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Inundation and the distribution of plant communities
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SUMMARY

The relationship between the distribution of plant communities

occurring on river dikes and the inundationby river water is described.

The distributionof many species is restricted to the non-flooded upper

part of the dikeslope, while their lowest distributionlimitcoincides

with the highest water-level for the growing season for the year

preceding the recording of the vegetation.

The phytosociological elements show the same distribution pattern

in all five transects studiedand can be clearly ordered by means of

detrendedcorrespondence analysis as well as by theirrelative

inundationvalues:

—hardly flooded; Koelerio-Corynephoretea, Festuco-Brometea and

Mesobromion.

—slightly flooded: Arrhenatheretumand Trifolion medii.

—flooded: Arrhenatherion, Molinio-Arrhenatherelea,Artemisietea,

Lolio-Cynosuretum and arableweeds.

—considerably flooded: Ranunculo-Alopecuretum, Bidentetalia,

Molinietalia, Phragmitetea and Lolio-Plantaginetum.

Typical ‘fluviatile’ plant communities are strongly declining on river

dikes. (Re) Introductionof these communitiesby means of special

constructionmeasures (e.g. the application of suitable soil) and special

managementpractices is only possible above 2-2-30 m below

‘normative water level’.

Key-words: Arrhenatherion, dike vegetation, inundation,

Mesobromion.

INTRODUCTION

The main river valleys in The Netherlandshave been assigned to a single plant geographical

district, the ‘Fluviatiledistrict’ (Sloff & van Soest 1938,1939). About 250 Phanerogams are

characteristicofthis district, i.e. about20% ofthe totalDutch flora, andabout 100 species

are restricted to it.

Most ofthe fluviatilespecies occurring on river dikes belong to the grasslands of warm,

dry, base-rich and generally calcium-rich soils, the Medicagini-Avenetum pubescentis De

Leeuw 1936, and to the relatively dry sub-associations of the hay meadows belonging to

the Arrhenatheretumelatioris Br.-BI. 1925 and the pastures of the Lolio-Cynosuretum

(Br.-BI. et De Leeuw 1936) R.Tx. 1937 em. Van Leeuwen et Westhoff apud A. Bakker

1965 (Westhoff & den Held 1969).
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Due to intensiveagricultural practices in particular and to former dike improvements,

these communitieshave declinedconsiderably during the last decades(Sykora & Liebrand

1987).

In The Netherlands the river dikes have a total length of 1002 km (Hoofddirectie

Rijkswaterstaat 1986). Following the great flood in 1953 it was decided that all sea dikes

and all river dikes should be improved. In 1986, 600 km of river dike had yet to be

heightened and widened. The strengthening is due to be completed in 1998.

Because of the large-scale mechanical disturbance, these dike constructions produce

serious negative effects on the landscape as well as on the vegetation. A committeewas set

up to study the possibilities ofreducing these effects. In 1977 it proposed the application of

so-called ‘optimal projects’ in order to spare the landscape as much as possible, without

ignoring the safety aspects. At the same timeit expressed the necessity of researching into

the possibilities of conserving or restoring the endangered plant communities on river

dikes (Technische Adviescommissie Waterkeringen 1985, 1986).

In 1984 a vegetation survey started at our division. The aim of this study was to give

directives for the constructionof the dikes and for managementofthe dike slopes in order

to allow the re-introduction or the conservation ofvaluableplant communities. The cause

and extent of the decline of these communities, their relationships with the environment

and with the managementwas studied. In addition, the distribution of the roots and the

significance of the different plant communities was studied with regard to the pre-

vention of erosion (Sykora 1985; Sykora & Zonderwijk 1986; Sykora & Liebrand 1986;

Technische Adviescommissie Waterkeringen 1986).

In this paper we demonstrate the relationship between the distribution of the dike

vegetation and the period of inundation.Apart from having a synecological significance

these data may be of value for dike construction. Execution of special construction and

managementdirectives below the levelof tolerance to inundationofthe plant community

to be re-introduced will be ineffectual.

METHODS

The vegetation

Five locations were selected along the rivers IJssel, Waal, Rhine and Maas. The selection

was based on the presence of well-developed fluviatile grasslands. At each location a

transect was made, perpendicular to the dike, from the top downward into the river

foreland.

