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Summary. The lake Moszne is located in the Poleski Natidteak. This is a comparatively small
— 17.5 ha and shallow lake — 1 m. In the 1990sai$ Wescribed as a dystrophic lake. The lake
Moszne is one of the most natural valuable objettkis region. The intensity of overgrowing of
lakes is not connected with the size of the resermor with the depth. It mainly depends on cli-
matic conditions, economic and recreational agtivits well as on hydro-technical changes. The
aim of the study was the indication of changehdtructure of macrophytes in the lake Moszne
as after-effects of the abiotic conditions chamgeistinct decrease of the plant association wariet
occurred in the studied lake, as well as changdiseiin qualitative composition. The typical asso-
ciations for poor habitat have retreated. Theré f@lace a homogenisation of plant associations.
The surface of water vegetation clearly increasetthé studied lake. The biomass of macrophytes
also showed an increase tendency. Nowadays thetuswf vegetation of the studied lake does
not show the typical features for dystrophic lakes.
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INTRODUCTION

The disappearance of lakes is characteristic ®ittlezna-Wtodawa Lake-
land. At the beginning of 1950’s there were 68 faldth surface areas above
1 ha [Wilgat 1954].

The processes of drying and overgrowing of shalleservoirs caused that
by the end of 20th century there remained 62 lakebis region. Among them
56 were natural lakes and the remaining ones wereed into retention reser-
voirs [Chmielewski 2001].
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The disappearance of lakes is caused by natureégses, but first of all it
is due to human activity, especially through thdrbytechnical changes.

The majority of the lakes ofdczna-Wlodawa Lakeland are in various state
of overgrowing. The peatbogs surrounding them @agnumbers testify to this.
The natural character of dystrophic reservoirs wiatated. At the end of the
20th century on thedczna-Wiodawa Lakeland there were 6 mezotrophicslake
7 dystrophic ones, 4 eutyrophic with dystrophictdeas, and the remaining
lakes were eutrophic [Radwaat al. 1998]. Overgrowing of lakes is one of the
most effective processes that cause their shalipwifery often this process
leads to the disappearance of many water reservidiies occurrence of gyttja
under the layers of peat testifies to this [Okruszkal. 1974].

At present the degree of disappearance of the lekesverse. Some of
them are in the extreme state of disappearancegClie Karéne), other ones
became seriously shallow, gathering on the bottmargic quantities of organic
matter, among them the lake Moszne.

The intensity of overgrowing of lakes is not corteeicneither with the size
of the reservoir, nor with the depth. It mainly dads on climatic conditions,
economic and recreational activity, as well as bytéichnical changes.

The purpose of the study was identification of gemin the structure of
macrophytes in the lake Moszne as after-effecte@hbiotic conditions change.
The lake Moszne is one of the most natural valuabjects of this region [Rad-
wan et al. 1995]. However, the growing pace of changes insthecture of ve-
getation contributed to undertaking this invesiimat

STUDY AREA AND METHODS

The lake Moszne is located in the Poleski Natidpatk. It is relatively
small — 17.5 ha, and shallow lake, the maximumtdéept..0 m, and it is typical
of this area. The lake is surrounded by a wide dfeftiants, composed by trans-
itional moor vegetation. The study was conducteithénwhole vegetative season
in the year 2008, in 4 transects [Jansen 1977].

In the investigations of water and rushes vegatatiee floristic method
was used [Braun-Blanquet 1951, Matuszkiewicz 200h¢ phytocenotic differ-
entiation index was used for the qualification led macrophytes differentiation
and of the degree of succession. The index is baséke surface areas of indi-
vidual associations. Moreover, the Shannon-Weadgx, based on the number
of associations creating the phytolittoral, wasdu€&ecierska 2008].

At the same time the biomass and the range of mhgtes occurrence
were determined according to the Bernatowicz methiBdrnatowicz 1960].

RESULTS AND DISCUSSION
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In the 1950s the lake Moszne belonged to the typlgatrophic lakes
[Fijatkowski 1960]. It was described as a foredtelasurrounded by extensive
peatbogs, with thickets dbaliceto-Franguletum, Betuletum humiésd Cari-
ceto elongataddlnetumcovered peatbogs from the northern and eastem) sid
while from the western side the lake was surrourtedontinental type of the
transition peatbogs. The whole lake was surrourne®®00 m wide belt of
plants, overgrown by associations typical for tithmis peatbog.

