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I. ECOLOGICAL DIFFERENTIATION OF A. VESICULOSA
POPULATION UNDER THE INFLUENCE
OF CHEMICAL FACTORS IN THE HABITAT

ABSTRACT: Ten habitats of A. vesiculosa — disappearing in Europe aquatic plant, have
been investigated. The habitats were characterized according to water chemistry, composition
of bottom sediments, describing also the coenotic relations, i.e., biotic ones in the
phytosociological aspect. An analysis of individual and group characters of plants allowed to
find chemical factors of habitats most significant for the growth of plants examined, the best
habitats for A. vesiculosa population were indicated, also water chemistry necessary for
maintenance cultures or introductions was determined.
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1. INTRODUCTION

Changes in natural environment causing the death of many plant species make it
absolutely necessary to study more intensely their ecology and to find methods for
their protection. Legal protection of endangered species is no longer sufficient. Active
protection requires an interference in the fate of each endangered population of the
disappearingspecies, and the least we can do s to find a substitute place. Therefore, it is
indispensable to know the best physico-chemical and biotic conditions in the habitat.

At present the most endangered are water and marsh-plants as each interference of
man frequently causes irreversible changes of aquatic relations in the habitat and of
water chemistry. One of such plants is Aldrovanda vesiculosa — small, free floating,
belonging to the family Droseraceae and thus carnivorous. Another interesting
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Fig. 1. Distribution of localities of Aldrovanda vesiculosa and those that should be varified in Poland

thing is that it can not grow in a purely mineral range (Ashida 1934, 1935,
Sculthorpe 1971), but requires the presence of organic matter or accompanying
plants. Its range of occurrence is rather wide (Europe, Asia, Africa, Australia), although
the number of its localities is relatively small. The majority of them have been in
Europe, but are no longer confirmed (acc. to [IUCN data).

As the highest number of localities of A. vesiculosa in Europe was recorded from
Poland I tried to determine the resources of this species in Poland. The exploration
conducted between 1979 and 1981 covered 35 localities out of 74 known ones as the
probability of finding the plant there was the greatest. The occurrence of A. vesiculosa
was confirmed only on 12 localities (K amins ki 1983). Autecological investiga-
tions on 10 localities (Fig. 1) were conducted to provide answers:

(1) What is the ecological amplitude of A. vesiculosa, i.e., to what extent its habitats
are differentiated, especially as regards water chemistry? »

(2) Are the group and individual characters of natural A. vesiculosa populations
differentiated and to what extent it is conditioned by the chemistry of habitat?

Thus, it would be known what kind of habitat is the most suitable for this plant, and
what are the worst factors affecting the plant populations causing their disappearance
from particular localities.
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2. METHODS OF INVESTIGATIONS

2.1. PHYTOSOCIOLOGICAL ANALYSIS OF A. VESICULOSA LOCALITIES

The phytosociological analysis, based on the system of Matuszkiewicz
(1982) for precise definition of plant associations, among which A. vesiculosa occurs,
included a comparison of 20 geobotanical records made by the Braun-Blanquet
method M atuszkiewicz 1967). Their area varied, depending on the area
occupied by the population of the plant examined. They were in patches of
communities with the highest density of populations examined.

2.2. CHEMICAL ANALYSIS OF WATER AND BOTTOM SEDIMENTS

Each microhabitat of Aldrovanda on localities examined was described according
to the chemical characteristics of water and bottom sediments. Three samples of water
from each microhabitat were taken at the depth of 5— 20 cm at the turn of July in 1980
and 1981. Water pH was determined directly on localities. For nitrogen determination
water was preserved with 3 ml CHCL-1'! (Gomodtka and Szypowski
1975) and for iron — with muriaticacid, 12ml-1 'ofwater (Hermanowicz et
al. 1967). Before the analyses all samples were stored at 2°C.

The contents of nitrates, ammonia (using Nessler’s reagent), phosphorus in the form
of orthophosphates and iron were determined by the colorimetric method in water. The
flame photometer (Johanson-Ulrich method) was used to determine the contents of
potassium and natrium, EDTA method — for calcium and magnesium, nephelometric
method — for sulphates and titration for chlorides. These methods are given by
H e 1:m.8.0:0. Wi C.Zp €l o 2L (196 7)., L Lae . (1973)x G.om. 6Lk a: and
Szypowski (1975).

Total contents of organic substances, expressed by carbon content in water volume,
were determined by a simplified method of Kononova and Bel¢ikova. Carbon was
determined in dry residue after the evaporation of proviously filtered water in water
bath at 60°C. The contents of free and connected with free-forms R,0;, ie., not
connected with calcium, of humic and fulvic acids were determined by Tjurin’s method.
Both methods are described by Kononova (1968).

In bottom sediments, presenting very well the trophic state of habitats, the contents
of organic matter, calcium carbonate and silicates were determined by gravimetric
method (Litynski etal 1972).

2.3. CHEMICAL ANALYSES OF PLANTS

Plants were sampled together with water from places varying as to the species
composition of plants accompanying the Aldrovanda. Plants were incinerated with
perhydrol and sulphuric acid. Then a water solution was made, in which nitrogen was
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determined by the turbidimetric method (Nowosielski 1968), phosphorus —
by the colorimetric method with molybdate (Babk o and Pilipienk o 1955),
potassium and sodium — in a flame photometer using the Johnson-Ulrich method,
calcium and magnesium — by the EDTA method Barrous and Simpson
1962) and iron — by the colorimetric method with alpha-alphabipyridyle according to
Piper (1957). Sulphur was determined by the Butters-Chenry method
(Nowosielski 1968), whereas the ash content in dry plant weight — by
combustion in a muffle furnace (600°C, 6 hours). All measurements were repeated three
times.

2.4. SELECTION OF INDIVIDUAL AND GROUP
CHARACTERS OF PLANTS AND THEIR MEASUREMENTS

The experimental areas were varying as to the species composition of accompa-
nying plants. The size of experimental areas was 0.25 — 1.0m?, depending on the density
of plants, 30 plants of 4. vesiculosa being the minimum (with the exception of locality 1
at Nowa Kuznia, where the experimental areas covered more than 200 m?). In the
biometrical analysis each population was represented by three samples, i.e., 90 plants.
The biometrical analysis included: plant length, number of whorls, mean length of
internodes, number of leaves in a whorl (mean number of leaves in three middle whorls),
length of leaves (mean of 3 measurements in middle whorls), number of setae (mean
from visual inspection of 5 optional leaves), number of branches, their mean length and
number of buds in leaf whorls. The measurements are given in millimetres.

As regards the group characters, i.e., the population ones oi A. vesiculosa, analysed
were: plant density, i.e., number of individuals per ! m?, biomass of 100 plants in mgdry
weight as an indicator of habitat productivity in relation to Aldrovanda and the biotic
population potential. The index of biotic potential was assumed as the ratio of the sum
of buds, branches and young individuals to the number of plants in the sample. As
young plants were accepted plants without the brown tints on leaves in the oldest
whorls, so separated not long age from parent plants.

2.5. EXPERIMENTS IN CULTURES IN VITRO

Indispensable experiments in cultures in vitro were conducted to determine the
effect of basic chemicals in the habitat on the growth of plants examined. Examined
were apical plant segments, 30 mm long, from Lake Kruglak (experiment 1) and the
pond at Nowa Kuznia (experiment 2).

Experiment 1. Itfollowed aseries of preliminary experiments to determine
the best medium composition and was conducted in two parts (A and B). The aim was
to determine the effect of more important macroelements (ammonium and nitrate
forms of nitrogen, phosphorus, potassium, magnesium and humic acids in the form of
sodic humiane including the joint effect of humic forms and mineral compounds) on the
growth of plants examined. In experiment A conducted between June 12 and July 7,
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1981 a modified medium of Hampe and Truffaut was used (Buczek et al 1976)
with -an addition of microelements acc.to H e lle r (1953) and sodic humiane. The
basic medium contained (inmg-17'): NO; — 0.62, NHs — 0.54, PO, * — 047,K* —
3.12,Mg*? — 292, Na* — 4.83,80;% — 16.23,Cl™ — 21.20,Ca*? — 8.02, Fe*% —
0.55in the form of Fe EDTA, and microelements — 1 ml of Heller solution, and also C
of organic matter — 5000 ug. Initial pH 6.5, the changes not exceeding + 0.3 at the end
of experiments. The experiment was repeated three times with 10 plants in a crystallizer
as a sample. The medium was protected against evaporation by a synthetic film
(Parafilm), permeable for gases. Medium temperature was 18°C, at diffuse day light.
When changing the concentrations- of factors examined, other remained at a level
resembling the basic medium. The experiment terminated when the plant growth
showed signs of regression. :

As the results of experiment A were not explicit, the effect of ammonia, nitrates and
phosphorus was examined again (experiment B) between June 18 and July 14, 1984. For
faster and longer time of plant growth a germinant rhizome of Carex rostrata was
placed in each crystallizer. Other factors were the same as in part A of the experiment.

