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ABSTRACT

The paper summarizes data concerning the biology and ecology of Oenanthe aquatica. The species is commonty
distributcd all over Czcchoslovakia, from lowlands to the submontane belt, especially in fishpond and river basins.
O. agquatica shows no special relationship to the chemical and physical soil properties, and is well adapted to
habitats with a changing water level. The reproduction of O. aquatica depends on emerging of the bottom. The
most developed populations are formed by biennial plants and arise in the year following summer or autumn
drainage.

INTRODUCTION

Oenanthe aquatica grows predominantly in shallow water reservoirs or oxbows with
standing water; occasionally in field depressions temporarily filled by water. It occurs
relatively frequently and can form crowded stands, but the life span of its communities is
limited. The plant shows morphological variation depending on changing habitat conditions.
A detailed description of the plant and its taxonomic evaluation and classification (as
Phellandrium aquaticum L.) are given in the monograph by BERTOVA (1973).
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Communities with dominant O. aquatica occur temporarily (sometimes repeatedly)
depending on changes of water level. Under optimal conditions, O. agquatica can overgrow
the entire surface of small ponds and become an undesirable weed. Knowledge of its biology
(namely conditions of reproduction or spreading) can explain the origin of these crowded
stands, and, eventually, the way to limit them. In this paper, we compare biological properties
of the species (variability, life cycle, reproduction) with properties of its natural habitats and
explain their mutual relationships.

METHODS

The distribution of O. aquatica in Czechoslovakia was assessed on the basis of literaturc
data, herbarium specimens and the authors’ own data.

Scientific names of plants are given according to ROTHMALER (1982). Phytocoenological
relevés were made using a seven grade Braun-Blanquet scale, and the phytocoenological
nomenclature according to MORAVEC et al. (1983) was used. Terms of ecophases were used
according to HEINY (1960).

Water depth was measured together with recording of phytocoenological relevés at all
habitats where O. aguatica has been found. Braun-Bianquet scale was transformed to cover
values in per cent according to VAN DER MAAREL (1979).

POPULATION STUDY

Population structure was compared at four habitats in South Moravia (three habitats at
the Nesyt fishpond - populations of annual plants, one at the Allah IV fishpond - a
population of biennial plants). From each population 100 randomly chosen plants were
sampled, divided into length classes of 1 cm and from this range 30 plants were taken for
detailed measurements. From this narrower sample, the following data were obtained:
number of living and dead leaves and different leaf forms, number of inflorescences and dry
biomass of aboveground organs. Biomass production per 1 m? was counted from the total dry
mass of the sample of 100 plants and plant density per 1 m2. Plant biomass was dried at 30°C
(methods according to KvET 1966). Sampling was repeated four times during one growing
season; only on the eastern shore of the Nesyt fishpond was one sample taken in August,
owing to the sparse stand of O. aquatica. For statistical evaluation of diffcrences between
populations, analysis of variance was used (SNEDECOR and CoCHRAN 1971).

SEED REPRODUCTION

Seed size was investigated in four localities. At each locality seeds were collected from as
many plants as possible. From satisfactorily large samples of seeds the lowest necessary
sample size (100 seeds) was determined. This size sample of seeds was taken from all
localities. Achenes were measured by means of a measuring magnifier (only 'Ehe achene
without remnants of the style). All seed samples were collected in the same growing season,
which excluded the influence of different courses of the weather during different growing
seasons.

The floating capacity of seeds was investigated immediately after ripening. The seeds were
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sampled in a small pond near the town of Tfeboti in South Bohemia. (Methods according to
LHOTSKA 1968).
Seed germination was tested under the following conditions:

1) immediately after ripening (0 to 4 days after sampling, at a temperature of 20 °C and
alternating light régime 8 hours light/16 hours darkness).

2) after stratification: during the winter season the seeds were kept under natural
conditions; they were divided into two groups, under different conditions:

a) with aeration, similar to an emerged pond bottom; seeds were enclosed in nylon bags

and placed below the soil surface in the experimental garden; temperature depended on

the weather during winter, the surface soil layer was frozen, temporarily covered by snow;

b) without aeration, under water as in the pond: seeds in polyethylene bottles with water

were put into a shallow reservoir (about 30 cm depth), during winter under ice (or frozen

inice).

In the following spring, germination was tested. All seeds germinated at 20 °C in an
alternating light régime of 8 hours light/16 hours darkness, kept in a temperature controlled
incubator. Variants in air were put in Petri dishes on filter paper continually saturated by
water, variants in water were placed in glass beakers with distilled water.

3) Compared germination of seeds from different localities; the most favourable
combination of conditions was used: seeds stratified in water and germinating in air, at 20 °C
in alternating light régime light-darkness 8/16 hours.

4) in darkness and an alternating light régime 8/16 hours, at a constant temperature of
20 °C; seeds under different conditions of stratification and germination (in water or in air)
were tested.

5) at different constant temperatures (within the range 5°C to 40°C), and in an
alternating light régime (8 hours light, 16 hours darkness).

Each variant for the testing of seed germination contained 300 seeds (3 x 100 was the
lowest sample size necessary): for diagrams, the means from those 3 x 100 seeds were used.
Results of germination experiments were tested by a three-way table test of independence
using the G-statistic (SOKAL and RoHLF 1969).

SOIL ANALYSES

For chemical analyses, soil samples were collected from the rhizosphere of O. aquatica
(upper soil horizon 0 - 0.2 m) from 47 habitats in Bohemia, Moravia and Slovakia. In each
soil sample the following analyses were made: pH in H,O and in KCl electrometrically,
N-NH; colorimetrically with use of Nessler’s reagent, total N by distillation using Kjeldahl’s
method, P-PO; colorimetrically according to Egner (HRASKO et al. 1962); exchangable ions
K*, Na2*, Ca’* by flame photometer and MgZ+ by atomic absorbtion spectrophotometer,
N-NO, colorimetrically using phenol 2.4 disulphon acid (JACKsoN 1958). Organic matter was
determined as oxidable carbon (Cg,) by oxidation with K,Cr,0; and H,SO,, according to
method of Springer and Klee (THUN et al. 1955).
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RESULTS
DISTRIBUTION IN CZECHOSLOVAKIA

Oenanthe aguatica is a species with continnous distribution throughout the meridional
zone of Furope and W. Asia, extending weakly into boreal and submeridional zones. It is
absent in S. Europe on the Pyrenean Peninsula, S. Italy, and S. Greece; northward it reaches
Central Sweden, S. Finland, and Karelia in the Russia. The area of distribution in Asia
includes W. Siberia to the Altaj Mts.; some isolated localities are found in Turkey and
Transcaucasia. A map of the total area of distribution of O. aguatica was given by MEUSEL ¢t
al. (1978).

In Czechoslovakia, O. aquatica is commonly distributed, but its frequency of occurrence
varies. The limiting factors seem to be the presence of suitable habitats and altitude.
Consequently, centres of distribution of O. aquatica lie in different vegetational belts in both
the Hercynian and Carpathian-Pannonian regions (Fig. 1).

In the Hercynian region of Bohemia, O. aquatica occurs from lowlands to the submontane
belt; most frequently in fishpond basins, but rarely in littoral zones along the shores of
running waters. In Thermophyticum lowlands (terms of phytogeographic division of
Czechoslovakia according to SKALICKY 1988), the species is abundant only in some districts
with standing waters (environments of towns of Rozdalovice, Kolin, and Pardubice), while it
is rare in the area of chalk tables westward of the Vltava river (e.g., district of
Slansko-bé&lohorsk4 tabule), or in the district of Stfedni Poohi{ (with exception of the Ohfe
river banks). O. aguatica is most frequent in S. Bohemian and N. Bohemian fishpond regions,
in the supracolline belt of Mesophyticum (S. Bohemian basins, Blatnd-area,
Horadovice-area, Ceskomoravskd vysotina upland, Doksy-area). In plain regions with
frequent standing waters, O. aquatica may exist even in the submontane belt; it occurs in
Oreophyticum in Zd4rské vrchy hills (near the Datko fishpond), in Jihlavské vrchy hills
(along the Jihlavka river) and in Brdy hills (in the Padrtské rybnfky fishponds - 640 m alt.),
where it probably reaches its maximum altitude in Czechoslovakia. In other parts of
Oreophyticum, only a few marginal localities are found in the southern part of the Sumava,
Slavkovsky les and Kru§né hory mountains; O. aquatica is absent from the whole of the
KrkonoSe and Jeseniky mountains, even at lower altitudes.