In the littoral zone small patches bfyriphylleto-Nupharetumwith Nuphar
luteum, Nymphea candida, Potamogeton natams$Stratiotes aloidesleveloped.
From the southern, eastern and northern side dbkeethey created a compact
carpet of plants.

The patches witlschoenoplectus lacustid®mination covered only small areas.

The bottom of the whole lake was overgrown w@hara fragilis and
Ch. intermedidFijatkowski 1960].

Due to the lack of systematic research of macragshirt the lakes and ad-
jacent areas, it was difficult exactly to trace thenges in their composition as
well as directions of the changes. A synthesiheflake Moszne vegetation was
conducted by Fijatkowski [1992]. However, it waswasory synthesis.

The largest changes in the plant vegetation wesethby variation in wa-
ter conditions. In the 1980s there occurred a p®ad# lowering of the water
level [Chmielewsket al. 1992], which was not indifferent for macrophytes.

The lake Moszne belongs to lakes least threatentstns of hydrobiology
[Wilgat 1989, Chmielewski and Radwan 1993]. Basedstudies carried out in
the 1990s there are still the most valuable spédni¢ise lakes Moszne, Diugie
and Kardne [Chmielewski and Urban 1993, Sugier and Popitb&338].

The quantity and the composition of plant assomfetihave undergone
clear changes in the investigated lake Moszne (Talstill in the 1990s in the
lake were very numerouSharacea— bioindicators of lakes with clear water.
They belong to a group of plants that is very damsto changes in habitat con-
ditions. Overgrowing the bottom of a reservoir ytlage not only a symptom of
good state of the waters, but they also affecgtioevth and maintenance of wa-
ters purity. Among others, they increase the sediation of particles from the
water to the bottom sediments, thus causing anawemnent of the water trans-
parency. For the process of photosynth€hsairaceaetake carbon dioxide up
from two-carbonate ions, with intense precipitatidrCaCQ accompanying this
process. It causes so-called biological decaldificaof waters, with mineral
phosphorus being precipitated at the same tharaceaeplay also the role of
an inhibitor of excessive growth of phytoplankt®e{echaty and Pukacz 2008].

A true feature of associations Ghareteaclass is their ephemeral character
— they appear and disappear suddenly, without p&hde changes in the envi-

Table 1. Plant associations in lake Moszne in 196930s, and in 2008
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Plant association 1960s 1990 2008

°

Caricetum graciligGraebn. Et Hueck 1931) R.Tx. 1937 +
Caricetum lasiocarpa®svald 1923 emend. Oberd. 1957 + + +
Caricetum limosaéPaul 1910) Br-Bl. 1921 + + +
Caricetum paniculata&/angerin 1916 +
Caricetum ripariaeSoo 1928 +
Caricetum rostrataékubel 1912 +
Caricetum vesicaria®r-Bl. et Denis 1926 +
Ceratophylletum demerslild. 1956 +
Charetum aculeolatagCorillion 1957) Dymbska 1966 +
Charetum fragilisFijatkowski 1960 + +
Elodeetum canadengiBing. 1953) Pass. 1964 +
Equisetetum fluviatiliSteffen 1931
Hydrocharitetum morsus-randeangendonck 1953
Myriophylletum spicatSoe 1927
Nupharo-Nymphaeetum alb@emasz. 1977
Nymphaeetum candid&diljan 1958

Phragmitetum australis (Gams 1927) Schmale 1939 + +
Potametum acutifoliSegal 1961 +
Potametum natantiSoo 1927 +
Scirpetum lacustrigAllorge 1922) Chouard 1924 + + +
Sparganietim erectRoll 1938 +
Thelypteridi-Phragmiteturkuiper 1957 +
Typhetum latifolia€soo 1927 + +
Plant association wit@hara delicatulaAg. +
Plant association wit€hara intermediae +
[Total 17 15 11

+ + 4+
+
+ + 4+

+
+
+

ronment. But in the lake Moszne a tendency of tagwphy has been observed
for several years. Therefore the basis of thesegdsacan be related with habitat
changes.

