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K eywo rd s : B11t o 11111 s 11111hl:'l/a111s. community eco logy, class ifi ca tiun or vege tati on 

Stands or B1111111111s 11111hcl/a111s L. and their habitat characteri sti cs were studi ed in the Czech and 
S lovak Repuhli cs in order to di stin gui sh the B1111111111s 11111/Jd/at11s-commu11ity from other lilloral 
vegetation and clarify the ecologica l causes of it.~ format ion and deve lopment. Ward 's method 
of cluster analysis was used as a basis for ph ytosociolog ical c lass ifi cation or the stand s with 
dominant B. u111/Jel/(1[11s; the chemical so il charact eri sti cs of habitats of 811101111.is w11hc //a111s ­

-co 111munit y we re treat ed by PC/\ . Cyc li c changes or wate r level are the main factor enco uragin g 
the deve lopment o f the co mmunit y. Stands of B. 11111h ellat11 s arc usuall y spec ies-poor and may 
he class ifi ed as 8111011111.1" 11111hf'l/a111s-community in a broad sense J\ great proportion of the 
phytosociological re l ev~s obtained represe nt heteroge neo us stand s rorm ed by a mi xture or spec ies; 
they are transiti onai types o f open water co mmuniti es and littoral vege tati on. Thi s rc ll ec ts the 
situation in natural habitats or /J . 11111/Jc l/a111s : the chan ges in vege tation follow those in water 
le ve l and numerous stands occ ur in man -intluenccd or di sturbed habitats. 

Introduction 

Fluctuations of water leve l arc the main habitat characteri sti cs of plant communiti es 
classified within the Oenanthion aquaticae alliance . This type of vegetation is vari able in 
space and time; the communiti es can disappear for a lon g time, persist in the form of 
dormant underground organs or seeds of characteristic species (Hejny et Hus:ik 1978), 
and reappear again after changes in water leve l. Thi s dynamics are typical of all dominant 
spec ies of these co mmuniti es (Sagittaria sag ilt(f"olia . O enanth e aquatica, Rorippa 

a111p!iihia. Butonws u111bellatus. Alis111a plantago -aquatica etc.). 
As rega rds Butonws umhe!la tus , the communiti es dominated by thi s species are relatively 

rare (they may occur temporaril y), and the conditions lead ing to their formation and 
development are thus not c lea r. Substrate properti es are among the most important factors 
influencing water environment, and in standing waters, they usually reflect bedrock 
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properties (Sculthorpe 1967). Soils in habitats of B. umbe!latus are mostly nutrient-rich, 
but variations in soil chemistry may be considerable (Samecka-Cymerman 1989). This 
corresponds to the habitat characteristics of the B. wnbellatus-community (Konczak 1968, 
Philippi 1973) . Hejny et Husak ( 1978) characterized habitats of B. umbellatus-community 
in Czechoslovakia by soils rich in mineral nutrients . However, as to the distribution of 
B. umhellatus stands in Czech and Slovak Republics , migration barriers can be as important 
as differences in substrate chemistry which differs with respect to region (Hroudova et 
Zakravsky 1993). Hence the relationship of the community to the nutrient richness of the 
substrate appears to be an important problem to study. 

Stands with B. umbellatus are mostly species-poor. characterized mainly by dominant 
B. umbellatus, without stable characteristic species combination (Konczak 1968) . 
Transitional types to contact communities of the classes Potarnetea or Phragmiti ­
-Magnocaricetea occur frequently, in dependence on the dynamics of water level. In this 
vegetational continuum, the Butomus umbellatus-community is sometimes difficult to 
define as well as to classify within the phytosociological system by using standard 
classification methods . 

By studying the ecology of B. wnbellatus, we collected numerous data on floristic 
composition and cover of stands with this species, as wel I as data on water depth dynamics 
and substrate properties of the habitats. On the basis of this material and the results of the 
previous work (Hroudova 1980, Hroudov<i 1989), we address the following questions: 
(I) What is the ecological causality of the origin and development of Butomus umbellatus­
-dominated stands? (2) How may these stands be classified within the ZUrich-Montpellier 
phytosociological system? 

Methods 

Plant communities were recorded by phytosociological releves using the seven-grade 
Braun-Blanquet scale (Klika et al. 1954). All sites in which B. umbellatus was recorded 
were sampled. When plant cover was fragmentary or nonhomogeneous, the list of plant 
species accompanying B. umbellatus in the given locality was made instead of 
a phytosociological releve. 

When two or more different types of stands containing B. umhellatus occurred within 
one locality (shore zonation in fishponds, variable vegetation of streams and ditches 
dependent on water depth , closely neighbouring field depressions), they were recorded 
separately. In this case, the distance between the location of releves was I 0-50 m; the 
distance between the closest geographical localities considered as separate was 
100-500 m (small fishponds and pools in South Bohemia and South Moravia). Most of 
the localities sampled are identical with localities of diploid and triploid B. wnhcllatus 
plants, whose distribution is given in Hroudova et Z<ikravsky ( 1993). 

Sampling sites in the localities of B. umhellatus were chosen to characterize the plant 
community in which the species occurred; this means that stands as homogeneous as 
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possible were selected for sampling and rel eve size was proportional to the total size of 

stand (varied from 1 x 5 m to 5 x 10 m , mostly within the range of 1 S to 25 m 2
). 

Soil samples were take n from rhizos phere (mostly from the soil layer up to 0. 2 m under 

the soil surface); the samples were dried at room temperature. Chemical soi I analyses 

were performed by the following methods: pH in H20 and 1 mol KCl - e lectrometrically, 

N-NH 4 - co lorimetrically using Ness ler ' s reagent (Hrasko e t al. 1962), exchangeable Ca, 

M g, Kand Na by both flam e and absorption spectrophotometry, N-N03 - colorimetrically 

using phe nol 2,4 disulphic acid (Jackson 1958), P-P04 - colorimetrically using extraction 
with sodium bi carbonate (Olsen et al. 1954). total N and C - usi ng CHN analyzer Heraeus, 
S04 and Cl - using isotachophoresis by ITP analyzer (Everaerts e t al. 1976). 

