40' E. The 
Park was founded in 1983 to protect the most valuable areas within the region, 
which is to say a complex of coniferous and broadleaf forest, alder thiclets, 
peatlands and forest lakes. 

The area supports peatlands of all three types (fens, transitional and raised 
bogs) with a species-rich vegetation of higher plants including round-leaved 
sundew (Drosera rotundifolia), Siberian iris (Iris sibirica), European globeflower 
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(Trollius europeus), many species of sedge (Carex sp.) etc. The characteristic 
feature of the area's lakes is the inacce~ibility of their shores as a consequence 
of locations amongst marshes and swamp forest. 

In the beginning of the 1960s the drainage of the whole of the aforementioned 
Lakeland was perfo1111ed, as well as the regulation of rivers, including the only 
larger river - the Tarasienka - which drains the Landscape Park (Fig. 1 ). The work 
carried out had a serious impact on water relations in the area. Amongst other things, 
there was drying and partial degradation of peatland and alder communities, as well 
as the disappearance of forest marshes. The changes occurring in the biotopes of the 
Landscape Park began to pose a threat to its protected species of plant and animal, 
including Emys orbicularis of which the Park's population was the largest in Central 
Europe (Jablonski 1992). 
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In the years 1966-1969, the lakes within the Park were subject to 

hydrochemical research (Radwan et al. 1971, 1972, 1973), as well as partial 

research on the zooplankton (R a d w a n 1976, Ko w a I c z y k 1979). Work on 

the phytoplankton was not, however, carried out. 
A characterization of the lakes performed by Fi j a I k ow ski (1959), on the 

basis of the aquatic vascular vegetation. It was on this basis that Lake Orchowe 

was assigned to the dystrophic lakes, while Lake Plotycze was included among 
those with certain unstabilized dystrophic features. The remaining lakes displayed 

features of moderate eutrophy. 
The aim of the work described in this paper was to assess changes in the trophic 

character of the lakes on the basis of research on their physical and chemical proper-
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ties which was carried out 1968 and 1995. To further confi1111 the present trophic 
status of the lakes, measurements were also made in relation to chlorophyll concen
tration and the abundance and composition of the phytoplankton. 

2. CHARACTERIZATION OF THE LAKES STUDIED 

Sobib6r Landscape Park includes the seven lakes whose locations are shown 
in Fig. 1. One of the lakes - Orchowe - is in the northern part of the Park, while 
the remainder create the two complexes comprising Lake Pereszpa and the linked 
lakes Sp6lne and Koseniec on the one hand, and Lakes Brudno, Brudzieniec and 
Plotycze on the other. · 

Established in 1973 was a water/peatland nature reserve taking in the forest 
Lake Brudzieniec, as well as surrounding fragments of alder carr and marshy 
coniferous forest. Lakes Sp6lne, Koseniec and Pereszpa are also within a faunistic 
reserve - called "Zolwiowe Biota" which was created in 1988 as the reserve for 
the terrapins. Two further water/peatland reserves are planned: the "Jeziora 
Brudno-Plotycze" and "Jezioro Orchowe" Reserves. The aim of establishing these 
reserves is to preserve the many protected species which occur in this area. 

The areas and depths of the studied lakes (after W i I g at 1953) are given in 
Table 1, along with the trophic character as assessed by Fijalkowski (1959). 
The lakes in question are neither large nor deep and a further feature common to 

Table 1. Morphological and trophic characteristics (W i I g at 1953) and plant communities 
(Fi j at k ow ski 1959) of the lakes of Sobib6r Landscape Park 

Surface Depth max. Trophic 
Lake Plant assodations 

area (ha) (m) status 

Orchowe 7.0 0.8 dystrophic Transitional bog ( cl. Scheuzerio-Caricatea 
fuscae); coniferous forests and scrub 
(cl. Vaccinio-Picetea) 

Plotycze 14.0 3.5 eutrophic Transitional bog ( cl. Scheuzerio-Caricatea 
fuscae); coniferous forests and scrub 
(cl. Vaccinio-Picetea) 

Brudzieniec 19.0 3.0 eutrophic Willow-alder forests and scrub (cl. Alnetea 
glutinosae) 

Sp6lne 77.5 2.3 eutrophic Willow-alder forests and scrub ( cl. Alnetea 
glutinosae); grass-sedge communities 
(cl. Moli nio-Arrhenatheretea) 

Pereszpa 24.3 6.2 eutrophic Willow-alder forests and scrub ( cl. Alnetea 
glutinosae) 

Koseniec 32.6 4.2 eutrophic Willow-alder forests and scrub (cl. Alnetea 
glutinosae) 

Brudno 42.0 4.5 eutrophic Sedge comm uni ties (cl. Phragmitetea 
as. Magnocaridon) 
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all is a location among wet alder carr, marshes and peatlands. The majority of the 
lakes are eutrophic, with Lake Orchowe standing out as a dystrophic lake with 
acidic, brown-coloured water. Almost the entire shoreline of this lake is occupied 
by floating mats of transitional bog. 