At the time of the present study the occurrenc€lo&raceaewas not af-
firmed in the investigated lak&lyriophyllum spicatunassociation has replaced
them (Tab. 1).

The area covered with submerged macrophytes igased. Their occur-
rence is connected with light conditions in thesresir. Furthermore, as a result
of growth of rushes and plants with floating leswthe area of the phytolittoral
also increased (Fig. 1). In 1990s the phytolittstal occupied 50.3% of the lake
surface area, while the emergent macrophytes madabove 63% [Sender
2003]. Nowadays the phytolittoral area in this laleeupies 95%, and the sub-
merged macrophytes make up 70% of the water surfébis is one of the main
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Fig. 1. Distribution of plant communities in lakeoSkne: a) in 1990s, b) in 2008
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causes of quick shallowing of the reservoir, raésglfrom sedimentation of or-
ganic matter. Probably the phytolittoral had a Emsurface area in the 1950s,
however the qualitative structure was completeffedint [Fijatkowski 1960].

At present the variety of plant associations desgdalrastically in the lake
Moszne (Tab. 2)

Very strong invasion of brushwood associations tptdce also on the
peatbogs surrounding the lake. That is the effeatater level reduction.

Table 2. Percentage share (%) of particular assoegin the phytolittoral

Decades

Plant associations 1990s 2008
Caricetum lasiocarpa®svald 1923 Emend. Oberd. 1957 1.8 0.7
Caricetum limosaéPaul 1910) Br-Bl. 1921 1.6 0.8
Charetum aculeolatagCorillion 1957) ymbska 1966 2.8
Charetum fragilisFijatkowski 1960 13.9
Ceratophylletum demerslild. 1956 0.8
Elodeetum canadens{Ring. 1953) Pass. 1964 2.8
Equisetetum fluviatiliSteffen 1931 5.6 3
Hydrocharitetum morsus-randeangendonck 1953 5.6 2.2
Myriophylletum spicatBoe 1927 45
Nupharo-Nymphaeetum albdemasz. 1977 11.8 5
Nymphaeetum candidddiljan 1958 8.3 9
Phragmitetum australi@Gams 1927) Schmale 1939 5
Potametum acutifoliegal 1961 2.8
Potametum natantiSoo 1927 8.3
Scirpetum lacustrigAllorge 1922) Chouard 1924 8.3 18
Sparganietim erecfRoll 1938 5.6
Thelypteridi-PhragmiteturKuiper 1957 6.1 8
Typhetum latifoliaesoo 1927 8.3 4
Plant association withara delicatulaAg. 5.6
Phytolittoral (%) 100 100.7

The index of floristic differentiation, being theeasure of natural and an-
thropogenic transformations of littoral vegetatidvds undergone very distinct
changes in the studied lake. In the 1990s itati#lined the value of 2.6, so it al-
lowed the lake to be classified as a mature lakeveider, in the year 2008 the index
value was only 1.7, which shows that the processuofession is more advanced
and the lake belongs already to the category ahgdmkes [Rejewski 1981].

The Shannon-Weaver index also confirms the chamgeke qualitative
structure of plant associations. In 1950s its valas the highest and has been
diminishing in the next decades (Fig. 2).
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Fig. 2. Shannon-Weaver index

The large phytolittoral area is connected also \witih values of the mac-
rophytes biomass. In 1990s the biomass of submengedophytes achieved 191
g dwih? and Characeaepredominated. However, in the year 2008, biomass
reached as much as 233 g, with Myriophyllum spicatuneing a dominant.

In 1990s biomass was clearly diverse in littoradl achieved the highest
values at the depth of 0.5 m, at present therenarsignificant differences for
various depths (Fig. 3).
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Fig. 3. The biomass of macrophytes at particulgtitein lake Moszne

It was affirmed, on the basis of perennial investimns in different lakes,
that drastic changes in species composition anchdss of macrophytes took
place between eutrophy and hypertrophy. As a redutiese changes in hyper-
trophy lakes there occurred a small number of ggeand low biomass. There-
fore the lake Moszne does not rank in this groupnghough the domination of
Myriophyllum spicatuntould suggest that. This reconstruction of spectes-
position is usually connected with changes in cloamproperties of water.
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Elimination of Characeaeds very often repercussion of shading by phytdplan
ton [Ozimek 1990].

