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ABSTRACT: The influence of accompanying plants and animal plankton on the growth
of Aldrovanda was investigated in a natural habitat and in experimental cultures. The influence
of humic acids and temperature on the wintering of turions of plants examined and their
development in spring were also determined experimentally.
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1. INTRODUCTION

Autecological investigations of the influence of chemical factors on A. vesiculosa
population differentiation (K aminski 1987) confirmed also indirectly the
significant influence of biotic and physical factors on the growth of Aldrovanda.
Organic substances, in the form of humic acids, together with temperature influenced
not only the growth of plants examined but also their development. On the basis of
reports of other scientists it can be assumed that the influence of accompanying plants
is differentiated and depends on their species composition. Thus studies were
conducted on natural localities and experimentally in order to explain:

(1) The effect of organic substances on the development of Aldrovanda, i.e., their
role in turions’ wintering and in the initiation of plant growth.

(2) The allelopathic activity of accompanying plants occurring most frequently
with Aldrovanda.

Such information would allow to determine with greater precision the best habitats
for this plant and factors which decide first of all about its growth and development.
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This is of great significance in preservative cultivation of Aldrovanda or when
transferring it into substitute habitats. The Botanic Garden in Wroctaw conducts also
such investigations. The present ones were conducted within the Central Programme of
Basic Investigation No. 04.05.

2. METHODS OF INVESTIGATIONS

2.1. GENERAL

Chemical analyses of water and plants, and statistical calculations were made using
the general methods specified in part ] (Kamins ki 1987).

2.2. SELECTION OF INDIVIDUAL AND GROUP CHARACTERS
OF PLANTS AND THEIR MEASUREMENTS '

For studies on the influence of accompanying plants on A. vesiculosa, locality VII
on Lake Miklaszéwek was chosen, where it occurred quite abundantly in different
plant associations, i.e., Hydrocharitetum morsus-ranae Langendonck 1935 (microha-
bitat 1), Caricetum rostratae Riibel 1912 (microhabitat 2), Thelypteridii- Phragmitetum
Kuiper 1957 (microhabitat 3). In each microhabitat plant samples were taken from
three 1.0 m? experimental areas, each with 30 plants.

Biometrical analysis covered the characters showing the best the ecological
constitution of the species, ie., plant length, mean distance between whorls, length of
leaves, number of lateral shoots, number of buds, biomass of 100 plants and biotic
potential of the population.

2.3. EXPERIMENTS IN CULTURES IN VITRO

The experimental material consisted of turions of Aldrovanda collected in autumn
from the locality at Nowa KuzZnia (experiment 1) and Lake Miklaszowek (experiments
2, 3) and top plant sections 30 mm long from Lake Kruglak (see part I —
Kaminski 1987).

Experiment 1. Itwasconducted between September 20, 1983, and May 26,
1984 to determine the effect of temperature and organic substances on the wintering
and development of turions. The organic substance used was an extract of bottom
sediments from natural localities of Aldrovanda, in which 90% of carbon is that of
humin and fulvic acids, called together humic acids. The experiment was made in two
series. In series A turions were placed in aquaria with 101 of tap water, whereas in series
B, about 10000 ug C-17! humic acids were added to tap water. Water reaction was
determined -as pH 6.5—7.
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Plants were measured every 20 days when first growth symptoms were noticed, i.e.,
from January 25, 1984. The range of the experiment was limited because of lack of
sufficient material. Two aquaria from each series, each with 10 turions, were placed in:
(1) in a cool chamber at 10°C for 4 months and then in a greenhouse at 10— 12°C, (2) in
a cold greenhouse at 5 — 8°C in the first period of the experiment and in the following 4
months at 10— 12°C, (3) in a greenhouse at 12— 15°C and in the final stage of the
experiment up to 25°C.

Experiment 2 Itlasted from October 29, 1984 to January 28, 1985 in order

. to determine the optimum contents of humin and fulvic acids in the habitat where
turions winter. Five Aldrovanda turions were placed in test tubes with tap water
containing trace concentrations of these acids — 2000, 4000, 6000, 40000 ugC -1~ ! and
kept at 4°C. On January 20, 1985 they were moved to room temperature in order to
observe the influence of organic substances on plant development. There were three
replicas of the experiment.

Experiment 3. Theeffect of organicsubstance on plant growth in the initial
development stage was examined between March 20 and April 15, 1985. It confirmed
indirectly the results of experiments 1 and 2. Turions coming to the end of dormant
period, i.e., showing no signs of development but chosen from experimental material, in
which very few turions began to develop, were used in the experiment. Ten turions
(in three series) were placed in each test tube with tap water of a pH about 6, containing
0, 2000, 5000, 10000, 50000, 100000, 150000 ug C of organic substance per 1 litre of
water. It was conducted at room temperature and at day light.