Experiment 2 Conducted between June 6 and September 9, 1980 it aimed
at determining the ecological optimum of A. vesiculosa in relation to water pH. In each
aquarium with unfiltered water from natural habitat and rhizomes of Typha latifolia,
5 Aldrovanda plants were placed. Water acidity (pH) was adjusted by 2.5 n NaOH and
2 n HCI within 25-3.5, 3.5—-4.5, 45-5.5, 55-6.5, 6.5—7.5, 7.5-8.5, 8.5-9.5.
Because of insufficient plant material there were only two replicas of the experiment.

2.6. STATISTICAL AND MATHEMATICAL METHODS

The statistical methods used in elaborating the material were: analysis of variance,
two-variable and multiple correlation. Analysis of variance with two factors according
to the constant model (Elandt 1964) was used to estimate the variability of
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Fig. 2. Statistical quantities — classification according to standard characters
a — classification of habitats acc. to total chemistry of water, b — Aldrovandavesiculosa population arranged
acc. to individual and group characters, ¢ — A. vesiculosa population arranged acc. to nutrient content in
plants



564 Ryszard Kaminski

microhabitats and A. vesiculosa populations, the least significant difference (LSD) and
also for testing the results of experiments. Tables with characteristics of microhabitats,
habitats and populations give the importance of variance differentiation (IVD)
determined by F-Snedocor test at probability level 0.05 (*), 0.01 (**) and 0.001 (***).
For comparison of F values statistical tables were used (Zielinski 1972).
Statistical size indices, allowing to arrange habitats and A. vesiculosa populations
(Fig. 2), were calculated by means of standard characters. Two-variable and multiple
correlations between particular plant and habitat characters were calculated in
biologically justified cases. R a o (1965) described methods for determining coeffi-
cients of two-variable and multiple correlations and for testing the significance.

3. RESULTS

3.1. DESCRIPTION OF HABITATS WITH CONSIDERATION
TO COENOTIC RELATIONS

The habitat of population examined is:

(1) The southern part of overgrown pond formed by impounding the Proszkowka
river at Nowa Kuznia near Opole.

(2) North-western coastal waters of the mid-forest, dystrophic Lake Diugie of
teczna-Wtodawa Lake District.

(3) North-eastern coastal waters on peat of the dystrophic lake Brzeziczno
(tgczna-Wtodawa Lake District), where as in Lake Dtugie the bottom is covered by a
thick layer of organic silt and is poorly overgrown by plants.

(4) Depression with water in a turf cover on one of the turning into peat bays of
Lake Krzywe in the Augustowska Forest (at the outlet of Augustowski Channel to
Lake Miklaszewo).

(5) Meander of the channel between Lake Krzywe and Kruglak.

(6) Eastern coastal zone adjoining a large community of the class Scheuchzerio-
-Cariceta fuscae of the dystrophic Lake Kruglak.

(7) Eastern coastal waters of eutrophic Lake Miklaszowek near the outlet of
Augustowski Channel turning into peat but with dense vegetation.

(8) Small bay on Lake Krzywe close to the lock on Augustowski Channel

(9) Small pool on a turning into peat valley of watercourse joining Lake
Budziszewskie with Lake Powidzkie (some 200 m from the shores of the latter) of the
Gniezno Lake District.

(10) Pool on the turning into peat northern shore of the dystrophic Lake
Salomonowskie of the Gniezno Lake District.

The common thing for all these habitats are shallow eutrophic and dystrophic
lakes, especially peaty, shallow (1 m deep), sheltered from wind and well heating coastal
parts of these lakes. The bottom is covered by a thick layer of mineral-organic or
organic silt. Underwater vegetation is much differentiated there, i.e., from very poor



Table 1. Plant aggregates with Aldrovanda vesiculosa
Symbols used in the column “Phytosociological units”: 1 Characteristic species of association Hydrocharitetum morsus-ranae Langendonck 1935, 2 Characteristic species of
association Nupharo-Nymphaeatum albae Tomaszewicz 1977, A Characteristic species of alliance Nymphaeion W. Koch 1926, P Characteristic species of class
Potamogetonetea R. Tx. et Preissig 1942, 3 Characteristic species of association Phragmitetum communis (Gams 1927) Schmale 1939, 4 Characteristic species of association
Typhetum latifoliae So6 1927, 5 Characteristic species of association Equisetetum limosi Steffen 1931, B Characteristic species of alliance Phragmition W. Koch 1926,
6 Characteristic species of association Thelypteridii-Phragmitetum Kuiper 1957, 7 Characteristic species of association Caricetum acutiformis Sauer 1937, 8 Characteristic
species of association Caricetum ripariae So6 1928, 9 Characteristic species of association Caricetum rostratae Riibel 1912, 10 Characteristic species of association Caricetum
elatac W. Koch 1926, 11 Characteristic species of association Caricetum paniculataec Wang. 1916, C Characteristic species of alliance Magnocaricion W. Koch 1926,

Ph Characteristic species of class Phragmitetea R. Tx. et Preissig 1942, T Accompanying species

Class: Potamogetonetea Phragmitetea
Union: Nymphaeion Phragmition Magnocaricion
Nu- .| The-
pha- Equi-| lyp- |Cari-| . . | Cari- Cari-
i vl Phra- Typhe- sete- | teri- |cetum L stum 2 cetum
Phyto- Species Association: i ; P s . |cetum | ;i Caricetum ;
socio- Hydrocharitetum morsus-ranac s gt fomg e coiah T Lo ripa- sk clatac et
logi- phae- tum tifoliae li- . -tha- for- o tra- cula-
tum mosi [gmite-| mis tac tac
cal
; albae tum
units
No. of populations 2 5 6 7 9 10 2 1 6 1 10 1 7 8 8 7 3 <4 5 6
No. of record 4 9 14 16il: 417 18 5 2 12 3] 20 1 19 10 11 15 6 7 8 13
Surface of record (m?) 25 16 16 (100 20 20| 100 (100 | 100 (100 [ 20 | 100 | 16 20 16 20 20 16 20 16
Centre of Aldrovanda occurrence A -t + + + + + + + & i
1AP | Stratiotes aloides L. 44 22| 44 |33 ]| 44 |54 : 1.1 : 38l 22 |4 171033 2= DN DD
IAP | Hydrocharis morsus-ranae L. 34 133179300 1M 25 33 1134 : +.1 22 : 3.2 3.3 121 2.2-0573.9 221238
2AP | Nymphaea alba L. 2.1 . 21 . 33 +.1 -
2AP | Nuphar lutea (L) J. E. Smith 302 822 1 44 22 1.1 :
AP | Nymphaea candida J. Presl ; 1.1
AP | Trapa natans L. ; : +.1 - :
P | Ceratophyllum demersum L. : 22 3.2 : . 1.1 22 23 :
P | Utricularia vulgaris L. +.1 1.1 ; 34 |+.2 ; 1.1 +.1° +.1
P | Myriophyllum verticillatum L. ’ : 23 : +.1 1.1 |+.1 22 >
P | Potamogeton lucens L. 1.1 « +.1 1.1 +.1
P | P. natans L. 151
P | P. perfoliatus L. 1.1
P | Batrachium circinatum (Sibthorp) Spach : +.1 : : :
P | Utricularia minor L. +.1 23 +.1 | +.1
P | Ceratophyllum submersum L. : . +.1 .
P | Myriophyllum spicatum L. 12 2.2 22 +.1
3BPh | Phragmites australis (Cavanilles) : : 54 | 44 ; 5 2 ; : . :
Trinius ex Steudel 1.2 +.1 54 | 33 = 21 22 21 21 171
4BPh | Typha latifolia L. ; 55 : .
5BPh | Equisetum fluviatile L. em. Ehrhart ) : : +.1 +.1 +.1 +.1
BPh | Typha angustifolia L. i | g ot 151 i
BPh | Schoenoplectus lacustris (L) Palla 2.1
BPh | Glyceria maxima (Hartman) Holroberg
6CPh | Thelypteris thelypteroides 1.1
(Michaux fil.) Holub 1:2 +.1 33 ; 235199
7CPh | Carex acutiformis Ehrhart : ; 33 : 21 21 .
8CPh | C. riparia Curtis ] : ; 9.9 | p0ik-ag ; 22
9CPh | C. rostrata Stokes ex Withering 4 : 23 | i P Bl 4.4 x i ; ;
10CPh | C. elata Allioni 331533 437133 1331l 32
11CPh | C. paniculata Juslenius : 2 . :
CPh | C. gracilis Curtis 12 : 12 .0 3.1
CPh | C. vesicaria L. 1.2 |+.1 1.2 =2 .
CPh | C. pseudocyperus L. 22 +.1
CPh | C. dioica L. : 3
CPh | Phalaris arundinacea L. - +.1 . ;
CPh | Poa palustris L. } : ; =y (]
CPh | Cicuta virosa L. +.1 204 4.1 5
Ph | Glyceria fluitans (L) R. Brown : - 22 : .
Ph | Rumex hydropalathum Hudson +.1 +.1 +.1 |+.1
Ph | Rorripa amphibia (L.) Besser +.1 |+.1
Ph | Lycopus europaeus L. : - 5 +.1 |+.1
Ph | Sium latifolium L. +.1 ] +.1 | +.1
T | Aldrovanda vesiculosa L. L1 |+.1 L1 |+.1 1l L1 +.1 [+.1 33 |+.1 13 ] +.1 22 | +.2 | +.1 12 120 +.2 G121 22
T | Lemna trisulca L. 192 +.1] +.1 }+.1 +.2 1.2 : * ; : +.2
T | L ninoe L. I S e +.2| +.1 22
T | Menyanthes trifoliata L. +.1 §
T | Calla palustris L. - +.1 2 +.1
T | Riccia fluitans L. +.1 i +.1
T | Galium uliginosum L. 22
T | Bidens cernua L. 2 +.1 :
T | Spirodela polyrrhiza (L.) Schleiden +.1 +.1
T | Galium palustre L. : =)
T | Utricularia intermedia Hayne 1.2 :
T | Juncus effusus L. +1. |+.1 . . .
T | Alnus glutinosa Gaertn. +.1 +.1 |+.1
T | Salix cinerea L. +.1 |+ :
T | Carex lasiocarpa Ehrhart 1.1
T | C. diandra Schrank : +.1
T | Drosera intermedia Hayne ; 22
T | Salvinia natans (L.) Allioni +.1 & ;
T | Lysimachia nummularia L. +.1 3 ; ; A
T | Calliergon cuspidatum (Hedw.) Kindb. +.2 34 23 3.2
T | C. gigantcum (Schimp.) Kindb. ; 1.2 1.2] +.1
T | C. sarmentosum Kindb. . 1.1 : - ;
T | Acrocladium cuspidatum Lindb. 33 : 22 022 22
T | Sphagnum squarrosum Pers. : 2:3
T | Drepanocladus aduncus (Hedw.) Mnkm. 1.2 :
T | D. intermedius Graut. . 4
T | Fontinalis antipyretica Hedw. +.2 . . . - :
T | Marchantia polymorpha L. ; Al 2 : 32 |23} 33
T | Campatothecium nitens Lindb. +.1 +.1
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(localities 2, 3, 6) to abundant (locality 7). Usually A. vesiculosa grows in a narrow belt of
nympheides and sedge rushes (sporadically in bulrushes) adjoining the forming
communities of the class Scheuchzerio-Caricetea fuscae. It occurs less frequently in
depressions of the moss-sedge turf overgrowing the lake. The analysis of phytosociolo-
gical records (Table 1) shows that Aldrovanda occurs in different floristic associations,
thus having a broad phytosociological amplitude. Usually its occurrence within one
habitat has a mosaic character. In habitats examined it is a component of plant
communities belonging to two phytosociological classes — Potamogetonetea and
Phragmitetea — where it grows better. Among plant associations, especially those from
the alliance Magnocaricion, it has the highest frequency and density. 4. vesiculosa is
most frequently accompanied by Hydrocharis morsus-ranae, Stratiotes aloides, various
species of Carex, Typha latifolia and Utricularia vulgaris.

