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PHYTOCENOTIC DIVERSITY OF LITTORAL IN LAKES
OF THE MASURIAN LANDSCAPE PARK — CURRENT STATE
AND CHANGES

Hanna Ciecierska

Katedra Botaniki 1 Ochrony Przyrody
Uniwersytet Warminsko-Mazurski, Plac Lodeki 2, 10-719 Olsztyn
c-mail: makrolEguwm.edu.pl

Summary. 16 deep and 235 shallow lakes, located in the Masurian Landscape Park were studied.
The resulis obluined show that phyiocenotic diversity affeets the ccological status (ESMI valug) ol
deep lakes to a higher degree than that of shallow lakes. An opposite tendency was observed lor
colonization index (phytolittoral expunse). Long-lerm vegewalion changes in deep lakes of the
Masurian Landscape Park are induced first of all by anthropopressure, whereas in shallow lakes
such changes are also caused by fish and birds.

IKey words: phytocenotic diversity index (H). celonization index (Z), ecological stale macrophyte

mdex (ESMID)

INTRODUCTION

Biocenotic diversity is one of the most important indicators of the ecological stalus
of all ecosystems, including aquatic ones. The phytocenotic diversity of littoral is also
one of the indicators determining the ceological status of lakes according to the frame-
work Directive of the European Union on Action in the Field of Water Policy [2000].

RESEARCIT ARTA
The littoral of 41 lakes located in the Masurian Landscape Park was studied (1a-
ble 1). The surface features of the Park were formed as a result of the Wiirm glaciation,
between the Poznan and Pomeranian phases.

METHODS

The phytocenotic diversity of the lakes examined was determined on the basis of the
phytocenotic diversity index I, calculated applying the Shannon-Weaver formula,
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Table 1. Morphometry of lakes in lakes of Masurian Landscape Park

Tabela 1. Cechy morfometryczne jezior Mazurskiego Parku Krajobrazowcego

Area lake Max depth Mean depth
Lake Powierzchnia Gighokodc Glebokodé
Jezioro jeziora max Srednia
- (ha) (m) {m)
Kuc 1274 36.1 9.0
Lisunie Mate 13.7 10.0 6.5
Majez Wielki 163.5 16.4 6.0
Jegocin 1274 36.1 9.0
Probarskie 201.4 31.0 92
Mokre 841.0 31.0 124
Nawlady 199.8 29.8 9.0
Wierzbowskie 104.4 18.1 4.8
Zdruzno 250.2 25.9 5.4
Biatolawki 211.1 36.1 9.8
(rurianka Mala 36.8 13.3 2.7
Tyrkto 236.1 292 9.7
(Guzianka Duza 39.6 25.5 6.5
Jegocinek 52.3 17.9 %
Betdany 940.6 46.0 10.0
Mikolajskie 497.9 259 11.2
Kolowinek 19.6 6.4 3.6
Skarp 23.4 10.5 3.7
Kiethonki 30.0 42 2.2
Mojtyny 28.2 8.0 1.3
Lisunie Duze 13.8 8.5 35
Dus 335 6.0 28
Nawiadki 255 6.0 2.8
Majcz Maly 20.0 3.3 1.8
Luknajno 680.0 3.2 0.6
Plociczno 16.8 4.7 23
Krutynskie 55.0 5.5 1.7
Inulee 178.3 10.1 4.6
Zdrgino 12.1 7.3 2.0
‘T'uchlin 219.3 4.9 2.9
Gardynskie 82.6 11.5 2.5
Kolowin 78.2 7.2 4.0
Wigryny 24.8 3.2 1.7
Wejsuny 38.0 11.8 36
Pawelek 7.6 3.6 1.8
Kierwik 59.6 16.6 6.1
Uplik 60.6 92 2.8
Nicponek 10.0 4.0 2.0
Wagiel Duzy 150.0 13.3 42
Wagiel Maly 26.8 7.0 3.0
Zjadle 11.0 3.5 1.8
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Tahle 2. Lake groups according 1o the ecological state [Rejewski 1981, Rejewslkd and Ciecierska 2004]
Tabela. 2. Grupy jezior wedtug stanu ckologicznego