Experiment 4. The preliminary experiment (A) between August 12 and
September 2, 1986 was followed by the basic experiment (B) determining the influence
of most frequently occurring plants on the growth of Aldrovanda. Thirty mm plant tops
were placed in glass flasks containing mineral-organic medium (analogous to the basic
onein experiment 1 — K amins ki 1987). Each flask contained (in three replicas)
10 A. vesiculosa plants together with: (a) 5 young Hydrocharis morsus-ranae L. plants,
(b) young Stratiotes aloides L. plant, (c) 2 germinant rhizomes of Carex sp. ;

Experiment 5. Itwasconducted tefind out whether accompanying plants
or zooplankton in the habitat have a greater influence on the growth of A. vesiculosa.
Between June 18 and July 14, 1986, under analogous conditions as in experiment 4 B,
into each aquarium with 10 Aldrovanda plants, were added: (a) zooplankton (Daphnia,
Cyclops), (b) two germinant rhizomes of Carex sp., (c) plankton and rhizomes
together. There were three replicas of the experiment.

3. RESULTS

3.1. FIELD INVESTIGATIONS

In order to determine the influence of accompanying plants on the Aldrovanda
vesiculosa growth in field investigations, water had to be analysed in particular
microhabitats as well as nutrient content in plants examined, individual and group
characters of plants had to be measured. The results are given in Tables 1 —3.



Table 1. Characteristics of Aldrovanda vesiculosa microhabitats in Lake Miklaszowek

Contents of ions (mg-1 ! of water)

Contents of

organic substances
No. of 131 ah
) = il (ug C- 171 of water)
microha- Association pH
hardness
bitats N-NO; | N-NH; [ POs | K | Ca | Mg [Na | Fe| SO4 | CI - carbon
b of humic
@ren acids
1 Hydrocharitetum morsus-ranae 6.8 0.15 051 |0.039[1.59(48.09 | 7.43|4.83(0.19] 25.20 [5.50] 7.79 1806.7 1286.7
Lang. 1935 ;
y. Caricetum rostratae 6.7 0.21- 192 0.033 [1.31]43.81 [ 10.283.37]0.19| 18.66 [4.88 1.5 1812.0 8520
Riibel 1912
3 Thelypteridii-Phragmitetum 6.8 0.16 1.34 ] 0.061]1.29]42.62| 8.00]3.03|0.39| 20.21 (4.24| 7.32 2091.7 | 1658.3
Kuiper 1957
Total mean (x) 6.7 0.16 1.20 [0.044|1.39)44.84 | 8.56]|3.74]10.26| 21.36 [4.87| 7.56 1903.4 1265.0
Least significant 0.03 1.03 |[0014| — - — 1042(0.04] 142 — - - 453.5
difference (LSD) :
Foashia 13.0 158 13.00(1.24] 200| 0.69]|63.5(77.4| 68.61 |2.88| 296 315 9.5
(Frap, = 5.14)
Importance of variance i i bl - = HrAS | e see - - 3
differentiation (IVD)*
*Where: * — *** = F_ 1 .utaed > Fabular value of the F Snedecor statistics.
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Although water was sampled from a relatively small area (about 300 m along the
shore) the contents of inorganic and organic substances varied (Table 1). Statistical
differentiation was significant but absolute differences were small. The most significant
differentiation concerned the contents of sodium, which were the highest in microhabi-
tat 1 (4.83 mg-1"!) and the lowest in microhabitat 3 (3.03 mg-1~ 1), iron (from 0.39
mg- 1~ ! in microhabitat 3t0 0.19 mg-1~ ! in microhabitats 1 and 2), and sulphates (from
25.2mg- 1" ! in microhabitat 1 to 18.66 mg- 1~ ! in microhabitat 2). Contents of nitrates,
ammonia, phosphates and humic acids were less significantly differentiated. The
nitrates were most abundant in water from microhabitat 2 (0.21 mg-1~ ') and the least
abundant in microhabitat 1 (0.15 mg- 1"~ !). Ammonia nitrogen was the most abundant
in microhabitat 2 (1.92mg- 1~ !) and the least in microhabitat 1 (0.51 mg- 1 !), whereas
phosphates were the most abundant in microhabitat 3 (0.061 mg-1~') and the least in
microhabitat 2 (0.033 mg- 1 !). The contents of organic humin and fulvic acids were the
highest in water of microhabitat 3 (1658 ug C-17!), and the lowest in microhabitat 2
(852 ug C-17'). The contents of other inorganic compounds did not differ significantly.

