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ABSTRACT

The study object consisted of 28 microhabitats of five Utricularia species localized in the Province of Lower
Silesia, Poland. The aim of the study was to analyse the chemical properties of water and to present the differen-
tiation of microhabitats in respect of their chemism, i.e., whether there are differences between the microhabitats,
and which of the Utricularia species show the highest tolerance to the chemical properties of water. Analysed we-
re the contents of NO-,, NO-;, NH*,, PO2,, K*, Ca*?, Mg*?, Na*, Fe*3, SO2,, total hardness of water, organic
substance, pH and trophicity of water. The differentiation of microhabitats of Utricularia intermedia and U. minor
appeared to be small, but much higher in case of U. vulgaris, U. australis and U. ochroleuca. The similarity of mi-
crohabitats has been determined by cluster analysis. The tree plot showed the least similarity of U. minor and U.
intermedia, which occupy an extreme position in relation to microhabitats of the remaining species. Such a grou-
ping suggests that this species is clearly distinct because of its connection with water properties.

KEY WORDS: Utricularia, microhabitat, trophicity, chemical properties of water, cluster analysis, si-

milarity.

INTRODUCTION

Carnivorous plants are represented, among other, by
bladderworts (genus Utricularia, family Lentibulariacae).
The bladderworts are represented in Poland by five spe-
cies: U. vulgaris L., U. australis R. BR., U. minor L., U. in-
termedia Hayne and U. ochroleuca R. W. Hartm. The sixth
species, U. bremii Heer, was present several decades ago
and is probably extinct (Zajac, Zajac 2001; Mirek et al.
2002). The number of localities of the particular Utricula-
ria species differs considerably (Zukowski 1974; Zajac,
Zajac 2001). A common species is U. vulgaris occurring
frequently in the Lower Silesian Province (Fig. 1) (Zukow-
ski 1974; Zajac, Zajac 2001). U. intermedia (Fig. 2),
U.ochroleuca (Fig. 3) and U. australis (Fig. 4) are data de-
ficient (DD) species (Kacki 2003). According to Zarzycki
et al. (1992) U. ochroleuca like U. minor (Fig. 5) are most
rare in Poland and are recognized as vulnerable (VU)
(Kacki 2003). The position of U. bremii (Fig. 6) is uncerta-
in and occurred, according to Zukowski (1974), decades
ago in the vicinity of Zgorzelec and Luban (Lower Silesia)
and near Reszel (Mazurian Lake District).

The number of undiversified Utricularia localities in Po-
land (surface 312 685 km?2) according to the ATPOL Di-
stribution Atlas, is the following: U. vulgaris — 896 locali-
ties, U. minor — 419, U. intermedia — 326, U. australis —

200, U. ochroleuca — 24 localities and in Lower Silesian
Province (19 948 km?2) U. vulgaris — 40 localities, U. minor
— 19, U. intermedia — 10, U. australis — 13 and U. ochro-
leuca — 3 localities.

Transformations and contamination of the environment
are well known phenomena in result of intensive man’s ac-
tivity (Boyd 1968; Wiegleb et al. 1991; Smith et al. 1999).
The impact of pollution on plants and their occurrence in
Lower Silesia were investigated among others by Brej
(1998), Fabiszewski, Brej (2000) and Fabiszewski, Kwiat-
kowski (1997, 2002), and the extinct, endangered, vulnera-
ble and disappearing plant species in many regions of Po-
land are presented in Red Lists (Zarzycki et al. 1992; Ka-
Zmierczakowa, Zarzycki 2001; Nowak, Spatek 2002; Kac-
ki 2003). Therefore, due to the changing environmental
conditions, it becomes necessary to estimate their resour-
ces, habitat conditions, not only of rare, but also common
species (Kosiba 1990). Ecological studies constitute im-
portant circumstances for active protection of populations
and their biotopes (Boyd 1968; Hutchinson 1975).

The aim of this study was to analyse the properties of
water and to show the differentiation of microhabitat con-
ditions in respect of chemical proprieties, and to find whe-
ther these microhabitats are similar between themselves,
and which of the investigated species show the greatest to-
lerance in relation to water properties.
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Fig. 1. Locality of undiversified sites of Utricularia vulgaris in the Pro-
vince of Lower Silesia (according to Zajac A. and Zajac M. (eds). 2001.
ATPOL Atlas).
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Fig. 3. Locality of undiversified sites of Utricularia ochroleuca in the
Province of Lower Silesia (according to Zajac A. and Zajac M. (eds).
2001. ATPOL Atlas).