The participation of real overgrown surface in tiela to the potential sur-
face accessible for macrophytes achieved 90% aisdighcharacteristic for
slightly eutrophic lakes [Piecagka 1988]. So, the changes in qualitative and
guantitative structure of plants in the lake Mosane caused probably both by
abiotic and biotic factors. This structure is sebje fluctuation, but the changes
indicate notable growth of water trophy. The changeluded the following:
impoverishment of the macrophytes variety, esplgciatreat ofCharacea high
biomass, species composition and significant dgrafithe phytolittoral surface area.

CONCLUSIONS

A distinct decrease of the plant association wargeicurred in the studied
lake, as well as changes in their qualitative casitiom. The typical associations
for poor habitat have retreated. There was homagéon of plant associations.

The area of water vegetation clearly increasethenstudied lake. The sur-
face area of the phytolittoral shows variation he period of several decades.
The biomass of macrophytes also showed an inciggésidency.

The structure of vegetation of the studied lakesduzt show typical features
for dystrophic lakes.

REFERENCES

Bernatowicz S., 1960. Investigation methods of pleegetations in lakes (in Polish). Roczn.
Nauk. Roln. 77, 1, 79-100.

Braun-Blanquet J., 1951. Pflanzenoziologie. Sprirgkng, Wien.

Chmielewski T.J. (ed.), 2001.ckzna-Wiodawa Lakeland: changes, ecological strectdinand-
scape and conditions of spatial managements (istHoMonografie Komitetu teynierii Sro-
dowiska PAN. Vol 4, Lublin, 1-146.

Chmielewski T.J., Harasimiuk M., &dVl., Michalczyk Z., Pawtowski L., Radwan S., 1992nRe
aturalization effort of ecological relations in é&peat bog complex ingczna-Wiodawa Lake-
land. Functioning and valorisation of landscapeP(@tish).

Chmielewski T.J., Radwan S., 1993. Changes of emabgonditions in Poleski National Park re-
gion in the last 75 years (in Polish) [in:] Radwanksarbowski Z., Soltys M. (eds) Water and
peat bog ecosystems in protected areas. TWWP,r,ut8i-24.

Chmielewski T.J., Urban D., 1993. Changes in hydmesp and plant vegetation incdzna—
Wiodawa Lakeland (in Polish) [in:] Radwan S., Karls&iZ., Soltys M. (eds) Water and peat
bog ecosystems in protected areas. TWWP, Lublir325



LONG TERM CHANGES OF MACROPHYTES STRUCTURE... 162

Ciecierska H., 2008. Macrophyte-based indices efitological state of lakes (in Polish). Disseratio
and Monography 139, Wyd. UWM, Olsztyn 202.

Fijatkowski D., 1960. Plant vegetation in lakes aufjacent peat bogs ofézna-Witodawa Lake-
land. Ann. UMCS, sec. B, XIV.

Fijatkowski D., 1992. Phytosociological and flotéstharacteristic of peculiars in investigated wa-
ter and peat-bog ecosystems. Scale and directiohasfges (typescript).

Jansen S., 1977. An objective method for sampliegriacrophytes vegetation in laske. Vegetatio 33,
107-118.

Matuszkiewicz W., 2001. Guide for marking of Polglant communities (in Polish). Wyd. Nauk.
PWN, Warszawa, 537.

Okruszko H., Churski T., Karfigka J., 1974. Peatbog and gytia places in themegfigarsic lakes
Usciwierz in the teczna-Wiodawa Lakeland (in Polish). Zesz. ProbltRdauk Roln., 107.

Ozimek T., 1990. Reconstruction of submerged magreshn high eutrophic lakes and their con-
sequences for lake ecosystem (in Polish) [in:] K&a(ed.) Functioning of water ecosystems
and their protection and recultivation. Part lIkkaecology their protection and recultivation.
Experiments on ecosystems. Wyd. SGGW-AR, Warsza8&;260.