The transects were sampled by means of contiguous quadrats at right angles to the

transect line and sized 0-5 x 2 m in three of the transects and 0-5 x 4 m in the other two

transects. For estimation of the quantitative occurrence of each species the Braun-

Blanquet scale, as refined by Barkman et al. (1964), was used. Thealtitude of all quadrats

was measuredin Amsterdam ordnancedatum in order to relate these altitudes to the data

on the fluctuationof the free water-level of the river as given by the Department for the

Maintenanceof Dikes, Roads, Bridges and the Navigability of Canals (Rijkswaterstaat).

In addition, for three of the locations, a frequency method was used to record the

vegetation. The species occurring in sample plots of 10 cm
2

were recorded along contour

lines with intervals of 1 m. The distancebetween the contour lines was 25 cm. Their length

was 25 m in two cases and 17 m in the other case.

Detrended Correspondence Analysis (DECORANA, Hill 1973,1979) was used for the

ordination of all releves from all transects together. The syntaxonomic status of the
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species was plotted in theordination diagram. The correlationbetween the axes scores and

the Ellenberg indicator values (Ellenberg 1978) was calculated and regression lines were

drawn.

For each releve the percentageoccurrence ofthe phytosociological elementswas calcu-

lated by dividing the numberof species belonging to one phytosociological element by the

total numberof species occurring in the releve, multiplied by 100. This value was used to

draw smoothed curves of the distribution of the phytosociological elements along the

transects. Smoothed curves of the distributionof the main species were drawn using the

frequencies measuredby means of the contour lines.

The results of the ordinationand the relative inundationvalues(RI, see Hydrology) are

based on all releves of all transects. As for the other results, the same conclusions can be

drawn for all the transects studied. In order to. reduce the number of figures only the

figures belonging to one transect (IJssel) are presented in this paper.

Species nomenclature follows Heukels & van der Meijden (1983). The nomenclatureof

the syntaxa follows Westhoff& den Held (1969).

Hydrology

The total numberof days of inundation in the growing season (1 April-1 October) was

calculated for each quadrat and each contour line for 1983 and 1984, respectively. The

Fig. 1. Maximum and meanwater levels per
month in 1983 and 1984 compared with the meanover the last 15

years.
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Fig. 2. Relation between the moisture figures (Ellenberg 1978) and the scale of the first axis of the species

ordination.

Table 1. Texture; 1 =upper part ofthe transect, 2 =upper middlepart or middle part, 3 = lower

middle part or lower part, 4 =lower part; s = sand, sis = slightly loamy sand, vis=very loamy sand,

si =sandy loam, Is = loamy sand, 11 =light loam, I= loam, hi=heavy loam, 1c =light clay

Table 2. Total nitrogen (mg kg 1 soil)

Sampling sites

1 2 3 4

Transect IJssel 1 sl 11 sl 1c

Transect IJssel 2 vis 1 hi

Transect Waal Is 1 1

Transect Rhine sis 1 sl

Transect Maas s sis s

Sampling sites

1 2 3 4

Transect IJssel 1 93 151 167 335

Transect IJssel 2 164 240 304

Transect Waal 178 264 356

Transect Rhine 99 224 225

Transect Maas 87 107 31
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basic data on the free water-level were taken from the monthly reports as given by the

Department for the Maintenanceof Dikes, Roads, Bridges and the Navigability ofCanals

(Rijkswaterstaat). The year 1984 was the year prior to that in which the vegetation had

been recorded and 1983 appeared to be the year with the highest water-level during the

preceding 15 years (Fig. 1). The highest water-level for both years is indicated in Figs 4

and 5.

Fig. 3. Ordination diagramin which the syntaxonomical status of the species is indicated.