Nutrient contents in plants of microhabitats in Lake Miklaszowek varied (Table 2).
Phosphorus, sodium and iron contents were most differentiated, nitrogen and
potassium contents were less differentiated and calcium and ash contents were the least
differentiated. There were no statistically significant differences in magnesium and
sulphur contents. Plants from microhabitat 1 had the highest nitrogen and phosphorus
contents, and average ones of other elements. Plants from microhabitat 2 had the
smallest contents of nitrogen, phosphorus, calcium and magnesium and the highest
ones of potassium, sodium and iron. Plants from microhabitat 3 had the highest
contents of calcium and magnesium and the smallest contents of potassium and
sulphur. Unfortunately the lack of differentiation of potassium and calcium contents
and small differentiation of iron and sulphur in particular microhabitats did not
confirm the earlier positive correlations between the contents of these macroelements
in water and in plants.

Table 3 shows individual and group characters of A. vesiculosa population in
different plant associations from Lake Miklaszowek. Coenopopulations examined
from different plant associations differed significantly in shoot length, length of leaves
and biomass. There were less significant differences in the mean length of internodes. As
in relations between populations the number of buds in whorls was not very
significantly differentiated, there were no differences in populations examined in the
number of lateral shoots and biotic potential.

The best specimens of Aldrovanda were found in microhabitat 2, where it belonged
to the association Caricetum rostratae Riibel 1912. The highest percentage in that
association had Carex rostrata Stokes ex Withering, Stratiotes aloides, Hydrocharis
morsus ranae and Carex pseudocyperus L.

Worse specimens of Aldrovanda were in microhabitat 3, where they belonged to the
association Thelypteridii-Phragmitetum Kuiper 1957. Dominant there were Thelypte-
ris thelypteroides (Michaux fil) Holub, Cargx riparia Curtis, C. rostrata, Stratiotes
aloides, Hydrocharis morsus ranae and Typha latifolia L. The worst Aldrovanda



Table 2. Contents of macroelements in Aldrovanda vesiculosa plants from several microhabitats
For explanation of symbols see Table 1

No. of Ash
micro- _ Association N P K Ca Mg Na S Fe content
habitats ! 0
1 Hydrocharitetum 2738.3 1051.7 880.0 10209 959.7 3383 299.5 3100 13.3
morsus-ranae 5
2 Caricetum rostratae 2084.3 896.5 1136.7 824.6 843.0 586.7 835.2 525.0 124
3 Thelypteridii- 22243 918.5 725.0 1161.3 961.3 451.7 268.1 285.0 129
-Phragmitetum
Total mean (x) 2348.3 955.6 913.9 1002.3 921.3 458.9 300.9 374.2 129
- LSD 362.7 29.2 187.5 2445 - 76.7 - 234 0.70
Fotaiig 10.80 99.19 14.68 5.73 4.67 31.44 4.58 375.0 813
(Fiap, = 5.14)
IVD L ok %k %% * = ok ok ey 35k ok %*
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Table 3. Characteristics of individual and group characters of Aldrovanda vesiculosa from several microhabitats in Lake Miklaszowek
For explanation of symbols see Table 1

Individual character

Group character

No. of average . 2
micro- Association length distance length ol N.o' e s ‘“‘?“' %
: ) branches axillary of 100 biotic
habitats of plants between of leaves ,
furh} S horls () per one buds per plants potential
(nen) plant one plant (mg dry weight) (VA
1 Hydrocharietum 64.37 4.64 Tk 0.82 045 1389 124.33
morsus-ranae
2 Caricetum rostratae 107.43 6.12 8.57 1.02 0.70 2974 172.67
3 Thelypteridii- 83.70 5.14 8.88 1.08 0.50 2833 162.67
-Phragmitetum
Total mean (%) 85.17 5.30 8.41 097 0.55 2398 153.23
LSD 6.38 0.71 0.28 - 0.17 238 -
e 233.2 13:1 34.1 0.21 5.87 163.8 1.35
Fiap, = 5.14
IVD * %k %k ¥ %k - * kK =
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specimens were in the association Hydrocharitetum morsus-ranae Langendonck 1935.
Hydrocharis morsus ranae formed there almost monospecific patches. However, there
was no explicit answer whether the differences in plant growth in particular
microhabitats depended more on accompanying plants or on water chemistry and
nutrient contents in plants examined. But the additional multiple correlations between
plant length and its contents of particular nutrients obtained earlier (K amins ki
1987) were true in this case.

