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Abstract

This research is done on green beaches, sandy beaches where vegetation started to

grow and has formed a natural and unique plant community. The sites which were

visited were all in the Netherlands. Three islands at the north; Schiermonnikoog,

Ameland and Terschelling. The last consisting of two separate sites; Cupidopolder

and Groene Strand. The last site was at the west coast; Goeree. On the sites several

transects were monitored, a total of 23 transects was monitored in the end. The

species that occurred there were species from dune, dune slack and salt-marsh

communities. The vegetation is assessed and it is tested how the vegetation

composition depends on abiotic factors such as elevation and salinity. Elevation is the

most important factor though fresh seepage water causes differences as well. The

transects on Goeree and Groene Strand differ from the other transects and have

features the other sites do not have.
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Introduction

On several places at the Dutch, German and Danish coast there is a development of

vegetation upon the beach. This is called the 'green beach.' Also in micro-biology a

green beach is known, this consists of bacterial mats (pers. communication L.StaI).

In the past 16 years there have not been any real storms and sandbanks have arrived at

the western side of Ameland (Van Tooren & Krol 2005) and Schiermonnikoog

(Bakker et at 2005). On the Rottumerplaat the dunes have been swept away by the sea

and because of that there is a sandbank formed like a hook at the western side of the

island (Kers & Koppejan 2005). Because of this newly emerged young dunes can

maintain themselves on the beach, and are not swept away by the sea. These two

developments together create a less turbulent and less inundated area with less coarse

sand and silt (pers. communication L.Stal). Where there is a possibility for micro-

organisms to establish themselves and they create a nutrient rich area for

phanerogamics to grow, especially the early and intermediate successional plant

species seem to profit from the microbial mat (Adema et a! 2002). This is also visible

in the large amount of nitrification that is found on the Strandvlakte on

Schiermonnikoog (Fig. 1). The very young sites already have a large amount of

nitrogen, which is available for the phanerogamics (01ff et a! 1994). Green beaches

seem to come and go, in the late 1960s there was a green beach on Schiermonnikoog

(Joenje & Thalen 1968) that turned into a dune slack after the construction of an

artificial sandy sea wall (Bakker et a! 2005).

Green beaches are considered to be a first stage of a succession towards salt marshes

(Bakker et a! 2004). But some green beaches also seem to develop into dune slacks

(Bakker et a! 2005). The beach is a dynamic system where inundation of seawater

will create a saline environment. Fresh seepage water from the dune systems behind

the beach can create a rather fresh system within this saline environment. Also, the

elevation of the area determines the frequency of inundation, what in its turn may

have an effect on the salinity. This will cause different plants to grow on different

parts of the green beaches. It is expected that on those areas where the elevation is

low, so there is much inundation of seawater, will have species that can survive in a

saline environment. While those places were much inundation is present and also

fresh seepage water from dunes behind the beach will result in a combination of

species of fresh and brackish conditions. The microbial mat is expected to be
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especially important for nitrogen fixation and nutrient availability (01ff el a! 1994,

Grootjans eta! 1995).

The species composition will depend on the elevation of the area and its salinity both

to elevation and fresh seepage water, which will lead to the following question;

To what extent does the species composition of the green beach fit the known

vegetation classification, and to what extent does the species composition on a green

beach depend on (1) the elevation of the area and (2) the salinity of groundwater? And

what micro-organisms form the microbial mat; do they fixate the nitrogen the plants

need?

V
V

a

I

Figure 1. Nitrification and Ammonification found in different sites with different ages on the
strandvlakte on Schiermonnikoog (01ff et a! 1994).

Material and methods

On all the green beaches which were monitored at Ameland, Goeree,

Schiermonnikoog and Terschelling (Fig. 2), transects were established perpendicular

to the dunes. The beginning of the transects was at the foot of the dunes at the drift

line and ended where the bare beach or young dunes began. The distance between the

transects depended on the size of the green beach. The number of transects ranged

between two and eleven (Table 1). On Schiermonnikoog where the green beach is 10

km long there was a transect every kilometre, and also on Terschelling on the

Cupidopolder. On Ameland where the green beach is about 1.5 km there was a

distance of 400 metres between the transects, and on Goeree there is a 500 metres

distance. The total number of transects amounted to 23 (Table 1). Every ten metres a

plot of 2m x 2m was established in which the vegetation was assessed. All the species

found in the plot were estimated for their cover percentage. The number of plots
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ranged between 8 (Terschelling) and 28 (Schiermonnikoog) per transect. The total

number of plots amounts to 411 (Table 1). Each transect is called after the beach pole

were it was except for the transects on Groene Strand, because there were no beach

poles there.