The shallowness of the lakes ensure that all are considered polymictic. The 
only exception is Lake Pereszpa, whose maximum depth is prone to the1111al 
stratification, at which times the difference between the temperatures of the 
surface and bottom layers may be as great as 10° C. 

3. METHODS 

Samples from all 7 lakes were taken once (in June 1995) for biological and 
chemical analysis. The results obtained were compared with those from the June 
1968 analyses, which had been published by Radwan et al. (1971, 1972, 1973). 
Sampling in both of these years took place in similar conditions, i.e. in the period 
of summer stratification with water temperatures being more or less equal (within 
the range 19.3 to 22.2° C in 1968 (Radwan et al. 1973), and within the range 
19.5 to 23.0° C in June 1995). Sampling in both years was carried out near the 
points of maximum depth, and use was made of a sampler of the Pa ta l a s 
(1954) type with a capacity of 2 dm3• The samples for chemical analysis were 
taken from a depth of about 1 m and had volumes of 5 dm3• 

Magnesium was dete1111ined with the aid of eriochrome black as an indicator, 
while total iron concentrations were dete11nined using a colorimetric method with 
phenanthroin. Deter1ninations for calcium were done with disodium versenate 
(He r ma n ow i c z et al. 1976), while soluble phosphorus ( expressed as the pure 
element was dete11nined directly in filtered water using the molybdenum method. 
Ammonium-nitrogen was dete1111ined using the method of direct Nesslerization after 
prior filtering of the water and substraction of the effects of calcium, magnesium and 
iron, while dete11ninations for nitrate-nitrogen involved a colorimetric method with 
brucine (Hermanowicz et al. 1976). The concentrations of ammonium- and ni
trate-nitrogen were recalculated in te1111s of the pure ingredients. 

Visibility in the water was dete1111ined using a Secchi disc, while conductivity 
and pH were measured directly in a given lake at a depth of 1 metre, using a 
conductivity meter and a pH meter respectively. 

Water for biological research was taken from the surface to the bottom and 
poured into joint samples from which samples of 1 dm3 (from Lake Brudno) to 2 
dm3 (from the other lakes) were taken for dete11ninations of total chlorophyll and 
separate samples of 0.25 dm3 for quantitative and qualitative analyses of 
phytoplankton. The latter samples were fixed in 4% fo1111alin with glycerine. 

Analyses for chlorophyll always began on the day of collection of the samples, 
1-2 dm3 of water was filltered through a Whatman GF/C glass-fibre filter and the 
residue was then homogenized and extracted with boiling 90% ethanol (Nush 
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1980). Measurements of light absorption in the range 665 and 750 nm (to take ac
count of phaeophytin) were made after 12 hours of extraction with the aid of an 
EMCO S/E spectrophotometer. The final concentration of chlorophyll-a per dm3 of 
water was calculated using the Lorenz fo1111ula (after Vo 11 en we id er 1969). 

The abundance of phytoplankton, calculated per unit volume (dm3) of water, 
was defined by Ute1111ohl's method (after Vo 11 en we id er 1969), using an 
inverted microscope. 

4. RESULTS 

The basic physical and chemical factors obtained in the Junes 1968 and 1995, 
were presented in Table 2 and on Fig. 2. 

Table 2. Comparison of the Secchi disc visibility, conductivity and pH of lakes 
in Sobib6r Landscape Park in June 1968 and 1995 

Visibility Conductivity 
1 pH 

Lake SD (m) (µS · cm- ) 

1968 1995 1968 1995 1968 1995 

Orchowe 1.25 0.80 (to the - 98 7.0 6.65 
bottom) 

Ptotycze 1.07 1.70 276 104 6.2 7.9 

Brudzieniec 0.52 0.50 387 184 6.9 8.0 

Sp61ne 0.85 0.65 - 271 7.7 7.65 

Pereszpa 1.96 1.10 - 150 6.9 7.16 

Koseniec 0.77 0.80 704 300 7.6 7.06 

Brudno 0.45 0.30 397 230 7.4 9.1 

The lake of unchanging dystrophic character was Lake Orchowe, with a 
mildly acidic reaction (pH 6.6), visibility to the bottom (about 1 m) and very low 
electrolytic conductivity (98 µS cm-1). Values for phosphorus and nitrogen were 
also low (P-P04 = 0.013 mg dm-3, and N-N03 = 0.080 mg dm-3. 