To determine variation in chemical soil properties within the set of habitats of the Bwomus 
umhel/atus-community. principal component analysis (PCA) was used (0rl6ci 1978). 

Classification of vegetation was based on pre liminary numerical classification by PCORD 

(Ward method, data transformed to ordinary scale according to van der Maarel 1979), 

with Euclidean di stance used as a similarity measure. Because most releves did not form 

distinct clusters and their classification based on the similarity measure was difficult, 

some re leves of the group A were replaced by others owing to the ir preceding vegetation 

dynamics . To evaluate re lationships betwee n the communities summarized in synthetical 

tabl e, PCA method was used (0rl6ci 1978) : species composition and their constancy values 

were compared (except of species present with low constancy). 
The nome nclature follows Rothmal e r ( 1982), with an exception of Bolboschoenus 

nwritimus subspecies (Casper et Krausch I 980). 

Phytosoc iolog ica l nomenclature follows Hejny in Moravec et al. ( 1983); authors names 

arc g iven in the tex t for sy ntaxa not covered by that paper. 

Results 

In total, 11 2 phytocoenological releves together with 12 species lists from fragmentary or 
nonhomogeneous stands were collected from I 00 localiti es. These represe nt all main types 

of wetlands in the area studi ed (fishponcls and other reservo irs, streams, river banks, . 

channe ls and wet ditches, pools , temporarily flooded fi e ld depressions). 

Within this set of releves (Table I) , the group of releves with prevailing submerged 
macrophytes (C) represent th e communities sampl ed at the time of highe r water level (or 

immediately after it had subsided). The vegetation growing on emerged bottoms (E) relates 

to habitats after the water leve l had fallen. frequently found in B. umhellatus sites. The 

communities with dominant reeds (D) represent habitats in a period of shallow water 

(littoral ecophase sensu Hej ny 1960). These three groups represent a smaller proportion 

of the total data set (38 re leves in total) . 

Whe n treated by means of c luster analysis (Fig. I), most releves did not form distinct 

clusters. and almost e ntire vegetational continuum was found. In many cases the final 

classification into diffe rent types of communities (A-Fin Table I) did not correspond to 
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Tahle I . - Synthetical table of phytocoenological releves : /\ - co mmunity with 8111om11s 11111he/lt//11s: B - stands 
with prevailing and mixed species of the all. Oe11ant!tio11 and Scirpio11 mariti111i ; C - communities of submerged 
and noating plant species (class Le11111ctea . Pott1111cteu): D rccd-hcd communities (class P!tra~111iti­

- M{/~/locariccrea): E - comm uniti es on emerged bottoms (class Hide11l<'IC<t. l soe10-Na11oj1111 cc1ea) and those of 
tenagophytcs (class Li11orclle1eu): F - mixed stands wi thout Jetermination of hi gher phytosociological unit s: 
CH - characteri stic species of hi gher phytosociological units 

commu ni t y 

numb er of relev~s 

CH Butomus umbellatus -c ommu nity 

Butomus umbellatus 

CH Oenanthi on. Scirpion mar i timi 

Alisma plantago -aquati ca 
Oena nthe aqua tica 
Ali sma lanceo lat um 
Bolboschoenus maritimus 

subsp . mar itimus 
Sparganium emersum 
Sagittaria sagittifolia 
Ele ocha r is pa lustris 
Bolboschoenus mariti mus 

subsp. compactus 
Rorippa amphibi a 

CH Lemnetea, Pot amete a 

Lemna minor 
Lemna trisu l ca 
Spirodela polyrhiza 
Fontinalis antipyretica 
Potamogeton acutifo lius 
Ceratophyl lum demersum 
Potamogeton na tans 
Riccia fluit ans 
EI ode a canadens i s 
Potamogeton pectinatus 
Lemna gibb a 
Hydrocharis mor sus - ranae 
Nuph a r 7 u tea 

CH Phragmiti -Magnocari cetea 

Sp arganium erectum 
Glycer ie max ima 
Lycopus europaeus 
Typha latifol i a 
Myos otis pa lust r is 
Beru l a erecta 

CH Bidentetea,Isoeto-Nanojuncetea, 
Littor e ll ete a 

A lopecurus aequalis 
Po lygonum lapathifolium 
Eleocharis acicularis 
Bi dens frondos a 
Ror i ppa pal ust r is 
Po lygonum hydropipe r 
Agrostis s tolonifera 
Juncus bufon i us 
Rumex maritimus 
Mat ricari a mar itima 

22 

v2- 5 

I r - + 
I l r - 1 

11 

I r+ - 3 
l+ 
l l+ - 1 

I 1 
I 1 - 2 
I 1 

l 1- 2 

I 1 - 2 
I+ 
I 2 

I 1 -1 
I r+ · l 
r+ 
II+-2 

l 1+ - 2 

26 

vr - 3 

I V r - 4 
I I I r - 5 
I 1+- 4 

I 1+ - 4 
I r+ - 3 
I 1+ - 3 
I r+ - 3 

l+ - 3 
1+ - 2 

I I r + - 5 
1+ 
r+ - 2 

l+ - 1 
r+ · 2 

I 2 -3 

I 1+-2 
l r - + 
11 
I 2 
1+ 
r+ 
1+ - 3 
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v+ - 3 v+ -3 