MATERIAL AND METHODS

The investigations were carried out in field in the Provin-
ce of Lower Silesia. Figure 7 presents the situation of Lo-
wer Silesia in Poland according to the grid used in the AT-
POL Distribution Atlas (Zajac, Zajac 2001). Twenty eight
microhabitats were selected, and the study object consisted
of five species: U. vulgaris, U. intermedia, U. ochroleuca,
U. australis and U. minor (Table 1, Fig. 8).

All the microhabitats occur in one local climatic zone.
This allows to compare the microhabitats in respect of their
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Fig. 2. Locality of undiversified sites of Utricularia intermedia in the Pro-
vince of Lower Silesia (according to Zajac A. and Zajac M. (eds). 2001.
ATPOL Atlas).
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Fig. 4. Locality of undiversified sites of Utricularia australis in the Pro-
vince of Lower Silesia (according to Zajac A. and Zajac M. (eds). 2001.
ATPOL Atlas).

chemical characteristics (Herpin et al. 1996). The water
samples were collected at the same time from various water
reservoirs and were subjected to the same chemical analy-
ses. The contents of NO-,, NO-;, NH*,, PO3,, K*, Ca*?,
Mg*2, Nat*, Fe*3, SO?,, total hardness of water, organic
substance and pH were analysed according to the principles
of Hermanowicz et al. (1999). On the basis of results the
following statistical analyses were performed: mean, stan-
dard deviation, variability coefficient, one-way analysis of
variance (ANOVA), similarity of microhabitats in respect
of chemical properties determined by the method of cluster
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Fig. 5. Locality of undiversified sites of Utricularia minor in the Province
of Lower Silesia (according to Zajac A. Zajac M. (eds). 2001. ATPOL
Atlas).

analysis, and a hierarchical tree plot was drawn using the
single linkage method (nearest neighbour), basing on matri-
es of Euclidean distance (x, y) = {Z; (x; - ¥,)*}!/, (Zajac
1994; Legendre, Legendre 1998).

For statistical analysis of results the computer program
Statistica 6.1 was used (StatSoft, Inc. 2003).
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Fig. 6. Locality of undiversified sites of Utricularia Bremii in the Provin-
ce of Lower Silesia (according to Zajac A. and Zajac M. (eds). 2001. AT-
POL Atlas).

RESULTS AND DISSCUSION

The microhabitats of the examined bladderworts are lo-
calized in Province of Lower Silesia (Figs 7, 8). The Figu-
res 1-6 show the presence of the taxon and the situation of
undiversified localities in units of 10x10 km according to

TABLE 1. The designation of examined microhabitats of Utricularia species according to ATPOL grid squares.

Species of Utricularia Number of microhabitats (N) Localization Designation of units (10x10 km)
Utriculari vulgaris 1+10 Boraszyn BE 15
(10) Brodno BE 36
Kunice BE 33
Lipie AE 18
Malczyce BE 35
Matowice Wotowskie BE 15
Tarchalice BE 15
Tyniec Maty BE 56
Wegliniec AE 26
Wroctaw BE 49
Utricularia intermedia 11+15 Buczek AE 28
[®) Lesieniec AE 27
Pegéw BE 28
Wegliniec AE 26
Zabér Wielki BE 36
Utricularia ochroleuca 16+20 Wegliniec (X2) AE 26
(5) Zagajnik (x2) AE 27
Zawodzie AE 06
Utricularia australis 2124 Kliczkéw AE 18
“4) Krzydlina Mata BE 25
Nowa Wie§ AE 27
Wegliniec AE 26
Utricularia minor 25+28 Parowa AE 17
4) Tarchalice BE 15
Wodnica BE 15

Zabor Wielki BE 36
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the ATPOL Atlas (Zajac, Zajac 2001). The number of
undiversified localities in relation to species differ conside-
rably, e.g.: U. vulgaris 40, U. minor 19, U. intermedia 10,
U. australis 13 and U. ochroleuca 3 localities. The number

of localities of U. bremii is unknown.
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Fig. 7. Situation of the Province of Lower Si-
lesia in Poland.

The characteristics of the investigated microhabitats of
bladderworts in respect of chemical proprieties are shown
in Table 2. They differ significantly in respect of NO-,
NO-,, NHf,, K*, Fe*?, SO2,, organic substance and pH.
According to Wetzel (1983), the chemism of water reflects

TABLE 2. Chemical properties of water of examined microhabitats of Utricularia species.