3.2. EXPERIMENT 1

Experiment 1 confirms more precisely what has been known about the influence of
organic substance and temperature on wintering of turions, their development and
A. vesiculosa growth (Maisonneuve 1859, Schoenefeld 1860,
Ashida 1934,1935, Sculthorpe 1971, Haldi 1974).

Organic substances (humin and fulvic acids) have a double effect on wintering of
turions and on plant growth (Table 4). At higher contents of humic acids in water the
wintering of turions was worse and plants developed from a smaller number of turions,
especially at a higher temperature. Higher contents of humic acids delayed the
beginning of the development, but the growth rate of plants was higher, especially at
moderate temperature 10— 12°C (Fig. 1). The effect of temperature varied according to
the development stage of plants. Turions showed small resistance to low temperatures
(100% of turions died at temperatures below — 10°C) and did not tolerate well those
above +12°C. At 20— 25°C plants began to develop earlier, their growth rate was
higher, but they were subtle, etiolized and poorly.

The plants grew the best at 10— 12°C in water with higher contents of humic acids.
Worse wintering of turions and a delay in their development was recompensed by quick
plant growth, their better condition and greater increment of lateral shoots.

o+ 10 -12°C, without humus acids
AN e ) with —t— —n—
40— e — e 20 - 25°C, without —»— —n—
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Fig. 1. The effect of humic acids and temperature on the growth of Aldrovanda vesiculosa in a culture in vitro



Table 4. Influence of humic acids and temperature on wintering and development of Aldrovanda vesiculosa turions cultured in vitro (experiment 1)
A — no humic acids added, B — with humic acids added

Length of plants (mm)

Temperature Plant
i ot h Developed
g oot Combination | 25 Jan. | 14 Feb. I 6 March | 26 March ] 24 Apr. | 8 May |26 May turions
turions temp. . . ; o
C C \ experiment length in days (VA
C Y 0 20 40 60 88 102 | 120
-10 10—-12 A - - - - - - - 0
B - - - - - - - 0
5-8 10—12 A - - 75 13.5 215 25.5 125 90
B - - - - 2Es 26.0 27.0 70
12—-15 20-25 A - 7.0 23-5 38.0 28.0 20.0 15.0 80
B - - 15.0 20.0 - - - 25

DSOINd1S2a PpuPaoply Jo 301009 9y} UO SIIPNIS
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In aquaria with higher humic acid content some turions fell to the bottom when
wintering, whereas in spring they floated towards the surface. This was not observed in
aquaria with tap water without additional amounts of organic components. This is an
important fact as under natural conditions turions are thus protected against freezing
and vegetative reproduction of A. vesiculosa is continued.

3.3. EXPERIMENT 2

The object of this experiment was to determine the optimum concentration of
humic acids for the wintering of Aldrovanda vesiculosa turions. Table 5 gives the results.
With increasing humic acid concentrations in water at 0—4°C the number of turions

Fig 2. The effect of humic acids on Aldrovanda vesiculosa turion fall during wintering in culture in vitro
(experiment 2, photograph taken on January 20, 1985)
Concentrations of humic acids: a — traces, b — 2000, ¢ — 4000, d — 6000, e — 40000 ug C-1~* water

falling to the bottom increased (Fig. 2). The longer the experiment the more it is visible.
On January 28, 1985 (first symptoms of turion development) test-tubes with turions
were moved into room temperature (about 18°C). After a week later the development of
turions from lower humic acid concentrations was the quickest. At humic acid
concentration of 40000 ug C- 17! of water, turions showed no development symptoms.
On the 108th day of the experiment, and after 26 days of higher temperature all plants,
independently of the concentration of humic acids in water, attained the same length of
3 cm. The number of turions from which the plants developed varied according to
concentrations of humic acids; the higher the concentration the more turions died. At a
concentration of 40000 ug C-1~! water 89.4% turions died.
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Table 5. Influence of humic acids on Aldrovanda vesiculosa turions fall at the bottom in the wintering period
(experiment 2)

Observations after
Contents of 21 days 83 days 91 days Developed
humic acids (1984.11.19) (1985.01.20) (1985.01.28) turions
ugC-17Y) turions fall turions fall development of plants )
at the bottom | at the bottom from turions
(%) VAl
traces 0.0 6.6 length of plants to 1.5 cm 94.7
2000 6.6 13.0 length of plants to 1.0 cm 94.7
4000 60.0 53.0 length of plants to 1.0 cm 89.4
6000 80.0 86.0 initiation of growth 84.1
40000 73.0 94.0 no growth signs 10.6

Considering the number of turions which started to develop after the dormant
period and the fact that they fell to the bottom, it can be said that turions wintered the
best at concentration of humic acids in water 6000 ug C-17 1.