3.2. CHEMISTRY OF WATER AND BOTTOM SEDIMENTS

Table 2 gives chemical characteristics of water of Aldrovanda habitats examined in
1980, which allowed to present statistically the size of habitats from'the point of total
water chemistry (Fig. 2) dividing them into extreme habitats (4, 10), intermediate
habitats (6, 7) for further investigations.

Water from habitats examined was slightly acid (pH from 5.57 on locality 3 to 6.8
on locality 6) and soft. The water abundance in food components was determined
accordingto Patalas (1960a, 1960b) system. Aldrovanda occurs in habitats most
resembling the lakes from the first group in this classification, i.e., shallow ones without
permanent thermal stratification in summer. Thus the water of habitats examined with
the exception of the first locality had low nitrate content (0.10—0.37 mg-1 7).
Ammonium nitrate content was high on the average and significantly differentiated. It
was the lowest (0.5—1.03mg-1 ')in habitats with flowing water (5, 6, 8) and the highest
(3.08 mg-1 '), where organic substance accumulation was faster than its mineraliza-
tion, i.e., on localities 3,7, 9, 10, or when there was a possibility of runoff of ammonium
salts from fields and of liquid manure from neighbouring farm buildings (localities 1,9,
10). Generally, the habitats do not differ as to phosphate content in water, which during
the period of greatest development of aquatic vegetation was high, on the average
0.03—0.085 mg-1 '. The majority of habitats, except habitats 1 and 10, did not differ
as to potassium content in water. They were averagely abundant in this element
(1.23—7.30 mg-1 '). Habitats with the highest concentration of ammonium nitrogen
in water (1, 7, 10) were the most abundant in potassium. But in the habitats examined
the contents of calcium were low in habitat 3 (7.77 mg-1 '), averagely low in habitats
1 and 2, average in habitats 4, 5, 6, 7, 8 and high in habitats 9 and 10 (85.6 mg-1 '); of
iron — were the lowest in habitats 6 and 8 (0.05 mg-1 !) and the highest in habitat 1
(1.44 mg-1 '), and of chlorides were also differentiated. Magnesium content was
relatively low, from 1.73 mg-1 ' in habitat 1 to 15.03 mg-1 ! in habitat 10. Its
low content in relation to calcium indicates poor mineralization in these habitats
(Gomotka and Szypowski 1975). The sodium content was also low and
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Table 2. Characteristics of habitats of Aldrovanda vesiculosa populations

Contents of organic
C 9 .l—l f t g o o =1
Mo of Day of 3 ontents (mg of water) k2 substances (ug C-17%)
lations S li hardness
i A N-NO; [ N-NHy | PO, | K | ca |Mg | Nal Fe[sos| c1 [™“"™° | total | carbon of
carbon | humic acids
1 1980.07.22 6.57 1.63 2.08 0076 |563]12391| 216(16.17| 1.44 |41.49]|17.90 3.56 2917 2726
2 I980.08.Ql 6.43 0.23 1.45 0.085 223119.23| 1.73| 6.01| 0.51 | 21.69| 7.73 291 3647 3260
3 1980.08.03 5.57 0.23 211 0045 | 477 7.77| 243| 7.58]| 0.13 | 10.11 ] 7.77 1.62 6028 5791
4 1980.08.08 6.30 0.12 1.11 0.049 |1.77|44.03| 2.27| 9.78 0.10 | 10.21 | 10.03 6.72 1872 1335
5 1980.08.08 6.63 0.17 0.50 0.065 1.77147.86 | 242| 935 0.06 | 21.5111.33 7.16 3642 3464
6 1980.08.08 6.37 0.07 1.03 0.068 1.4314222| 3.02| 694 0.05 | 28.37| 6.00 6.55 3878 3848
7 1980.08.09 6.03 0.23 205 | 0067 |334]63.63| 6.00(10.00] 1.31 |28.33| 6.00| 10.17 3736 3577
8 1980.08.09 6.47 0.10 0.90 0.074 | 2.87|48.52| 4.72| 899 0.05 | 21.33| 2.07 7.84 3701 3660
9 1980.08.11 6.53 0.37 1.30 0.065 |223]16740| S.11|11.51] 0.22 |16.08|13.87| 1053 6326 4753
10 1980.08.11 6.33 0.37 1.38 0.070 | 4.23|85.62|15.03|15.76| 0.26 | 16.00| 14.03| 15.40 6233 5078
Total mean (x) 6.32 0.35 1.39 0.070 3.04145.02| 4.49|10.21| 041 | 21.51| 9.67 1.25 4198 3779
Least significant
difference (LSD) 0.12 041 0.14 - 243 075| 046 3.43| 0.19 | 287| 042 0.16 1182 1831

99¢

Djsurwey] prezsky
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F, calculated

(Fiap. 239) 59.4 46.7 168.5 0.80 299 8481 | 621 | 6.81 | 66.8 | 94.67| 1084 | 4845 139 3.68

Importance of variance

diﬂ‘erenliation (l VD, *kk * %k * Kk 5. * oKk dekk * %k *kk kok ok k *kk * kK *k
4 1981.07.29 6.70 0.13 0.69 0.047 | 1.99]|44.28| 8.57| 3.60| 0.41 | 20.59| 13.62 737 2526 1727
6 1981.07.29 6.80| 0.05 049 0.030 | 1.23]27.62| 7.01| 491| 0.25|27.95| 7.42 5.73 1803 1140
7 1981.07.29 670 0.17 1.26 0.044 | 1.40|44.84| 8.57| 3.74| 0.26 | 21.36| 4.87 7.56 1904 1266
10 1981.07.30 6.60| 0.18 3.08 0.082 | 7.30(53.34| 6.57|16.20| 045 | 16.18] 13.09 9.75 8957 5577

Total mean (x) 6.70 0.16 1.38 0.052 | 298|4252| 7.68| 7.11| 034 | 21.52] 9.75 7.65 3798 2427

Least significant

difference (LSD) - 0.71 0015 | 0.52| 586 — 1.09] 0.12| 3.34| 1.31 0.65 672 746
Fcalcnlaled
(F ab. 4.07) 0.84 29.7 2333|359 | 1128] 099]|334.4| 7.23 | 2245] 22.8 39.5 2809 85.5

Importance of variance
differentiation (IVD)
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less differentiated, from 3.6 mg-1~! in habitat 4 to 16.2 mg-1~! in habitat 10. The
sulphate content was also low and not much differentiated, being close to the average
in the majority of habitats, ie., 21.52 mg-17".