In the Carpathian-Pannonian region, the vertical frequency of occurrence of O. aquatica is
different from that in Bohemia. The species prevails there only in the lowlands of the
Pannonian area of Moravia (Dolnomoravsky ival, Hornomoravsky tval, Dyjsko-Svratecky
tval lowlands), and Slovakia (Z4horsk4 niZina, Podunajskd niZina, Vychodoslovenské niZina
lowlands); more rarely in the Matricum region (Ipelsko-rimavsk4 brazda basin, S. Slovakian
karst - wetlands near Turfianské Podhradie village). In the Carpathian region, O. aquatica
occurs only sporadically along rivers: in the V4h river valley it reaches up to the town of
Trendin in the Nitra valley to Prievidza, in the Hron valley to Nov4 Baiia. In Central
Carpathian basins, the species has been found only rarely: in the Turéiansk4 kotlina basin
(not found at present), and near Vigla§ village under Polana Mt. (360 m alt.). The last
locality of O. aquatica is probably the highest in altitude in Slovakia. In these rare localities,
O. aquatica could occur only temporarily, brought randomly by water birds.

The distribution of O. equatica in Slovakia was studied in detail by BERTOVA (1973, 1984),
and the distribution there is well known. In Bohemia and Moravia, the distribution of O.
aquatica is not well known; data on its occurrence are lacking for some districts, where the
species probably occurs. It is possible that O. aquatica was not always recorded and collected
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during flaristic investigations. Besides, O. aquatica probably is really missing in the Moravian
part of the Carpathian mountains (districts of Carpathian Mesophyticum). This fact is
supported by the detailed investigations performed during a floristic summer school in 1973
in the environment of Valaiské Klobouky. Over a wide area involving the Hostynské vrchy,
Vizovické vrchy, Zlinské vrchy and Bilé Karpaty hills, O. aguatica was not found (cf.
ELSNEROVA et al. 1985).

Because O. aguatica can spread by seeds and its seeds are able fo survive long-lasting
unfavourable conditions (see following chapters), we can assume new ephemeral occurrences
of O. aquattca on additional sites from the lowlands to the submontane belt. Besides, if the
species is not found on some localities at present, it does not mean its extinction, namely at
habitats under high water level. The reappearance of O. aguatica is possible there after the
water level falls.

OCCURRENCE IN PLANT COMMUNITIES

Oenanthe aquatica is a characteristic species of the alliance Oenanthion aguaticae HRINY
1948 apud VICHEREK 1962 (order Oenanthetalia aguaticae HEINY 1965). The alliance includes
plant communities optimally developed in the lower sublittoral of standing water - fishponds,
oxbows or other periodically flooded habitats. The communities are very variable; they occur
periodically depending on decrease of the water table, often after a very long period of
anabiosis of seeds or vegetative reproductive organs under water (KorEcKY and HEINY 1965,
HENY 1967, HEINY and HUsAK 1978).

O. aquatica tepresents a dominant species in the ass. Glycerio fluitantis-Oenanthetum
aquaticae (EGGLER 1933) HEINY 1948 em. 1978, distributed over all areas of Czechoslovakia
from lowlands to uplands. HEnY (1948) and NEUHAUSL (1959) described it from South
Bohemia. HEnY and HusAK (1978) described subass. oenanthetosum aquaticae (EGGLER
1933) HENY 1978, with only dominant O. aquatica. It may be represented by the following
relevé:

Korytni, 14.7.1983, rel size 15 m?, height of the stand above water level 1 m, depth of water 03 m, cover
E1=100%

Oenanthe uquutica 4, Alisma plantago-aquatica +, Sparganium ramosum +, Typha latifolia +, Lemna minor 3,
Spirodela polyrhiza 3.

In warmer lowland regions of Czechoslovakia, the ass. Rorippo amphibiae-Oenanthetum
aquaticae (So6 1928) LoHMEYER 1950 occurs in periodical waters (temporary drying
depressions), in pools or oxbows in alluvia of larger rivers, and in fishponds. The plant
composition of this community is shown by the following relevé:

Mahenovo Jezero, 14.7.1982, rel. size 20 m2, height of the stand above water level 1 m, depth of water 0.5 m, cover
E(=100%

Oenanthe aquatica 2, Rorippa amphibia 3, Eleocharis palustris 1, Glyceria maxima +, Spirodela polyrhiza 2, Lernna
trisulca 2, Lemna gibba 3, Hydrocharis morsus-ranae 1, Potarnogeton pusiilus 2.

Very typical, however, are stands with only dominant 0. aquatica, where the abundance of
other plant species is negligible:

Zatin, 3.7.1985, rel. size 15 m?, height of the stand above water level 1 m, depth of water 1 m, cover Eq = 85 %
Oenanthe aguatica 5, Spirodela polyrhiza 1, Stratiotes aloides 1.
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O. aquatica inhabits similar habitats as other species forming communities of the all.
Oenanthion; it may be present there mixed with some other equally abundant species or only
as a companion to other dominant species (Alisma plantago-aquatica, A. lanceolatum,
Eleocharis palustris, Bolboschoenus maritimus ssp. maritimus etc.).

In standing waters, a synusia of duckweeds (species of the all. Lemnion minoris TX. 1955)
often accompany stands of O. aguatica. After a decrease in the water level, many submerged
or floating species forming stable water communities in deep water can also survive in the
shallow water layer - for example species of the ass. Lemno-Hydrocharitetum morsus-ranae
(OBERDORFER 1957) PASSARGE 1978, Stratioteturn aloidis (NowmNskI 1930) MiLiaN 1933,
Potameto natantis-Nymphaeetum candidae HEINY in DYKYIOVA and KvET 1978, Nupharo
lutei-Nymphaeetum albae NowiNskt 1930. These communities shift to deeper water and
remain in contact with O. aguatica stands. Mixtures of O. aquatica plants with those
submerged species occur frequently in shallow water along the shoreline (see the following
relevé):

Kamenitna 28.6.1985, rel. size 10 m2, height of the stand above water level 0.3 m, depth of watcr 0.8 m, cover
E1=8%

Oenanthe aquatica +, Rorippa amphibia +, Alisma lanceolatum +, Sagittaria sagittifolia 1, Sparganium ramosum
+, Rumex hydrolapathum r, Lemna minor +, Spirodela polyrhiza 1, Lemna trisulca +, Lemna gibba +, Salvinia
natans +, Riccia fluitans +, Hydrocharis morsus-ranae 2, Nuphar luteum 2, Nymphoides peltata +, Myriophyllum
spicatum 2, Batrachium circinatum 1, Mentha aquatica +.

The occurrence of O. aquatica in reed and tall sedge communities is rare. In those
communities, O. aquatica occurs more frequently only in Glycerietum maximae HUECK 1931.
This may be due to the same ecological optimum of both O. aquatica and Giyceria maxima
(deep muddy sediments, prolonged limosal ecophase). Other reedswamp species are stronger
competitors than O. aquatica and suppress it mainly by shading (HrRoupovA 1980); O.
aquatica populations can establish themselves only in open water sites (lagoons in reed
stands).

A decrease in the water level and drying of the bottom surface enable germination of the
seeds of O. aguatica. The seedlings are often found forming a dense cover in emerged pond
bottoms (see Plate 1, 2), mainly on sites with permanently moist soil (areas above fishpond
dams, near springs in the bottom or central parts of fishponds, along permanently flowing
streams). From these seedlings, very abundant crowded stands of O. aguatica can arise,
formed by tall, richly branched and fertile plants (Plate 2). These communities are very
similar to those growing in shallow waler; they differ floristically by the presence of species
characteristic for emerged bottoms: '

Stibrag, 25.8.1982, rel. size 25 m?, height of the stand 0.7 m, cover E; = 100 %
Oenanthe aquatica 5, Glyceria maxima +, Carex bohemica 1, Rorippa palustris +, Polygonum lapathifolium 1,
Polygonum hydropiper +, Bidens radiata +.