Figure 2a. The visited beaches in the Netherlands.

9

Figure 2b. Ameland.

Figure 2c. Goeree-O crt1ikkce.



Figure 2. Map of a. the different sites in the Netherlands b. Ameland c. Goeree d.
Schiermonnikoog e. Terschelling. Where the open red circle is the green beaches are situated.
On Terschelling the red circle is the Cupidopolder and the red rectangle is the Groene Strand.
On Schiermonnikoog, were the green beach is largest, the numbers 1-11 are the beach poles
were the transects were.

Table 1. The sites and the number of transects, plots and species in them.

Total # of
pecies/ transect

Figure 2e. Terschelling

- r

Site (# transects) Transect # of plots/
transect

Average # o
species/ pl&

7.5
9.1 30
6.3 24

7.8 28

6.4 25
42

6.5 20
5.4 25

Ameland(3)
5.4 14

5.8 18

6.2 14

Goeree (4)

6 16

6.5 11

7 16

7.5 13

Schiermonnikoog
(11)

1 21 8.3 32

102

2 17 5.2 24
3 16 7.3 26
4 14 4.1 21

5 22 17 59

6 25 16 79
7 17 15 53

8 24 11 47
9 28 11 44
10 27 11 44
11 16 11 32

Terschelling 25 17 11 35 55
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Cupidopolder (3) 26 25 9.3 28
35

33 47
36

115

26.8 22 7.7
Terschelling
Groene strand (2)

1 8 6
2 10 7

All 23 411 9

Plant species

Species were identified according to Van der Meijden (1996). All species found on

the green beaches were assigned to a salt value for there salt resistance using the

classifications made by Scherfose (see Van Duin et a!. 2007) (Table 2). The numbers

0, 1 and 2 correspond with fresh, brackish or salt conditions, respectively. The species

were also placed in categories according to their habitat occurrences; dune (A), dune

slack (B) or salt marsh (C) species. This was decided upon according to the

descriptions of the plants in the Dutch flora (Van der Meijden 1996).

Table 2. Salt value according to the resistance of the plants to cr (Van Duin et aL 2007)

Salt value
(Van Duin et aL 2007)

Ci
(Van Duin et aL 2007)

C1

(Scherfose 1987) Category
0 <0.6 g C171 <0.3% Fresh
1 <1.3 g CF/I <0.95% Brackish
2 ?1.3 g CF/l �0.95% Salt

Plant communities

The plant communities found were classified according to the Dutch classification

(Schaminée et a! 1998). For this classification a list of the plant communities found

on the green beaches was available (pers. communication A. Kers, Appendix: Table

1).

Salinity and elevation

The electrical conductivity (mS/cm) of the groundwater was measured as an

indication of the salinity of the area on every transect. This was measured every ten

metres at the left lower corner of the vegetation piots.

The elevation was measured with a Trimble with respect to Mean High Tide (MHT).

First the NAP was measured and then the MHT was calculated. The Mean High Tide

was 149 cm above NAP for Goeree, 104 cm for Schiermonnikoog and Ameland and
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for Terschelling it was 83 cm (ministerie verkeer en waterstaat;

www.waternormalen.nl). In every plot five measurements were made and the mean of

those measurements was used in further data analysis.

The layer of clay was measured in every plot in the middle on those transects were

clay was present. These transects are Goeree transect 6 and 7, Cupidopolder and

Groene Strand on Terschelling all transects.

Micro-organisms

An estimation was made of the coverage of the microbial mat if present in the plot.

On Schiermonnikoog there were two transects (transect 6 and 9) were the micro-

organisms were identified in two places. Close to the dunes and close to the young

dunes on the beach (Identification by I. Severin and L. Stal).

Data analysis

The electrical conductivity was tested against the mean elevation of the plots, also

using a regression with a < 0.05. Furthermore ordinations were made for the

environmental variables, the five sites and those species that occur on at least four of

the five sites, using Monte Carlo permutation tests using the program CANOCO for

Windows 4.52 (ter Braak & milauer 1998). The sampling design was done using

partial canonical correspondence analysis (CCA). The data on coverage from those

species that occurred on at least four of the five sites was used.