The contents of organic substances were more differentiated in the water of habitats
examined, the main component being the fulvic and humic acids soluble in water. The
latter are high-molecular organic acids, dissociating poorly with pH of about 3.5.
They are products of microbiological decomposition of organic substances, especially
under anaerobic conditions. Water from habitats 9, 10 and 3 with carbon content over
6200 ug-1 ! was the most abundant in organic substances and thus in humic acids.
Water from habitats 4 and 1 with organic carbon content 1872 and 2917 ug-1"?,
respectively, was the least abundant in organic substances. In other habitats carbon
content in water was 3600— 3900 ug-1 !. The contents of organic substances, similarly
as of humic acids in them did not exceed the extreme values recorded by Semenov for
lakesinthe USSR (St ar m a ch etal 1978). Generally, it can be said that habitat 1
was the most abundant in mineral food components, then habitats 10 and 7 (Fig. 2),
whereas the least abundant was habitat 4, from which not much different were habitats
3,6,19,.8 and 2.

The selected habitats were investigated in the following year, i.e., in 1982, and the
results are presented in Table 2. These habitats differed significantly in the contents of
nitrates and magnesium. Differences were also observed in relation to the preceding
year, mostly concerning the contents of ammonium ions, calcium and to a smaller
extent for sodium and organic compounds. Frequently the contents of macroelements
exceeded the minimum (phosphorus, potassium, sodium in habitats 6, 7) and the
maximum (ammonium, potassium and organic compounds in habitat 10) recorded in
1980. The least abundant habitat 4 was the most stable as regards the contents of
inorganic substances, but the amount of organic substances in water increased in this
habitat. The majority of data proves the relatively high variability of water chemistry in

Table 3. Organic matter and calcium contents in bottom sediments of Aldrovanda vesiculosa

habitats
Organic . b Silicate
iy gf Habitats matter ¢ a(( Qs (+ others)
populations o /o o

1 Pond ,,Staw Nowokuznicki™ 15.34 - 047 84.19

2 Lake Dtugie 76.40 0.69 2291

3 Lake Brzeziczno 74.14 090 24.96

4 Lake Krzywe 72.64 0.82 26.44

5 Channel between Lake 78.67 2.06 1927

Krzywe and Kruglak

6 Lake Kruglak 83.40 0.89 15.71

% Lake Miklaszowek 22.07 10.29 66.64

8 Lake Krzywe (near sluice) 28.26 0.78 70.96

9 Lake Powidzkie 61.12 0.64 38.24

10 Lake Salomonowskie 52.69 0.80 46.45
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habitats examined, i.e., in shallow waters with abundant vegetation and mainly with a
small water flow.

Knowing the contents of most important components of bottom sediments of
Aldrovanda habitats allows to determine the type of sediments, and indirectly the
trophic state of these habitats (Table 3). Attention should be called to the low calcium
content in sediments examined which did not exceed 10.39 of dry sediments and a
high percentage of organic matter, 53 —837 dry wt. of sediments. Organic matter
content in habitats 1, 7 and 8 was low, 15.34, 22.07 and 28.267;, respectively. Their
eutrophic character is determined by the prevalence of silicates at low or average
calcium content, whereas high content of organic sediments and low calcium content in
habitats 2, 3,4, 5, 6,9 and 10 puts them within eutrophic-dystrophic or dystrophic
habitats (acc. to Rybak after Starmach etal 1978).

3.3. INDIVIDUAL AND GROUP CHARACTERS OF PLANTS

Individual and group characters of A. vesiculosain 1980 and 1981 are given in Table
4. Populations differed as to their individual and group characters, the exception being
the population density. The most important individual character analysed was the
plant length. It was differentiated: the shortest plants were in habitat 1 (57.8 mm) and 8
(59.7 mm) and the longest — in habitat 10 (111.5 mm), 7 (107.1 mm) and 3 (106.9 mm).
The smallest plant was 14.5 mm long (population 8), whereas the longest one — 181
mm (population 10). The differentiated number of leaf whorls also depended greatly on
plant length. Plants from population 1 had the smallest number of leaf whorls (11.8),
and those from population 3 had the highest number (18.7) although the average plant
length was not the highest. Average distance between whorls was from 4.9 mm in
population 1 to 7.1 mm in population 10, at an average of 5.5 mm. It should be pointed
out that the distance between leaf whorls was directly proportional to the rate of plant
growth. '

The number of leaves in whorls was also significantly differentiated from 7.36 in
population 10 to 8.44 in population 6, at an average 7.85. This character varied greatly.
Within one plant there was sometimes a difference of 3 leaves in a whorl. The minimal
number of leaves in a whorl was S and the maximal one 10. The number of setae on a
leaf also greatly varied within one plant. There could be a difference of 3 setae, whereas
within all populations the number of setae was 2— 7. Plants from population 3 had the -
smallest number of setae (4.04), whereas those from population 9 had the highest
number (4.44). Due to this great variability within plants populations did not differ
significantly, the only exception being population 9. The most constant was the plant
length, which affects significantly the population differentiation. Plants from popula-
tions 6 and 7 had the longest leaves, 8.51 and 8.49 mm, respectively, whereas those from
population 5 had the shortest ones (6.56 mm); average length was 7.53 mm.

The number of branches (offshoots), their length and number of buds varied within
one population. This differentiated the population. Population 10 had the most
branched plants with 1.53 lateral shoots on the average, whereas plants from



Table 4. Characteristics of ecological populations of Aldroranda vesiculosa
For explanation of symbols sce Table 2

Individual feature

Group feature

: average : ; ;-
No. of M. distance ] length No. of No. of | average NF" o 3 bigmass index of
; plant leafl No. of £ & ) length axillary density ol 100 5
population betwecen of setas branches 3 biotic
length whorls leaves X of buds per| of plants | plants | & o
the 4 leaves per one | per one B potential
(mm) per one 3 in whorl branches one onlm (mg %
whorls (mm) leafl plant )
plant (mm) plant d.wt.)
(mm)
1980
1 57.83 11.80 4.87 743 733 4.15 0.80 15.96 0.23 0.12 1794 116.9
2 74.26 13.63 5.45 7.60 7.30 4.18 0.27 20.81 0.15 13.35 1378 93.0
3 106.92 18.73 5%l 793 7.14 4.04 0.27 2543 0.33 18.66 1543 133.2
4 64.89 13.49 480 7.89 51 4.10 041 18.30 0.17 15.00 1965 81.9
5 62.53 14.08 4.52 8.08 6.56 4.08 0.31 19.21 0.12 8.43 1370 68.9
6 95.30 16.49 5.78 8.44 8.51 4.17 0.69 2237 040 341.33 2664 130.6
7 107.08 16.70 6.41 8.39 8.49 4.08 0.73 26.13 0.40 11.67 2642 123.6
8 59.68 12.32 4.83 792 6.96 . 407 0.40 17.53 0.33 8.67 1340 114.7
9 9R27=; |5 16.33 593 7.44 7.71 4.44 0.85 25.46 0.12 15.00 . 2350 119.8
10 111.45 15.74 7.08 7.36 7.78 4.15 1.5 24.75 045 3433 2473 2394
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FTolal mean

(%) 83.72 1493 553 7.85 753 4.15 0.63 21.60 0.27 46.66 1955 £22.2
LSD 14.72 1.52 0.73 0.38 0.47 0.16 0.46 6.78 0.21 - 705 37.7
e 18.96 14.35 10.2 8.95 13.4 4425 5.64 264 3.01 1.96 1453 13.1
K 1.91 191 2.39 1.91 1.91 1.91 2.39 2.39 239 239 239 2.39
'VD EE T kK B ek k B Aok k ¥k * * s 34 3k ok kg

1981
4 79.58 16.30 4.77 8.22 8.24 4.35 093 19.18 0.50 43.33 2724 145.0
6 60.35 16.37 4.32 8.39 8.14 422 0.78 24.89 0.35 283.33 1960 113.3
7 85.17 15.76 5.30 8.26 8.41 4.40 097 24.37 0.55 81.89 2398 153.2
10 76.17 14.83 5.14 8.23 7.89 4.27 1.15 2273 0.23 101.67 2294 143.3
Total mean

) 75.31 1922 4.88 8.28 8.17 4.31 0.96 22.79 041 127.56 2345 135.7
LSD 7.41 1.10 0.73 0.12 0.24 0.14 - - 162.79 401 -
B it 16.04 12.31 4.08 5.7 152 3.53 2.06 2.7 247 4.58 9.80 1.63
i R 2.60 2.60 4.07 2.60 2.60 2.60 4.07 4.07 4.07 4.07 4.07 4.07
1VD ok Hkok * ok ko * - -4 A * Kok =

*Index of biotic potential — the ratio of sum of lateral shoots (branches), axillary buds and young plants (latcral shoots recently separated from parent
plants) to the number of plants in the sample.
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populations 2 and 3 had the smallest number of branches (0.27). The average length of
lateral shoots was from 15.96 mm in population 1 to 26.13 mm in population 7. The
number of lateral buds was from 0.12 on one plant in populations 5 and 9 to 0.55 in
population 7.