On permanently moist bottoms, O. aquatica occurs frequently in communities with other
species of the all. Oenanthion, mainly with Alisma species:

Polany, 3.7.1985, rel. size 18 m?, height of the stand 1.7 m, cover E; = 100 %

Oenanthe aquatica 3, Alisma lanceolatum 2, Rorippa amphibia +, Callitriche palustris +, Peplis portula 1, Elatine
alsinastrum 1, Ranunculus flammula +, Juncus bufonius 2, Gnaphalium uliginosum +, Polygoenum hydropiper 1,
Bidens tripartita +, Alopecurus aequalis +, Matricaria maritima +, Bidens frondosa v, Echinochloa crus-galli +,
Agropyrum repens +, Lythrum hyssopifolium +.
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The range of other communities of emerged pond bottoms where O. aquatica can grow is
very wide. In the limosal ecophase, O. aquatica can occur in communities of the all.
Littorellion, together with Callitriche palustris, Eleocharis acicularis or Elatine sp. div.;
AMBROZ (1939) has found it in the ass. Eleocharidetum acicularis W. KocH 1926. In the
terrestrial ecophase, O. aguatica is often present in communities of the all
Elatini-Eleocharition ovatae PIETSCH 1937 or the all. Bidention tripartiti NORDHAGEN 1940: in
ass. Eleocharito-Caricetium bohemicae (KLIKA 1935) PIETSCH in PIETSCH and MULLER-STOLL
1965, recorded e.g. by Kiika (1935), AMBROZ (1939) and JiLEK (1956), in ass. Bidentetum
tripartiti W. KocH 1926 or in ass. Rumicetum maritimi SISSINGH ex TUXEN 1950. KLIkA (1935)
and AMBROZ (1939) recorded it in the ass. Polygono lapathifolii-Bidentetum tripartiti W. KocH
1926. In some cases, O. aguatica can be present as a companion in reed and tall sedge
communities, inhabiting free spaces on the emerged bottom between tufts or plants of recds
or sedges.

In general, the range of communities in which O. aguatica occurs is very wide and, in some
cases, no distinct difference between littoral and terrestrial communities can be observed.

SUBSTRATUM

Literature data on the relation of O. aquatica to soil chemistry are very rare. In
comparison with some other species belonging to the all. Oenanthion inhabiting similar
habitats in shallow littoral (Sagitfaria sagittifolia, Butomus umbellatus, Bolboschoenus
maritimus), O. aquatica is probably adapted to the widest range of nutrient contents in the
substratum (HRoUuDOVA 1980). O. aquatica shows a wide range of occurrence in relation to
physical soil properties; it grows on deep, fine-grained sediments as well as on sandy erosion
belts of fishponds. Its optimally developed stands arise in habitats with deep muddy upper
horizons (NovACek 1937, NEUHAUSL 1959, HEINY 1980), mostly in sedimentary zones of
shallow standing waters. It can, however, grow also on coarse-grained substrata (JiLEK 1956,
KOPECKY 1962).

Table 1. Correlation coefficients for soil chemistry and Oenanthe aquatica cover in 67 habitats.

pHu,o pHka Nat Kt Mgt Ca?* P-POy N-NHy N-NO3 N Cox

cover 0.03 0.09 007 005 008 003 034 016 0.17 001 -001

no correlation coefficient is significant at the P = 0.05 level
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Fig, 2. Variation in scil reaction and mineral nutrient content in soils from 67 habitats of Oenanthe aquatica in
Czechoslovakia (lines indicate amplitude of occurrence, blocks idicate median and quartiles).
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Concerning soil chemistry, the amplitude of occurrence of O. aquatica is wide as well
(Fig. 2). Compared, for example, with Sagittaria sagittifolic (HRouDOVA et al. 1988), O.
agquatica is more tolerant as to K+ content and particularly as to Mg2+ content. Similarly, in
pH and total nitrogen content, O. aquatica also shows a wider range. In comparison with S.
sagittifolia, O. aquatica can also inhabit habitats with minimum content of P-PO3", N-NH}
and N-NOg3; on the other hand, it tolerates well (or even prefers) a high N-NH} content in
soil sediments; this is connected with the frequent occurrence of O. aguatica on deep layers
of sapropel sediments.

Optimal development of stands of O. aguatica is not due any special chemical composition
of the soil. It is expressed by the relationship between abundance of O. aquatica and
chemical soil properties (Tab. 1). No significant dependence of plant cover on nutrient
contents and reaction was found.

DEPENDENCE ON WATER DEPTH

Fluctuations of water level are characteristic for Oenanthe aquatica habitats; the most
important is the temporary emergence of bottom preceding strong development of stands of
O. aquatica (NOVACEK 1937, JILEK 1956, NEUHAUSL 1959, HEINY 1960, ZAHLHEIMER 1979).
Extensive stands occur most frequently in shallow water, in open water areas, or in the belt
on the inner side of the reedbelt (NEURAUSL 1959, NEDELCU 1967). Well developed and
fertile plants, however, arc often found even in terrestrial ecophase (in communities on an
emerged bottom). According to HEINY (1960), dominance of O. aquatica on thc emerged
bottom indicates a long-lasting limosal ecophase. In the limosal or terrestrial ecophase, the
species can also oceur in the bottom layer of reeds, following a falling water level (Fiara and
KvET 1971).

Frequency of occurrence of O. aquatica fluctuates considerably in time, from year to year;
in some cases, a stand exists only during one growing season and then disappears or it may
appear again some years later (EKZERCEV 1966, BeLavskala and Kutova 1966). Its
occurrence is particularly dependent on the water régime of the habitat.

O. aquatica was found in the following depth ranges:

0 - 02 m (ANDREI 1971), 0.2 - 04 m (KARpATI 1963), w0 the depth of 0.3 - 0.5 m
(NEUHAUSL 1959), 0.25 - 1 m (NEDELCU 1967), in communities of the all. Potamion in the
depth 0.8 - 1 m (HreiGg 1971). GLUCK (1911) has given the water depth for submerged plants
0.2 - 0.5 m, rarely to 1 m; very tall plants (f eximia) were found at depths of 2 - 2.5 m (GLUCK
1936).

Frequency of occurrence of O. aquatica changes with increasing depth of the water
(Fig. 3). The total range of occurrence is 0 to 1 m, which agrees with the literature data The
proportion of plants found on emerged bottoms is considerable (over half of all habitats).
This may be explained by the fact that plants can successfully develop from germinating
seeds to vegetative stage only on emerged bottoms. Establishment of O. aguatica plants on
emerged bottoms does not always lead to immediate formation of a community with
dominant O. aguatica, bul it is necessary for its formation in the subsequent year under a
shallow water layer. From the total number of terrcstrial stands of secdlings, only a small
proportion develops in littoral stands during the next growing season. This is evident from
the habitats/cover ratio at different depths in the littoral ecophase (water depth 0.2 - 0.8 m)
where the high cover rates occur. The high cover rate at depths of 0.9 - 1 m is caused by the
small number of habitats at both depths; O. aguatica was found only in one case, but with
maximum cover rate. This relationship is probably due to a simultaneous effect of habitat
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conditions and plant competition. Out of the high number of seedlings arising on emerged
bottoms, only the best developed strong individuals are able to survive under competition
with all seedlings of other species and, under favourable water level dynamics, are able to
adapt themselves to subsequent rising water levels. The density of plants thus decreases with
the increase of water depth, Only plants which have survived the winter season can give rise
to optimally developed stands in the littoral ecophase in the following growing season -
a further factor of natural selection. O. aguatica can thus serve as an example of a plant
species in which conditions of maximum frequency of accurrence are not identical with
conditions of maximum cover rate and biomass production.

ADAPTATIONS TO CHANGES OF WATER LEVEL

In submerged plants, the leaf blade is highly dissected into very fine, capillary segments
(£. submersa Giticx). In this form, the plant can survive the winter season, or it may remain
in this stage during the whole growing season (GLUCK 1911).

Terrestrial form (f. terrestris GLUCK) may have some first leaves similar to submerged
leaves (with fine capillary segments), especially in early spring in limosal ecophases. These
first leaves are smaller, firmer and not so dissected in comparison with submerged leaves.
They have shorter petioles and somewhat shorter blade segments. Typical terrestrial leaves
have blades with broader flat segments, The stem is branched, firm, with grooves on the
surface. Terrestrial plants flower and are usually richly fertile (Plate 1). Leaf rosettes that
arise in the terrestrial ecophase can survive the winter and give rise to biennial plants
{GLUCK 1911, HrROUDGVA 1981) as in Plate 2.

The most typical and well developed plants are those growing in shalfow littoral zones,
such as f. semiemersa GLUCK (Plate 3). In the first stage, the plants are submerged; after
reaching the surface, they produce aerial leaves with broader, flat segments of blade,
identical with the leaves of terrestrial plants. The submerged leaves decay gradually and
adventitious roots start to grow in the stem nodes under water level (HEINY 1960). This lower
part of the stem can be very thick and, according to BERTOVA (1973), can reach 8 cm in
diameter. The upper aerial part of the plant is usually richly branched with many
inflorescences and, in a well developed stand, the plants can reach over 2 m in length
(HrouDOVA 1980).

