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Relationship analyses of the flora of the Dutch,
German and Danish Wadden Islands
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SUMMARY

Flora and vegetation of the Dutch, German and Danish Wadden
Islands were compared with the aid of similarity computer programs.
The Wadden District, often described as an exclusively Dutch
phytogeographical entity, was found to cover the whole area. From a
comparison with the floras of the neighbouring Dune and Haff District
and the more distant Kempen District, it was concluded that the
Wadden District forms a distinct unity by its relatively large internal
cohesion. Within the Wadden District three groups of islands could be
discerned: a western group including the Dutch islands and Borkum, a
central group of German islands and a northern group of partly
German, partly Danish islands. Nordstrand, Pellworm and Skallingen
usually showed only slight similarities with the last group. Texel was
clustered sometimes with the northern group. Ecological
differentiation chiefly determines the presence or absence of species in
the islands, and thus the degree of (dis)similarity of their floras and
vegetation types. Surface, position, soil structure and man mainly
contribute to this ecological differentiation. Local climate plays a
minor role.

Key-words: flora, relationship analyses, vegetation, Wadden Islands.

INTRODUCTION

Van Soest (1924, 1925, 1929) introduced a phytogeographical division of The Netherlands,
that holds eleven districts: Wadden, Dune, Haff, Drenthe, Gelderland, Flanders,
Subcentral European, Loess, Chalk, Kempen and Fluviatile District. Although he
considered this division to be provisional, it has not been basically altered since.
Only recently, Weeda (1983) proposed some slight alterations to the district boundaries.
More details on the history of the phytogeographical division of The Netherlands can
be found in Mennema (1978). Because more data have become available since 1929, it
is possible now to study the geographical division according to van Soest (1929) in
detail.

Most versions of this phytogeographical division, e.g. those in the two Dutch phanero-
gamic floras (Heimans et al. 1965, van der Meijden et al. 1983b), contain a Wadden
District, the eastern limit of which is not exactly indicated.

The present study tries to answer the following questions. (1) To what extent do the
Wadden Islands differ floristically from other Dutch phytogeographical districts? (2) Are
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there differences in flora and vegetation between the Dutch and the German, and/or the
Danish Wadden Islands? (3) How can possible differences be explained?

Questions two and three have also been dealt with by Weeda & Mennema (1983), but
our procedure differs by using computer programs to analyse the relationships.

METHODS

Only Dutch, German and Danish Wadden Islands larger than 10 km? were selected (18 in
number), which were each assumed to be a phytogeographical unity. The topography of
the islands is given in Fig. 1, and in Table 1 a number of their primary data are shown.
Skallingen became a peninsula early in the twentieth century. The area between Den
Helder and Bergen, also belonging to the Wadden District, is omitted from this study,
because there are no detailed floristic data available on the area. In order to compare the
flora of the Wadden Islands with that of the two neighbouring districts, namely Haff and
Dune District, two areas were chosen: one southwest of Leeuwarden (Haff District) and
another west of Haarlem, known as “Amsterdamse Waterleiding Duinen” (Dune
District). Moreover, a comparison was made with the flora of an area south of Breda in the
Kempen District which is not adjacent to the Wadden District (see Fig. 1 and Table 1).
These areas were especially chosen because their surface is comparable to that of the
islands and their floras are very well known.

The aforementioned areas were only compared with the Wadden Islands on a floristic
basis, while comparison within the Wadden Islands encompassed ecological, phytogeo-
graphical and vegetational as well as floristic differentiation. The floristic comparison was
not only related to vascular plants, but also to lichens, because the distribution of the latter
group is less influenced by man (putting aside the negative influence via air pollution).
Similarity coefficients were calculated for the floristic and ecological data using S6rensen’s
program (Odum 1971) in the FORTRAN Iv translation made by Hillebrand & Klapwijk
(1976). A similar program made by Bray & Curtis (1957) was used for the vegetational
data. Dendrograms were composed with the aid of the single and average linkage cluster
analysis.

The data on the vascular plant floras of the Wadden Islands were based on the list
given by Mennema & Weeda (1983). The data on the lichen floras were taken from Brand
& Ketner-Oostra (1983). Data on the vascular plants of the selected area in the Haff
District (squares 10-17, 10-18, 10-27 and 10-28 of the 1von grid) came from van der Ploeg
(1977); those of the selected Dune District area from Boerman (1975) and those of the
selected Kempen District area (squares 50-13, 50-14, 50-23 and 50-24) from Cools & Cools
(1981). Obviously introduced and unnaturalized species were omitted from the
calculations.

The vascular plants of the Wadden Islands were divided into the nine ecological groups
as described by van der Meijden et al. (1983a).

The area of the vegetation types and other features, given by Dijkema (1983) in the
appendix maps, were estimated as follows: each area was cut out and weighed, and each
weight was put in a percentage of the maximum value for that vegetation type or other
feature. By uniting some minor types, calculations were carried out with 25 vegetation
types, instead of the 29 original ones.