The population density of A. vesiculosa — a free floating plant greatly varies
depending on physical conditions of the habitat and density of plants among which it
occurs. In habitats examined its density was 0.12 plant- m ™~ ? in population 1 to 341.3
plants-m ™2 in population 6. The density never seems to be of greater significance for
Aldrovanda plants as it is never such as to disturb its development, because it grows
equally well when floating under the water surface and deeper. Measurements of
density of A. vesiculosa population allowed to estimate its numbers. Populations 1,4, 5,
8 were small, not exceeding 1000 plants, populations 2, 3,9 and 10 were average, up to
5000 individuals, whereas remaining populations (6 and 7) were much more abundant.

The plant biomass varies depending on many individual characters and environ-
mental factors. Plants from populations 8, 5 and 2 have the smallest biomass, whereas
those from populations 7 and 10 have the highest biomass.

The index of biotic potential, indirectly showing the usefulness of habitats for the
growth of A. vesiculosa, varies greatly within the population and in time. It is the
strongest indicator of physico-chemical changes in habitat conditions. Knowing the
biology of Aldrovanda, it could be expected that this index being close to 100%; or below
would be for a regression population, 120— 150% for a rather stabilized population,
whereas over 1507, — for a progressive population. Although the present investiga-
tions did not last long they confirmed in principle these assumptions. This was proved
by the index for stabilized populations (6 and 7), developing at the given moment (10
and 3), and in vanishing populations (5 and 4). In the latter no A. vesiculosa plants were
found in 1981.

Statistical indices of size of populations examined in 1980 and arranged according
to individual and group characters divide these populations into two groups (Fig. 2 b).
However, the position of particular populations on the axis is not very consistent with
that of habitats arranged according to total water chemistry (Fig. 2 a). This shows that
there are also other factors affecting the growth of plants (K aminski 1987).

Biometric measurements of A. vesiculosa in 1981 showed that, similarly as in the
previous year, some characters of plants indicated well the population differentiation.
These were: plant length, number of leaf whorls, number of leaves in a whorl, their
length and plant biomass. As regards remaining characters the populations either did
not differ among themselves or differed only slightly. This was confirmed by results
obtained in 1980 indicating a high intrapopulational variability of these characters.
Also in relation to that year populations 10, 7 and 6 had generally smaller statistically
differentiated individual and group characters, with the exception of density of
populations 7 and 10 and the biotic potential of population 7. All characters of
population 4 had higher values than in 1980.
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34. FOOD COMPONENTS OF PLANTS

Table 5 gives the contents of food components in Aldrovanda vesiculosa and it can
be said that the contents of macroelements in plants do not exceed the minimal and
maximal (with the exception of phosphorus) values for other macrohydrophytes given,
eg, by Boyd (1968, 1970, Bernatowicz and Wolny (1974),
Gaudet (1974), but approximate their contents in Utricularia sp. sp.
MDykyjova 1979) of asimilar biology and occupying a similar ecological niche.
This concerns especially nitrogen, calcium, magnesium, sodium and sulphur.

Nitrogen content was 1.9%; in plants from population 6 to 3.219; in plants from
population 8. Its mean content approximated that in Utricularia sp. (2.5;), and the
extreme values did not exceed the minimum and maximum for this species.

Phosphorus content was exceptionally high in A. vesiculosa, from 0.73% in plants
from habitat 4 to 1.27); in plants from habitat 8. Mean phosphorus content in plants
examined was five times higher than in Utricularia and twice higher than the maximal
one in these plants — 0.57%;. According to B oy d (1968) algae have such a high
phosphorus content, but Wozakowska-Natkaniec (1976—80) has
found even higher content in some Spirodela polyrrhiza populations (up to 1.4%).

Potassium content in Aldrovanda was lower than in Utricularia (2.68%, on the
average). Plants from locality 6 had the lowest potassium content (0.879;) and the
highest one (2.13%) was in those from locality 3.

Calcium content in Aldrovanda was low and corresponded with that in Utricularia
and emergent macrohydrophytes, which accordingto B oy d (1968) contain 1— 3%
of calcium, whereas the submerged plants have a much higher content (3 — 14%). In our
case plants from population 3 had the lowest calcium content (1.2%,), whereas plants
from population 8 had the highest one (2.47%).

Magnesium content approximated also that in emergent and not submerged plants,
which had a higher content. Plants from population 8 had the lowest magnesium
content (0.34%), whereas those from population 1 had the highest content (1.09%).

Sodium content was 0.35%; in plants from population 1 to 1.09% in those from
population 6.

Sulphur content also did not differ from that in other macrohydrophytes and
Utricularia, being the highest in plants from population 1 (0.597) and the lowest in
those from population 7 (0.18%).

Aldrovanda contained relatively little iron as compared with Utricularia. Its
smallest content was in plants from habitat 6 (0.25%) and the highest one in plants from
habitat 1 (1.30%).

Ash contents in plants was very low: 12.1—17.6%. Plants with floating leaves have
such low ash contents, whereas underwater plants have 15— 30% of ash similarly as
plants of the genus Utricularia, where ash is 27 —30% of dry plant weight.

A. vesiculosa populations examined in 1980 were significantly differentiated in the
contents of elements, except phosphorus, whereas in the following year the range of
differentiation was smaller. This may be due to less data, decreasing thus the statistical



Table 5. Contents of macroelements in plants of Aldroranda vesiculosa (mg- 100 g=* d. wt.)
For explanation of symbols see Table 2

No. of

$ g Ash
population N P R - Mg Ng $ Fe contents
1980
1 2660 912 1207 1132 1095 345 590 1303 17.6
2 3173 1012 1583 1269 583 617 265 528 14.4
3 3032 1062 2127 1119 1094 388 217 253 3.2
4 2760 1059 1363 1686 718 860 298 257 129
5 2820 1104 1500 2355 613 680 307 267 13.2
6 2270 824 1033 1737 768 1093 169 253 13.6
7 2857 1220 1427 1166 1077 770 177 972 15.5
8 3213 1269 1783 2474 344 735 300 282 15.6
9 2510 1047 1330 1883 1011 1090 298 830 128
10 2663 1250 1683 1966 662 917 421 283 12.3
Total mean (%) 2796 1076 1504 1677 797 732 304 523 139
LSD 212 = 353 269 140 52 33 84 1.2
£ calculated 16.5 09 6.7 300 30.1 211 127 179 223
(Fiab. = 2.39)
IVD * k% =g k% ok ¥ k% k% k *kk *kx * %k % %k
1981
4 1900 731 1133 1897 777 703 314 331 13.1
6 2152 1006 873 729 763 764 284 344 12.6
7 2349 956 914 1002 921 459 301 374 129
10 2093 849 1552 1375 709 717 292 281 121
Total mean (%) 2124 885 1113 1251 790 660 298 333 127
LSD -2 193 200 276 83 125 £ b 1.05
Fcalculaled
204 4.25 25.7 38.6 14.2 12.8 +.5 1.0 5.3
(Flab. = 4.07)
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confidence interval, or to some other reasons (see Discussion). It is quite possible that at
differentiated contents of particular macroelements in habitats the plants in relation to
the previous year contained less calcium, potassium and nitrogen by some 26%, 18%;
less phosphorus and 97 less sodium. Their ash contents were also 97 lower.

3.5. POPULATION CHARACTERISTICS AND HABITAT CONDITIONS

The effect of some chemical factors of the habitat on the growth of Aldrovanda
vesiculosa is shown by simple relations in Table 6.

The length of A. vesiculosa shoots is positively correlated with organic matter
content in water and especially that of humic and fulvic acids. The more acids in the
habitat the bigger the plants. The longest plants were in habitats 10 and 3 with high
humic acid content in water and acid reaction, whereas in habitats 4 and 1 with a low
humic acid content the plants had short shoots. Plant length is greatly conditioned by
the water reaction expressed by negative correlation. The more acid the water the
longer the shoots of plants examined. This is also confirmed by the multiple correlation
(Table 7). Under natural conditions pH decreases with: the increasing humic acid
content, so these two factors act together. These relations have been checked
experimentally. Results of experiment 1 (Table 8) show that the positive relation
between plant growth and humic acid content (at constant water reaction)is only up to
humic acid content about 6000—7000 ug C-17! of water. Further increase has an
unfavourable effect on plant growth.

Results of the next experiment (Fig. 3) show that Aldrovanda is a species having a
broad ecological scale in relation to pH of the habitat. Still, the biggest plants growing
the quickest (the length of main shoot and lateral shoots together) and having the
greatest number of lateral shoots produced by one parent plant, tantamount to biotic
potential, grew at pH 4. In a more acid habitat (pH less than 3.5) the plants died,
whereas pH increase limited the growth rate of plants examined. The poorest growth
was recorded at pH 9. At water acidity pH 5.5— 7.5, such as under natural conditions,
differences in plant length resembled those in natural habitats described by the
regression equation.

There is also a positive correlation between iron content in plants and its content in
water; the more abundant water in iron the more of this element in plants. At level of
significance o > 0.05 potassium, calcium and sulphur contents depend positively on
the amount of these macroelements in water, and the plant length — on sodium and
magnesium contents. :

Phosphorus and nitrogen contents increase in plants affect negatively their length,
and although confirmed by multiple correlations it is not. a typical tendency.
Nevertheless, these relations are worth mentioning as they were observed in two
successive years of investigations.