I II+ 
I r+ - 2 

I 1 

Iv+ -4 I I I l - 5 
I I 1+ - 2 
11+ - 4 l+ 
I I 2 -4 
I 1+ - 3 
II 1 - 2 
II r - 2 
II+ 
l 2 - 4 
i+-4 r2 
I 2 
I 2 
I 1 - 2 

vl -4 
I I 1+ - 3 
II r - + 
I 2 - 3 
l+-1 
1+ - 1 

14 

v+-3 

II r+-3 
l II r - 1 
I l r - 1 

l -
11+ - 1 
l+-1 
I 1 - 2 

r + - 3 

II 1 - 2 

l l r - + 
I r+ - 2 
I 1+ - l 
I l+ - 2 

lvr - 2 
l I r+ - 3 
I r+ - 4 
I r + - 3 
l l+ - 3 
I r+ - 3 
l r+ - 3 
I I 1 - 2 
II+ - 2 
l l r - 2 

26 

v+ - 3 

lv+ - 2 
II l r-3 
I l+ - 1 

l 2 
I l+ - 2 
l r+ - 2 

I l+ - 4 
l l+ - 2 
I l+ - 3 

11 
12 - 5 

I I r - 3 

I l r+ - 2 
I I r+ -2 
I l+ - 1 
l I r - 2 
l 1+ - 2 
l 2 - 3 

1+ 
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I r - + 
I 1+ - 3 
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community 

Ranunculus sceleratus 
Echinochloa crus -galli 
Cyperus fuscus 
Callitriche palustris 
Ranunculus repens 

Others: 

Juncus effusus 
Urtica dioica 
Equ1setum palus tre 

II r -+ 
I I r -+ 
12 
I 1- 2 
1+ · l 

Species present with low constancy: CH Oenanthion, Scirpi on maritimi: Glyceria 
fluita nsB.C.D,E,F, Scirpus radicans B.F. Eleocharis mamillata A; CH - Lemnetea, Potametea: 
Stratiotes a/ ai des C.F. Salvinia na t ans C,F, Zannichellia palustr is C. Potamogeton pusillus C. 
Potamogeton tr i cho i de s A. C,F, Potamogeton lucens C.F. Po t amogeton crispus A,C,F, Bat r achium 
aquat i le A. C.D.E,F. Alisma gram ineum E. Batrachium rionii E. Batrach ium trichophyllum B,E, F, 
Batra chi um circinatum F. Chara sp. B. Hotton i a pa lustr is F. Myriophyllum ver ti c illatum B. F. 
Nymphaea alba F. Polygonum amphib ium A,B,D.E.F. Utricularia vulgaris F; CH - Phragmiti -
Magnocar i cetea: Lythrum salicaria A,B, C.D .E.F. Lysimachia vulgaris B.D. F, Epilobium h i rsutum 
D. E, F. Carex vulpina A. D.F. Ir is pseudacorus A.B.C.D.E.F. Phragmites australis A.B.C.D,F. Lythrum 
v irgatum 8,0, Symphytum officinale A,B.D. Phalaris arundinacea A.B.C,D.E.F. Sium l atifolium 
B.C . D.E, F. Carex gracilis C.D.E.F. Sol anum dulcamara A.D.E,F, Acorus calamus A.E.F, Calysteg i a 
sepium B. E.F. Carex acut i formis A.F . Carex pseudocyperus juv. E. Carex riparia B. Carex ve s i ca ria 
A. F. Equisetum fluviatile A.B. Galium pa l ustre B.F. Leersia oryzoi des B.E,F, Mentha aquati ca A,E,F. 
Paa palustris E.F. Rumex aquaticus B.F. Rumex hydrolapathum A,B,C,E,F, Schoenop l ec tus lacustris B. 
Scutellaria gal eri cul ata E. Teucrium scordium E. Typha angustifolia A.B.C. E.F, Ver onica anagalli s ­
aqua tica A.E.F. Veronica beccabunga F; CH - Bi dentetea. Jsoeto-Nanojuncetea. Littorel letea: 
Tr ifo lium hyb ri dum E. Chenopodium glaucum E. Myosotis caespitosa B,E. Bidens tripartita A,D. E, 
Chenopodium album E. Polygonum persicaria E. Rumex crispus E,F, Myosot on aquaticum B.E.F . Vicia 
hirsuta E. Lythrum hyssopifoli a E. Potenti lla supina E. Limosella aquatica A.E. Bidens cernua 
A,B. F. Bidens ra di ata B.F. Carex bohemica A, F, Chenopod i um rubrum A, Elatine alsinastrum B. 
Eleocharis ovata B. Epilobium palustre D. Mentha arvensis D,F, Myosurus minimus B. Pep/i s portula 
B. Plantago major subsp. intermedia B, Polygonum minus D. Ranunculus flammula F. Ranunculus 
later iflorus B. Schoenoplectus tabernaemontani F. Stachys palustris B.D: others: Alopecurus 
gen icul acus F. Poten till a anserina F. Caltha palustris C.F. Galium mollugo B,F, Jun cus articulatus 
B.F. Plantago major subsp. major B.E. F, Cirsium o leraceum F. Ep i l ob ium ciliatum E.F. Impat iens 
pa r vifl ora F, Artemi si a vulga r is E,F. Galium aparine F. Impatiens noli-tangere F. Armorac i a 
rusticana A. Atr i plex sp. D. Cardamine amara B. E. Carex h i r t a B, Agropyron repens B. Gra tiol a 
officinalis B. E. Lolium pe r enne E. Myr iophyllum sp icatum ter . E. Nasturtium offi cinale E, Po lygonum 
aviculare B.D. Salix sp . juv. E. Thalictrum lucidum B. 

