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Abstract: The study analyses habitat requirements of the associations with Nuphar lutea (L.) Smith, Nymphaea alba L. s.s.
and the cross-breed forms of Nymphaea xborealis Camus (N. alba x N. candida). The study comprised 15 highly coloured and
rich in humus substances lakes of the Wielkopolska region. Altogether, 21 water and 16 substrate properties were analysed in
the patches dominated by the studied nymphaeids. The former involved a wide spectrum of factors related to the hardness of
water and nutrients concentration. Factors related to the hardness of substratum were decisive for the habitat differentiation of

the associations of analysed species.
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1. Introduction

Humic lakes are a specific group of water reservoirs
whose functioning depends on the constant flow of
dissolved humus substances coming from the drainage
basin, especially from peat-bogs. Lakes, where natural
dystrophication processes can be observed, are the rarest
among the water reservoirs of the Wielkopolska region
(Gabka et al. 2004; Gabka 2005).

The purpose of the study was to estimate habitat
requirements of patches dominated by Nuphar lutea (L.)
Smith, Nymphaea alba L. s.s. and cross-breed forms of
Nymphaea xborealis Camus (N. alba x N. candida)
found in the darkly coloured and rich in humus sub-
stances lakes. These species are less and less frequent
in the Wielkopolska region and the associations where
they dominate are considered to be in danger of extinction
(Brzeg & Wojterska 2001).

2. Material and methods

The study was conducted in 15 humic lakes of the
Wielkopolska region. All of them were shallow (1-7
m. max. depth), small in area (1.5-20 ha) and characterised
by the high participation of Sphagnum peat-bogs in their
drainage basins, with oligo- to polyhumic waters (Gabka
et al. 2004; Gabka 2005). The study comprised both

dystrophic reservoirs and the lakes advanced in the
process of succession.

The analyses were conducted in the vegetative seasons
of 2001-2003, and concentrated on the associations of
nymphaeids. Altogether, 14 phytocoenoses of Nymphaea
alba, 6 phytocenoses of Nuphar lutea and 7 phyto-
cenoses dominated by Nymphaea xborealis were studied.
For each patch, a phytosociological record was taken,
as well as water and substratum samples for physico-
chemical analyses. Each water and soil sample taken
from the sites in the centre of the patches consisted of
three random subsamples (Ktosowski & Tomaszewicz
1993; Klosowski & Szainkowski 1997). Physico-chemi-
cal analyses comprised 21 water and 16 substratum pa-
rameters, and were made according to the methods sug-
gested by the studies of Siepak (1992) and Hermanowicz
et al. (1999). The range of the patches depth was mea-
sured as well. The determination of Nymphaea species
was carried out on living material, particularly on the
basis of morphological characteristics of pollen
(Neuhiusl & TomsSovic 1957; Volkova 2004).

3. Results
The appearance of nymphaeids in the humic lakes

of the Wielkopolska region is connected exclusively
with the most shallow parts of water reservoirs and with
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highly hydrated organic substrata. The patches domi-
nated by Nymphaea lutea and Nuphar alba grow mostly
in the vicinity of swamp communities, while the
phytocoenoses dominated by Nymphaea Xborealis were
frequently noticed in the central parts of shallow lakes.
Nymphaeids occur in reservoirs characterised by a wide
range of water hardness values and nutrients concentration
(Table 1). N. alba and N. xborealis appeared both in
hard- and softwater basins, mostly fertile. Patches of N.
xborealis were often found in the reservoirs with
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advanced succession, dominated by the ‘charophyta
meadows’. N. lutea was observed mostly in soft and
very soft waters, with neutral pH; less commonly in
acidic waters poor in nutrients and sulphates. In acidic
lakes with darkly coloured waters, nymphaeids
constituted the most characteristic group of macrophytes,
often being the dominating or the only element of water
vegetation.

Phytocoenoses with Nymphaea alba were characterised
by the considerably higher concentration of calcium,

Table 1. Physical and chemical properties of water and substrate found in associations with dominant: NA — Nymphaea alba, NL — Nuphar