Complex effect of ecological factors, i.e., water chemistry and nutrient contents in
plants, on A. vesiculosa development is best shown by multiple correlations (Table 7).



Table 6. Correlations between length of plants and water chemistry and between the contents of nutrients in water and in plants

Correlation

No. Relations Year Regression equation coefficients ¥ leslz HSgE Trobebisy
2 for R test ()
(R%)
1 length of plants and contents
of organic substances in water 1980 | y = 383 + 0.01 x 0.55 9.78 319 0.01
2 |length of plants and pH 1980 | y = 353.1 + 426 x 0.373 4.77 —218 0.05
3 | Fe level in plants and in water 1980 | y = 255.7 + 648.3 x 0.806 331 571 0.001
When a > 0.05
4 | K level in plants and in water 1980 y = 12629 + 79.3 x 0.133 1:23 k1 0.30
1981 y =755.1 + 113.6 x 0.332 213 1.98 0.14
5 |Ca level in plants and in water 1980 y = 1193 + 108 x 0.259 279 1.67 0.13
1981 ] y =486.2 + 14.5 x 0.224 73 1.31 0.24
6 |S level in plants and in water 1980| y = 188.1 + 440 x 0.170 1.64 1.28 0.24
1981 y = 285.5 + 0.70 x 0.265 1.98 0.69 0.21
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Fig. 3. The effect of water reaction on the growth of Aldrovanda vesiculosa in a culture in vitro
a — dynamics of main shoots’ growth and diagrams of their length at different pH of water, b — dynamics of
growth of main and lateral shoots and diagrams of their length at different pH of water, c — mean number of
lateral shoots per plant in the final stage of experiment depending on pH of water
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Table 7. Multiple correlations between: A — individual and group characters of Aldrovanda and general habitat chemistry (pH, content of organic substances
and macroelements), B — individual and group characters of Aldrovanda and level of nutrients of Aldrocanda

No. Relations Year Regression equation R? F,

test. IS1ud. =
A. 1 |length of plants and 1980 |y = 38.3 + 0.01 x — 42.02 XpH 0.55 9.78 e 3.1 0.014

pH, contents of tape 30
organic substances, 1981 |y =877+ 571 xpqy — 2.53 x5 091 262 | Img 69 | 0.002
magnesium and lg -438
sulphate in water

2 [No. of branches 1980 |y = 4.58 — 0.63 XpH + 1.03 xNo — 0.28 xk + 0.12 xpg 0.98 549 | tpuw =35 0.0001
(offshoots) and pH, INO 59
contents of nitrate, g -49
potassium and Mg 12.6
magnesium in water

3 |length of leaves 1981 |y =7.22 + 044 xyy — 030 xgk + 0.05 XMg + 2.56 Xp 095 156 | INH 56 | 0024
and contents of % -178
potassium, magnesium, Img 45
ammonium and lge 4.5
iron in water

4 |index of biotic 1980 [y = 100.22 — 1.05 x¢, + 15.37 XMg 091 37.4 lCa -29 0.0002
potential and contents Img 73
of calcium, 1981 |y = 328.1 — 2211 xg +6.39 xna — 7.86 xg 099 376 Ik —242 | 00001
magnesium, potassium, INa 234
sodium and sulphate Iy -29
in water

5 |plant biomass and 1981 [y = 3113 — 33.7 x¢, + 256.8 xMg + 2628 xp. — 97.7 xg 0.98 419 ICa -49 0.0001
contents of calcium, Img 104
magnesium, iron le 5.2

and sulphate in water lg -85
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length of plants and [ 1980 |y = 909 — 0.04 xy + 0.07 xgk — 0.03 xca + 0.08 xNa + 0.03 xmg [0.93 160 | N —26 | 0.005
contents of macro- % S
elements in plants lea =50
e 48
Img 1.8
1981 | y = 5523 — 0.04 xy — 045 xp — 0.08 xca + 0.07 xN, 0.99 826 iN  —11.0| 0001
lp —442
lca —439
INa 212
No. of branches and | 1980 | y = —0.83 + 0.001 x5, + 0.002 xg 0.70 5.21 INa 27 0.041
contents of macro- lg 26
elements in plants
index of biotic potential 1981 | y = 107.4 — 0.08 xyy + 0.21 xpmg — 0.02 x¢, 0.71 6.11 IN -28 0.045
and contents of macro- Img 35
elements in plants l¢a -23
Total contents of 1981 | y = 1076 — 19.41 x, + 1048.7 xk — 86.1 xNa 0.99 401 lcaf 15— L. 0001
organic substances 1 337
and contents of tNa =8

mineral substances
in water
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Table 8. Influence of macroelements and humic acids on growth of caltured Aldrovanda vesiculosa (part A and B of experiment 1)

For explanation of symbols see Table 2

Part A of experiment

Part B of experiment

total contents

of macroelements length contents of length A length contents of length
in relation of plants | humic acids | of plants e mions of - acnroelemcms of plants | ammonium | of plants
to basis medium (mm) (ugC-17Y (mm) gnd hymic acids (mm) (mg-17%) (mm)
©)
C-20 37.6 traces 30.0 C- 20 + traces of humic acids 31.2 0.12 85.0
C:38 38.8 2000 394 C-10 + 2000 40.6 0.36 1111
(S 50.0 3600 40.6 C 45000 46.4 0.62 87.8
C 528 5000 473 C:5 + 10000 46.6 1.86 755
(&8 533 10000 393 C:10 + 50000 41.2 3.62 749
C:7'S 56.4 50000 36.7 C:20 + 100000 41.0
C:10 50.2 100000 33.8 C:50 + 150000 320
C:15 49.6 150000 29.1
C:20 454
Becitted 5.54 7.28 6.41 347
Heb 221 231 242 2.78
LSD 152 5.80 5.98 24.00
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This concerns such individual characters as plant shapeliness and group characters,
which allow for broader estimation of particular habitats for populations examined.

A. vesiculosa shoots are the longer the higher the contents of organic substances and
magnesium in water and thus in plants and the higher sodium and potassium contents
in plants. The length of shoots decreases with the increasing water pH, sulphate content
in water, calcium, nitrogen and phosphorus content in plant.

Plant growth expressed by the number of lateral shoots is positively correlated with
water acidity, nitrate and magnesium contents in water, sodium and sulphur contents
in plants, and negatively correlated with potassium content in water.

Length of leaves is positively correlated with magnesium, iron and ammonia
contents in water and negatively — with potassium content in water and nitrogen,
sodium and calcium contents in the plant.

Biotic potential of 4. vesiculosa population depends positively on magnesium and
sodium contents in water, and magnesium content in plants, and negatively on calcium
content in water and in plants, potassium and sulphate contents in water, and sodium
content in plants.

Biomass of A. vesiculosa, expressing the productivity of habitat in relation to this
plant, is positively correlated with magnesium and iron contents in water, and
negatively — with calcium and sulphate contents in water.

However, this effect of some chemical factors under natural conditions may be due
to other co-occurring factors or may not occur at all (e.g., negative effect of potassium).
To dispel these doubts an experiment (No. 1) was made to determine the effect of
phosphorus, potassium, magnesium, nitrates and ammonia and their optimum
contents at constant contents of other macroelements and a lack of additional food
source such as micro- and macroplankton. Unfortunately, the experiment was not
successful. Perhaps the introduction of macroelements in amounts too high to have a
limiting effect, together with an extract of humic acids, indispensable for the growth of
A. vesiculosa, was responsible for that. This also concerns the effect of ammonium ions
as the results obtained do not correspond well enough with results obtained when
investigating natural habitats. However, it was confirmed that a not too high content of
mineral salts in the medium, approximating that in natural habitats, is the optimum
(Table 8). Higher or lower contents affect negatively the plant growth. Aldrovanda
grows also the best when there is a certain equilibrium between the contents of
inorganic and organic compounds in the habitat. When it is significantly disturbed the
plants may die.

4. DISCUSSION

Aldrovanda vesiculosa is a rare plant growing in different climatic zones. Its broad
range indicates a great differentiation of physical (depending on climate) and biotic
conditions of its habitats (Wendt 1952, Hegi 1961, Sculthorpe 1971,
S zafer 1972 and others). Chemical conditions are also differentiated. Thus it can
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be assumed that physico-chemical and biotic differentiation of A. vesiculosa habitats
caainined do not cover the ecological amplitude of the species.

In Poland the species was recorded from coastal waters of lakes of a different
trophic state; oligotrophic, meso-, eu-, alloitrophic and dystrophic (Fijatlk o w-
s ki 1958a,1958b,1959, Michalak 1963, Zukowski 1963, Krawie-
cowa and Kuczynska 1964, Panfil 1978, Sokotowski 1972).
This classification, on the basis of entire physico-chemical and biotic conditions of the
lake, not always shows the real trophicstate of coastal lake waters, and especially those
in little bays where Aldrovanda occurs. This is best proved by a similar ion content in
waters of habitats 2, 3, 4, 5, 6, 8 and 9, i.e,, from habitats determined as eutrophic,
alloitrophic (where high content of inflowing calcareous salts prevents excessive
acidification of habitat by humic substances) and dystrophic.

