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Summary. The research was carried out in the spring atuhau of 2001 on lake Wielkowiejskie
in five stands ofTypha angustifoliaNymphaea alba, Utricularia vulgaris, Chara hispidand

C. tomentosaThe aim of the study was ttescribe the impact of a particular season andttbm-
ical features of water within the plant habitattbe macrophyte biometric variables (stem length
and dry mass in one litre of lake water) of thesgoaquatic vegetation communities. As a res-
ult of this investigation it was found that the rete of Nymphaea alband Typha angustifolia
differed significantly between the two seasons aede much longer per water unit in the spring.
There was also a high similarity between the comitimsof bothChara species obtained in rela-
tion to the TOC in the water and to the stem lenithreover, the communities of stoneworts
were similar to those of the narrow leaf cattailr@hation to dry mass. A positive relationship
between the water hardness and the dry mass afvetots was found for the spring season. The
obtained results indicate that the two seasongingspnd autumn — have a differentiating influ-
ence on the aquatic plant communities in relatmehemical variables and biometric paramet-
ers of plant habitat.
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INTRODUCTION

The functioning of macrophyte-dominated lakes d#fen many aspects
from that of deep and stratified lakes [ScheffedJ0 Aquatic vegetation is able
to create favourable conditions for many aquatganirsms and the macrophyte
spatial build and specific morphology may influendtee physical-chemical
characteristics within the plant stand. Analysistlid species composition as
well as of the condition of particular macrophytpecies may provide
information relating to water quality changes aadhe type of water body or
the kind of littoral [Szmeja 2002, Nurminen 2008bitats build by species of
hydromacrophytes may differ in stand density (state stem length per 1 litre



81 Barbara Nagengast, Natalia Kuaska-Kippen

of water), biomass (dry mas} land volume (infested volumg)) percentage of

macrophyte cover or morphological build of partarulplant species. The
biomass of certain species of macrophytes relatéiseir ability to grow to the

water column or surface and to the season. Thediimparameters of a plant
habitat often relate to a particular ecologicalugraof macrophytes. Aquatic
plants are grouped into several growth forms whintlude, among others,
elodeids (submerged plants, poorly rooted), nymilsa@@lants attached to lake
bottom with floating leaves) and helophytes (plamitsch have their perennating
organs in soil or mud below water-level).

This paper presents the results obtained as at ifsabmparison of bio-
metric parameters of aquatic vegetation standsnefged, submerged and float-
ing leaved plants from investigations undertakemwia seasons in the shallow
and macrophyte-dominated lake Wielkowiejskie. Th af the investigations
was to describe the differentiation of the macraghyometric variables in rela-
tion to a particular season, to quantify the relahip between density as well as
dry mass and some chemical features of water witkeénplant habitat, and to
compare the similarities between the biometric matars of each habitat and
chemical variables in different habitats.

MATERIAL AND METHODS

Wielkowiejskie lake, a shallow macrophyte-dominatekle situated in the
Wielkopolski National Park, has an area of 13.3rhaximum depth of 2.8 m and
mean depth of 1.4 m. A belt of rushes, predomipatdth Typha angustifolia..
andPhragmites australi¢Cav.) Steud, surrounds the lake. Nearly the whagin is
covered by submerged macrophytes (mahara hispidaL., C. tomentosal.,
Myriophyllum verticillatumL., Nitellopsis obtusgDesvaux) Groves antdtricu-
laria vulgarisL.). Stands oNymphaea alb&. cover approximately 20% of the wa-
ter surface. The macrophyte beds are single-sp&eieds, separated from each oth-
er.

The research was carried out twice — in late spamd) early autumn of 2001.
The plant material was cut from a known area (8.2625 m) and depth (the entire
water column occupied by macrophytes). The lenfjfbadicular macrophyte stems
and their biomass per 1 litre of lake water wet@nased. This is why the length of
plant stems should be understood as the planttgleinsthe case o€Chara species,
stems were understood as the main stem with beiachthile ofUtricularia as the
main stem with leaves. Branches of the subsequdst were treated as separate
stems. The underwat@lyphastem, together with its adherent leaves, wasddeat
as a single length unit. The length of an undemvdianphaeastem was equal
to the length of its petiole. Particular plant reattamples were taken in triplic-
ate from the same places as the chemical sampdelsetem collected earlier.

Additionally, chemical analysis was made in ordeevaluate the content
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of N, P, C and Ca of the water filling the spacesuveen the plant stems.

The similarities between the biometric parametéreach habitat and the
chemical variables in different habitats were coragausing the Ward method
and the Euclidean distance measure [Sokal 1961].

The U-Mann test was used for statistical analysisrder to evaluate the
seasonal differences in the biometric parametensadicular macrophyte spe-
cies (N = 6) and the differences of the length dndmass between particular
macrophyte species in a particular season (N = 15).

The relationship between biometric and chemicabides of a particular
macrophyte species was checked by the PearsotatimmgN = 30).