Rather divergent from the values typical for dystrophic lakes were the 
concentrations noted for iron and calcium (0.46 and 23.1 mg dm-3, respectively), 
although assignment to the dystrophic type was further supported by the low 
values for chlorophyll 2.6 µg dm-3, and for the abundance and structure of the 
phytoplankton (Table 3 and Fig. 3, respectively). The phytoplankton was 
dominated by Chlorophyta (82%), with the dominant species being small green 
algae such as Tetraedon minimum (Turp.) Breb., Pediastrum tetras (Ehr.) Rolfs, 
Oocystis lacustris Chod, and Crucigenia apiculata (J. M. Smith) Korn. and others. 

The lake defined in the 1960s as moderately eutrophic was Lake Plotycze. 
Comparison were made between the physico-chemical parameters for this lake for 
June 1968 and 1995 (Table 2). It was revealed that pH had risen during the period 
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Fig. 2. Values of some indicators of the trophic status of lakes of Sobib6r Landscape Park, as 
measured in June 1968 and June 1995 

from 6.2 to 7.8, while visibility had risen from 1.07 to 1.70 m and electrolytic con

ductivity had decline from 276 to 104 µS cm-1. In contrast, in the 27-year period the 

concentrations of phosphorus and nitrogen remained low with P-P04 between 
0.013-0.033 mg dm-3, and N-N03 between 0.097 and 0.186 mg dm-3. Also low 

were the concentrations of iron, magnesium and calcium, as well as of chlorophyll 
(2. 78 µg dm-3). In addition, the structure of the phytoplankton was very similar to 

that occurring in dystrophic Lake Orchowe. Analysis of the parameters suggested 
that the lake be cla~ified amongst dystrophic water bodies rather than eutrophic 
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Table 3. Abundance of phytoplankton and ones. This change was influenced prob
concentration of chlorophyll-a (June 1995) in ably by the transitional bog and conife
lakes of Sobib6r Landscape Park (mean for rous forest in the immediate surround

the water column) 
_______________ ings of the lake. 

Lake Number Chlorophyll-a The moderately eutrophic lakes 
_____ (_N_· _l 0_

3
_·_d_m_-__.~....____,( ..... µg_· _d_m_-

3
....._)_ which had not undergone further eu tro-

Orchowe 1 lOO 2·6 phication in the period of almost 30 
Plotycze 2 8 12 200 - years were lakes Sp61ne, Koseniec and 
Brudzieniec 11 100 7.8 Pereszpa, as well as Lake Brudzieniec. 
Sp6lne 3 300 25.6 Comparisons of the 1968 and 1995 data 
Pereszpa 3 500 9.2 revealed that the pH of the water was 
Koseniec 3 200 12.0 either maintained at a constant level 

_B_ru_d_no ____ 9_7_900 _____ 2_3._8__ throughout, or showed an upward trend 

(Table 2). For example, the pH of Lake 
Brudzieniec rose from 6.9 to 8.0, while that of Lake Pereszpa increased from 6.9 to 
7.1. Visibility measured by Secchi disc also showed minimal variation (Table 2), 
while the relatively low values for electrolytic conductivity displayed a downward 
trend. Conductivity fell from 387 to 184 µS cm-1 in Lake Brudzieniec and from 704 
to 300 µS cm-1 in Lake Koseniec. 

The afor111entioned lakes were also characterized by rather high concentrations 
of calcium (above 20 mg dm-3). Indeed a values as high as 50 mg dm-3 was recorded 
for Lake Koseniec. Values for iron were generally low (at 0.2 to 0.7 mg dm-3), with 
the one exception being Lake Kosenicc, where a concentration of 3.0 mg dm-3 was 
recorded. 

Concentrations of phosphates (P-P04) and nitrate-nitrogen (N-N03) were not 
higher than in 1968 either, although the concentration of the latter was higher at 
Lake Pereszpa (0.248, as opposed to 0.106 mg dm-3

). 

The group of lakes under discussion had apparently been characterized by an 
upward trend where concentrations of ammonium-nitrogen were concerned (Fig. 2). 