Although the chemistry of waters in which Aldrovanda occurs varies and is
significantly differentiated, this variability is small and the ecological scale of A.
vesiculosa compared with other macrohydrophytes is narrow (W oza k ow s k a-
-Natkaniec 1976—1980, Stebnicka 1979, Stodczyk 1984a
1984b). According to criteriaof Patalas (1960b) waters from habitats examined
are not greatly abundant in nitrates, have an average potassium content, slightly more
than the average of phosphates and ammonia and are relatively differentiated as
regards calcium content. The contents of remaining macroelements are low (sulphates,
chlorides, sodium, magnesium) with the exception of iron. The rather high iron content
may prove the oxygen deficiency at the bottom, despite rather low water depth of
habitats examined. In favour of this is the higher content of phosphates, which at pH
5—7 under anaerobic conditions are released easier into the environment and do not
precipitate with iron in the form of ferric sulphate (Buckman and Brady
1971), and also the high ratio of ammonia to nitrate ions in clean waters of habitats
(except habitat 1 and possibly habitats 9 and 10).

Low content of chlorides, sodium and magnesium in water and high sapropel
content in bottom sediments prove the poor mineralization of the habitat. This is also
confirmed by multiple correlation (Table 7) between organic substance content (humic
acids) in water and the calcium and sodium contents in water (negative correlation) and
also potassium content (positive relation). This is consistent with generally known
relations (Gomotka and Szypowski 1975, Starmach etal 1978)
that with the increasing dystrophy of habitats the contents of inorganic salts in water
decrease with the exception of potassium, whereas the contents of humic acids increase.
Humic acids and calcium have the greatest influence on differentiation of chemistry of
habitats (R ad wan et al 1974).

All this, as well as the presence of some plant associations, allows to state that A4.
vesiculosa occurs first of allin habitats having a transitory character between eutrophic
and dystrophic habitats. Populations there are most abundant and plants are shapely.
A. vesiculosa occurs less frequently in dystrophic and typical eutrophic habitats,
although sometimes it finds there suitable development conditions (habitat 7), but does
not occur in oligo- and mesotrophic habitats.
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Relations between habitat and population can be shown properly when chosing
proper individual and group characters of population variability. Those with the
highest ratio of the coefficient of interpopulation variability to that of intrapopulation
one should be chosen as physico-chemical and biotic factors are less variable within
one habitat change than in all habitats. Nevertheless, not all characters determine to
the same extent the best habitat conditions. As poineted outby R abotn o v (1950)
and U ran ov (1960), ecological constitution of plants examined is expressed by the
following characters: plant length, number of shoots, length of leaves, plant biomass
and index of biotic population potential. They were used mainly in the present paper
and should serve in the future to estimate and bioindicate deformations of A. vesiculosa
habitat. In some cases the knowledge of mean distances between leaf whorls may be
useful as it shows well the growth rate of plants.

Among chemical factors in the habitat, reaction has a visible effect on Aldrovanda.
The general opinion is that Aldrovanda grows best at pH from 5.5 to 6.5. But acc. to
Mazrimas (1974) the best pH is about 4.5. Field investigations and correlation
equations indicate that at pH from 5.57 to 6.63 the plant length and the number of
shoots and thus the index of biotic population potential are greater the smaller is the
habitat reaction. The plants in the experiment had the highest growth rate at pH 3.5
—5.5. Plotting on the same scale the line for correlation of plant length and habitat
reaction and the line for decreasing plant length with the increasing pH of water in
experiment 1 (Fig. 3 a, b — diagrams) we can see that they are similar.

Humic acids, in which carbon is 90% of carbon in organic matter in the water of
habitats examined, have a strong influence on plant growth. The remaining part of
carbon is from the relatively not very active in plant life bounded and slow-reducing
sugar, fatty acids, esters, alcohols, aminoacids, etc. The effect of this part of organic
matter on the growth of A. vesiculosa can be explained as a supply of some food
components and first of all the indispensable growth substances (B ad ura 1965).
Whereas the positive effect of humic acids may take the form of: (1) neutralization of the
surphus of calciumions (Nik lews ki 1968, Skind er 1981)unfavourable for
the growth of Aldrovanda, (2) facilitating the penetration of some ions into plant tissues
by means of absorption of cations by humic acids as a colloidalsystem (Lhotsky
1960), (3) forming complexes with metals, which may facilitate the penetration of some
multivalentions (Guminski etal 1956, Czerwinski 1967, Ky ¢ 1968),
(4) changing the permeability of cytoplasmatic membranes (Guminski 1950,

Rypacek 1962).

The optimum humic acid content for the growth of Aldrovanda is 5000— 7000 ug
C-17! of water (experiment 1) as confirmed by positive correlations between plant
growth and the humic acid content in the interval 1870— 6330 ug C-1~'. Concentra-
tions of humic acids exceeding 10000 ug C- 1~ ! of water have an unfavourable effect on
the growth of plants examined.

Because of the semi-heterotrophic way of life of these plants it is difficult to
determine the effect of contents of particular macroelements on their growth. This is
especially so for nitrogen and phosphorus (Schmucker and Linneman
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1959). The experiment has been unsuccessful. But the correlations obtained show a
positive effect of magnesium, sodium and iron ions and to a smaller extent of nitrogen
ions on the individual and group characters and a negative effect of potassium, calcium
and sulphur. With consideration to the contents of macroelements in plants examined
only potassium, magnesium and sodium contents are positively correlated with the
characters examined. Phosphorus, nitrogen, sulphur and calcium contents in plants are
negatively correlated first of all with plant length and to a smaller extent with the biotic
potential. It is interesting that the plant length is negatively correlated with nitrogen
and phosphorus contents in plants. Thus it can be assumed that these elements in the
habitat also affect negatively the plant growth, because usually their content in plants is
higher the more of them is in the habitat (G audet 1974). This paradox can be
explained. As it has been said A. vesiculosa became adapted to life in habitats with
slightly acid water abundant in humic acids and poor in inorganic food components. In
habitats with more nitrogen and phosphorus in water, i.e., in more eutrophic ones,
there are more microorganisms. Passive catching of zooplankton means its greater
availability for plants. This may cause an increase of these elements in plants.
Simultaneously humic acids contents decrease in these habitats and the water reaction
increases. Changes of these factors, which have the strongest effect, are unfavourable for
plants and decrease their growth rate. In such cases the correlation is negative.

Frequently the nutrient contents in plants depend on their contents in the habitat.
They influence greatly the individual and group character. In case of A. vesiculosa such
a positive relation to iron was observed. However, one should be careful, as the
correlation may be due to accumulation of oxidized iron compounds (oxides and
hydroxides) in plants. Especially as the correlation has not been confirmed in the
following year. Worth mentioning are positive correlations between potassium,
calcium and sulphur contents in plants and in water, although at a significance level
o > 0.05. Similar relations have been recorded for other plants, amongst others, by
Predota-Twarda (1979 and Stebnicka (1979).

Calcium in a plant is an antagonist of potassium. In habitats examined potassium
content increases with the decreasing calcium content and the simultaneous correla-
tions do not exclude themselves. Their probability is greater as they were repeated in -
two consecutive years. '

Thus, decreasing contents of elements in water of habitats examined, resulted in
their smaller contents in plants in 1981, consistently with B oyd (1970) and
G audet (1974). It is more difficult to explain why there was some 259 of nitrogen
and 189 of phosphorus less in plants as the content of these elements in carnivorous
plants usually is not correlated with their content in the habitat. These elements occur
more abundantly in young plants (D y k yjova 1973) or in the youngest plant
organs (Guminski 1977, Czerwins ki 1980). Thusis.can be assumed that
in 1981 the plants examined were older than in 1980. This is indicated by data from the
Institute of Meteorology and Water Economy and by observations of naturalists and
farmers, who observed a 2—4-week delay of vegetation season in 1980 as compared
with 1981. Also the greater iron content in plants in 1981 confirms this thesis
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(possibility of accumulating more iron compounds in older plants). The generally high
phosphorus content in relation to other elements and plants can be explained only by
its accumulation in A. vesiculosa. '

5. CONCLUSIONS

(1) Aldrovanda vesiculosa is a species having a quite broad phytosociological
amplitude (it occurs in different plant associations and thus has various relations with
the abundant group of macrohydrophytes), whereas as regards the chemistry of.the
habitat it is rather a stenotopic species.

(2) Best conditions for its growth are in water bodies having coenotic relations and
water chemistry characteristic of eutrophic-dystrophic habitats with a proper ratio of
inorganic substances and primarily of calcium to organic substances.

(3) Chemical factors having the greatest influence on the growth of 4. vesiculosa are
habitat reaction, contents in water of humic acids, calcium, magnesium and sodium.

(4) Habitat differentiation from the point of water chemistry and bottom sediments
corresponding largely to A. vesiculosa population differentiation in individual and
group characters shows not only the significant effect of water chemistry on growth and
ecological organization of the population, but that changes in physico-chemical and
biotic conditions of the habitat are the main cause of the disappearance of this plant.

(5) Active protection of 4. vesiculosa should be first of all against the degradation of
its habitats and biotopes and if not possible the species should be transferred to suitable
natural habitats or to cultures in botany gardens.