RESULTS AND DISCUSSION

Vascular as well as macroalgae aquatic plantsegaimportant compon-
ent of the biocoenasis of the littoral area of detst of water bodies, including
ponds and lakes. Aquatic vegetation contributehecareation of specific condi-
tions within the littoral area and therefore it calso influence the physical-
chemical features [Raspopet al. 2002] and also life conditions for other or-
ganisms inhabiting vegetated zones. Hydromacrophyed especially stone-
worts, are known to maintain a clear water stat@amy shallow lakes [Scheffer
et al. 1993]; they may also contribute to water purifigcatin the primary pro-
duction process. Furthermore, they serve as aswdstrate for development of
epiphytic algae [Gons 1979, Messyasz and Kaskg-Kippen 2006] and phyto-
philous invertebrates [Paterson 1993, Duggan 20014. grazing activity of an-
imals associated with macrophytes may cause thevanof periphytic com-
munities from plant surfaces and thus enable bettart growth [Jonest al
2000, Jameset al 2000]. The influence of expanding macrophyte itens
through enlargement of the possible substrataceirfan the increase of the total
periphyton biomass is a well known phenomenon [Biezska 1976].

Analysing the relationship between chemical andmieivic variables of
plants in the spring and autumn seasons a posiinelation was found for the
water hardness and the dry mass of stonewortsO(8441; p < 0.05). This is
consistent with the literature data which emphattigerelationship of the oc-
currence of species from the gerfDBara and the water hardness gidbska
1964, Krause 1997]. It should also be mentioned ttia positive correlation
was only obtained for the spring season. The ldc&uch relationship in the
autumn may be connected with the fact that alorif thie increase of particip-
ation of the stonewort meadows in the lake, thesaoiption of dicarbonates in
the process of photosynthesis and the precipitatfocalcium carbonate also
increased [McConnaughey 1997]. Similarly, Petechatal. [2007], conduct-
ing research in the water bodies of the Lubuskikeland, found low concen-



83 Barbara Nagengast, Natalia Kuaska-Kippen

trations of calcium in lakes with the highest pap@tion of stonewort mead-
Oows.

The comparison of the biometric features (plantsitgrand dry mass) of
particular macrophyte communities between particedgsons of this examina-
tion revealed statistically significant differendes Nymphaea albdZ = 1.9633;

p < 0.05)and Typha angustifoligZ = 1.9639; p < 0.05) for the stem length
in one litre of lake water between both seas@msin(g and autumn) — Fig. 1. The
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Fig. 1. Mean dry mass (g dinand length (cm drf) of Nymphaea albatems in one litre of the lake
water in spring and autumn

biomass of aquatic plants typically increases isiganoid pattern during the
growing season [Wetzel 2001]. In the examined kedme discrepancies from
this pattern were noticed, however, the study covezkonly two seasons — late
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spring and early autumn. Considerably lower valfestem length and also of
dry mass (Z = 1.9640; p < 0.05) during the autusasen for white waterlily is
probably connected with the process of the plaimglpff during the autumn.
Leaves of representatives of nymphaeids, whichsuelly quite large and broad, res-
istant to tearing from wave action [Sculthorpe 196@em to loose their dry mass in
the case of Wielkowiejskie lake towards the entheir development.
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Fig. 2. Mean value of similarity of concentratiochT®C (mg dn¥) (the Ward method and Euclidean
distance measure) in Wielkowiejskie lake betweeniqdar stands of examined macrophytes
(Ch h —Chara hispida Ch t —Chara tomentosaNymphae -Nymphaea albaTypha —Typha angustifo-
lia,

Utric — Utricularia vulgaris)
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Fig. 3. Mean value of similarity of plant dry magsdnt®) (the Ward method and Euclidean distance



85 Barbara Nagengast, Natalia Kuaska-Kippen

measure) in Wielkowiejskie lake between particstands of examined macrophytes (Ch Ghara
hispidg Ch t —Chara tomentosaNymphae -Nymphaea albaTypha —Typha angustifoliaUtric —
Utricularia vulgaris)

However, in the case ofypha angustifoliathe co-occurrence of both
young leaves and also dry leaves from the preweas seem to affect its ob-
taining much higher values of plant density in $heing season compared to the
results from the autumn.