3.4. EXPERIMENT 3

Similar results were obtained in each series confirming the conclusions from
experiments 1 and 2 and leaving no doubt as to the influence of organic matter on plant
growth.

With the increasing concentration of organic substance to 10000 ug C-1~! water,
which is the optimum, the growth rate of A. vesiculosa plants increased. Over this

. concentration the growth rate decreased (Fig 3). After 25 days of the experiment the
growth of plants in particular concentrations of organic substance was as follows:

traces of organic substance — 0.5cm
2000 ug C-171 water ; — about 1.0 cm
5000 ug C-1°1 water — about 1.5 cm
10000 ug C-17! water — about 3.0 cm
50000 ug C-1-! water — about 2.0 cm
100000 ug C-1-! water v — about 1.0 cm
150000 ug C-17 ! water less than 0.5 cm

Excessive concentration of humic acids had a negative effect — the plants did not
grow well and leaves had an anomalous shape, especially in the initial stage (Fig. 4).
It is also interesting that all plants grow at 150000 ug C-17 %, i.e., about 130000 ug C of
humic acids per litre, whereas the majority of turions cannot develop any longer at
humic acid concentration exceeding 40000 ug C-1~! medium.
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Fig 3. The effect of humic acids on the growth of Aldrovanda vesiculosa in culture in vitro (experiment 3,
photograph taken on March 3, 1985, 10 days after the beginning of the experiment)
Concentrations of humic acids: a — traces, b — 2000, c — 5000, d — 10000, e — 50000, f — 100000,
g — 150000 ug C-1"! water

Fig. 4. Morphological changes of young Aldrovanda vesiculosa plants developing from turions under the
influence of humic acids in concentrations: a — 10000, b — 100000 ug C-1-! water



Studies on the ecology of Aldrovanda vesiculosa 603

3.5. EXPERIMENT 4

The allelopathic effect of accompanying plants on the growth of A. vesiculosa has
been confirmed in experiment 4 and Table 6 presents the results: A — of preliminary
experiment (15 days) with 1 replica, B — of proper experiment. All accompanying
plants influence the growth of Aldrovanda to a different degree. Plants in the company
of Carex sp. were the longest, then those with Stratiotes aloides, whereas plants growing
in the company of Hydrocharis morsus-ranae were the shortest. This was also confirmed
by the increment of lateral shoots. The preliminary experiment (part A) provided
approximate data. It is difficult to say whether A. vesiculosa plants grow well in the
company of Typha latifolia and Phragmites australis (Cavanilles) Trinius ex Steudel and
have bigger traps due to allelopathy or as a result of decreasing pH of the medium by

Table 6. Influence of accompanying plants on Aldrovanda vesiculosa growth under tissue culture conditions
(experiment 4 A, B)
For explanation of symbols see Table 1

Growth s
! incre- No. of 8 | Biomass
Final pH length £ 100
Accompanying species B N, B e O a Notice
2 of plants | per one plants
medium branches
tested plant (mg d. wt.)
gam) (mm)

A No accompanying 6.6 6.1 not tested some-
species (control) times
Hydrocharis morsus-ranae 6.6 221 - small

traps
Stratiotes aloides 6.2 85.0 ks medium
Carex sp. 6.2 21,3 e traps
Typha latifolia 5.6 823 i big
Phragmites australis 54 76.8 2 traps,

4—5mm
Lemna minor L., L. trisul- 55 623 k medium
ca L., Ceratophyllum demer- traps
sum L., Typha latifolia,
Carex sp.

B No accompanying 6.46 28.1 0.10 5.00 636.7
species (control) small
Hydrocharis morsus-ranae 6.73 55.4 0.20 25.80 1113.7 traps
Stratiotes aloides 6.67 734 0.30 35.90 21423 medium
Carex sp. 6.43 803 0.27 50.30 1658.3 traps

LSD - 15.38 0.18 10.63 31.19
B aidd 2.22 17.10 9.00 34.08 46.71
(Fiap. = 4.07)

IVD o | 4 ok k *k 4ok %k * ok K
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these plants. Plants cultivated with Carex sp. and Stratiotes aloides differed distinctly in
their morphology. Plants growing with S. aloides were thicker, had a higher biomass
and more lateral shoots. Control plants were the least attractive ones.