The concentration of chlorophyll and the abundance and structure of the phyto
plankton confir111 the status of the lakes as moderately cutrophic (Table 3, Fig. 3). 

In lakes Sp61ne, Koseniec and Pereszpa concentrations of chlorophyll that var
ied between 9.2 and 25.6 µg dm-3 were revealed and the abundance of phytoplakton 
(around 3 · 106 individuals per dm3

) was very similar. An important (25-50%) per
centage role in part the phytoplankton of all the lakes was played by nannoplank
tonic Cryptophyceae species (Fig. 3). About 40% of the phytoplankton of Lake 
Pereszpa was constituted by Euglenophyta (principally Trachelomonas volvocina 
Ehr.), and a further 16% was accounted for by blue-green algae (principally the 
filamentous species of the genera Oscillatoria and Lyngubya which are charac
teristic of eutrophic lakes). A significant (25-50%) share of the phytoplankton in 
Lakes Koseniec and Sp61ne was also taken by diatoms, with the dominant species in 
this case being Cyclote/la comta (Ehr.) Kiltz., which often occurs in large numbers 
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in the lakes of Sobib6r Landscape Park (June 1995) 

in the spring phytoplankton of eutrophic water bodies. Lake Brudzieniec was char

acterized by a rather high value for the abundance of phytoplankton (11,000,000 in

dividuals per dm3) and a simultaneously low concentration of chlorophyll (at 7.8 µg 

dm-3 Cryptophytes and chlorophytes accounted respectively for 60 and 37% of the 

total numbers of phytoplankton, with the latter group being very species-rich (hav

ing about 30 species in the June sample). 
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Of the seven lakes studied, only Lake Brudno displayed a more advanced stage 
of eutrophication as indicated by its physico-chemical and biological parameters. 
A 1996 pH of 9.1 was significantly greater than the 1968 value of 7.4, and trans
parency was lower (with visibility down from 0.45 to 0.30 m) (Table 2). The con
centration of calcium was high (at 43.0 mg dm-3), while that of ammonium-nitrogen 
was at the enhanced level of 0.13 mg dm-3. the advancement of eutrophication was 
also confir111ed by the chlorophyll concentration (24 µg dm-3), as well as by the 
abundance and structure of the phytoplankton (Table 3, Fig. 3). The 1995 value for 
the abundance of phytoplankton was as high as 98,000,000 individuals per dm3, as a 
consequence of the blooming of the filamentous blue-green Oscillatoria planctonica 
Wolosz. The mass appearance of blue-green algae (and especially filamentous 
species thereot) is characteristic for lakes that have stabilized eutrophic character. 

5. DISCUSSION 

Most of the lakes discussed in the present work were characterized in the 
1950s as moderately eutrophic (Fijalkowski 1959) (Table 1). The only 
exceptions were Lake Orchowe - defined as dystrophic - and Lake Plotycze, 
which was considered by Fijalkowski (on the basis of the vascular plants) to show 
features of unstabilized dystrophy. 

Analysis of basic physico-chemical aspects was carried out at the lakes in 
1960s (Radwan et al. 1971, 1972, 1973) and it was confirrned that the trophic 
characters of the lakes had been maintained. Research on the physico-chcmical 
and biological characteristics of tl1e lakes was done again in June 1995, and the 
comparison with the earlier data revealed that the largely inaccessible forest lakes 
of Sobib6r Landscape Park had shown considerable trophic stability with all 
changes noted having occurred at a very slow rate. 

On the basic of their trophic characteristics, the lakes in question may be 
classified in to three groups. 

The first group includes lakes Orchowe and Ptotycze whose concentrations of 
calcium and magnesium and low electrolytic conductivity allow for their 
characterization as dishar111onic water bodies. Similar relationships were indeed 
noted in the disha11nonic lakes of Wigry Landscape Park in north-eastern Poland 
(Zdanowski et al. 1992). 