Value of macrophyte ecological state index

Lakes groups (ESMID)*

Grupy jezior Wartosci makrofitowego wskaznika

stanu gkologicznego jezior (MWSE)
Very good - Bardzo dobry 1.00-0.60
Giood — Dobry 0.60-0.40
Moderate — Umiarkowany 0.40-0.30
Sufficient — Dostateczny 0.30-0.20
Bad - Zly ().20-0.00

FECMI = | - exp (— H x Z / Hina)

where the quantitative character is the area occupied by particular communitics [Rejew-
ski 1981]. The value of this index depends first of all on the number of phytocenoses
forming lake phytelittoral. The phylocenotic diversity index is the highest when the areas
of particular communilies are the same. The colonization index 7, rellecting phyiolittoral
expanse (ratio between total phytolittoral area and arca occupied by the 2.5 m isobath),
was also calculated. These lwo indices, together with the ecological state macrophyte
index (ESMI). provided the basis for evaluating the ecological status of particular lakes
(Table 2).

RESULTS AND DISCUSSION

The results obtained for deep and shallow lakes were analyzed separately (Table 3).
The index H was higher for deep lakes (2.01-0.46) than for shallow ones (1,96-0.93),
because deep lakes represent a meso- to hypertrophic serics, whereas shallow ones
— a eutro- to hypertrophic series. The colonization index 7 was lower for deep lakes
(1.88-0.47) than for shallow ones (2.00-0.19). This shows that the ecological status of
deep lakes is affected to a higher degree by the phylocenotic diversity index H than the
colonization index Z. In shallow lakes the colonization index Z Is of greater importance.

The ecological status of most lakes situated in the Masurian Luandscape Parl, both
deep and shallow, was described as very good or good (Tables 2, 3). These water bodies
are characterized by well-developed vegetation of the Chara type, recorded at a depth of
7.0-3.5 m in deep lakes, and 4.0-1.0 m in shallow ones,

An example of long-term vegetation changes in deep waler bodies may be Lake Kuc,
Lake Majcz Wielki (hydrologically closed) and Lake Mikolajskie. In Lake Kue (agri-
cultural catchment area) the phytocenotic diversily index H displays a falling tendency,
because although the number of plant communities is gradually increasing, they cover
relatively small arcas. The most significant changes were observed in the case of stone-
worts (1995 — 65.7% of phytelittoral, 2003 — 28.3%), which were replaced by immersed
plants of the class Poiametea (1995 — 14.4%, 2003 — 55.6%): Ceratophyllum demersum
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and Myriophyllum spicatum. A similar process was also noted m Lake Majcz Wielki
(afforested catchment arca), but to a much lower extent. An increase in the phytocenotic
index I1 was accompanied by a decreasc in the number of phytocenoses whose area dis-
tribution was similar, indicating stable habitat conditions. In Lake Majcz Wielki light
conditions did not change over the experimental period (4.0 m), and in Lake Kuc trans-
parency diminished from 6.5 m to 4.5 m. Despite considerable changes, these water
bodies are still characterized by a very good ecological status, Advanced changes causcd
by anthropopressure (mostly recreation) can be observed in Lake Mikolajskie. This lake
is one of the Great Masurian Lakes and until the 1990s it reccived domestic and indus-
trial cffluents from the town of Mikotajki. The phytocenotic diversity index H was here
the lowest of all the lakes examined (0.46). Only 11 plant communitics were observed,
immersed plants constituted 9.2% of phylolittoral, and transparency was 1.0 m. The
ecological status of this lake was bad.