I OI 



LOG 0 f OISTllNCE 

2 . 565 3. 398 .. . 231 5 . 06'4 5 . 896 6.729 7 . 562 0 . 395 9 . 226 

~ -=--====================-~~~~~~~_}-~~~~~ 
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ ==============================1--~~~~~~--,1--~~~~--' 

Fig. I . - C luster diagram of phytosot:io logical relcves sampled in stands with n11w11111s 11111/J<' llatu.1· over the 
Czech and Slovak Repuhli cs . L etters correspond to the co lumns in Table I : t\. - 8111 0 11111.1· 11111/Je//at11.1·-community, 
B - stands of the all. O e11 a11thi1m. C - communities of ~uhme rged and floatin g plants (Lemnetea, Pof{lll/ etea), 

IJ - ree l.I -bed co mmuniti es ( f'hro1:111iti -Maf.:11ocaricete"). E - co mmuniti es of emerged bottoms (8ide11te/e(/ . 

l .rn eto -Na11oj1111cetea. Lillorelletea), i.: - other mixed stands. 

102 



clusters in Fig . I . It was caused by ( I) great proporti on of heterogeneo us stands; (2) 
reg ional differences in the fl ori sti c compos iti on of stands (the communiti es from South 
Bohemia, South Moravia and East Slovaki a differed although belonging to the same higher 
phytosoc iological unit); (3) broad ra nge of groups B-F. 

Only one group of re leves (A - 22 re l. ), containing mainly spec ies-poor stands with 
dominant B. umbellatus diffe red from the o thers in being re latively homogeneous, with 
re leves grouped at lower levels. From the c luster, some re leves were removed and repl aced 
by others on the bas is o f kn owledge of previous stand dyn amics - thi s concerns releves 
(one in each) from submerged plant community under decreased water level (C), terrestri al 
stand with prevailing reed-bed species (D), terrestri al stand with prevailing species of 
e merged bottoms (E), stands with hi g h proporti on of other spec ies of the alli ance 
Oenanth ion (B). Three re leves were incorporated into thi s group ; these represented stable 
communities with well developed popul ati on of B. umbellatus and greater proportion of 
accompanying spec ies . The releves in group A may be considered as those belonging to 
the Butomus umbellatus-community in the area studi ed (Table 2). 

The greater number o f re leves (52) represent mixed stands, without di stinc t dominant 
species or characteri sti c species combinati on. They include mixed stands in habitats with 
frequent fluctu ati ons of water level, i.e. the vegetati on belonging to the alli ance Oenanthion 
(Hej ny in M oravec et al. 1983) - see Table I , col. B . The other types of mixed stands are 
those of the fo llowing habitats: (a) nonh omogeneous or fragmentary shore stands in 
canalized rivers or reservoirs; (b) vegetati on of channels and ditches; (c) re latively spec ies­
-ri ch stands in di sturbed habitats, inc luding stages when shallow reservoirs or fi e ld 

depress ions are overgrown (Table 1, co l. F). 

F 
20 

B 

E 

~ 0 
>< 

c 
c D 

2 0 40 
AJ<JS 1 

Fig . 2 . - O rdinati on o f communiti es conta ining ll11to11111s 11111/Jellatus acco rdin g lo species co mpos ili o n and 
their constancy values . Dat a fro m syntheli ca l table (Table I ) were used excludin g species present with low 
consta ncy. Axis I takes 13.45 % of total vari ati on. ax is 2 - 29 .16 % and ax is 3 - 18.08 %. Lette rs corres pond 
to columns in Tahle I (the same as in Fi g . I). 
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Table 2. - Community with Butomus umbellatus. CH - characterist ic species of higher units . Numbers of releves correspond to those of localities given in Appendix 1. 

Releve number l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Const. 
class 

Local i ty number 9 10 6 21 16 1 20 19 11 13 2 8 4 17 18 22 12 7 14 5 3 15 

Date 27.6. 26.7 23.7. 27.6. 7.7. 17. 8. 10.7. 9.7. 19.7. 16.8. 20 . 8. 4.7. 28.8. 14.7. 6.7. 5.7. 20.7. 23.7. 8.7 . 6.7. 20.8. 8.7. 
1982 1991 1988 1985 1986 1986 1986 1982 1988 1986 1986 1991 1991 1982 1986 1985 1988 1988 1986 1987 1986 1986 

Releve size (m1 ) 20 18 18 16 6 20 10 5 30 6 10 36 12 20 24 12 50 12 20 15 12 10 

Height of the stand 
above water level (ml 0. 4 0.5 0.9 l. 0 J . 5 1. 0 l. 0 l. 0 l. 0 0.8 0.5 1.0 0.8 0. 7 1.5 1. 0 1. 5 1. 0 1.0 0 .6 0 .8 1. 5 

Water depth (m) 0 .15 0 .4 0 0.3 0 0 .1 0.1 0 .1 0. 15 0 .6 0.6 0 . 4 0.5 0 0 .3 0.05 0.05 0 .4 0 .4 0.6 0. 15 0 . 3 

~ 
Cover El (%) 40 50 60 60 60 60 80 50 100 50 75 70 40 75 80 50 90 25 60 95 50 30 

CH - Butomus umbellatus-
-community 

Butomus umbellatus 

CH - Oen anth i on 

Oen an the aquatica + 1 r +- + I I 
Eleocharis pa l ustris + 1 1 + I 
Alisma plantago-aquatica + r + + 
Sparganium emersum + 
Sagittaria sagittifol ia 1 1 + 

CH - Lemnetea 

Lemna minor 1 3 + 1 + + + + + II 
Sp i rodela po lyrhi za +- + + 1 + II 



c 
Vi 

Re l ev~ number 

Loe a l i ty number 

CH - Potametea 

Po lygonum amphibium 
Batrachium aquati l e 
Ce r at ophy llum demersum 
Pot amogeton crispus 

CH - Phr agm i t i -
-Magnocar i cetea 

Typha l ati f ol i a 
Glyc er i a maxima 
Pha l ar i s arund inacea 
Rumex hydro l apathum 

Others: 