An important factor characterizing the trophic status of a lake is the concentra
tion of phosphorus compounds. In the cases of the two afor111entationed lakes, the 
values for this indicator were low in comparison with those noted for other lakes 
in Poland (Z d a n o w s k i 1983, Z d a n ow s k i et al. 1992). The dystrophic nature 
of the lakes was also confi1111ed by the low concentration of chlorophyll (2.5-2.8 
µg dm-3) as well as by phytoplankton dominated by green algae of the group Chlo
rococcales. Similar biological properties have been shown to characterize dystrophic 
lakes in other parts of Poland (0 le k sow i c z 1988, Hut or ow i c z et al. 1992). 
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The second group was made up of moderately-eutrophic lakes and included the 
lakes: Sp6lne, Koseniec and Pereszpa, as well as the Lake Brudzieniec (Fig. 1). 
The reaction of the water in these lakes oscillated within the pH range 7.0--7. 7, and 
only in Lake Brudzieniec was a higher value of 8.0 recorded. The moderate degree 
of eutrophy was also confirrned by the rather low values noted for electrolytic con
ductivity and concentrations of P-P04, N-N03 and N-NH4, as well as by the biol
ogical parameters. Concentration of chlorophyll varied between 7.8 and 25.6 
µg dm-3 and thus did not exceed those values characteristic for moderatcly-eutro
phic lakes in other regions of Poland (Hi 11 bric h t - I I k ow s k a and Kaja k 
1986, Hi 11 bric h t- I I k ow s k a 1990). 

The abundance and structure of the phytoplankton was also characteristic for 
moderately fertile water bodies (Ko z ova et al. 1975). The lakes in question had 
phytoplankton with a rather diverse species composition and different taxonomic 
groups of algae displaying considerable species richness. In Lake Pcreszpa 30 
species were identified which was the highest species diversity among the four 
analysed lakes. Euglenophyta played a significant (41 %) role in the numbers of 
individuals at this lake, although this was mainly due to the abundant occurrence 
of the flagellate Trachelomonas volvocina, which occurs in large numbers in 
waters that arc little polluted (fur o boys k i 1970). 

Comparison of the physico-chcmical parameters noted in 1968 and 1995 also 
attest to the great stability of the ecosystems studied and hence to the maintenance 
of the trophic status recorded in the 1960s. The lack of change may well reflect 
the relative isolation of the lakes among forests and wetlands. 

The greatest degree of eutrophication was noted in the case of Lake Brudno, 
which had maintained this character from the beginning of the 1960s. Of the seven 
lakes studied, it was Lake Brudno which had the lowest visibility (down to 
0.30 m) and the most alkaline reaction (of pH 9.1). The 97,000,000 phyto
planktonic individuals noted per dm3 was the highest value recorded in June 1995 
and is in line with other figures given for eutrophic lakes in late May or June 
(W o j c i echo w s k a 1986). The structure of the phytoplankton was also 
indicative for eutrophy, with 99% of individuals being of the filamentous 
blue-green algae Oscillatoria plancto11ica Wolosz. A dominance of this blue-green 
species has been shown for eutrophic lakes by Raven a and Vo 11 en we Ide r 
(1968), S pod n i e w s k a (1978) and Szyszka (1992) among others. 

The maintenance of unchanged trophic status over almost thirty years docs 
show the lakes of Sobib6r Landscape Park to be worthy of protection, along with the 
surrounding pcatland, alder carr and marsh communities (C i e s I a k et al. 1987). 
Together, these arc valuable biotopcs with many protected species. The confirmation 
of this occurred, among other ways, through the creation in 1988 of a faunistic 
reserve for Emys orlicularis including Lakes Sp61ne, Koseniec and Pcreszpa. It is 
also planned that two aquatic-peatland reserves be established shortly with the 
names "Jezioro Orchowe" and "Jezioro Brudno i Plotycze". 
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6. SUMMARY 

In June 1995, the lakes of Sobib6r Landscape Park (Fig. 1) were subject to research 
concerning the physico-chemical properties of their waters as well as their phytoplankton 
abundance, chlorophyll concentration and species composition. Table 1 gives the morphometric 
data for the lakes and details their trophic characters. 

To trace the long-term changes in the trophic characters of the lakes, the physico-chemical 
parameters noted for June 1995 were compared with data from June 1968 (Radwan et al. 1971, 
1972, 1973). The two sets of results are shown in Table 2 and Fig. 2. It emerged on the basis 
of this analysis that Lake Orchowe had been and remained a dystrophic lake (with pH 6.6, 
electrolytic conductivity of 98 µS cm-1 and concentrations of P-PO4 and N-NO3 at 0.013 and 
0.080 mg dm-3 respectively). The lake in question also had low values for the abundance of 
phytoplankton and the concentration of chlorophyll (Table 3). 

Lake Ptotycze had been considered moderately eutrophic in the 1960s and may by considered 
dystrophic on the basic of the latest data given here. Over the 27-year period there was an 
apparent increase in visibility, a decline in conductivity and continued low values for 
concentrations of calcium, magnesium, phosphorus and nitrogen (Table 2, Fig. 2). The 1995 
concentrations of chlorophyll (Table 3) and phytoplanktonic structure (Fig. 3) are also indicative 
of a lake dystrophic in character. 