Results

First an example of two transects on Schiermonnikoog. The one at beach pole I

shows a decreasing number of species towards the sea (Fig. 3). Towards the sea, the

electrical conductivity increases and the elevation decreases. This happens in both

transects, though in transect 10 there is a little dune in the middle of the transect and

at the end is the beginning of the young dunes. There are no young dunes at transect

1. The total number of species found on transect 1 were 30, on 10 it were 44. The

number of species found in the different plots is in the first plots close to the larger

dune system is higher than closer to the sea. For transect 10 the number of species!

plot is higher than on transect 1.
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Figure 3a

Figure 3b

Figure 3. Schiermonnikoog a) transect 1 b) transect 10 the elevation in cm +1- Mean High
Tide. The values next to the plots are the number of species found in that plot. Underneath the
groundwater level. The values with the groundwater level indicate the electrical conductivity
(mS/cm). In the Figures is also given the occurrence for a few species in the transect.
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Plant species

The total number of species found on the green beaches is 115 (Table 1). The total

number of species found in Ameland was 48, on Goeree 42, Schiermonnikoog 102,

Cupidopolder 55 and on Groene Strand 47 species. Two species do not occur inside a

plot, but very near to them, these two species are Armeria maritima and Dactylorhiza

incarnata, they were only seen nearby a plot on Schiermonnikoog. Furthermore

Hydrocotyle vulgaris was only found in the plots on Groene Strand, but were also

nearby plots on Schiermonnikoog in transect 6.

Eleven species occur on all the different sites, namely, Agrostis stolonfera, Carex

extensa, Centaurium pulchellum, Festuca rubra, Glaux maritima, Juncus gerardi,

Odontites vernus, Phragmitis australis, Plantago maritima, Sagina nodosa and

Triglochin marl! ima. Saline species seem to be most represented in the group, but it is

still a mixture which also contains brackish and one fresh species. No species occur

on all the 23 transects, but the species that occur on more then 20 transects are:

Agrostis stolonfera, Glaux maritima, Plantago marilima and Elytrigia artherica

(Appendix Table 2). This is a rather small amount of species but this is because

Goeree is very saline and because Terschelling Groene Strand is more fresh.

Therefore it is likely that species are excluded from one site though they are actually

important species for the overall green beach. Species that occur on four of the sites

are: Aster tripolium, A triplex prostrata, Bolschoenus maritimus (Scirpus maritimus),

Cerastiumfontanum, Elytrigia artherica, Euphrasia stricta, Hippophae rhamnoides,

Juncus maritimus, Leymus arenarius, Lotus corniculatus, Potentilla anserina,

Puccinellia maritima, Salicornia europaea, Salix repens, Schoenoplectus

tabernaemontani (Scirpus tabernaemontani), Sedum acre, Seriphidium maritimum

(Artemisia maritima), Sonchus arvensis, Spergularia marina (Spergularia sauna) and

Trfoliumfragferum. This is a mixture of especially saline and brackish species.

Most of the species were found on transect 6 on Schiermonnikoog, here 79 species

were found. The transect directly after that was transect 5 on Schiermonnikoog with

59 species. While the average number of species is 35.5 per transect. Least species

were found on Goeree transect 7, were only 20 species occurred. The average number

of species in a plot was 9, some plots did not harbour any species, because the plot

was inundated, or just a sandy place. The highest number of species per plot was

found on Schiermonnikoog transect 6 were two plots contain 27 species.
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Three species were only found on Goeree, namely, Eryngium maritimum, Euphorbia

paralias and Me/ilotus a/bus. These do not occur on the other sites simply because

these are too far to the north; these species have their northern border somewhere near
the latitude of Goeree (pers communication: B. Van Tooren).

Groene Strand on Terschelling has also a few species that do not occur anywhere else.

This site is completely fresh and is entirely surrounded by dunes, and because of that

there will hardly be any inundation. Therefore this site has some fresh species such as

Oenant/ie lachena/ii, Linum catharticum and Po/ygonum aviculare that do not occur
elsewhere on the transects. Chamerion angustfo1ium is a species that is specific for
Ameland.

There are quite a few species that are only found on Schiermonnikoog, some grasses
Loliumperenne, Phleum sp., Poa annua, Elytrigia repens, but also other species such

as Eleocharis palustris, Eleocharis quinqueflora, Epilobium hirsutum, Epilobium

palustre, Epipactis palustris, Eupatorium cannabinum, Ga/ium verum, Honkenya

pep/oides, Prunella vu/garis, Rosa sp. Rumex acetosella, Rumex crispus, Sagina

maritima and Senecio vulgaris (Appendix Table 2). Most of these occur in only one
transect and also in only one plot.