All leaf forms are temporary and can even represent developmental stages of ontogenesis
(see "primérblitter” of GLUCKk 1911), or growth forms adapted to habitat conditions.

In its anatomy, O. aquatica is remarkable for aerenchymatous tissue in the central part of
the stem. Plants growing on an emerged bottom, in the limosal-terrestrial ecophase, have the
central part of the stem formed by aerenchyma which passes gradually to parenchymatous
tissue surrounding vascular bundles (Fig. 4). Between the circle of vascular bundles and the
epidermis, there is a parenchymatous tissue with large straggling lacunae (transition to
aerenchyma) passing to a parenchymatous layer under the epidermis. Plants growing in the
littoral usually have a great central cavity in the thickened part of the stem and nearly all of
the remaining tissues in the stem are aerenchymatous (Fig. 5, Plate 4). No parenchyma is
formed here and vascular bundles are surrounded and interconnected by sclerenchymatous
tissue, hardening the stem around its periphery.
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Fig. 4. Transverse section of the lower part of a stem of Oenanthe aquatica growing on an emerged pond bottom;
e - epidermis, a.t. - acrenchymatous tissue, v.b. - vascular bundles, L. - lacunae

Fig. 5. Detail transverse section of Oenanthe aquatica stem (plant growing in littoral ecophase); at. -
aerenchymatous tissue, s.t. - sclerenchymatous tissue, v.b. - vascular bundles.
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LIFE CYCLE AND POPULATION STRUCTURE

Oenanthe aquatica can be an annual or a biennial plant. Seedlings usually establish
themselves on emerged pond bottoms and terrestrial stands of annual plants arise during
summer draining. O. aguatica is frequently present as a crowded population of small plants
forming continuous cover with their leaf rosettes (Plate 1, 2). Littoral stands usually arise in
the year following summer drainage of the pond, in the shallow water layer. They consist of
biennial plants (Plate 3) originating from autumn seedlings that have survived the winter
season in the stage of leaf rosettes. Terrestrial stands on emerged bottoms can be formed by
autumn and spring seedlings (Plate 1, 2) and their development depends on the moisture and
nutrient conditions of the habitat.

In previous investigations (HrRouDOVA 1980), the following differences were found
between annual and biennial populations of O. aguatica:

1) stand density and plant size (Tab. 2, Fig. 6)

In early summer, a dense cover of seedlings is typical for imosal-terrestrial ecophases on
muddy bottoms; on open sandy shores, sparser stands of seedlings can frequently arise,
limited by the water supply in the soil. In the underwater layer, the stand density is
influenced by water environment and by the competition of other submerged plant species.
The population structure of biennial plants is different: the population of biennial plants at
the Allah fishpond was formed by very. tall well developed plants, representing strong

Table 2. Plant density and biomass production of Oenanthe aquatica per 1 m? in populations of annual and
biennial plants (according to HROUDQOVA 1980).

Number of Total dry biomass per 1 m? (g)
plants
per 1 m? 235. 6.6.-9.6. 296.-1.7. 118-138.

Nesyt - Sedleck4 bay
annual terrestrial
plants in reed stand 500 21.89 26.71 208.66 351.38
Nesyt - Sedleck4 bay about
annual submerged plants 200 278 753 10.34 -
Nesyt - E shore
annual terrestrial
plants on the open shore 20 - - - 36.54
Allah IV
biennial hittoral about

plants 70 - 4685 288.16 1368.58
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Fig. 6. Biomass production per plant, proportions of plant organs and changes in plant height in different
populations of Oenanthe aquatica during one” growing season. The circles show the proportion of biomass in
individual plant organs (in per cent). Variation in height: lines indicate total range of values, blocks indicate
median and quartiles.
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competitors. The optimal density/size ratio there resulted from the competitive process
during previous development from autumn seedlings. The biennial plants were considerably
taller than the annual ones and this difference increased during the growing season.

2) proportion of different leaf forms and its changes during the growing season

The proportion of submerged and emerged leaves depends on the height of the water
level and the duration of flooding. In the submerged stand at the Nesyt fishpond, the water
level gradually increased from 0.3 to 0.5 m. The plants only exceptionally reached to the
water level and rarely formed emerged leaves above the water surface (Fig. 6). During July,
all plants died; this may have been caused by competition (shading) by the dense cover of
other submerged plant species (Potamogeton pectinatus, Ranunculus rionii, Zannichellia
palustris ssp. pedicellata), or by anaerobic conditions near the bottom. On the other hand,
biennial plants originating from autumn seedlings were able to grow snccessfully through the
water layer about 0.7 m and to form emerged leaves. The water level gradually decreased
there to 0.3 m; during June, all submerged leaves died and disappeared. The leaves/stems
ratio became similar to that in terrestrial annual plants (Fig. 6).

3) plant fertility

The development of inflorescences and seed production are in proportion to total plant
size, and are conditioned by sunshine supply. Submerged plants did not reach the generative
stage; in the terrestrial populations of annual plants, plant fertility in the population shaded
by a stand of Phragmites australis was somewhat lower. The fertility of biennial plants
markedly surpassed that of the annual plants (Fig. 7).

4) biomass production

There are great differences between annual and biennial plants. The highest biomass
production was in biennial plants in the littoral ecophase (Fig. 6, 7). Oenanthe aquatica
represented a strong competitor there, able to overgrow a large fishpond area. The final
proportion of biomass of living leaves, stems and dead leaves was nearly the same as in the
terrestrial annual plants growing on the open shore without any competitive limitation. In the
population of annual plants in the stand of Phragmites australis, the high plant density
decreased biomass production per single plant, but the total biomass production per 1 m?
area was higher than in the sparse stand on the open shore (Tab. 2.). In submerged plants,
the total biomass production was negligible.

In general, the biennial plants considerably surpass the annual ones in plant size, biomass
production and fertility both per plant, and per unit of area (Tabs. 2, 3, Fig. 7). A longer
period (to the second growing season) is necessary to reach the optimum density/size ratio in
populations of O. aguatica. In the second growing season, the plants grow under relatively
stable habitat conditions. O. aquatica dominates there- and the size of its plants and their
spatial relationships indicate full utilization of habitat resources. O. aquatica in such
populations may be considered as a C-strategist (sensu GRIME 1978, 1979). In this stage, it
becomes an undesirable weed in fishpond management.

In the annual plants, the seedling development depends considerably on habitat
conditions: height of water level, water and nutrient supply in the soil, competition of other
plant species. They influence the growth of plants and cause significant differences between
populations (Tab. 3). In annual plant populations there are the following common
characters: lower biomass production per plant, high plant density at the starting point of
population development, fast development from seeds to fertile plants, dependence on
changes of habitat conditions. This makes it possible to consider O. aquatica in these
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Table 3. A test of variation in plant size and biomass production per one plant in populations of annual and
bicanial plants of Oenanthe aguatica. Analysis of variance used for testing (SNEDECOR and COCHRAN 1971);
**means highly significant differences (P < 0.01) between populations.

F - values
sampling date 235. 6.6.-9.6. 29.6.-1.7. 11.8.-13.8.
height of plants 2.02 166.40%* 132.74%* 188.09**
number of liviag leaves 26.34%* 130.42%* 27.08+* 24.71%*
number of inflorescences - - 255 28.25%*
Biomass - living leaves 18.13** T1.44** 35.14** 2224**
- stems - 4525 29.25** 24.94**
- total 18.38** 66.58** 31.03** 25.06**

populations as R-strategist. The two kinds of populations are, however, closely connected:
the plants need to pass through the developmental phase of ruderal character to become
strong competitors.

REPRODUCTION

Oenanthe aguatica reproduces only by seeds. The term sced is used here in the sense of a
generative reproduction unit; in the morphological sense, it is a one-seed fruit (achene).

Seed production fluctuates depending on habitat conditions and life cycle (annual and
biennial plants). The highést seed production is in biennial plants originating from autumn
seedlings and growing in the following year in a littoral ecophase; for example, in the Allah
fishpond or the Oborsky fishpond (Tab. 4). In the latter locality, some very tall plants
produced up to 40,000 seeds. Seed production is lower in annual plants, in accordance with
their smaller size and lower biomass production. Besides, seed production can be limited by
insects: achenes are sometimes eaten out by insects of the family Chalcidoidea - Eurytomidae;
for example, in 1983 achenes of O. aquatica from the Jordinek fishpond were heavily
invaded and damaged.