Table 3. Organic matter content (%)

Sampling sites

1 2 3 4

Transect IJssel 1 2-9 5-2 5-4 100

Transect IJssel 2 6-4 6-8 100

Transect Waal 61 7-6 15-5

Transect Rhine 5-5 7-8 7-9

Transect Maas 3-2 3-3 1-3



Fig. 4. Frequency distribution of a selection of species from the top of the dike (left) downward into the river

foreland (right). The highest water-level reached in the growing seasonof 1983 and 1984 is indicated as well as the

flooding period in days.
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Fig. 5. Distribution of the phytosociological elements from the top ofthe dike (left) downward into the river

foreland (right). The highest water-level reached in the growing seasonof 1983 and 1984 as well asthe flooding

period in days is indicated. M.H. =Normative water-level.
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For each species a relative inundationvalue (RI) was calculated (Sykora 1983). This

value is a measure of the extent to which a species has been exposed to flooding. It was

calculated by determining the average numberof days (X) during which each species was

floodedin any transect, adding up these values and then dividing them by the numberof

observations. This can be expressed as:

X
l

= hp + \p/2

in which hp = the inundationperiod at the highest position in transect 1 and 1p = idem at

the lowest position in transect 1. The relative inundationvalue is calculated as follows:

R1 = (A\-«)/n

in which n = the numberof transects in which species A occurs. If the range of a species

continued above or below the limits of the transect, the inundationperiod registered at

one of the extremes ofthe transect had to be used in the calculations.

Inall numerical methods used above the extended scale of Barkman et al. (1964) was

transformed into a 1-9 numerical scale according to the ordinaltransformation(van der

Maarel 1979).

Soil analysis

Soil samples were collectedfrom three or four sampling sites along each transect ata depth

of 2-12 cm. Each sample was composed of a mixture of 12 sub-samples taken within a

sampling plot of 1 m
2

. They were analysed for exchangeable Na, K, Mg, P0
4,

N0
2

and

NOj after extraction for 2 h at room temperature with0 01 m CaCl
2
in a 1:10soil solution

ratio; for measurements of total-N and total-P see Houba et al. (1985). Subsequently, in

the same samples, the pH of the sample in water was determined, the percentage organic

matter according to Kurmies, and the percentageCaC0
3 according to Scheibler. Texture

was estimated using a field method.

Fig. 6. Relative inundation values (days) ofthe different phytosociological elements in 1984 and in 1983 +1984
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RESULTS

Ordination

The releves are clearly orderedalong the first axis according to their altitude, releves from

the upperpart of the transects occur on the left side of the diagram while releves from the

lower part occur on the right side.

The correlation between the Ellenberg indicatorvalues for moisture and the first axis

(Fig. 2) is highly significant (r =0-78, n=115). Species characteristic of dry soil are

gradually displaced by species characterizing moist and wet conditions. The correlation

between the nitrogen indicator values and the first axis although significant is con-

siderably less (r =0-49, « = 115). No correlation with other indicator values could be

demonstrated.

Along the second axis the releves of the transect from the river Maas are clearly

separated from thoseof the other transects.

In three of the transects (along the IJssel and the Waal) the loam and clay content is

shown to increase in a downward direction. In the other two transects (Rhine and Maas)

the soil is heaviest in the middlepart of the transect (Table 1).

In all transects with exception ofthe Maas transect thetotal N content (Table 2) and the

organic matter content (Table 3) are shown to increase downwards.

In the species ordination(Fig. 3), species characteristicofthe Koelerio-Corynephoretea

Klika apud Klika et Novak 1941, Festuco-BrometeaBr. Bl. etR.Tx. 1943 em. R.Tx. 1961

and Mesobromion(Br.-Bl. et Moor 1938em. Oberd. 1949 pro suball.) Oberd. 1957occur at

the utmost left side of the diagram, followed by species characteristic of the Molinio-

ArrhenathereteaR.Tx. 1937, the Arrhenatherionelatioris Br.-Bl. 1925and its subordinate

communitiesand by the Trifolionmedii Th. Mull. 1961.

Species characteristics of the Ranunculo-Alopecuretum geniculati R.Tx. 1937, the

BidentetaliaBr.-Bl. et Tx. 1943 and the Phragmitetea R.Tx. et Freising 1942 occur at the

right side of the first axis. The species characterizing the Artemisietea vulgaris Lohm.,

Freising et R.Tx. 1950 em. Lohm. et al. 1962 take a middle position. Weed species

(Chenopodietea Br.-Bl. 1951 or Secalietea Br.-Bl. 1951) mainly occur on the left side and

are most frequent in the upper left part of the diagram which corresponds with the more

sandy, more loose and thus easily disturbed upper part ofthe Maas transect.