Po l ygonum hydrop i per 
Alopecurus aequalis 

+ 

+ 

10 21 16 

+ 

+ 

+ 2 
+ 

10 11 12 13 

20 19 11 13 

+ + 
+ 

+ + 
l 

+ + + 

14 15 16 17 18 

17 18 22 12 

+ + 

+ 

l 
+ 

19 20 21 

14 

1 + 1 

1 

22 Const. 

15 

2 

+ 

class 

] [ 

I 
I 
I 

!I 
II 

I 
I 

JI 
I 

Speci e s present in one or two re i ev~ s only: Re l .l: El odea canadensis l, Potamoget on cri spus +, Po tamogeton acutifolius 1 : rel.2: Pota mogeton trichoides l; r e l. 3: 
Bi dens tripartita +, Matr i car ia ma r i tima +, Carex bo hem i ca +, Chenopodium rubrum +, Rumex mar itimus 1 , Limos e l l a aquat i ca +, Cal li t rich e pa l ustri s +: re l .4: Al i sma 
lanceolatum 1. Carex vul p ina +, Lycopus euro paeus +, Lythrum sa/icaria +, Ra nunculus repens +; re l. 5 : Lycopus eur opae us +, Carex acutiformis l; re 1 .6: Acorus 
ca l amus 2; re l .7: Armora cia rustican a +, Bidens frondosa +: re l 8: Ror ippa amp hibi a +; re l .9 : E/eochar is mamill ata 1. Elodea canadens is 2 , Bidens cernua r; 
re l.10: So l anum dulcamara + ; re l . 11: Spargan i um erect um l; re l 12 : Lemn a tri sulca +, Po t amogeton natans 1, Phragmites austra li s +, Carex vesicar i ca +; re l .13: 
Nupha r lut ea 2, Spargan ium ere ct um 1. Veronica ana ga /l is-aquatica +; re l . 14 : Lemna g i bb a 1. Bolboschoenus mar itimus subsp. mar itimus +, lris ps eudacorus +; 
re l.1 5: Lemna g i bba 2. Me n t ha aquati ca l; rel.16: Ali sma l anceo latum 1. Bidens tr i part ita r. Echinoch1o a crus-ga lli +; rel.17: So l an um dulcamara +, Equi setum 
fluviatile 1. Typha angust ifoli a +; re l. 19 : Symphytum offi c inale +,; r e l .2 0: Lythrum sal i car i a +; re l .21: Hydrochar i s mo rsus - ranae +, Acorus cal amus 2. 



Three groups of communities (col. C, D, E) represent marginal points in the vegetational 
continuum (Fig. 2), well differentiated from the mixed stands; the community with B. 

umbellatus is similar to the mixed stands in the composition of species accompanying B. 
umbellatus, but it is usually species-poorer. The Butomus umbellatus-community is 
distributed from warm lowland regions up to the col line belt, especially in river floodplains 
and fishpond basins (see Appendix I). 

As regards chemical soil properties (Fig. 3), the high upper limits of the C
0

x and Nrnr 

content correspond to the occurrence of the community on sapropel soils with organic 
deposits. The upper range of SO/ and Cl -contents reached the values typical for saline 
soils (cf. Vicherek 1973); the cation content was, however, considerably lower. In general, 
compared to limestone or base-rich soils, the soils do not appear to be rich in cation 
content (Dykyjova et al. 1989). 
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Fig. 3. - Soil chemical properties of habitats of Butomus umhellatus-community. Soil samples from 21 localities 
(except of loc. 13) of the community were analyzed (see Appendix I and Table 2) . At locality 13 (the bank 
of the Labe river in Par<lubice town) , no so il could he sampled in crevices of the embankment. In each 
variable, the following values are marked : average. standard error and the total range of variation. 
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Fig . 4. - Ordination or hahitats or H. 11111hella111s-comn111nit y according to soi l chemi stry. Result s o r so il 

analyses from the same 2 1 l ocaliti es as in Fi,[! . I we re evaluated. The occurrence or /\ 1i.1·11u1 species in the 
relcves i s marked: for nurnhcrs see I .is! or loca liti es . 

Ordination based on soi l chemistry arranged the localities according to their trophi c 
level expressed hy C and N contents <Fig. 4). Axis I accounted for 95.8 % of variation 
and corresponds to the gradient or oxidizable carbon content (r = 0.99); axis 2 accounted 
for 4.0 % of variation and corresponds to the gradi ent of tota l nitrogen content (r = 0.98). 

Numerous loca liti es characterized by th e low content of carbon and nitrogen were 
grouped together (nos . 5. 2, 8, 15. 9, 19, 4. 2 1. 22). Loca liti es with low nitrogen content 
were found on banks of reservoirs and streams or in fi e ld depress ions with clay or loam 
soi Is: increased carbon content indi ca tes an i ncreascd amount of humous sediments (nos . 
3, 7, 11 , 14). The mos t out lying locality (no. 12) represents a small iso lated fishponcl 
surrounded by fi elds (NW Bohemia), with a hi gh content of total nitrogen and phosphorus. 
The geographi ca l position or loca liti es was not refl ec ted by their position in the ordination 
space. Stands with different J\!i.\·111c1 spec ies did not form di stinct groups; the species were 
present in a small proportion of rcl evcs of the Buto11111s w11hellatus-community. 
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Discussion 

Ecology and development of Butornus umbellatus-stands 

The ori gin of stands with dominant B. u111bcllat11s in natu ra l habitats is conditioned by 
fluctuations of water level, which phenomenon is common in al 1 pl ant communities of the 
Oenanthion alliance. As observed by some authors, stands of B . u111bellatus ari se and 
expand in dam reservoirs mainl y in the first year after fillin g (Zerov 1976, Korelj akova 
1977, Husak 1984) and in fi shponds in the year after summer draining (Hroudova 1980). 
Communities with dominant B. umbellatus become well developed within 3 to 4 years 
after the reservo ir is fill ed. and are suppressed later hy stronger competitors, parti cularl y 
by Typha spec ies (Korelj akova 1977). 