Seeds from different populations can differ in size. Seed size varies in the range of each
single population; in some populations, however, seeds are generally minute compared with
larger seeds in other populations. This may be caused either genetically or by the influence of
habitat conditions. Seeds of O. aquatica from several localities were measured and compared
(Tab. 5). In both littoral populations, the seed size was nearly the same, and in populations of
emerged bottoms, the seed size differed according to the degree of drying of the soil. The
following relationships of seed size may be assumed:

a) to habitat conditions, especially to the water régime in the soil. Satisfactory water supply
seems to support the growth of seeds;

b) to the life cycle of plants. Littoral stands are thought to be formed by biennial plants.
These more robust tall plants can form larger seeds than annual plants on the emerged
bottom;

¢) to seed germination. No direct dependence of seed germination on seed size, however, was
found (see p. 322).
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Table 4. Seed production of Genanthe aquatica in diffcrent habitats; data from localities marked * according to
HROUDOVA 1980. s. d. - standard deviation, n - number of studicd plants.

number of seeds per plant

Site mean number of mean sd. n
Date umbels per

plant
Allah IV* (littoral) 4.2 50817 4003.5 30
11.8.1972
Nesyt-Sedlecks bay* (emerged bottom) 83 8142 4930 30
1381972
Nesyt- E shore* (emerged bottom) 13 1599.6 1145.7 30
138.1972
Kafe¥sky (emerged bottom) - 856.9 706.9 20
26.8.1983
Oborsky (emerged bottom) - 16 991.4 14 873.7 10
22.8.1983
Rozboud (emerged bottom) - 78298 72589 10
23.8.1983

Table 5. Means, standard deviations, and homogeneity test (LSD, 99 %) of achene length of Oenanthe aguatica

from different habitats.
Locality Population, habitat achene lengtk bomogereous

mm graups

n X s.d.

Pfedni Svin&ticky annual, emerged bottom 100 3 036 a
KadeZsky annual, emcrged bottom 100 3.79 0.44 b
Jordének bicnnial, littoral ecophase 100 4.01 037 c
BlaZejov biennial, littoral ecophase 100 4,03 0.43 c

Different letters indicate non-homogeneous groups
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In general, the size ranges of seeds from all populations investigated overlap; in terms of
taxonomy, the size of achenes evidently varies in the range of the same taxonomic unit; it
cannot be considered as var. microcarpurn (BECK) BERTOVA with 2 - 2.5 mm long achenes,
recorded by BERTOVA (1973) from South Slovakia.

Achenes fall arround the plants. They can spread by water if the maternal plant grows
through the water layer. The floating ability of seeds has been described by some authors:
ULBRICH (1928) included O. aquatica in the group of plants having seeds able to float from 2
to 10 days, and spread by wind and animals. The floating capacity of seeds is conditioned by
the presence of air tissue in the pericarp, as in some other water species of the carrot family.
According to RYCIN (1948) achenes of O. aquatica can float and are distributed by water,
and, besides, they may be spread on the feathers of water birds. In our investigations, seeds
of O. aquatica sank under water level relatively quickly (Fig. 8). At first they floated for some
bours; most of them sank to the bottom within two days (in accordance with the literature
data). In some cases, achenes sunk to the bottom started to germinate and then rose again to
the surface, which can explain the gentle repeated increase of the floating curve. Under
natural conditions, it can be observed in late summer when germinating young seedlings are
found floating on the water surface. Seedlings of O. aquatica in the stage of two leaves were
also found floating on the cover of filamentous algae. The floating seedling is shown in Fig. 9.
Both seeds and seedlings of O. aquatica can spread by water; the proportion of seeds
germinating immediately after ripening, however, is not large (see below).

Pienty of O. aquatica seeds germinate in natural habitats. The seedlings can be found at
almost any time during the growing season and are very recognizable (Fig. 9). According to
GLUCK (1911) seeds germinate fast and easily; in most cases ripe seeds need a short period of
rest before germination, and thus seedlings can arise in the same autumn after ripening. The
development of seedlings in autumn up to the beginning of October was observed by
NovACEK (1937) and KORELIAKOVA (1977). Numerous seedlings can be observed on
emerged bottoms after a fall in the water level (AMBROZ 1939, JiLEK 1956, KORELIAKOVA
1977), or in drifts along shores, brought by waves. According to HEINY (1960) seeds of O.
aquatica germinate well in the limosal ecophase. According to these authors, seeds of O.
aquatica germinate best on the emerged bottom with the soil fully saturated by water. It is
evident that for germination seeds need not only & simple increase in temperature but the
simultancous action of other factors: satisfactory water and air supply. Possible combinations
of germination conditions in the field are quite diverse (Tab. 6).

The following factors influence seed germination of O. aquatica:

a) Seed dormancy

Freshly ripened seeds rarely germinate: germination in air reached 10 % and in water only
nearly 1 %. Compared with results previously obtained (HrRoUDOVA 1980), these values are
considerably lower: in the course of 7 days freshly ripened seeds collected 14.9.1971 near the
town of Tteboit reached 60 % of germination in air, and 80 % in 30 days. Seeds were kept
fresh (without drying) within about two weeks after sampling and then tested for
germination. In the case of possible after-ripening of Q. aquatica seeds, the time of two
weeks after spontaneous detachment of séeds from the plant seems to be sufficient for
germinatign to start. The second possible explanation of different results in seed germination
rates seems to be the dependence of germination on the time of seed ripening. In the first
case, the seeds were ripe and germinated in September, 1971; in the second case, in August,
nearly one month earlier. In both cases, the aeration resulted in faster germination and a
higher total number of germinating seeds.
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Fig. 8. Floating capacity of seeds of Oenanthe aquatica (fresh seeds immediately after ripening).
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b) Origin of seeds from different localities and drying of seeds to different degrees

In some localities, there were two kinds of seeds at the same time: freshly ripened seeds
yellow-green in colour, starting to detach from the plant, and dry gray-black seeds ripened
earlier but still remaining on the plant. Because we supposed physiological differences
between the two kinds of seeds, they were collected separately and in germination
experiments were called "fresh” and "dry” seeds. It is apparent from Fig. 10 that dry seeds
germinated slowly at the beginning of germination, but during the experiment their
germination caught up with the rate of the fresh seeds, and the final total germination rate of
dry seeds was somewhat higher than that of fresh seeds; the only exception was found in
seeds from the locality Jorddnek - both kinds of seeds germinated well and fresh seeds
germinated better than dry seeds. In comparison with previous germination experiments
(HroupovA 1980), the results were different: very few seeds stratified under natural
conditions in soil germinated in air, about 4 % of seeds from two different localities.

Differences in germination between seeds originating from different localities were
remarkable: the total germination rate varied in the range of 40 - 90 %. All seeds were
collected in the same growing season, approximately at the same time, and ripened to the
same degree (when seeds started to detach from the plant). Differences in germination do
not correspond to the size of seeds as in the case of another plant species (HENDRIX 1984);
the biggest seeds from the locality of BlaZejov germinated least of all, and, on the contrary,
seeds of nearly the same size from the Jord4nek fishpond germinated best. Seed size,
however, was not measured in dependence on the gradual increase in number of
inflorescences or the position of seeds in the inflorescence, but seeds were randomly chosen
and measured from a mixture representing the whole population (Tab. 5). Seed size seems to
be related to habitat conditions while seed germination depends rather on the different
physiological stages of seeds at the time of sampling, not apparent on the outside.

c) Light and darkness

Light strongly influences seed germination (Tab. 7, 8). In all cases, seeds in continuous
darkness germinated only slightly compared with those under an alternating light-darkness
régime. Only the best germinating seeds from the Jordinek fishpond, under the most
favourable combination of stratification and germination conditions, reached 18.7 % of total
germination rate in darkness; this rate is, however, remarkably lower as compared with
93.7 % in light. Limited germination in darkness is probably useful under water level to
prevent seed germination until the water level falls.

d) Temperature optimum and range of germination

Optimum germination temperature is about 20 - 25 °C (Fig. 11), and individual variants
differ depending on stratification and germination conditions. Under the most favourable
conditions (seeds stratified in water, germinating in air), seeds germinated optimally between
20 - 25°C and germination decreased regularly towards both temperature limits. Seeds
stratified and germinating under aerated conditions germinated optimally at a somewhat
higher temperature (25 °C) and, on the contrary, seeds stratified and germinating in water
germinated better at lower temperatures (about 100°C). Seeds stratified in air and
germinating in water showed generally low germination with optimum at 25 °C. The whole
temperature range of germination lies between 5 °C and 40 °C and no sceds germinated at
these temperature limits. In some cases, temperature does not only influence total
germination rate, but also germination emergy, ie. the time needed to reach total
germination rate (DYKYJ-SAJFERTOVA and DyKyYs 1943). In the case of O. aquatica, less
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Fig. 9. Development of Oenanthe aquatica seedlings: a - germinating sced, b - d - scedlings, ¢ - floating seedling.

favourable temperature conditions acted on germination first by delaying the start of
germination (lag phase - the time between the start of incubation and the start of
germination - was prolonged mainly at low temperature), and then by a slow increase to the
final rate (Fig. 12). It is in accordance with the known facts that limiting rates of temperature
range can be reached during long-term observation, while the temperature optimum of
germination may be observed in a shorter time (BEWLEY and BLack 1982). The delayed start
of germination is more distinct under the influence of other less favourable factors (Fig.
12B): the combination of stratification and germination in water delayed the start of
germination at nearly all temperatures, with the exception of 25 C.