3.6. EXPERIMENT 5

As there is a strong influence of accompanying plants on the growth of A. vesiculosa,
the effect of zooplankton had to be analysed. The investigations showed a favourable
effect of zooplankton on the growth of plants. Both the influence of accompanying
sedges and of zooplankton was greater than of zooplankton or sedges separately
(Table 7). This proved a positive allelopathic activity of sedges and other accom-
panying plants such as Stratiotes aloides and Hydrocharis morsus-ranae.

Table 7. Influence of zooplankton and accompanying plants on growth of Aldrovanda
vesiculosa cultured in vitro (experiment 5)
For explanation of symbols see Table 1

Final length Biomass of

Combinations of plants 100 plants
(mm) (mg d. wt.)
1 only Aldrovanda 43.3 316.0
2 Aldrovanda +zooplankton 78.5 855.0
3 Aldrovanda + rhizomes of Carex sp. 83.8 802.0
4 Aldrovanda + zooplankton + 109.5 1066.0
+ rhizomes of Carex sp.
LSD 17.30 -
& calculated 47.10 i
F tab. 4.76 o1
I m *okk e

4. DISCUSSION

Biotic factors are important in plants life. These are interactions between plants and
between plants and animals, and especially plants from the family Droseraceae. This
has been studied because of reports suggesting that otherwise than bladdewort
(Utricularia) Aldrovanda cannot grow without organic matter and microfauna in the
habitat. Sculthorpe (1971) has mentioned after Lloyd that Schenck and
Cramer kept Aldrovanda for 2 years in an inorganic habitat, but Ashida (1934,
1937) could not cause its growth in a solution of mineral salts and only the addition of
organic remains of macrohydrophytes, among which Aldrovanda grows in a natural
habitat, resulted in its good growth. Kiyomichi (1974, Mazrimas (1974),
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Ohtaki and Katagiri (1974), who have cultivated Aldrovanda are of the
same opinion. They have also noticed its better growth when provided with
microorganisms and accompanied by live plants, the same as in a natural habitat. This
has been confirmed by the experiments. Aldrovanda did not grow in a solution of
mineral salts, whereas an addition of organic matter extracted from bottom sediments
from a natural habitat resulted in a relatively good growth (K aminski 1987).

The phenomenon of turion fall depending on the contents of organic matter in
water is confirmed by Hausleutner (1850, Schoenefeld (1860) and
Haldi (1974). Accordingto Schoenefeld (1860) turions in aquaria with
sandy substrate float on the water surface till development, whereas according to the
other two authors the addition of silt to the aquarium is responsible for turion fall to the
bottom.

There is no doubt as to the higher accumulation of organic bottom silt (sapropel,
gyttia) with the increasing eutrophication of lakes, thus increasing the humic acid
content in water. A hypothesis can be presented about the decisive effect of humic acid
content in water on turions fall. It has been confirmed in experiment 2 with a positive
relation between the number of turions falling in winter and the humic acid content in
water (Table 5, Fig. 2).

Lakes are vertically differentiated as to humic acid content in water. Their highest
concentrations are in near bottom layers, sometimes even 5 times higher than in the
near-surface layers. Woticew (after Jakubowska 1968) has shown great
differences in the near-surface layers over the year; maximum concentrations in spring
and autumn during the mixing of water.

Higher humic acid content in near-surface layer in autumn may cause the falling of
turions even in lakes having low humic acid content in the same layer in summer. Thie
requires further investigations. Considering the number of turions that fell and of
“germinant” ones it can be said that they winter best at 6000 — 7000 ug C of humic acids
per litre of water. This is also the optimum content for the growth of Aldrovanda.

Experiments 1, 2, 3 showed that as humic acid content increased to the optimum,
the development rate of plants increased as expressed by length increment. Interesting,
but difficult to explain is the simultaneous opposite effect, delay of the beginning of
plant growth (Fig. 1, Table 5). This phenomenon may be important for plants,
especially at low water levels and spring ground frosts. Also the turions are not very
resistant to low temperatures. K u t t (1975), on the other hand, is of an opinion that
turions can remain frozen at some —4°C for 4— 5 months without being damaged.
Although quick freezing of turions (2 days) at — 2°C in experiment 2 did not affect their
development in spring, a longer period of lower temperature to — 10°C caused the
death of all turions.

In some habitats the water depth between tussocks of sedges growing on floating

.turf varied from O to 50 cm. Aldrovanda populations were not abundant there.
Fijatk owski (1958b)has also observed a lack or low frequency of Aldrovanda
in hollows of the turf formed when water bodies are being overgrown. Perhaps water in
these microhabitats freezes entirely, and during severe or snowless winters the
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temperature where turions winter drops below — 10°C causing the disappearance of
the population.