NO-, NO-, NH*, ]:>0-34 K+ Ca*? Mg*? Na* Fe3 SO'24 Organic Hérdness

substance | of water pH

Microhabitats B
[mg/dm?] [*HD]
meanzSD. variability coefficient [%] and ANOVA test

Utricularia vulgaris 0.0240.01 | 0.68£0.53 | 0.69+0.60 | 0.47:0.27 | 1.1740.56 |42.78+17.64 | 8.36+4.29 | 3.10+1.71 | 0.31£0.17 | 16.555.64 | 2.73+0.77 | 4494154 | 7.15+1.67
A (1+10) 58.5 778 87.5 57.5 483 412 514 55.1 55.4 34.1 28.2 343 234
Utricularia intermedia | 006£0.01 | 1.16£0.36 | 1.08:0.41 | 0.62:0.12 | 0.36£0.16 | 27.95¢8.61 | 7.39+1.76 | 1.26:0.46 | 1.230.48 | 39.29+6.61 | 10.54+1.64 | 2.8241.21 | 5.2210.62
B (11+15) 228 31.0 382 19.4 440 308 238 364 39.1 16.8 15.6 429 1.9
Utricularia ochroleuca | 003:0.01 | 1.90£0.85 | 0.61:029 | 0.44:029 | 0.70£0.30 |3553t12.10 | 6.19+1.93 | 2.45:0.86 | 0.66£0.55 | 21.77¢551 | 4.53:2.04 | 2.9241.41 | 6.05:0.73
C (16+20) 53.8 447 477 66.2 436 341 311 35.1 84.2 25.3 45.0 483 121
Utricularia australis 0.04£0.01 | 1.69£0.37 | 1.58+0.42 | 0.34:0.14 | 0.60£0.31 |32.15+14.60 | 5.92+1.21 | 2.21:0.67 | 0.5410.38 | 15.31+4.66 | 5.87+1.84 | 4.7313.07 | 6.2010.84
D (21+24) 214 219 26.6 412 51.3 454 204 304 713 30.5 313 64.9 13.6
Utricularia minor 0.05£0.02 | 1.641043 | 1.27:052 | 0.11:0.03 | 1.25¢0.47 |3845+11.23 | 7.31+1.48 | 3.05+1.03 | 0.51£0.18 |41.09+11.78 | 5.23:0.83 | 4.8210.97 | 6.05:0.46
E (25+28) 302 26.3 409 27.3 37.8 292 202 338 346 287 15.8 201 76
F 517" 3.93* 3.26 1.70 3.08* 1.32 0.43 1.82 5.96" 16.04* 15.82* 0.84 9.59*
F(U,os; 4.23) 280

* — statistically significant when: F>F 5.4 55
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Fig. 8. Localization of examined microhabitats of Utricularia species.

its trophic status. Basing on results obtained by Pip (1979,
1984), Weigleb (1991) the waters analysed in the present
paper are in most cases eutrophic (microhabitat 1-10 and
16-24), seldom dystrophic ones (microhabitat 11-15 and
25-28). In our case it was found that U. vulgaris, U. ochro-
leuca and U. australis prefer eutrophic waters, whereas U.
minor and U. intermedia exist usually in dystrophic waters,
which are characterized by the lowest pH and the highest
contents of NO-, SO'24, as well as organic substance. The-
se results find confirmation in earlier investigations on ha-
bitat conditions of bladderworts (Kosiba, Sarosiek 1989;
Kosiba 1992a, ¢, 1993). This differentiation within species
is slight for U. intermedia and U. minor. A greater differen-
tiation occurs between species. On the basis of the variabi-
lity coefficient the differentiation of microhabitats of U. in-
termedia and U. minor appeared to be small, respectively
from 11.9% for pH to 44.0% for K* and from 7.6% for pH
to 40.9 for NH*,, but much higher in microhabitats of U.
vulgaris, U. australis and U. Ochroleuca, respectively suit-
able from 23.4% for pH to 87.5% for NH*,, from 13.6%
for pH to 71.3% for Fe*3 and from 12.1% for pH to 84.2%
for Fe+3 (Table 2).