To estimate the similarity between the examinedtpaecies stands in re-
lation to biometric and chemical variables, a dusinalysis was applied. Based
on the chemical parameters two groups of macropbptxies were distin-
guished. Both communities of stoneworts were sintilaeach other based on
the concentration of the total organic carbon (T@C)vater between the plant
stems and also based on the plant length (FigAr®)ther group consisting of
Chara hispida, C. tomentosand Typha angustifoliawas also distinguished,
where a similarity was found in relation to therny anass (Fig. 3). The similar
values of dry mass of these different speciesresalt of the very high density
of both species of charophytes, which also affetedhigh biomass of these
plants in one litre of the lake water. Stonewortsaften the most abundant spe-
cies in many lakes [Schierugt al. 2002, Kuczyska-Kippen and Nagengast
2006]. In the case of the cattail, naturally higl chass is a characteristic fea-
ture of this plant species [Kuamka-Kippen and Nagengast 2003,
Kuczynska--Kippen and Nagengast 2006] due to the speuifiphometry of its
underwater leaves. Moreover, Wetzel [2001], conmgathe annual maximum
biomass of various macrophyte species from mangslall over the world, no-
ticed thatTypha angustifoliavas among those plants which (both as a species or
as a representative of emerged plants) have theestigdry mass per square
metre.
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Fig. 4. Mean dry mass (g dinin particular macrophyte stands (Ch Ghara hispidaCh t —Chara
tomentosaNymphae -Nymphaea albaTypha —-Typha angustifoliaUtric —Utricularia vulgaris)

Biometric parameters and chemical features weie aislysed in respect
to particular season. In the spring statisticalyngicant differences between
particular macrophyte species were obtained forndags (Fig. 4; Z = 1.9630;
p < 0.05). The highest values of dry mass wererdwsab for Chara hispida
Typha angustifolieand C. tomentosaThe stonewort specids. hispidawas a
dominating species in the investigated lake. Moeeoboth species of stone-
worts were overwintering the examined lake, sortsiginds were in good condi-
tion in the spring season. In the earliest seastmecstudy — spring — stoneworts
did not need to compete for light with filamenta@lgae which occurred in great
amounts during the summer season [Messyasz andyi@kaKippen 2006].
However, T. angustifolia whose density per lake volume is much lower com-
pared to stoneworts, is a plant of very high biajakgg and Wein 1987].
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Fig. 5. Mean concentration of total P (mgYrim water of particular macrophyte stands (Ch@hara
hispidg Ch t —Chara tomentosaNymphae -Nymphaea albaTypha —Typha angustifoliaUtric —
Utricularia vulgaris) in autumn

The concentration of f£in the water was very low in the spring season,
while in the autumn significant differences wererid in respect to particular
macrophyte species (Z = 1.9640; p < 0.05). Watesrgrthe three species of
submerged macrophyte€.(hispida U. vulgaris C. tomentosawas character-
ised by the highest values of total phosphorus emin(Fig. 5). In Lake
Wielkowiejskie the highest densities of zooplanktmmmunities were found in
the densest and most complex habitats — submergactophyte species
[Kuczynska-Kippen and Nagengast 2006, Kut#a-Kippen 2007] and zo-
oplankton are known for taking part in the regetiensof phosphorus [Ejsmont-
Karabin 1984, Gliwicz 2004], thus the highest concentratiafi phosphorus
were recorded in those three habitats.

CONCLUSIONS

1. The obtained results indicated a differentiatmtween the two ex-
amined seasons — spring and autumn — in relatiamhemical variables of water
within a plant habitat and to the biometric pararsetf the aquatic plant com-
munity. It was found that the stems Miymphaea albaand Typha angustifolia
differed significantly between the two seasonshwhiitgher values obtained in
the spring.

2. A positive relationship between the water hasdnend the dry mass of
stoneworts was also found for the spring. Moreogehjgh similarity between
both Chara species was obtained in relation to the TOC inewand to their
stem length, as well as between stoneworts andwdeaf cattail in relation to
the dry mass.
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PARAMETRY BIOMETRYCZNE RGNYCH GATUNKOW HYDROMAKROFITOW
W JEZIORZE WIELKOWIEJSKIM: WPLYW SEZONU | PARMETROW CHEMICZNYCH

Streszczenie Prace prowadzono wiosh jesiena 2001 r. na jeziorze Wielkowiejskim w gaiu
ptatach ZTypha angustifoliaNymphaea alba, Utricularia vulgaris, Chara hispid&. tomentosa.
Badano wplyw sezonu i parametréw chemicznych nanpetry biometryczne (diugodroslin i suchy
masg: na litr wody) wybranych zbiorowisk §tnnych. Celem badabyto wykazanie wptywu pory
roku i parametrow chemicznych na parametry bionsetrg rdélin wodnych. Badania wykazaty
réznice pome¢dzy wiosny i jesieny, stwierdzono midzy innymi,ze pedy Nymphaea alba Typha
angustifolia byty istotnie dhisze w przeliczeniu na litr wody wiogsn Stwierdzono take
podobigistwo pomgdzy zbiorowiskamiChara pod wzgédem zawartéci TOC w wodzie i diugéci
roslin oraz zbiorowiskami ramienic i patki askolistnej pod wzgidem suchej masy. Wiogn
wykazano take dodatnj korelacg pomiedzy twarddciag wody a such masg ramienic. Wyniki
wskazug, iz wiosna i jesi@é réznicuje zbiorowiska réinne pod wzgidem parametréw chemicz-
nych i biometrycznych.

Stowa kluczowe:hydromakrofity, dtugé¢, sucha masa, zmiany sezonowe, parametry chemiczne