324 FOLIA GEOBOTANICA ET PHYTOTAXONOMICA, 27, 1992

Table 6. Possible conditions of stratification and germination of QOenanthe aquatica seeds in natural habitats.
These combinations served as a basis for laboratory experiments.

no stratification stratification in
conditions of air water
germination
air ripe seeds germinate ripe seeds fall on emerged ripe seeds fall into water
immediately after fall bottom where they survive where they survive winter
on emerged bottom wintcr and germinatc in and germinate on emerged
spring, also on emerged bottom after drawndown
bottom
water ripe seeds germinate ripe seeds fall on emerged ripe seeds fall into water
immediately after fall bottom where they survive where they survive winter
into water winter and germinate under and also germinate in spring
water when the water level
has risen

e) Aerobic and anaercbic conditions

Seeds of O. aquatica germinate better under aerobic conditions (Tab. 7, Fig. 11). In all
experiments, germination was higher in air than in water. On the other hand, winter
stratification in water influenced germination more favourably than stratification under
aerobic conditions. Thus, the most favourable combination was stratification in water and
germination in air, the worst combination stratification during winter in air and then
germination in water.

When comparing natural conditions of seed hibernation and germination with laboratory
investigations, the most favourable combination of these conditions found in the laboratory
corresponds to the most frequent case of crowded germination of O. aquatica seeds:
germination on emerged bottoms after the fall of water level following a dormant stage in
the water layer (perhaps even a long hydrophase) - a sequence of hydrophase to limosal
(terrestrial) ecophase. Seeds are also able to germinate relatively well if air is available
during wintering (in the case of seeds falling on emerged soil) and when seeds germinate also
in air (during continuous emerging of the bottom). However, a continuous satisfactory supply
of water is necessary in this case (long limosal ecophase to terrestrial ecophase). In the
sequence hydrophase - littoral ecophase (germination in water) and, especially, terrestrial
ecophase - littoral ecophase, the germination rates are considerably lower and, in addition,
germination is conditioned by light. Lack of light limits germination in deep water and in the
shade of plants. This limitation is highly functional, because the viability of seedlings is
strongly reduced under water level by habitat conditions (lack of light and oxygen), and by
the competition of submerged plants (HrouDovA 1980). The decrease in optimum
temperature for germination under water probably represents adaptation to the generally
lower temperatures of water environment in comparison with the temperature of soil surface
on emerged bottoms.
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Fig. 10. Cumulative germination of seeds of Qenanthe aquatica from different localitites, fresh sampled or dried
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Fig. 11. Dependence of seed germination rate on temperature and different conditions of stratification and
germination. The germination rates are mcans from four localities: Jordinek, Kadle’sky, Bla¥ejov, Pfednf
Svinéticky; the light régime the same as in Fig. 10; w - a - stratification under water, germination in air, a - a ~
strajification and germination in air, w - W - stralification and germination under water, a - w - stratification in air,
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Table 7. Influcace of light and medium of stratification and gcrmination on seed germination of Oenanthe
aquatica, at coastant temperature régime 20 °C. Germination rates are percentages from 300 sceds tested.

stratification

conditions water air

germination water air watcr air
conditions

light 8 hours | darkness  light darkness  light darkness  light darkness  light

régime 16 hours | darkness  darkness | darkness darkness | darkness darkmess | darkness darkness

Site {state of

seeds)
BiaZejov (fresh) n33 13.34 3.00 3933 033 033 0.00 033
Predai Svindticky

(fresh) 1.00 33.66 833 6433 0.00 2067 8.67 40.00
Jordanek (fresh) 0.00 4033 18.68 93.67 0.00 3.2 033 73.33
Kadcsky (fresh) 0.00 1233 3.00 8932 0.00 0.00 033 45.99
Kadlezsky (dry) | 000 11.00 2.33 %0.32 0.00 033 0.66 399

Table 8, Stratification and germination factors (light, air/water) and seed germination tested by a three-way table
test of independence (using the G-statistic). Test in parameters indicates a critcrion for selection of a subset of the
total set.

Factors tested df G-value

1. germination in water vs germination in air (stratif. in water) 1 729.22+%*
2. germination in water vs germination in air (stratif. in air) 1 424.97***
3. stratification in water vs stratification in air 1 560.70***
4. stratification and germination cond. x germination independence 3 1714.89***
5. germination x light cond. independence 1 2263.57+**
6. stratif. and germ. cond. x germination x light cond. interaction 3 568.74***
7. stratif. and germin. cond. x germination x light cond. independence 10 454721***
8. stratification and germination cond. x light cond. indcpendence 3 0.008 ns

*** =P <0.00;ns = P> 005
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Fig, 12. Cumulative germination of Oenanthe aquatica seeds in dependence on temperature. Fresh sampled seeds
germinating in air, B - seeds stratified and germinating in water.
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Temperature controls seed germination in natural conditions. The temperature range of
germination is in accordance with the most favourable season for germination in the climatic
zone in which a given species occurs (VILLIERs 1978). In the case of O. aquatica, the low
temperature limit prevents the sprouting of seedlings in late autumn, since germination is
retarded by decreasing temperature. In spring, on the contrary, germination is accelerated by
gradually increased temperatures up to the optimum of 20 - 25°C on the soil surface. A
turther increase in temperature reduces germination and prevents seed germination on
overheated soil surfaces of fast drying bottoms where the seedlings would die.

When ripe seeds fall from the plant into water or on the soil surface, seeds remain
saturated by moisture from the environment. Under such conditions, a relatively short time
of rest seems to be satisfactory for the start of germination (about 14 days). The drying-up of
the seeds that remain hanging on the plant probably induces secondary dormancy by
hardening the seed coats, this was also observed in other plant species (Popcov 1976,
Bewrey and Brack 1982). These dormant seeds usually germinate less under favourable
conditions and, in some observations, they need a stronger stimulus for germination
(repeated wetting and drying) (HrROUDOVA 1980).

CONCLUSIONS

Oenanthe aquatica is a species well adapted to habitats with changing water level. It is
widely distributed over Czechoslovakia, in suitable habitats.

O. aquatica is an cxample of a plant species in which conditions enabling its occurrence
are not the same as conditions for the development of highly fertile stands, producing the
maximum biomass. This means that the best developed productive stands are not the most
frequent. Concerning soil conditions and water régime of the habitats, O. aguatica was found
to be present at habitats within a wide range of soil reaction and nutrient content, on fine
grained muddy to coarse sandy or gravel substrata, on emerged bottoms to a water depth of
1m. Stands with dominant O. aquatica, highly productive and fertile, can however arise
under specific conditions: deep muddy sediments with high C and N content and satisfactory
water supply (limosal or littoral ecophase). Besides, the appearance of these stands is
preceded by the emergence of the bottom and by stage of crowded seedling stands. This
seedling stage is very frequent in natural habitats but does not neccessarily lead to the
creation of highly productive and fertile stands. These highly productive dominant stands are
formed predominantly by biennial plants in the second growing season (Fig. 13). The
populations of seedlings giving rise to annual plants have a character of R-strategists, and are
able to occupy quickly newly open areas (emerged bottoms). On the contrary, biennial
plants, during their longer development, become strong competitors. O. aquatica can thus be
considered as R-C-strategist.