On the basis of results, using the method of cluster ana-
lysis (Table 3), a hierarchical tree plot was constructed
(Fig. 9), presenting the similarity of the investigated micro-
habitats. It shows the least similarity of U. intermedia and
U. minor microhabitats, which take extreme positions and
are characterized by the lowest pH and the highest contents
of NO-,, SO'24, organic substance and lower variability

N Towns

—. . Border

0 10 km 20 km — Rivers
—— ]

range of water properties in relation to the microhabitats of
the remaining species, which again show a higher similari-
ty between them. These microhabitats form seperate ecolo-
gical types in respect of water chemism. Microhabitats of
U. vulgaris, and U. ochroleuca populations form another
group, characterized by the lowest contents of NO-,, NH*,,
SO72,, organic substance, higher pH and a wide range of
variability of water properties. In this group of similarity
there occur microhabitats of U. australis, which are charac-
terized by a lower contents of NO-,, Fe*3, organic substan-
ce, pH and average values in most of the remaining chemi-
cal elements. Such grouping of Utricularia microhabitats
suggests, that the particular analysed species are bound
with water chemism. This was confirmed by investigations
of Seddon (1972) and Wiegleb (1978a, b, 1981), who fo-
und relations between plant composition and chemism of
water. This makes the ground for identification of ecologi-
cal formations of different plant species and the knowledge
on trophic requirements and tolerance of plants (Roman et
al. 2001), and allows to conclude on the trophic level of
water (Roy et al. 1992). Eutrophication, urbanization and
contamination of the environment enrich the water by bio-
genic and anthropogenic elements. These factors cause
stress, are highly significant for plants, and in consequence
generate changes in plant communities (Roy et al. 1992;
Murphy 2002). This shows that the analysis of trophic state
of water is necessary, because the use of one or a few crite-
ria may result in a distorted picture of the trophic state
(Moiseenko et al. 2001). Species of a high tolerance to che-
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TABLE 3. Amalgamation schedule of examined microhabitats of Utricularia species.

No of microhabitat
Linkage
distance Uv. [ Uv. | Uv. | Uv. [ Uv. | Uv. [ Uv. | Uv. | Uv. [ Uv. | Ui | Ui | Ui | Ui | Ui [ Uo. | Uo. | Uo. [ Uo. |[Uo | Ua | Ua |Ua |[Ua [Um|Um [Um. |[Um.
([ @ [ @ [ @ [ G| 6] @ | 6 O [0)[1)[02 |03 [014] 05|06 |17)]18) | (19) | (20) | (1) | (22) | (23) | (4) | (25) | (26) | (27) | (28)
3.59 19 | 21
4.11 3|24
5.46 9 |17
5.64 6 | 18
5.97 1 4
6.05 216 |18
6.51 9 |17 | 16
6.81 9 |17 |16 |22
6.85 216 |18 3 |24
7.12 216 |18 3 |24]10
7.21 216 |18 3 |24(10] 19|21
7.46 216 |18 3 24101921 9 |17]|16]|22
7.72 8 |20
8.15 517
8.20 15|27
8.55 12 | 14
8.63 216 |18 3241011921 |9 |17|16|22| 8 |20
864 |1 |4 |26 |18 3 2410|1921 | 9 [17|16]|22]| 8 |20
906 |1 |4 |26 (18] 3 [24|10]|19|21| 9 [17]|16[22]| 8 |20|23
975 |1 |4 2|6 (18] 3 [2410(|19|21| 9 |17|16]22| 8 |20|23 |5 | 7
978 |1 |4 |2 |6 |18 3 |24[10]|19|21| 9 [17|16]22| 8 |20(23| 5 | 7 |28
985 |1 |4 |2 |6 (18] 3 (2410|1921 |9 |[17]|16]22| 8 |20|23| 5 | 7 28] 13
10.16 12|14 | 25
1100 | 1 |4 |26 |18 3 |24[10|19|21 | 9 [17]16|22| 8 [20(23 | 5 | 7 |28 |13 | 12| 14|25
12.24 11|15 |27
1229 | 1 [ 4 [ 2| 6 (18| 3 (2410|1921 |9 | 17|16 |22 | 8 |20 |23 | 5 | 7 (28|13 (12|14 |25 | 11| 15|27
1942 |1 |4 |26 |18 3 2410|1921 9 [17[16]22| 8 2023 | 5 |7 (28|13 |12 |14 |25 |11 | 15|27 |26
110
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Fig. 9. Hierarchical tree plot of microhabitats
similarity of the Utricularia species examined.
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