For the sake of the geographical approach, the phytogeographical classification of
Europe, as found in the Flora Europaea (Tutin et al. 1964-1980), was combined with that
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Fig. 1. Position of the eighteen Wadden Islands and the three other areas in The Netherlands of which flora and
vegetation were compared.

given by Walter & Straka (1970) (see Fig. 2). In this way five categories were obtained:
North-European elements (e.g. Salix pentandra and Juncus balticus), West-European
elements (e.g. Erica tetralix and Carex trinervis), Central-European elements (e.g. Liparis
loeselii and Corynephorus canescens), Subsouth-European elements (e.g. Carlina acaulis
and Silene conica) and South-European elements (e.g. Tuberaria guttata). A sixth category
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Fig. 2. Rough phytogeographical division of Europe with which the percentages of the phytogeographical
elements of the eighteen Wadden Islands were calculated.

was also discerned: All-European elements, that occur in (nearly) all parts of Europe (e.g.
Plantago major and Anthyllis vulneraria). With the aid of the Flora Europaea (Tutin er
al. 1964-1980) each vascular plant species present on the Wadden Island was placed in
one or more categories. In this manner scores were calculated for each category per
island.

From the premises it will be clear that this phytogeographical study is a comparatively
small scale one, in the border between floristics and ecology.

RESULTS

Comparison of floras

Comparison of vascular plant floras for eight islands and three other districts. The results of
a comparison of the vascular plant floras of eight selected islands, namely Texel,
Terschelling, Schiermonnikoog, Borkum, Norderney, Fohr, Sylt and R6md, with those of
the selected areas from the Dune, Haff and Kempen District are presented in the dendro-
gram of Fig. 3. The Wadden Islands clearly show more relationship between one another
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Fig. 3. Dendrogram obtained by average linkage cluster analysis of the vascular plant floras of eight selected
Wadden Islands and the areas chosen from three other phytogeographical districts in The Netherlands.

than with other areas. The areas from Dune and Haff District, however, are clustered with
the islands at the comparatively high level of 0-61.

Comparison of vascular plant floras for eighteen islands. The dendrogram of Fig. 4 shows
the clustering of the islands, comparing the vascular plants. In this dendrogram four
groups may be discerned, the first three of which cluster above the 0-7 level. The first
cluster comprises Texel, Terschelling, Ameland, Schiermonnikoog, Vlieland and Bor-
kum. The second cluster consists of Juist, Norderney and Langeoog, while the third
cluster is composed of Fohr, Sylt, Romd, Fandé and Amrum. The remaining group
contains Spiekeroog, Skallingen, Nordstrand and Pellworm.

Comparison of lichen floras for eighteen islands. The dendrogram in Fig. 5. represents the
clustering of the islands after comparison of lichen floras. Four groups can be discerned
here too, the first three of which cluster above the 0-6 level. The first cluster contains: Juist,
Norderney, Langeoog, Spiekeroog and Nordstrand. The second cluster covers Vlieland,
Terschelling, Schiermonnikoog and Ameland, and again includes Borkum. In the third
cluster Texel accompanies Romd, Fand and Skallingen. The remaining group is
composed of Foéhr, Sylt, Pellworm and Amrum.
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Fig. 4. Dendrogram obtained by average linkage cluster analysis of the vascular plant floras of the eighteen
Wadden Islands.

Comparison of ecological groups for eighteen islands

The percentages of the species in each of the nine ecological groups are given in Table 2.
Differences between the islands are apparent, but show no geographical tendencies.
The similarity coefficients and dendrograms obtained for each ecological group are not
presented in full, but the essentials are summarized in Table 3. For most ecological
groups the mean similarity coefficients for the islands lie at or above 0-6. Lower means
were found for the ecological group of woods (category 9, mean 0-56) and for that of
fresh water marshes (category 7, mean 0-59). The highest mean (0-73) was found in the
ecological group of salt marshes etc. (category 3). Nordstrand, Pellworm and Skallingen
frequently cluster at a low level, and show different numbers for some ecological groups
(Table 2).

Comparison of vegetation types for eighteen islands

The dendrogram in Fig. 6. illustrates the similarity between the islands, comparing
vegetation types. In this dendrogram three groups may be discerned. One cluster is formed
by Terschelling, Schiermonnikoog, Ameland, Borkum and Norderney, and a second
one by Texel, Sylt, Romo and Fand. The remaining group is very large, containing no
less than nine islands which join singly or in pairs. The levels of similarity in this
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Fig. 8. Dendrogram obtained by average linkage cluster analysis of the lichen floras of the eighteen Wadden
Islands.

dendrogram are mainly very low compared with those in other dendrograms (cf. Figs 4
and 5).

Comparison of phytogeographical origin of vascular plants for eighteen islands

Table 4 gives a survey of the percentages of species in each geographical category for the
islands. The following trends may be observed from this table. The numbers of South- and
Subsouth-European elements decrease slightly in the area from southwest to northeast,
while the number of North-European elements increases towards the north. In the south-
eastern corner of the area the number of West-European elements is slightly lower than
in the other parts of the range. The other two categories (All-European and Central-
European elements) show more or less the same values over the whole range, with the
exception of Nordstrand and Pellworm.