Cycli c changes of water level appear to be necessa ry fo r the full development of the 
B. umbellatus-community parti cul arly in standing waters (s mall fi shponds), where, 
provided these changes do not occur, B. umbellatus can be competiti vely suppressed by 
reeds (Fig. 5). 

Draining of the bottom initiates the growth of shoots of B. wnbellatus from rhi zomes 
and fragments lying in the surface bottom layer. and leads to increased popul ation density 
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terrestrial 
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littoral ecophase, 
B shallow water 

layer 
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/ 
anabiosis 

c 
high water level 

reed -bed 
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Fig. 5. - Diagram of developmental changes of a stand of D1110 11 111s 11111 /Je l/a 111s depending on cyc.:l ic changes 
of water leve l. Points J\ , 13, C denote interru pti on of the cyc.:lc al differe nt water leve ls. 
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(Hroudova 1980). This stage of cyclic vegetation changes (point A in Fig. 5) is demonstrated 

by the releves of the communities of emerged bottoms in Table I, column E. 
In the following year, when the water layer remains shallow, communities with dominant 

B. umbellatus can develop at best (point B in Fig. 5). Once the shallow water layer is 

stabilized, the B. umbellatus stand would be probably replaced by stronger competitors 
(reeds). Without competitive suppression, B. umbcllatus is able to grow very well under 

the stable water level of about 0 .8 m in depth ( Hrouclova 1989). The group of releves with 

prevailing reed-bed species in Table I (column D) demonstrate the stage of reed expansion 
into shallow water; the presence of B. umbellatus in such a stand indicates previously 

lower water level. 

Under a deep water layer. B. urnbellatus can survive in submerged form , or disappear 

temporarily and survive by dormant rhizomes. Submerged plant communities develop at 

this stage of the water fluctuation cycle (see water plant communities in Table I, column 
C and point C in Fig. 5), and this situation may persist due to the stabilization of high 

water level. A gradual decrease in water level leading to the draining of soil surface initiates 

sprouting of B. umbellatus shoots and makes the renewal of the stand possible. 

Interruption of this fluctuation cycle leads to successional processes towards reed 
communities (in shallow water), terrestrial communities (in the case of permanent drying 

of the bottom), or to the stabilization of submerged plant communities (in deep water) . 

The presence of B. urnbellatus in different littoral communities may indicate fluctuations 

in the water level of the habitat. 
The stages A, B, C in Fig . 5 represent well defined vegetational types corresponding to 

various heights of the water level (Fig . 2). The B. umbellatus-community is similar to 

mixed stands as regards the composition of species accompanying B. umhellatus (Table I, 

Fig. 2); B. umbel/atus is the only species distinguishing this community from the others. 
The groups Band Fin Fig . 2 are similar in species composition; both represent mixed 

stands, but the source of variation in the species composition differs . The communities of 

the Oenanthion alliance (B) vary in dependence on the cyclic changes of water level. 

whereas other mixed stands (F) vary with respect to the habitat type and human impact. In 

general. B. umbellatus does not dominate plant communities frequently; Hejny ( 1960) 
pointed out the low phytosociological value of this species in fishponds of South- and 

East-Slovakian lowlands . The frequent presence of B. umbellatus in nonhomogeneous 

mixed stands is conspicuous (Table I). This is frequently the result of vegetative spreading 

of this species by rhizome fragments to new (secondary) habitats. 

Even if B. umbellatus is a dominant species in the community, its cover may be still 
low for two reasons : (I) its leaves are erect and triangular in cross section; thus, in vertical 

projection, their cover percentage is low ; (2) the species produces several times more 

underground rhizome biomass compared to aboveground shoot biomass (Hroudova 1980, 
1989). The dense rhizome system therefore does not correspond to equally dense 

aboveground shoots. This may be the cause of low total cover values in species-poor 

communities with B. umbellatus. 
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Phytosociological classification of co111111unities with Butomus urnbellatus 

As foll ows from the above, flu ctuati ons of water level cause continuous changes of the 
vegetation (see Fig. 1 ), making it diffi cult to determine clear boundari es between individual 
communiti es. This mean s that floristi c criteri a of classifi cation could be hardly used for 
determination of this community. The desc ripti ons of the community in the literature do 
not bring clear characteri sti cs e ither: 

The co mmunit y descrihed as ass . H11 to111 et11111 u111/Je/1" 1i (Konc1.ak 1968) Philippi 1971 represents a species­
-poor pl ant co mmunity. <li stingui shahle mainl y by the dominan ce o f B111011111 .\· 11111hcllat11.\· (Konczak 1968). It 
inhabit s sites with strongly flu ctuatin g water le ve l. te mporaril y dryin g. u lt cn in con necti on with stands o f 
Sag itto rio -.'·)purgo11iet11111 rn1crs i Tx. 1951 (Philippi 1971) . Thi s co mmunit y was fou nd in ox bows of the Hase 
ri ve r (S tarm ann 1987). and in the Danuhe ri ve r allu vium ( /\ hlmcr 1989); Lindner et Schrautzcr ( 1981 ) dcscrihed 
/11110 11111 .1· w11/Jellutus-co mmunit y from wetl and s in Nordfri cs bnd . In the Czec h Republi c. thi s co mmunity 
was reported by Hroudo v<i ( 1980) in So uth Morav ia and by Rydl o ( 199 1. 1992) from the Mdlina and Bero unka 
rivers . 