The invasion ability of O. aguatica is made possible by its seed reproduction. High seed
production provides a seed bank in the bottom. Seed germination is induced by light, air
supply and temperatures about 20-25°C, and the sequence wintering under water
layer —> germination in aerobic conditions is the most favourable, These conditions are
found on emerged pond bottoms where good conditions for further seedling development are
found as well. In some cases, seeds can germinate in the autumn after ripening, because they
need a relatively short time for resting. Seeds can also germinate in water, but the water
environment strongly limits the further survival of seedlings.
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Stands of O. aquatica are undesirable in fishpond management and their restriction can be
achieved by preventing seed reproduction:

1) by the maintenance of a high stable water level, which prevents seed germination and the
survival of seedlings;

2) if frequent emergence of the bottom (after fishing) is necessary, it is possible either to
prevent seed formation by cutting the stand before seed ripening, or to make survival of
seedlings impossible by a rapid rise of the water level after the fishpond drainage.
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SUMMARY

In Czechoslovakia, Oenanthe aquatica is commonly distributed. Its occurrence is limited by suitable habitats
and altitude. It often occurs in various plant communities in habitats with fluctuating water level (all. Oenanthion
aquaticae HEINY apud VICHEREK 1962, order Oenanthctalia aquaticae HEINY 1965). O. aquatica is a dominant
spectes in the ass. Glycerio }'thwms-Oemmﬁwtam aquaticae (EGGLER 1933) HEINY 1948 em. 1978, and Rornppo

iae-Oenantheturn aquaticae (SO0 1928) LOHMEYER 1950. At the stage of scedlings or leaf rosettes, this
:,pecxcs is often abundant in communities of emerged pond bottoms, especially on permanently moist deep muddy
sediments.

The most favourable habitat conditions for the growth of O. aquatica arc as follows: shallow water layer
(Cto1m) with a temporarily emerging bottom; deep muddy sediments with increased nitrogen and carbon
contents. In general, Q. aquatica is tolerant of physical and chemical soil properties. It shows the following
adaptations to changing water level: changes in the morphology of submcrged and acrial Icaves (different shapes
of laminae); diffcrent ratio of acrenchyma, parenchyma and sclerenchyma in stems of submerged, littoral and
Lerrestrial plants.

O. aquatica plants can be either annual or biennial. Seedlings established in spring on emcrged pond bottom
can develop to adult fertile plants within one growing season. Latc seedlings do not attain the generative stage;
they form leaf rosettes which can survive the winter and then give rise to bicnnial plants. The biennial plants in the
littoral ecophase can form abundant stands of very tall, fertile plants. In this stage, O. aquatica becomes a strong
campetitor and strongly influences water environment. O. aquafica may be considered as R-C-strategist; the
campetitive phase is, howcver, conditioned by a preceeding ruderal phase in population development.

This species reproduces only by seeds. High seed production, hydrochory and crowded seed germination under
suitable conditions enable the establishment of abundant dense stands of O. aguatica on emerged bottoms or
detritus drifted ashore. The highest number of seeds is produced by bicanial plants originating from autumn
scedlings and growing in the littoral ecophase. Seeds germinate successfully after stratification in water and then
placed in aerobic conditions, at 20 to 25 °C and an alternating light-darkness régime (8 - 16 h). This corresponds
to habitat conditions in summer-drained fishponds with a long limosal ceophasc.

O. aquatica may become an undesirable weed in fishponds. Its occurrence is restricted by a high and stable
water level. In the case of fluctuating water level, other measures may be used to prevent seed formation and
germination: high water level in spring, rapid rise of water level after summer drainage, or cutting of the stand
prior to seed ripening.




332 FOLIA GEOBOTANICA ET PHYTOTAXONOMICA, 27, 1992

LITERATURE CITED

AMBROZ J. (1939): Kvétcna obnaZené pddy rybnitnf v oblasti T¥cboiiské. (Flora of cmerged pond bottoms in the
Ttebo region). - Sborn. Ptirod. Klubu Jihlava, 2: 1-83.

ANDREI M. (1971): Contributii la flora carmofitelor cu uncle considerati ecologice, din complexul de Balti
Crapina-Jijila I. - Ann. Univ. Bucuresti, Biol. Vég,, 20: 131-145.

BELAVSKAJA A. P. & KUTOVA T. N. (1966): Rastitelnost zony vremcmnogo zatoplenia Rybinskogo
vodochranili¥¢a. - In: $TEGMAN H. K. {ed.], Rastitelnost’ vol¥skich vodochranilis¢. - Moskva et Leningrad,
p- 162-189.

BERTOVA L. (1973): Taxon6mia druhov rodov Phellandrium L. a QOenenthe L. na Slovensku. (Taxonomy of
species of taxa Phellendrium L. and Oenanthe L. in Slovakia). - Biol. Pr. SAV, Bratislava, 19(4): 1-73.

BERTOVA L. (1984): Phellandrium L. - In: BERTOVA L. [ed.], Fléra Slovenska IV/1. - Bratislava, p. 254-256.

BEWLEY J. D. & BLACK M. (1982): Physiology and biochemistry of seeds in relation to germination. -
Springer-Verlag, Berlin, Heidclberg, New York, p.375.

DYKYJ-SAJFERTOVA D. & DYKYJ J. (1943): Untersuchungen iiber Samenkeimung und synthetische Wuchsstoffe.
1. Einfluss von Quellungstcmperatur und Wuchssstoffkonzentration auf die Keimung des Wiezens. - Angew.
Bot., Berlin, 25: 274-300.

EXZERCEV V. A. (1966); Flora Ivaiikovskogo vodochranili§éa. - In: STRGMAN B.K. [ed.], Rastitelnost’ vol¥skich
vodochranili¥%, - Moskva et Leningrad, p. 104-142.

ELSNEROVA M., HOLUB J., JATTIOVA M. & TLUSTAK V. (1985): Sbornik materi4ls z floristického kursu CSBS
Valagské Klobouky. (Reports of the floristic course of Czechoslovak Botanical Society in the Valaiské
Klobouky town). - Brno.

FIALA K. & KVET J. (1971): Dynamic balance between plant species in South Moravia reedswamps. - In: DUFFEY
E. & WATT A.S. [eds.], The scientific management of animal and plant communities for conservation. -
Oxford etc., p. 241-269.

GLOCK H. (1911): Biologische und morphologische Untersuchunger iber Wasser- und Sumpfgewiachse. III. Die
Uferflora. - Jena.

GLOCK H. (1936): Pteridophyten und Phanerogamen. - In: PASCHER A. [cd.], Dic Siisswasser-Flora
Mitteleuropas. - Jena, 15: 1-486.

GRIME J.P. (1978): Interpretation of small-scale patterns in the distribution of plant species in space and time. -
Tn: FREYSEN AHJ. & WOLDENDORP J.W. [eds], Structure and functioning of plant populations. -
North-Holland Publishing Co., Amsterdam, 101-124.

GRIME J.P. (1979): Plant strategies and vegetation processes. - John Wiley and Sons, Chichester.

HEINY S. (1948): Vegetani poméry protivinsk§ch a voditanskych rybniki. (Vegetation of fishponds in the
surroundings of Protivin and Vodiany). - Ms. [Disert. Pr., depon. in Knih. Kat. Bot. P¥irod. Fak. UK Praha].
HEINY S. (1960): Okologische Charakteristik der Wasser- und Sumpfpflanzen in der Slowakischen Ticfcbenen. -

Bratislava, p. 487.

HEINY S. (1967): Verband Oenanthion aquaticae HEINY 1948. - In: HOLUB J., HEINY S., MORAVEC J. &
NEUHAUSL R., Ubersicht der hoheren Vegetationscinheiten der Tschechoslowakei. - Rozpr. Cs. Akad. Vid,
Praha, ser. math.-natur., 77(3): 29-30.

HEINY 8. (1980): Kvétena a vegetace dvou letnéngch rybnikd ve stiednich Cechéch. (Flora and vegetation of two
summer-drained fishponds in the Central Bohemia). - Studic CSAV, Praha, 1980(1): 109-130.

HENY S. & HusAK 8. (1978): Higher plant communities. - In: DYKYJOVA D. & KVET J. [eds.], Pond littoral
ecosystems. - Ecol. Stud., Berlin, Heidelberg et New York, 28: 23-95.

HENDRIX S. D. (1984): Variation in seed weight and its effects on gcrmination in Pastinaca sativa L.
(Umbelliferae). - Amer. J. Bot., 71(6): 795-802.

HILBIG W. (1971): Ubersicht iber die Pflanzengesellschaften des sidlichen Teiles der DDR. L. Die
Wasserpflanzengesellschaften. - Hercynia, Leipzig, 8: 4-33.