Species distribution

In Fig. 4 the distributionofa selection of species occurring in one of the IJssel transects is

drawnfrom the top ofthe dike (left) downwardinto the river foreland (right). The highest

water level in the growing season of the preceding year (1984) and in the yearwith the most

extreme water-level over the last 15 years (1983) is indicated.

There is a remarkable coincidence between the lower distribution limits of a number

of species and the upper water-level (Fig. 4B). These species are characteristic of the

Molinio-Arrhenatheretea (Anthoxanthum odoratum, Centaurea jacea, Cerastium

fontanum and Trifolium pratense), the Arrhenatherion (Dactylis glomerata, Crepis

capillaris and Allium vineale), the Arrhenatheretum (.Arrhenatherumelatius, Peucedanum

carvifolia and Trisetum flavescens) and the Koelerio Corynephoretea + Festuco

Brometea (Pimpinella saxifraga and Galium verum) and the Meso-Bromion (Elymus

repens var. glauca, Ononis spinosa, Plantago media and Sanguisorba minor).

Other species occurring with their highest frequencies above the extreme water levels of

both 1983and 1984 (Fig. 4A) are Alliumoleraceum, Cerastium arvense, Avenulapubescens,
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Hieradum pilosella, Ranunculus bulbosus and Thymus pulegioides (Koelerio-

Corynephoretea + Festuco-Brometea), Trifolium dubium (Arrhenatherion), Luzula

campestris (Mesobromion +Arrhenatherion) and Bromus hordeaceus. Scabiosa

columbaria
,

Trifolium dubium, Hieraciumpilosella and Allium oleraceum were not found

beneath the 1983 extreme water-level.

The coincidence between the upper distributionlimitof species and the highest water-

level in 1984is less clear(Fig. 4C). The upper limitsof Cardaminepratensis, Rumex crispus

and Alopecurus pratensis, coincide with the highest level in 1984. Ranunculus repens,

Elymus repens and Festuca pratensis, although most frequently beneath this level, also

occur above the zone inundatedin 1984.

The relationship between the distribution and the flooding in the other transects is

similar. In all transects most species disappear and are replaced by other species at the

maximal water levelof 1984. The composition ofthe actual vegetation appears to be more

strongly related to the flooding of the preceding year (1984) than that of the maximum

water level of 1983, the year with the highest water level recorded over the last 15

years.

Phytosociological elements

Figure 5 shows the distributionof the phytosociological elements on the dike slope of one

of the transects (IJssel).

Phytosociological elements not inundated in 1984 are the Koelerio-Corynephoretea,

Festuco-Brometea, Mesobromion and Trifolion medii (Fig. 5B). This applies to all

transects but one; in the sandy Maas transect the lowest quadrats containing these

elements were flooded during 4 days.

The Arrhenatheretumelement is almost restricted to the zone not flooded in 1984. The

lowest quadrat containing this element was flooded from 0 to 8 days in four of the

transects and during 14 days in the case of the sandy Maas transect. The Molinio-

Arrhenatheretea, the Arrhenatherionand the Lolio Cynosuretum species occur all over

the transects (Fig. 5A).

The phytosociological element of the Ranunculo-Alopecuretum occurs optimally in

the inundated zone. Species of the Phragmitetea and the Molinietalia are restricted to

flooded quadrats (Fig. 5C).

The so-called nitrophilous tall herbs ofthe Artemisietea have their optimal occurrence

in the quadrats in the neighbourhood of the high-water mark where organic matter is

deposited (Fig. 5D).

Relative inundationvalue

The relative inundationvalue(RI, Fig. 6) is a measure ofthe mean numberof days during
which a phytosociological element has been flooded.

Species from the Koelerio-Corynephoretea, Festuco-Brometea and Mesobromion

were hardly flooded during the growing season. The RI values of the Arrhenatheretum

and the Trifolion medii, although still very low, are slightly higher than in the case of the

former elements.