/\ ss. ll11to1110 -!\li .rnllll l' ll1111 lw11 ·eolotac (Tim <ir 1957) He jny 1969. Westh off et Segal in Westh off et den 
Held I %9 has hec n give n lor the Czech and Slovak Rep ubli cs hy Hejn y et Hus;ik ( 1978), Hejny ( 198 1 ), 

Hejny in Moravec et al. ( I lJ81). Mu cin a et Mag loc ky ( 1985). No ph ytosoc iological relcv~s or tables of thi s 
co mmunit y we re publi she<l in these papers. In Tim;\1" s ori ginal wo rk (Tim ar I 957 ). the phytosocio log ical 
tabl e of cnnsoc. ;\ /i ,,·11111 lw 1('(:0 /ut11111 was publi shed. belongin g lo ass. fl 11 //Jo.1·<1wrne t11111 11writillli So6 1927; 

thi s co mmun ity occ urred mai nl y in s umnH~ r drain ed fi shpond s and <lid not in clude H111 0 11111.1· 11111hc llu t11s . 

Thus, fl111 11 11111-A fi .,·111<tle111111 la 11 cc11 /u toe is not a va lid name fo r the unit. 
Ass . fl11f o11111 -A /i .1·111<tl et11m pla11tog i11i.\·-aq11uti u 1e (Slav ni c 1948) Hejny in Dykyjov;\ et K vet 1978 represe nts 

th e co mmuni ty fo un d by He jn y cl Hus;ik ( I lJ84l in Eas t Slovak ia. and repo rted also by Mu cin a et Mag locky 
( 1985 ). Ry dl o ( 1986) publi shed two rclcvcs o r the C0111 1llllllity with n. 11111/w l/0 111.1· from the banks o f the 
13 ero un ka rive r (Cen tra l 13ohcmi a) . and related thl' m to th e ass . /Ju 101110 -A li.1·11 u l/1' /11111 tJ frt11Wg i11i.l'-<1</IUtti u 1e. 

Wi th an exce ption of the two rclevcs in the unpubli shed paper menti o ned above (He jny et llu s;ik 1984). 

no phy tocnc nolog ical rclcv~s or tables o f th is co mm unity have hec n rrn bli shed . In th e or ig in al wo rk by 
Slav ni c ( 1948), th e suhassnc iali o n with 1\l i .,·11w r1 /u11tago -oq11ot ic" was described, belongin g to th e ass. 
Sc i rp et11 11111w riti111i Tx. 19]7 on sli ghtl y salin e habit als (w ith no publi shed rclcvcs); U. 11111 /Je l/0111s di slin gui shcd 
th is subassoc iati llll frn m the others . So6 ( 1957) co nsidere d all the subassociati ons give n by Slav ni c ( 1948) as 
succcssional qagcs nr tra nsit ional types to tlK l fr<·k111(11111i1111 cmci/(m 11 i.1· alli ance or nitrophil ous fJ!t mg111iti11 11 . 

The name of the unit N111 11 111 11 -!\/ i.1·11 /lltct 11111 111<11 11ogi11 is -01111111 iu1e is not based 0 11 publi shed rekvcs and. thu s. 
in that fo rm. invalid . 

Transiti onal types betwee n the B. u111helln tu s-community and cont ac t communiti es are 
frequentl y fo und . Close contac t with Sat; ittario-Sparga11iet11111 emersi, in parti cul ar, may 
res ul t in a continuous transiti on betwee n these two communiti es. Some authors include 
relevcs with domin ant B. u111hello t11 s in L)'ag ittario-Spa rga11ictu111 e111 ersi Tx . 1953, var. 
with B 11 tomus u111/Jcl/a tus (Tomaszewicz 1979. Wojtaszek 1989. Brzcg et Raty11 ska 199 1 ). 

The ro le of Alis111a spec ies in the community studied is ques ti onabl e. In the Czech and 
Slova k Republi cs, A. /anceolatum and A. p/011tago-aq11atica do not exhibit spec ifi c 
associati on with But0111us wn/Jcllntus neither in habitat types . nor in the frequency of 
occurrence or di stri buti on (H roudova, un publi shed data). The areas of di stributi on of the 
two Alisma spec ies in the Czech and Slovak Republi cs ove rl ap to a grea t ex tent ; 
A. lanceolatum is absent from South Bohemian bas in (Hrouda et Hroudov<.i. 1989). Within 
the set of releves of the Buto11111s u111hel/otus-co mmunity, the presence of both J\li.,·nw 
spec ies was rare: they differenti ated the dat a set neither with respect to flori sti c compos ition 
(Ta bl e 2) nor to the substrate properti es (Fi g. 4 ). 
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Because the classification of the Butomus umbellatus-community is based only on the 

dominance of the charaster species, it is simi Iarly difficult as in other communities of the 
alliance Oenanthion , and also in reed-bed and tall -sedges communities (class Phragmiti­
-Magnocaricetea) and in submerged communities (classPotametea) - see Hej ny et Hus<.1k 

( 1978). This reflects the real situation in nature. especially the remarkable dynamics 
of water and littoral vegetation compared to terrestrial communities . Frequent occurrence 
of transitional types between contact communities is a result of this dynamics. 

Besides, the high proportion of mixed nonhomogeneous stands (Table I, col. F) represents 

very frequent vegetation types in secondary man-influenced habitats: (a) canalized river 
beds and streams; (b) narrow channels and ditches of Y-profile , where depth zonation of 
plant communities cannot not be formed and water plants grow in mixture with shore 
plants; (c) initial stages of vegetation deve lopment or transitional successional stages in 
disturbed or newly formed habitats (small ponds after scraping, sand pits). Butomus 
umbellatus is capable of establishing in secondary habitats and it is thus frequently found 
in these mixed stands. 

If we consider the community with Butomus umbellatus as a separate unit of the 
phytosociological system, it is closest to the ass. Butometum umbellati (Konczak 1968) 
Philippi 1973 . Owing to its not too clear definition and difficult classification, we prefer 
to define it as a broadly considered Butornus wnbellatus-community. 
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Souhrn 

Vznik a rozvoj spol ecenstva s Butomus umhellatus je (stejne jako u ostatnfch spolecenstev sv. Oenanthio11) 
podmfncn kolfsanfm vodnf hladiny, ktere mu umol.l'l uje vyuZft docasne volnou niku v pobfeznf hydroserii. 