DISCUSSION

The data presented in this study justify the conclusion that the Wadden Islands belong
to one phytogeographical entity, which may be called the Wadden District (Figs 4
and 5, Tables 2 and 3). It seems logical to exclude Skallingen and, particularly, the
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‘polder-islands’ Nordstrand and Pellworm from this district due to their low similarity
levels in the dendrograms. Within this Wadden District some clustering tendencies are
found. A western, a central and a northern group of islands can be discerned, which are,
respectively, Dutch, German and mixed German/Danish. The German island Borkum
often clusters with the western group, the Dutch island Texel sometimes with the northern
group.

The Wadden District seems to be distinct from other Dutch phytogeographical dis-
tricts, although it clusters with the neighbouring Dune and Haff District at the com-
paratively high level of 0-61. Furthermore, it is remarkable that the Dune District first
clusters at the fairly high level of 0-68, with the Haff District and not with the Wadden
District (Fig. 3). The absence of salt vegetation in this Dune District area will partly
account for this. Furthermore it should be noted that in the area chosen from the Dune
District man has recently dug many canals, where several ““Haff species’ have been found
(Boerman 1975).

It can be concluded from Table 4 that climate plays a minor role in the differences
in flora and vegetation between the islands. Heykena (1965), who studied flora and
vegetation of the whole German and Danish North Sea coast, drew the same conclusion.
The relatively high number of West-European elements on most of the northern islands
and of Subsouth-European elements on some of them is in agreement with a pronounced
type of Atlantic climate in that area (Piontkowski 1970).

The differences between the islands in flora and vegetation are mainly determined by
the degree of ecological differentiation. For instance, the islands that often show low
similarity coefficients, namely Nordstrand, Pellworm and Skallingen (e.g. Fig. 4) also
have the lowest species numbers (Table 1). The main cause for this is that some ecological
groups are poorly represented in these islands (Table 2), i.e. that some biotypes are
not fully developed (e.g. dunes). To this ecological differentiation contribute the size
of the islands, their position with respect to the mainland, their orientation, and their
soil types, but most of all man’s influence. These different factors will be discussed
shortly.

The larger islands often have more vascular plant species than the smaller ones. For this
reason the smaller islands usually show low similarity coefficients, and not because they
possess many other species than the larger islands. The islands Texel, Amrum, Sylt, R6mé
and Fano, and the peninsula Skallingen, possess a Pleistocene nucleus, and are north—
south oriented. Furthermore, they have been inhabited by man for a longer period and
more continuously. The west—east oriented islands, particularly the larger ones, can
“build-up” environmental differentiation by land expansion in the eastern part, while the
decrease in the west is greatly reduced by man today. Edaphic factors play a role in the
ecological differentiation, e.g. the presence of lime. We were not able, however, to corre-
late between the percentage of lime in the dune sand or the area covered by peat, on
the one hand, and the number of calcicole or calcifuge species on the other. Detailed
studies, as carried out by Rozema ez al. (1985) on the calcium contents of the dunes of
Schiermonnikoog, would be very useful for the other islands too.

A general problem should be pointed out here: a sole specimen observed only once
counts, in a floristical sense, just as heavily as a large population growing for years in
the same place, but in an ecological and phytogeographical sense these two are totally
different.

That man influences ecological differentiation is evident. Some examples have already
been given. Others are: connecting neighbouring islands (parts of what are now Texel and
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Fig. 6. Dendrogram obtained by average linkage cluster analysis of the 25 vegetation types which were discerned
for the eighteen Wadden Islands.

Borkum), constructing dikes around polders and as connections between islands and the
mainland (Nordstrand, Skallingen), digging ponds and constructing duck decoys, plant-
ing trees and introducing other species, which often naturalize. In the light of these facts
the low similarity coefficients we found when comparing vegetation types (see Fig. 6) are
not surprising. More examples on this subject can be found in Abrahamse et al. (1976) and
Dijkema & Wolff (1983). Because man influences the vascular plant flora and vegetation
so drastically, more information on the phytogeographical relationships between the
islands may probably be obtained by comparing their lichen and moss floras, particularly
if these become known in more detail. The clustering presented in Fig. 5 has already given
a good impression of possible relationships between the islands, but it might also partly
reflect the way in which inventories and identifications of lichens in the Wadden Islands
have been carried out in the past.

Weeda & Mennema (1983: 231) have found a number of relative limits in the area with
the aid of numbers of species that reach distribution boundaries. These relative limits
generally do not coincide with our cluster limits at all. For instance, in their study, 24
species reached their distribution limit between Schiermonnikoog and Borkum, while we
found that Borkum clusters with the group including Schiermonnikoog at the very high
level of 0-81 (Fig. 4). For the Sylt/R6mo situation these values are, respectively, 25 species
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and a clustering level of 0-78. In our methods the similarities in the rich floras of the islands
overwhelm the comparatively slight differences between them.
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