(6) Substitute habitats of A. vesiculosa should have physical and biotic properties
as in habitats 6 and 7, whereas 1 litre of water should contain: 0.3 — 0.6 mg of nitrates,
1.0— 1.5 mg ammonia, over 0.06 mg phosphates, 2.4 — 4.0 mg potassium, less than 40
mgcalcium, 6.0— 15.0mg magnesium, 8.0— 13.0mgsodium, 0.5— 1.0mgiron, less than
25 mg sulphates, 5.0— 12.0 mg chlorides, 5000— 8000 ug C organic matter including
about 4000— 7000 ug C humic acids at pH about 5.

6. SUMMARY

On 10 localities of A. vesiculosa all over Poland (Fig. 1) its ecology was investigated, i.e., physico-
-chemical conditions and coenotic relations, population differentiation from the point of individual and group
characters, finding whether these differences are caused by edaphic factors of the habitat, and ecological
amplitude of the species.

Coenotic relations were determined on the basis of analysis of phytosociological records of plant
patches where Aldrovanda occurs (Table 1). The species has a rather broad phytosociological amplitude
having a mosaic character of occurrence within one habitat. Under conditions examined it is a component of
plant associations belonging to two phytosociological classes (Potamogetonetea, Phragmitetea) occurring at
turning into peat shores of water bodies. It seems that some plants most frequently accompanying A.
vesiculosa have a great influence on its growth and development.
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The trophic state of habitats was determined by finding the contents of organic matter, calcium and
silicates in surface layers of bottom sediments, water reaction and hardness, its contents of macroelements,
organic matter and humic acids. The habitats were differentiated in respect of characters examined (Tables 2,
3), i.e., from eutrophic ones (habitats 1, 7, 8) through various intermediate stages including alloitrophic to
highly dystrophic (habitats 3, 8). According to criteriaof Patalas (1960b) the waters of these habitats
are not very abundant in nitrates, averagely abundant in potassium, averagely-highly abundant in
phosphates, ammonia and iron, and differentiated in contents of calcium, organic matter and humic acids.
The contents of other macroelements are low. Although the chemistry of waters in which 4ldrovanda occurs
varies and is significantly differentiated, this variability is not great and the ecological scale is narrow
compared with other macrohydrophytes.

The best for growth and development of Aldrovanda are water bodies having vegetation composition
and water chemistry characteristic of eutrophic-dystrophic habitats with a proper ratio of mineral substances
(mainly calcium)to organic ones. A greater disturbance of this equilibrium may result in the disappearance of
A.vesiculosa. Its disappearance from the majority of habitats of the Lgczna-Wilodawa Lake District seems to
prove this.

Chemical differentiation of habitats (also in time) corresponds with differentiation of individual and
group characters of plants. The correlations (Tables 6, 7) and results of experiments (Table 8, Fig. 3) show that
water reaction, its contents of humic acids and organic matter have the greatest influence on characters
examined, whereas the influence of macroelements is smaller. Most distinct is the negative effect of calcium
and the positive one of magnesium, sodium and probably iron. It is difficult to determine the effect of nitrogen
and phosphorus because of the semi-heterotrophic way of feeding of A. vesiculosa.

Characters which show best the influence of chemical factors of the habitat and the ecological
constitution of A. vesiculosa are plant length, number of shoots, leaves’ length, plant biomass and index of
biotic potential of plants. And they should be used mainly in estimations and bioindication of deformations
of its habitats.

Also positive correlations were observed between the contents of particular macroelements in water and
in plants. This concerned potassium, sulphur and calcium. In the case of iron this correlation should be
considered very carefully. The contents of particular elements in A. vesiculosa (Table 5) did not exceed the
minimum and maximum (with the exception of phosphorus) given by different authors for other
macrohydrophytes and approximated those in Utricularia sp. sp. having a similar biology and occupying a
similar ecological niche.

7. POLISH SUMMARY

Badania, przeprowadzone w 10 stanowiskach Aldrovanda vesiculosa potozonych na terenie catej Polski
(rys. 1), mialy na celu poznanie jej ek ologii, tj. warunk 6w fizyczno-chemicznych i stosunk dw cenotycznych, w
jakich ona wystepuje, zréznicowania populacji pod wzglgdem cech osobniczych i grupowych, okreslenie, na
ile roznice te powodowane sg czynnikami edaficznymi siedliska oraz amplitudy ekologicznej gatunku.
Stosunki cenotyczne okreslono na podstawie analizy zdje¢ fitosocjologicznych wyk onanych w ptatach
* roslin, wérod ktérych wystepuje Aldrovanda (tab. 1). Stwierdzono, e jest ona gatunkiem o do$é szerokiej
amplitudzie fitosocjologicznej, a w obrebie jednego siedliska z reguty wystepuje w uktadzie mozaik owym. W
konkretnych warunkach jest komponentem zbiorowisk roslinnych nalezacych do dwoch klas fitosocjologi-
cznych (Potamoget onetea, Phragmitetea) wystepujacych przy podtorfionych brzegach zbiornik 6w wodnych.
Wydaje sig, ze niek tore rosliny najczesciej towarzyszace A. vesiculosa maja silny wplyw na jej wzrost i rozwoj.
Trofizm siedlisk okreslono oznaczajac zawarto$¢ materii organicznej, wapnia i krzemianéw w
powierzchniowych warstwach osadéw dennych, odczyn i twardos¢ wody, zawarto$é w niej makroelemen-
tow, substancji organicznej i kwasow humusowych. Wyniki wskazuja na zrdznicowanie siedlisk pod
wzgledem badanych cech (tab. 2, 3), co pozwala wyr6zni¢ siedliska o ré6znym stopniu trofizmu, tj. od
eutroficznych (siedliska 1, 7, 8), poprzez rézne stadia posrednie z alloitroficznymi wlgcznie, az do silnie
dystroficznych (siedliska 3, 8).
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Wedlug kryteriow Patalasa (1960b) wody z badanych siedlisk sa niezbyt zasobne w azotany,
$rednio zasobne w potas, srednio-wysoko zasobne w fosforany, amoniak i Zelazo, a zréznicowane pod
wzgledem zawarto$ci wapnia, substancji organicznej i kwaséw humusowych. Zawarto$¢ pozostatych
makroelementow jest niska. Pomimo ze chemizm wod, w ktérych wystepuje Aldrovanda, jest zmienny i
istotnie zréznicowany, to zmienno$¢ ta nie jest duza, a skala ekologiczna A. vesiculosa, w poréwnaniu do
innych makrohydrofitow, jest waska.

Optymalnymi dla jej wzrostu i rozwoju sa zbiorniki wodne charakteryzujace si¢ stosunkami
cenotycznymi oraz chemizmem wody wiasciwym dla siedlisk eutroficzno-dystroficznych, w ktorych
wystepije odpowiedni stosunek substancji mineralnych, a przede wszystkim wapnia, do substancji
organicznych. Wigksza zmiana takiego uktadu rownowagi moze doprowadzi¢ do wyginigcia A. vesiculosa.
Za taka interpretacja przemawia fakt jej ustapienia z wigkszosci siedlisk na Pojezierzu teczynsko-
-Wiodawskim. ]

Zrdéznicowaniu chemicznemu siedlisk (takze w czasie) odpowiada zréznicowanie cech osobniczych i
grupowych roslin. Stwierdzone korelacje (tab. 6, 7) i wyniki do§wiadczen (tab. 8, rys. 3) wykazuja, ze
najwigkszy wptyw na wielk o§¢ badanych cech ma odczyn wody, zawarto$¢ w niej kwaséw humusowych i
materii organicznej, mniejszy za$§ makroelementow. Wsrod nich najbardziej wid oczny jest negatywny wplyw
wapnia, a pozytywny magnezu, sodu i prawdopodobnie zelaza. Wplyw azotu i fosforu jest trudny do
ustalenia z powodu na wpét heterotroficznego sposobu odzywiania si¢ A. vesiculosa.

Do cech najlepiej wyrazajacych wplyw chemicznych czynnikow siedliska i konstytucje ekologiczng A.
vesiculosa nalezy dtugosé roélin, ich rozkrzewienie wyrazone liczbg pgdoéw bocznych, dlugo$c lisci, biomasa
ro§lin oraz wskaznik potencjatu biotycznego roslin. One gléwnie powinny stuzy¢ do oceny i bioindykacji
odksztatcen jej siedlisk. {

Stwierdzono takze dodatnie korelacje pomigdzy zawartoscia poszczegdlnych makroelementow w
wodzie i w roslinach. Dotyczy to potasu, siarki i wapnia. W przypadku zelaza uzyskana korelacje nalezy
traktowac z duza ostroznoscig. Zawarto$¢ poszczegolnych pierwiastkow w roslinach A. vesiculosa (tab. 5)
nie przekracza zawartosci minimalnych i maksymalnych (z wyjatkiem fosforu), podanych przez réznych
autoréw dla innych makrohydrofitow, a jest bardzo zblizona do ich zawartosci w Utricularia sp. sp.
charakteryzujacych si¢ podobna biologia i zajmujacych podobna nisze ekologiczna.
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