Habitats of Aldrovanda are generally sheltered, shallow little bays about 1 m deep,
where water is quite warm in summer and never freezes to the bottom in winter. Humic
acids in water control the turion fall to the bottom. Probably the too low content of
humic acids and temperature explain the absence of 4ldrovanda in quiet spots of sandy
shores even when the rushes are dense and coenotic relations and water chemistry are
quite suitable for this plant.

A too high temperature also affects negatively the wintering turions. Turions kept
at 12°C show worse development (experiment 1). This has been confirmed by earlier
observations of Hausleutner (18500 and Ohtaki and Katagiri
(1974) about the unfavourable effect of higher temperature (over 25°C) on the growth
and development of A. vesiculosa. This intensive growth results in delicate plants
extremely sensitive to unfavourable environmental factors. As shown by Czaja
(1924), below 10°C the prehensile properties of Aldrovanda traps no longer work,
whereas a temperature increase over 40—45°C may cause the traps to close slowly
automatically (in 2— 50 sec.). Mechanical irritation and rapid temperature changes
prolong the time of closing the traps. Accordingto M azrim as (1978) Aldrovanda
stops growing below 16°C, the optimum being 23 — 25°C, whereas according to my
observations the best growth of Aldrovanda is at 15— 20°C. But these differences are
probably due to the fact that Mazrimas (1978) in his experiments used
Aldrovanda from warmer climatic zones, where it grows without having a dormant
stage.

Light intensity is very important for plant growth. But in case of Aldrovanda there is
- acontroversy. Although Wendt (1952)and Hald i (1974) describe Aldrovanda
as a photophilous plant, my observations and those of Hausleutner (1850
and Mazrimas (1974) indicate that it grows better in semi-shade (about 50

—70% of full light) than directly in the sun.

I have tried to estimate the influence of accompanying plants on A. vesiculosa
growth on the basis of 4ldrovanda measurements in plant associations varying as to the
abundance of accompanying plants (Lake Miklaszowek). This suggested only the
positive effect of accompanying plants, because according to correlations observed, the
chemistry of microhabitats examined affected also significantly the plant growth
(Tables 1—3). Experiments in cultures in vitro indicated a high and differentiated
influence of accompanying plants on growth, number of shoots and biomass of
Aldrovanda (experiment 4). The length increment of Aldrovanda shoots was stimulated
the most by sedges, whereas Stratiotes aloides affecting less the length of shoots caused
an increase in their numbers and higher plant biomass. Hydrocharis morsus-ranae had
the weakest biotic influence on Aldrovanda. But A. vesiculosa has a broad phyto-
socjological amplitude. This was also indicated by earlier investigations of Fijal-
kowski (1985a, 1985b) and fragmentary descriptions of European habitats
(Caspary 1859, 1862, Moesz 1907, Borhidii, Jarai-Komoldi after
He gi (1961)) and tropical zones (Sculthorpe 1971, Hutchinson
1975).
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Results of experiment 5 show positive influence of zooplankton on the growth of
Aldrovanda, almost as positive as that of accompanying Carex sp. and these two factors
have a double effect. : :

Thus without contradicting that the evolutional adaptation of Aldrovanda to
habitats not abundant in nitrogen, phosphorus and some microelements, takes the
form of catching and digestion of microorganisms (Schmucker and
Linneman 1959, Sculthorpe 1971, Guminski 1977), one may
present a hypothesis that allopathis effect of accompanying plants takes the form of
supplying Aldrovanda with biotically active organic substance, which Aldrovanda
cannot synthetize but is one of the links of the metabolic chain. This substance may be
also obtained from microorganisms caught and in small amounts from decomposing
plant remains. These may be growth controls such as phytohormones, vitamins (more
likely) or amino acids.

5. CONCLUSIONS

(1) Proper contents of organic substances in water and especially of humic acids
(optimum 6000— 7000 ug C-1~! water) are very important for the growth, develop-
ment and wintering of Aldrovanda vesiculosa.

(2) Accompanying plants have a positive effect on the growth of Aldrovanda, but
the intensity of growth depends on the species composition of the community in which
it occurs. :

(3) Positive allelopathic effect of plants accompanying Aldrovanda, such as Carex
sp., Stratiotes aloides, Hydrocharis morsus-ranae, depends probably on providing it
with biotically active organic substances, which Aldrovanda cannot synthetize as.
proved by the impossibility of cultivating it on an inorganic medium. Furthermore, the
substance indispensable for the growth of A4. vesiculosa is released in small amounts
during the mineralization of organic substance and is assimilated by the plant when
digesting the organisms in traps. !