lutea and NB — Nymphaea xborealis. Ranges and mean values

Properties Water . Substrate _
NA (n=14) NL (n=6) NB (n=7) units NA (n=14) NL (n=6) NB (n=7) units
Min. —max 0.5-2.2 0.8-2.2 0.3-1.8 m - - - -
depth of 13 13 0.9
patch
Secchi disc 0.5-2.0 0.5-1.0 0412 m - - - -
visibility 1.0 0.8 0.8
Colour 0-46 5-40 0-34 mg Pt It - - - -
12.8 22 8.3
DOC 9.82-27.93 12.18-24.06 6.24-25.76 mg C I - - - -
16.5 16.9 16.3
pH 6.2-8.3 6.0-7.8 59-7.7 6.0-6.7 5.3-6.4 6.3-6.8
7.2 6.8 6.9 6.3 5.9 6.5
Saturation 44.0-147.9 49-143  39.6-172 % - - - -
with O, 73.2 88.7 95.2
O, dissolved 3.3-12.6 53-10.7 344154 mgO2I? - - - -
6.3 75 8.2
Hydration - - - - 84.5-97.8 84.53-96.72  92.79-97.84 %
95 935 96.3
Org. matter - - - - 12.1-67.3 25.14-61.76 15.25-68.98 %
content 35.8 374 27.7
Conductivity ~ 23.88-430 56-367 61-567  pScm™ - - - -
267.6 162.8 366
NH,-N 0.08-0.52  0.06-0.27 0.11-0.61 mgN It 0.03-0.92  0.03-0.24 0.06-0.49 Ngkg*
0.28 0.13 0.3 0.31 0.16 0.22 dry wt.
NOsN 0.1-0.5 0-0.4 0.1-0.4 mgN It 0-0.17 0-0.07 0-008 Ngkg*
0.27 0.1 0.27 0.05 0.03 0.03 dry wt.
Total PO, - - - - 0.83-3.12 1.19-3.09 1.38-3.81 PO,gkg*
2.03 2.26 2.62 dry wt.
PO,P 0-0.54 0-0.02 0.03-014 mgPO,I* 0-0.11 0-0.18 0-0.1 PO,gkg*
0.15 0.005 0.07 0.02 0.04 0.04 dry wt.
Total Fe 0-0.26 0.01-0.07 0.01-004 mgFel® 2.03-113.3 2.35-14.44 1531391 Fegkg®
0.04 0.03 0.03 102.4 9.8 475 dry wt.
Total 0.28-3.92 0.07-352  0.16-3.45 mval It - - - -
hardness 2.18 1.22 1.8
Carbonate 0.11-3.38 0.06-3.1  0.12-3.20 mval It - - - -
hardness 1.53 1.03 1.46
Ca 2146784 1146212 2366427 mgCal® 07875809 5.82-211.67 10.19-24815 Cagkg®
29.4 20.7 29.9 1775 75.16 48.84 dry wt.
Mg 1.08-1259  0.02-521 048781 mgMgl* 027-105.34  0.43-1.11 0.38-1.44 Mggkg*
5.19 2.29 391 22.8 0.79 0.72 dry wt.
Na 0.84-1634  154-958 068376 mgNal' 481-12136 78.6-228.2  953-217.41 Namgkg
4.93 5.31 1.79 296.9 153.8 1336  'dry wt.
K 0.28-1.56  0.78-18.40  0.29-2.03 mgK I 103.6-6148.0 267.0-665.3 144.36-659.72 K mgkg™
0.94 6.03 1.04 1092 428.8 286.3 dry wit.
SO, 0-72 0-42 034 mgSO,I* 8854647 6.85-46.47 0.25-2.97 SO,gkg*
17.4 8.83 12.8 22.3 14.7 13 dry wt.
cl 3-34 7-13 410 mgcCll?t 0.05-1.04 0.39-4.38 9.2-3547 Clgkg*
13.1 9.2 6.9 1.01 1.58 21.95 dry wt.
SO, 0.20-3.61 150-1.53  051-49 mgSio,I* 0.39-1.76  0.03-0.24 0.14-1.08 SiO,gkg*
dissolved 1.77 1.51 3.08 0.42 0.18 0.49 dry wt.




magnesium and iron ions in the substratum, in respect
to the analysed patches dominated by Nuphar lutea and
Nymphaea xborealis.

In all the analysed nymphaeid patches (PCA ordination),
factors connected with the hardness complex turned out
to be crucial for the arrangement of habitat variables,
both in the case of water and substratum (Fig. 1). They
played the most important role in the habitat differentia-
tion of nymphaeid patches in humic lakes of the Wielko-
polska region.
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tat-generating charophyta communities, e.g. Nitello-
psidetum obtusae or Charetum intermediae), and the
substrata rich in calcium connected with them.

It is interesting to compare the habitat conditions of
patches with the participation of the cross-breed forms
of Nymphaea xborealis, found in humic lakes, to the
abiotic environment of the communities dominated by
Nymphaea candida in the lakes of the Pomorze region
(Ktosowski & Tomaszewicz 1993, Klosowski & Szan-
kowski 1997). Soft and medium-soft waters, poor in
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Fig. 1. PCA ordination diagram. The contribution of properties of water (A) and substrate (B) in explanation of the variances observed in