An example of long-term vegetation changes in shallow water bodies may be Lake
Kolowin (hydrologically closed) and Lake Luknajno — a reserve of mute swans (Cpenuy
olor). In Lake Kolowin (afforested calchment area) all ichthyofauna vanished in 1984 as
a result of accidental peisoning with pesticides (chlorofluorohydrocarbons). Analyses of
its water and vegelalion performed three years after this ecological catastrophe showed
that its status could still be classified as very good. The phytocenotic diversity index H
was high (2.44) [Sroda 19907, and the phytolittoral was formed by many communities
(28), 49.0% of phytolittoral were immersed plants, mostly Charetea. The colonization
index Z was also high (1.39), and plants were observed to a depth of 5.0 m, with water
transparency of 5.0 m. However, the studies conducted in 1996 indicated much poorer
condition of the lake’s vegetation: stoneworts disappeared completely, the number of
communities decreased (18), phytolittoral arca was by 23.0% smaller, the indices H and
Z decreased considerably (1.30 and 1.07, respectively), plants were observed to a depth
of 2.0 m only. The water quality deterioration was caused by silver carp (Hypophthal-
michthys sp.) stocking, repeated several times in the years 1987-1992. Walcr transpar-
ency decreased to 2.5 m. The condition of the lake improved after the last adult silver
carps had been caught (1996-1997). The vegetation started to recover, in the years 1998-
2003 there appeared the stoneworts Chara fomentosa, Ch. rudis, Ch. fragilis and Nitel-
lopsis obtusa, and other species of immersed plants [Ciecierska 2003]. The phytolittoral
area incrcases a little every year, which is reflected by the colonization index Z
(1.07-1.17). The investigations carried out in the years 1998-2000 show that the status of
the lake’s vegetation remains unslable (significant annual changes). The vegetation sys-
tems gradually recover to their original state, but along a different developmental path,
which is consistent with the principles of ecology and the concept of altemative stable
states [Scheffer 1998]. Another example of changes is Lake Luknajno (agricultural
catchment area), where the area covered by stoneworts is successively diminishing
(1966-1970 — 79.4% of phytolitloral [Polakowski ef af. 1973], 1993 — 56.3% [Krolikow-
ska 1996], 2003 — 52.4%). Their place is taken by elodeids, mostly Ngjas maring and
Potamogeton pectinatus (1.1%, 1.8%, 11.7%, respectively) and nymphaeids, mostly
Stratiotes aloides (0.0%, 4.6%, 8.8%, respectively). The phytocenotic diversity index H
increased from 1.3 in the years 1966-1970 to 1.79 in 1993, to fall slightly in 2003 (1.75).
The number of plant communities was also incrcasing systematically over the period
analyzed, amounting to 9, 13 and 23 in successive years. Stoncworts were replaced by
phytocenoses of the thermophilous species Najas marina, and Stratiotes aloides. This
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indicates progressing cutrophication and shallowing, also confimed by rapidly develop-
ing communities with water fern (Thelypteris palustris — 4.1%), not recorded before.
Quick vegetation changes taking places in Lake fuknajno are probably caused by swans.
Their population, although reduced a little, still consists of 1000 birds. The agricultural
catchment area of this lake has nol been used since the 1990s.

Changes connected with anthropopressure are slower in deep lakes, especially those
with afforested catchment areas. Shallow lakes are affected not only by human activities
carried out in their catchment areas, but also fish farming and biotic factors, e.g. avi-
fauna.
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ROZNORODNOSC TFITOCENOTYCZNA LITORALU JEZIOR
MAZURSKIEGO PARKU KRAJOBRAZOWEGO — STAN I ZMIANY

Streszezenie. Wykarzano wigksza zaleznosé pomigdzy zrdznicowanicm fitocenotycznym a stanem
ekologicznym (wartosci wskaZnika WSE) w jeziorach glghokich (16 zbiomikdw) niz jeziorach
phytlich (25 zbiomikéw) Mazurskiego Parku Krajobrazowego. Natomiaslt odwroina ralesnosé
uzyskano w stosunku do wartodel wskaznika zasiedlenia (rozleglosé fitolitoralu). Na wieloletnie
niany roslinnodel jezior glebokich Mazurskiego Parku Krajobrazowego ma przede wszystkim
wphyw antropopresja, natomiast w jeziorach plytkich majy rdwniez ryby i plaki.

Slowa Kluezowe: wskaZnik zréznicowania fitocenotyeznego (11), wskaznik zasiedlenia (£), ma-
krofitowy wskaznik stanu ekologicznego (ESMI)