The RI values of the phytosociological elements Arrhenatherion, Molinio-

Arrhenatheretea, Artemisietea, Lolio-Cynosuretum and of species fromweed communi-

ties are again higher.

The highest RI values have been found in the case of the Lolio-Plantaginetum,

Ranunculo-Alopecuretum, the Bidentetalia, the Molinietalia and the Phragmitetea.
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DISCUSSION

The vertical distribution of the species as well as of the different phytocoena is clearly

correlatedwith soil moisture (Fig. 2) and with flooding (Figs 4 and 5). The boundary zone

in which many species disappear is very narrow and coincides with the extreme water-level

in the growing season ofthe year preceding the sampling of data.

As the lower quadrats are floodedby nutrient-rich river water, the nutrient status of the

soil increases in a downward direction. While nutrients are removed from the upperpart

of the dike slope by leaching, the lower parts are enriched by the river water. This is in

accordance with the correlation between the first axis and the nitrogen indicator values.

No other factors show any clearrelation to the altitude.

Because ofthe facts stated above the assumption that the vertical changes in the floristic

composition are mainly influenced by the hydrological conditions and that other soil

factors are only of secondary importance is very plausible. This is in accordance with the

statement by Balatova-Tulackova (1972) that in grassland ‘the trophic status of the soil

and the moisture conditions are the most important controlling environmental factors.

Major changes may occur in the quantitative representation of individual species in

habitats characterized by considerable moisture fluctuation in the course of a year’. In

years of excessive rainfall Balatova-Tulackova (1972) observed a marked general reduc-

tion in species that cannot survive prolonged inundation, e.g. species ofthe class Molinio-

Arrhenatheretea (see also Stoffers & Knapp 1962; Klapp 1965; Walther 1977). During

these years swamp species were on the increase.

The flooding leads to oxygen depletion of the soil which again causes the formationof

toxic substances, which can seriously trouble the respiration of the cell. Flood-tolerant

species are metabolically adapted to these conditions. While under anaerobic conditions

flood-sensitivespecies produce toxic amounts ofethanolas a result of an increased rate of

glycolysis; in flood-tolerant species, a metabolic switch may lead to the accumulation

of mainly (non-toxic) malic acid. Various species may also avoid oxygen stress by means

of oxygen diffusion through stems, rhizomes and roots. Species selection is probably

already taking place in the seed bank. Most seeds will not normally germinate if the

oxygen tension is decreased below that of the atmosphere and after some time their

viability becomes impaired. Other species can only germinate in a very moist habitat (for

references see Sykora 1983).

Along the second axis of the ordination the releves of the transect from the river Maas

are clearly separated from thoseof the other transects. The different species combination

probably depends on the fact that the soil of the Maas transect differs from that of the

other transects in that its soil texture is very sandy. The soil is generally heavier in theother

locations. Apart from the lowest quadrats, the Maas Transect is differentiatedfrom all

other transects by the presence of: Sedum acre, Sedum sexangulare, Erophilia verna, Are-

naria serpyllifolia, Salvia pratensis, Capsella hursa-pastoris, Tanacetum vulgare, Viola

arvensis, Sisymbrium officinale, Medicago lupulina, Veronicaarvensis and Leontodonsaxa-

tilis. A number of these species clearly indicate dry sandy conditions. Just as in the other

transects the releves made in the Maas transect are clearly arranged according to their

vertical position. The lower distribution limits in the Maas transect, when compared with

the other transects, is probably due to the sandy soil being water-logged during consider-

ably shorter timeafter the retreat of the water.

One of the directives for the improvement of the river dikes is the ‘normative water-

level’.This water-level occurs at a discharge of 16 500 m
3

at Lobith. The total height ofthe
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dikes after improvement will be at least 50 cm above ‘normative water-level’. On dike

slopes facing the river, the Koelerio-Corynephoretea, Fesluco- Brometea and

Mesobromion species were only found above 2-2-30 m below MHW. Beneath this

altitudeintroduction ofthese phytosociological elementsby special construction methods

and managementpractices are likely to fail.

These communities are very sensitive to summer inundations. Furthermore, the

presence of the first three elements is stimulated by the lower fertility of the upper

quadrats.
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