HROUDOVA ET AL.: OENANTHE AQUATICA 333

HRA3KO J., CERVENKA L., FACEK Z., KOMAR J., NEMECEK J., PosPfSIL F. & SIROVY V. (1962): Rozbory pdd.
(Soil analyses). - SVPL, Bratislava.

HROUDOVA Z. (1980): Ekologicka studie druhd Sagittaria sagittifolia L., Butomus umbellatus L., Bolboschoenus
maritimus (L.) PALLA, Oenanthe aquatica (L.) POIR. (Ecological study of specics Sagittaria sagittifolia L.,
Butomus umbellatus L., Bolboschoenus maritimus (L.) PALLA and Oenanthe aguatica (L.) POIR.). - Ms. [Kand.
disert. pr., depon. in BU CSAV Prithonice, 256 p.).

HROUDOVA Z., (1981): Sezonnf dynamika porostu cbnaZeného rybniéniho dna. (Scasonal vegetation dynamics at
emerged pond bottom). - Sbor. Jiho&es. Muz. v Ces. Budgjovicich, Prir. Védy, Ceské Budgjovice, 21: 37-49.
HROUDOVA Z, HROUDA L., ZAXRAVSKY P. & OSTRY I (1988): Ecobiology and distribution of Sagittaria

sagittifolia L. in Czechoslovakia. - Folia Geobot. Phytotax., Praha, 23: 337-373.

JACKSON M.L. (1958): Soil chemical analyses. - New Jersey, London, 330 p.

JILEK H. (1956): K fytocenologii rybni¢nich spoleenstev. (On fishpond plant communitics). - Preslia, Praha,
28: 66-77.

KARPATI V. (1963): Die zbnologische und &kologische Verhiltnisse der Wasservegetation des
Donauiibcrschwemmungsraumes in Ungarn. - Acta Bot. Acad. Sci. Hung., Budapest, 9: 323-385.

KLIKA J. (1935): Die Pflanzcngesellschaften des entblossten Tcichbodens in Mitteleuropa. - Beih. Bot. Cbl,
Dresden, 53B: 286-310.

KoPECKY K. (1962): Prispévek k fytocenologickému hodnocenf fléry obnaZen¢ho rybmitntho dna v
severovychodnich Cechach. (A contribution to the phytocoenological evaluation of flora on the emerged pond
bottom in NE Bohemia). - Vlastiv. Sborn. V§chodai Cechy, Pardubice, 1962; 169-182.

KOPECKY K. & HEINY §. (1965): Zur Stellung der Flissrohrichte des Phalaridion arundinaceae-Verbandes im
mittelenropiischen phytocoenologischen System. - Preslia, Praha, 37: 320-323.

RORELJAKOVA L L. (1977): Rastitelnost” Krenen¢ukskogo vodochranilisa. - Kijev.

KVET J. (1966): Hodnocen{ produktivity rostlin a porostd metodami riistové analyzy. (Evaluation of productivity
of plants and plant stands by the methods of growth analysis). - In: $ESTAK Z. & CATSKY J. [eds.], Metody
studia fotosyntetické produkee rostlin. (Methads of studying photosynthetic production of plants). - Academia,
Praha, p. 105-152.

LHOTSKA M. (1968): Karpologie und Karpobiologie der tschechoslowakischen Vertreters der Gattung Bidens. -
Rozpr. Cs. Akad. V&d, Praha, scr. math.-natur., 78/10; 1-85.

MEUSEL H., JAGER E, RAUSCHERT S. & WEINERT H. (1978): Vergleichende Chorologic der
zentraleuropdischen Flora. Vol 2. - Jena.

MORAVEC J. ct al. (1983): Rostlinn spolcdenstva Ceské socialistické republiky a jejich ohroZeni. (Red list of
plant communities of the Czech Socialist Republic and their endangerment). - Severolcskou piirodou, pfil.
1983/1, Litoméfice, 110 p.

NEDELCU G.A. (1967): Vegetatia acvatica si palustra a lacului Comana. - Luc. Grad. Bot. Bucuresti,
1966: 385-408.

NEUHAUSL R. (1959): Die Pflanzengesellschaftcn des siidlichen Tciles des Wittingauer Beckens. - Preslia, Praha,
31: 115-147.

NOVACEK F. (1937): Pobfeni a vodni vegetace n&kterych rybnikd u Trebfte a Studence. (Littoral and water
vegetation of some fishponds near T¥ebf¢ and Studenec towns). - Pr. Marav. Ptirod. Spolet., Brno, 10(9): 1-70.

PoPCOV A.V. (1976): Biologia tverdosemjannosti. - Moskva, 156 p.

ROTIIMALER W. (1982): Exkursionsflora fitr die Gebiete der DDR und der BRD, Band 4, Kritischer Band. -
Berlin, 811 p.

RYCIN J.V. (1948): Flora gigrofitov. - Maskva, 448 p,

SCULTHORPE C.D. (1967): The biology of aquatic vascular plants. - London.

SKALICKY V. (1988): Regionélné-fytogeografické &lengni CSR. (Regional phytogeographical divisioa of Czech
Republik). - In: HEINY S. & SLAVIK B. [eds.], Kvitena CSR 1. - Academia, Praha, 103-121 p.

SNEDECOR G.W. & COCHRAN W.G. (1971): Statistical methods. - Ames, Iowa.



334 FOLIA GEOBOTANICA ET PHYTOTAXONOMICA, 27, 1992

SOKAL R.R. & ROHLF F.J. (1969): Biometry. - W.H. Freeman and Co., San Francisco, 776 p.

THUN R, HERRMANN R. & KNICKMANN E. (1955): Die Untersuchung von Boden. Handbuch der
landwirtschaftlichen Versuchs- und Untersuchungsmetodik. Bd. 1. - Berlin.

ULBRICH E. (1928): Biologie der Friichte und Samen (Karpobiologie). - Berlin.

VAN DER MAAREL E. (1979): Transformation of cover - abundance values in phytosociology and its effects on
community similarity. - Vegetatio, 39: 97-114.

VILLIERS T.A. (1978): Dormancy and the survival of plants. - Studies in Biology 57, London, 68 p.

ZAHLHEIMER W.A. (1979): Vegetationsstudien in den Donauauen zwischen Regensburg und Straubing als
Grundlage fiir den Naturschutz. - Hoppea, Regensburg, 38: 3-398.

Received 2 July, 1990, accepted 23 September, 1991
Plate 69



HROUDOVA ET AL.: OENANTHE AQUATICA 335

APPENDIX

List of localities of Oenanthe aguatica given in tables, figures and phytocoenological relevés

Central Bohemia

Praha:
Jordanck: the Jord4nek fishpond near the road between the villages of Scberov and Hrntie, at the SE cnd of the
village of Seberov, Praha 4

South Bohemia

Strakonice district:

Korytef: the Korytnf fishpond about 500 m NE from the village of Albrechtice, about 2 km E from the village of
Drabonice

P¥edni Svinéticky: the P¥edai Svinéticky fishpond about 1 km N from the village of Svin&tice, about S km W from
the town of Vodiiany

Pisek district:
Oborsky: the Oborsky fishpond at the S end of the Obora forest at the W end of the town of Protivin

Jindfichiv Hradec district:

BlaZejov: a small fishpond at the NE end of the village of BlaZejov, about 5 km E from the town of Jindfichiv
Hradec

KadleXsky: the KatleZsky fishpond about 1 km W from the village of Clunek, abont 7 km ESE from the town of
Jindfichtv Hradec

Stifbray: the Stfibrny fishpond about 3 km W from the village of Novi Oleina

South Moravia

Bfeclav district:

Allah IV: the Allah TV'! fishpond about 2 km NE from the town of Valtice _

Mahenovo Jezero: E part of the oxbow about 1.5 km E from the village of Bulhary, NW from the town of Lednice

South Slovakia

Komérno district:

Kameni¥na: an oxbow of the V4h river et the S end of the village of Kameni¢na (mouth of the Li¢nodvorsky
canal)

East Slovakia

Trebiov district:

Polany: a field depression near the road between the villages of Polany and Solnidka

Zatin: an oxbow of the Tice river about 1 km E from the village of Zatin
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with undergrowth of later seedlings with leaf rosettes.
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. . i
belt along the shore in the background; the open area is overgrown by seedlings germinating during carly
SUmmer.
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Emerged plant of Oenanthe aquatica in a littoral stand.
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Transverse section of the basal part of a stem of Qenanthe aquatica growing in shallow water.