Petechaty M., Pukacz A., 2008. Guide for markingbfraceaen rivers and in lakes (in Polish).
Bibl. Monit. Srod. Warszawa, 80.

Pieczyiska E., 1988. Role of macrophytes in the formatbrwater trophy (in Polish). Wiad.
Ekol. 34, 375-404.

Radwan S., Chmielewski T.J., Ozimek T., 1998. Stmecaind functioning of water/land ecotones
in different trophic type of lakes in the Polesiabkelskie (in Polish) [in:] Radwan S. (ed.)
Freshwater ecotones — structure — types — funagpyd. UMCS, Lublin, 17-31.

Radwan S., Kowalik W., Wojciechowska W., Jarzynak&rnijow R., Kowalczyk C., Popiotek B.,
Zwolski W., 1995. Present state of lake biocenosiBoleski National Park and their protec-
tion zone (in Polish) [in:] Radwan S. (ed.) Protectof water ecosystem in the Poleski Na-
tional Park and their protection zone. Wyd. AR, linpTWWP Lublin, 46—78.

Rejewski M., 1981. The vegetation of the lakes efltaski region in the Bory Tucholskie (in Pol-
ish). Rozpr. UMK, Torg, 1-178.

Sender J., 2003. The qualitative and quantitativactre of macrophytes in some lakes in
teczna--Wilodawa Lakeland. Pozn2004 (typescript).

Sugier P., Popiotek Z., 1998. Water and ripariagetation of Lake Moszne in the Poleski Nation-
al Park. Ann. UMCS sec. C, LIII, 185-201.

Tolpa S., 1954. The arrangement of natural contfitio catchments area and valley offijen-
ica (in Polish). Centr. Biuro Proj. Wodno-Melior., Y8aawa.

Wilgat T., 1989. The Poleski National Park. Somelrbgraphical aspects (in Polish). TWWP,
Lublin-Warszawa.

DLUGOTERMINOWE ZMIANY STRUKTURY MAKROFITOW JEZIORAMOSZNE
(POLESKI PARK NARODOWY

StreszczeniePojezierze kczynsko-Wilodawskie to kraina jezior. Na przestrzenijéainak obser-
wuje sk ich zanikanie. Zanikanie jezior z jednej stronpwpdowane jest procesami naturalnymi,
ale take i przede wszystkim dziatalémia cztowieka poprzez zabiegi hydrotechniczne. Zarasta
jezior stanowito i stanowi najefektywniejszy prodels sptycania. Proces ten doprowadzit do spty-
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cenia lub nawet likwidacji wielu dawnych zbiornikdmodnych.Swiadczy o tym wystpowanie w
spgu gytii jeziornej pod poktadami torfu. Stopieaniku, aktualnie istniggych jezior jest zrini-
cowany. Niektore z nich znajdugie w stanie kracowego zaniku inne povmie zostaty wyptyco-
ne gromadazca sig na dnie mategi organiczi, wsroéd nich jezioro Moszne, jedno z najcenniej-
szych przyrodniczo obiektéw tego regionu. Rgentempo zmian w strukturzeshmnosci przy-
czynito sk do podgcia tego zagadnienia. Celem niniejszej pracy bytkawanie zmian w struktu-
rze makrofitdw jeziora Moszne jako ngsstwa zmiany warunkéw abiotycznych w tym zbiorniku.
W badanym jeziorze nagiito wyrazne zmniejszenie giréznorodndci zbiorowisk zasiedlagych
jezioro, jak rownie zmiany w ich sktadzie jakoiowym. Wyrazem tego byto ugiowanie zbioro-
wisk typowych dla siedlisk matayznych, za pojawianie sj zbiorowisk siedlisk eutroficznych.
Nasgpita homogenizacja zbiorowisk dloanych. Powierzchnia fitolitoralu oraz biomasa mafi
téw wykazywaly wyrang tendeng wzrostowg na przestrzeni kilku dekad. Strukturdlionosci
badanego jeziora nie wykazywata cech typowycheitioj dystroficznych.

Stowa kluczowe:makrofity, jezioro, dlugoterminowe zmiany, jezidinszne