associations with dominant nymphaeids

4. Discussion

The habitat analysis made for the phytocoenoses of
3 species of nymphaeids demonstrates that they tend to
occur in a wide range of conditions connected with
hardness of water and nutrient concentration. Small
differences in the habitat requirements of patches
dominated by Nymphaea alba and Nuphar lutea in the
lakes of the Pomorze region were commented in the
earlier works (Ktosowski & Tomaszewicz 1993;
Klosowski & Szankowski 1997; Szankowski & Kto-
sowski 1999). Interestingly, the phytocoenoses of
Nuphar lutea in humic lakes of the Wielkopolska region
appeared mostly in soft and very soft waters, with
neutral pH, and considerably less often in acidic waters
poor in nutrients. Thus, the abiotic requirements of this
facies resemble those of the Nupharetum pumilae habitat
characterised by Klosowski and Tomaszewicz (1990).
In the analysed group of humic lakes, however, the
specific habitat character of the Nuphar lutea facies may
result from the tendency to avoid the vicinity of
charophyta meadows (dominated by the strongly habi-

nutrients, with a considerable hydration of substratum
and high content of sodium ions are characteristic
of the Nymphaeetum candidae communities of the lakes
in Pomorze. Generally, it can be noted that patches
dominated by this cross-breed taxon were connected
with the basins considerably advanced in the process
of succession, dominated by charophyta meadows,
mostly by Charetum intermediae. Rarely they were met
in strongly acidic reservoirs. The results of this study indicate
that in the phytocenoses dominated by N. Xborealis,
hardness measured by calcium and magnesium con-
tent, reaction and electrolytic conduction was generally
low.

The presence of patches dominated by Nymphea alba
points to the advanced stages of the ageing process
noticeable in the reservoirs or their parts, resulting from
the accumulation of organic matter in the substratum
(Klosowski & Tomaszewicz 1993). Strongly hydrated
organic bottom sediments and the shallow character of
the analysed lakes make this facies the most
characteristic element of water vegetation in humic lakes
of the Wielkopolska region. However, the community
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of common white water-lily appeared in the basins ir-
respective of the degree of their succession.

It seems, then, that in humic lakes of the Wielkopol-
ska region the bioindicator value of nymphaeid asso-
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ciations in respect to the concentration of nutrients is
limited. However, these associations point to the different
habitat requirements of the communities for carbonate
complexes, particularly connected with the substratum.

References

BrzeG A. & Worterska M. 2001. Zespoty roslinne Wielko-
polski, ich stan poznania i zagrozenie. In: M. WOITER-
SKA (ed.). Szata roSlinna Wielkopolski i Pojezierza
Potudniowopomorskiego. Przewodnik sesji tereno-
wych 52. Zjazdu PTB, pp. 39-110. Bogucki Wyd.
Nauk., Poznan.

GaBka M. 2005. Zbiorowiska ro$linne jezior humusowych
Wielkopolski na tle ich uwarunkowan siedliskowych.
Ph. D. Theses, Department of Hydrobiology, Adam
Mickiewicz University in Poznaf.

GABKA M., OwsianNy P. M. & SoBczyNski T. 2004. Acidic lakes
in the Wielkopolska region — physico-chemical proper-
ties of water, bottom sediments and the aquatic micro-
and macrovegetation. Limnological Review 4: 81-88.

Hermanowicz W., DozaNska W., DoiLipo J. & KozIoROWSKI
B. 1999. Fizyczno-chemiczne badania wody i Scie-
kéw. 847 pp. Arkady, Warszawa.

Krosowski S. & Szankowskl M. 1997. Ekologia rzadkich
zbiorowisk wodnych w péinocnej Polsce. In: W.
FartyNnowicz, M. LaTtarowa & J. SzMmEjA (eds.).

Dynamika i ochrona roslinnosci Pomorza, pp. 99-111.
Bogucki Wyd. Nauk, Gdansk-Poznai.

Krosowski S. & Tomaszewicz H. 1990. Standortverhiltnisse
des Nupharetum pumili Oberdorfer 1957 in der Su-
walki-Seenplatte (Nord-Ostpolen). Arch. Hydrobiol.
117(3): 365-382.

Krosowski S. & Tomaszewicz H. 1993. Standortsverhéltnisse der
Gesellschaften mit Dominanz einzelner Nymphaeaceen
in Nordost-Polen. Tuexenia, Gottingen 13: 75-90.

NEeuHAusL R. & TomSovic P. 1957. Rod Nymphaea (L.) Smith
v Ceskoslovensku. Preslia 29: 225-249.

Sierak J. (ed.). 1992. Fizyczno-chemiczna analiza wéd
i gruntéw. 193 pp. UAM, Poznan.

Szankowskl M. & Krosowski S. 1999. Habitat conditions of
nymphaeid associations in Poland. Hydrobiologia
415: 177-185.

Vorkova P. 2004. Morphological variability of Nymphaea
alba L. s.I. (Nymphaeaceae) in the European Russia.
The materials of the White Sea Expedition of Mos-
cow South-West High School. Vol. 4.