Dynamika vodnf hladiny zpi'1sobuj c rovn ez dynamiku vegetacnf: jednotlivc faze tohoto cyk lu zmen na 
sehe plynule navazujf , cfmz vznik:l fada pfechodnych typl'1 mczi vegctacf subm ersnf. obnazenych den i litoralu , 
tvoffcf dohromady cyk licke vegctacnf kontinuum . · 

Vzhl ede m ke svemu vegetativnfmu sffenf je B . 11111/Je llatus velrni cas to pfftornen ve smes nych 
nchomogcnnfch porostcch na techto typech stanov isf: fragment<.1rnf porosty na bfezfch fek a nadrzf; kanaly, 
potoky a pffkopy s vodou; inic ialnf stadia zarust:inf a rcgencrujfcf porosty na narusenych mokfadnfch 
stanovistfch . 

z celkoveho souboru studovanych porostu pfedstavujf proto podstatnou cast prave smcsne nchomogennf 
porosty, kterc nenf mozno fytocenologicky klasifikovat; cely so ubor pfedstavujc do znacne rnfry vegetacnf 
kontinuum. Vymczeni vegetacnfch jcdnotek jc proto vc lmi obtf:lne a mi'1 ie byt zalozeno prakticky jen na 
dorninan ci charakteristickych druhu . To je ovsem typi ckc pro vctsinu vodnfch a pobfefofch spolecenstev 
a zobrazujc pffrodnf realitu . 

Porosty s dominantnfm B. 11111/Jellarus pfedstavujf druhove chude spolecenst vo bcz vyznarnne druhove 
kombinace, llori sticky variabilnf. Pokud jsou povafov:iny za sarnostatnou vegetacnf jednotku , stojf nejblfie 
k ass . Buto111etum umhellati (Konczak 1968) Philippi 1973. Druhy r. Alisma se nejevf jako diferencialnf 
druhy v rc.lmci ardlu tohoto spolecenstva v Ccske a Slovenske repuhlice . Vzhledem k nepfflis jasnemu 
vymezcnf tohoto spoleeentva klasifikuj eme tyto porosty jako siroce pojate spolecenstvo s Butomus umbellatus. 
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Appendix 1. 

Rece ived 6 June l 993 

Accepted 25 May 1994 

Li st o r locn liti es of the /J111 0 11111.1· 11111/Je//(l//ts-co mmunit y in the Czech and Slovak Republi cs 

Ce ntral Bohemia 

Kulna Hora district : 
I . The small pond at the W end of Nov0 Dvory village. about 4 km NE or Kutna Hora town . 
2. Doubrav<1 brook . und er the road bridge al the S end or Z:ihol'I vi ll age. about 2 km SW of Tynec nad 

Labem town . 

Nymhurk di stricl: 
J. An oxbow at the left hank of Labe ri ve r. near the road bridge in Nymhurk town . 
4. The Mulina small river al the E end of Buuimt:fice village about 4 km NE from Nymburk tow n. 

Benefov di stri ct: 
5 . The Podh •ij sky fi shpnnd near the road at th e S end or Brodce village. about I km E ofTynec natl Sazavou 

town . 

South Bnh e mia 

T;ibor di stri ct: 
6 . The small fi shpond al the NW end of Karlov settlement, about 1.5 km NNE of Opafany vi ll age, 11 km 

W or Tabor town . 
7. The small pool in Opafany village about 11 km W from T<ihor town . 
8. The Hluboky Sax flshpond near 1 lamr village about 5 km SE from Yeself nad Lufoicf town . 

I 13 



Jindfichuv Hradec di strict : 
9 . The Zadnf Pasecky fishpond about 2 km S from Kolen ce village. about 6 km E from Lomnice nad Lufoicf 

town . 

W est Bohemia 

Karlovy Vary di strict : 
I 0 . The fi shpond near Hornf Tafov ice village, S of the road Karlovy Vary - Praha. about 2 .5 km of Bochov 

village . 

North Bohemia 

Ceska Lfpa district : 
I I . The sand pit near Dubice village, at the W end of Ccska Lfpa town . 

Louny district : 
12 . The small fishpond about I km SE of Chmelistn:.i village, about 9 km W of Podbofany town . 

East Bohemia 

Pardubice di strict: 
13 . The left bank of Labe river near the ice-hockey stadium in the Pardubice town . 

South Moravia 

Hodonfn district : 
14. The Prusanka brook about 1.5 km W of Prus:.inky village. ahout 11 km WSW of Hodonfn town . 
15 . A reservoir at the NE end of Luzice village about 3 km SW from Hodonfn town . 

Bfeclav district: 
16. The bay at the SE end of the dam of the upper Nove Mlyny reservoir. about 8 km NNW of Mikulov town. 
17 . The Pansee wetland between Sak vice village and that of Dolnf Vestonice : this locality was destroyed by 

the construction of the Nove Mlyny reservoirs. 
18 . The Lednicky n:.ihon channel under the road bridge at the N end of Lednice town . 
19 . The small pool on the left bank of Dyje river about 1.5 km of Ledni cc town , near the road between 

Lednicc and Podivfn town s. 
20 . The Kyjovka brook under the motorway bridge at the NE end of Lanz.hot village, about 6 km of Breclav 

town. 

South Slovakia 

Nove Zamky district : 
2 1. The salt marsh between the railway line and the road al the S end of Kamenfn village. near the branch 

road to Gbelce village . about 9 km NNW of Sturovo town . 

East Slovakia 

Trebifov di strict : 
22 . The fi e ld depress ion near the road between Kralovsky Chlmec town and Cierna nad Tisou village, about 

3 km E of Kralovsky Chlmec town . 
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