6. SUMMARY

Studies in natural localities, and mainly in experimental cultures, have shown a significant influence of
zooplankton and accompanying plants on Aldrovanda vesiculosa growth. The influence of plants varies as
well as its intensity for particular species (Table 6). The length increment is caused mainly by sedges and
Stratiotes aloides, which also increases the number of shoots of 4ldrovanda plants. Rush species such as Typha
latifolia and Phragmites australis cause a considerable increase in the size of traps. Zooplankton has a positive
effect resembling that of sedges, and the joint effect of plants and zooplankton is much stronger (Table 7).

It is assumed that the allelopathic effect of accompanying plants depends on providing Aldrovanda with
biologically active organic substance, which the plant cannot synthetize, and is one of the links of metabolic
chain. This substance can be also obtained from microorganisms caught and decomposing plant remains.
These may be growth controls such as vitamins or amino acids. This is indirectly proved by the inability to
cultivate Aldrovanda in a purely mineral habitat.
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Experiments 1, 2, 3 have shown that an appropriate concentration of humic acids, optimum 4 —7 thous.
ug C-17 ! water, is an important factor (Table 5, Figs. 2— 4). They accelerate plant growth, increase its biotic
potential and control turion fall to the bottom of water body in autumn. This is indispensable as A. vesiculosa
turions are not resistant to low temperatures. Also a too high temperature affects negatively the wintering of
turions, decreasing their ability to develop in the vegetation period (Table 4).

This of course is true for plants from temperate zone as in sub- and tropical climates Aldrovanda does not
have such a distinct dormant stage and grows all year round.

7. POLISH SUMMARY

Przeprowadzone badania na stanowiskach naturalnych, a przede wszystkim w kulturach eksperymen-
talnych, wykazaly istotny wptyw zooplanktonu i roslin towarzyszacych na wzrost Aldrovanda vesiculosa.
Oddziatywanie roslin jest niejednakowe, a jego intensywnos¢ jest rézna dla poszczegdlnych gatunkow
(tab. 6). Najsilniej na wzrost wydtuzeniowy oddziatuja turzyce i Stratiotes aloides, ktéry powoduje takze
lepsze rozgalezienie si¢ roslin Aldrovanda. Gatunki szuwarowe, takie jak Typha latifolia i Phragmites
australis, powoduja do$é znaczne zwigkszenie rozmiaréw pecherzykéw chwytnych. Pozytywny wplyw
zooplanktonu jest zblizony do wplywu turzyc. Laczne oddzialywanie rodlin i zooplanktonu jest jeszcze
silniejsze (tab. 7).

Istnieje domniemanie, ze allelopatyczne oddzialywanie roslin towarzyszacych polega na dostarczaniu
dla Aldrovanda biologicznie czynnej substancji organicznej, ktorej nie potrafi ona syntetyzowac, bedacej
jednym z ogniw faficucha przemian metabolicznych. Substancja ta moze by¢ takze uzyskiwana ze
schwytanych mikroorganizméw oraz w niewielkich ilosciach z rozktadajacych si¢ szczatkéw roslinnych.
Moga to by¢ regulatory wzrostu typu witamin badZz aminokwasy. Posrednim dowodem na to jest
niemozno$é utrzymania Aldrovanda przy zyciu w $rodowisku czysto mineralnym.

Doswiadczenia 1, 2, 3 wykazaly, ze waznym czynnikiem jest odpowiednie steZenie kwaséw humuso-
wych, ktorych optymalna zawartosé wynosi 4—7 tys. ug C-17' wody (tab. 5, rys. 2—4). Przyspieszaja one
wzrost roélin, zwickszaja ich potencjat biotyczny oraz reguluja proces opadania turion6w na dno zbiornika
wodnego w okresie jesiennym. Jest to nieodzowne, poniewaz turiony A. vesiculosa nie sa odporne na niskie
temperatury. Takze zbyt wysoka temperatura niekorzystnie wptywa na zimowanie turionéw, efektem czego
jest obnizenie ich zdolno$ci rozwoju w okresie wegetacyjnym (tab. 4).

Oczywiicie, powyisze stwierdzenia dotycza rolin zaaklimatyzowanych w strefie umiarkowane;j,
poniewaz w klimacie sub- i tropikalnym Aldrovanda nie przechodzi tak wyraznej fazy spoczynku i jej wzrost
trwa przez caly rok.
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