Lakes Sp61ne, Koseniec, Pereszpa and Brudzieniec were moderately eutrophic in the 1960s 
and have not seen eutrophication further in the subsequent years. These lakes show rather high 
concentration of calcium ( over 20 mg dm-3) and a slightly higher concentrations of 
ammonium-nitrogen (Fig. 2). Moderate eutrophy is also confirmed by appropriate concentration of 
chlorophyll, and by the level of abundance and structure of the phytoplankton. 

The only lake with advanced eutrophication was Lake Brudno, where in 1995 pi-I of 9.1 
was compared with a 1968 value of 7.4. Visibility was also lower in 1995 (0.30 m as opposed 
to 0.45 m) and the phytoplankton was seen to be dominated by the blue-geen alga Oscillatoria 
planctonica Wotosz. 

Analysis of biological and physico-chemical parameters from the years 1968-1995 revealed the 
very considerable trophic stability of the ecosystems studied. This may result from their isolation (a 
location amongst forests and wetlands), as well as from their effective protection to date. 

7. POLISH SUMMARY 

W czerwcu 1995 roku w jeziorach Sobiborskiego Parku Krajobrazowego (rys. 1) badano 
wtasciwosci fizyko-chemiczne wody oraz fitoplankton, uwzglt;dniaj3ic liczebnosc, koncentracj~ 
chlorofilu i struktur«t jakosciow3i. Dane morfometryczne jezior i ich charakter troficzny 
przedstawiono w tabeli 1. 

W celu przesledzenia dtugoterminowych zmian charakteru troficznego zbiornik6w parametry 
fizyko-chemiczne z czerwca 1995 roku por6wnano z analogicznymi z czerwca 1968 roku 
(Radwan i in. 1971, 1972, 1973) i przedstawiono je w tabeli 2 i na rysunku 2. Na podstawie 
tych analiz okazato si«t, ze zbiomikiem o niezmieniajc\cym si't charakterze dystroficznym byto 
jezioro Orchowe (pH 6,6, przewodnictwo elektrolityczne 98 µS cm-1, wartosci fosforu P-PO4 -
0,013 mg dm-3 i azotu N-NO3 - 0,080 mg dm-3). Niska byta tez w tym zbiomiku liczebnosc 
fitoplanktonu i zawartosc chlorofilu (tab. 3). 

Jeziorem, kt6re w latach szescdziesi3itych byto charakteryzowane jako umiarkowanie 
eutroficzne, a na podstawie obecnych badan zostato zakwalifikowane do dystroficznych byto 
Ptotycze. Na przestrzeni 27 lat wzrosta widzialnosc, zmalata przewodowosc oraz niskie byty 
zawartosci wapnia, magnezu, fosforu i azotu (tab. 2, rys. 2). Koncentracja chlorofilu (tab. 3). 
i struktura fitoplanktonu ( rys. 3) potwierdzity jego dystroficzny charakter. 
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Do jezior umiarkowanie eutroficznych, kt6re w okresie niemal trzydziestu lat nie zwi~kszyly 
stopnia eutrofizacji nalezaly Sp61ne, Koseniec, Pereszpa i Brudzieniec. Wymienione zbiorni ki 
charakteryzowaJy si«t dose duzymi ilosciami wapnia (powyzej 20 mg dm-, i mat3r. tendencj3t 
wzrostow3i dotycz3iC3t wartosci azotu amonowego (rys. 2). Umiarkowan3i eutrofi«t potwierdziJa tez 
koncentracja chlorofilu, liczebnosc i struktura fitoplanktonu. 

Jedynym zbiornikiem o zaawansowanej eutrofii byto jezioro Brudno, w kt6rym pH wzrosto 
od 7,4 do 9,1, przezroczystosc zmalata z 0,45 do 0,30 m, a fitoplankton zdominowany byt (99%) 
przez nitkowat3i sini~ Oscillatoria planctonica Wotosz. 

Analiza parametr6w fizyko-chemicznych z lat 1968-1995 oraz parametry biologiczne wskazuj3t 
na duz3i stabilnosc troficzn3i badanych ekosystem6w, co moze wynikac z ich pewnej izolacji 
(polozenie wsr6d las6w i mokradel) oraz skutecznosci dotychczasowej ochrony tych zbiornik6w. 
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