Plant communities

On almost all the transects there was a pattern in their plant communities. First close

to the main dune systems there are the communities such as Atrip/icetum /ittoralis

typicum and Atriplicetum littora/is cirsietosum. Towards the sea there is especially the

young dune community Honckenyo-A gropyregum junce, or salt-marsh communities

such as Spartinetum townsendii, but here Atriplexportu/acoides is missing, this
species is only very occasionally present on any of the green beaches. Therefore the

community Halimionetum portulacoides was not found on any of the beaches, though

in the list it seems to be found occurring on green beaches. In between these ends of
the green beach there was a wide range of different plant communities. Some more
communities from the basis list were excluded, but not one was added. Armerio-

Festucetum /itoralis was excluded due to Armeria maritima missing on the beaches.

One other excluded community is the Salicornietum do/ichostachyae, it was not found
on any of the sites. The most important species of this community is Salicornia
procumbens and that species was found in only one plot on Ameland while Salicornia

europeae was found in every place. So the Sa/icorniegum brachysiachyae was the

15



Salicornia community on the beaches. Puccinellietum maritimaeparapholidetosum

seems present, this community occurs at Goeree. Transect 6, 7 and 7.5 seem to have

this community, though there it is rather species poor, and it might be more a

combination of both Puccinellietum maritimaeparapholidetosum and Suaedetum

maritima without Atriplexportulacoides. Because of the low amount of species

Puccinellietum maritimae parapholidetosum does not fit entirely, but Parapholis

strigosa and also Odontites vernus are too abundant to actually fit in the Suaedetum

maritima type.

Junco-Caricetum extensae seems to be the most resembled plant community on all the

green beaches, especially those transects that are just above the mean high tide line

are dominated by this community. Nevertheless there are some differences, for

example on Ameland Phragmites australis is very prominent, though the best fit is

this community. On Terschelling transect 26.8 showed too much Limonium vulgare

and too much Juncus gerardi. It lacks too many other species too fit in another

community.

Centaurio-Saginetum trfo1itosumfragferi is present on many parts of the green

beaches and is also an important community.

It was not possible to get a determination for all the transects separately, the

vegetation types seems to differ to much from the actual data collected from the field.

Salinity and elevation

The elevation affects the salinity negatively (Fig. 4) Even though there is a significant

negative correlation between the factors, there are some lower points, these are the

points from those places were fresh seepage water was present from dune systems

behind the beaches. There is a significant relationship between the elevation and the

salinity (R = - 42, P < 0.0001) even if the fresh seepage water (are values below 0.7)

is excluded from the test (R = -0.30, P < 0.0001) (Table 3).
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Elevation and the salinity
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Figure 4. Relationship between the salinity and the elevation, the higher the elevation the
lower the salinity. Results with fresh seepage water (R = -0.43, P < 0.0001) and without the
fresh seepage water was left out of the test. (R = -0.30, P < 0.0001). Open circles are plots
with fresh seepage water.

Table 3. Regression test for elevation and salinity. First with fresh seepage water
included and then without.

Regression Summary for Dependent Variable: EC (dataelsketotaal'
R= .42716026 R2= .18246589 Adjusted R2= .17879982
F(1 ,223)=49.771 p<.00000 Std.Error of estimate: 4.2346

Beta Std.Err. B Std.Err. t(223) p-level
N=225 of Beta of B
Intercept 5. ., ;d09 O44 16.7 :1

MHT mean -0.4271 6C 0.060548 -0.032396 0.004592 -7.05489 U.s....

Regression Summary for Dependent Variable: EC (dataelsketotaal2j
R= .30430283 R2= .09260021 Adjusted R2= .08758695
F(1 ,181 )=1 8.471 p<.00003 Std.Error of estimate: 4.4306

Beta Std.Err. ! B Sld.En. t(181) p-level
N=183 OfBet.!.. o(B
Intercept - 5.616772 0.332128 16.91146 Q.00OO
MHT -0 304303 0.070804 -0.022673 0.005275 -4.29780 0.000028

The coverage of species is greatest on the higher elevations. Salt and brackish species

cover more than dune species on these higher spots (Fig. 5). A similar pattern is found
for species of dunes, dune slacks and salt marshes, respectively (Fig. 6). Though here
the salt-marsh species cover even more and brackish species somewhat less.

An overlap is found when comparing species of the categories salt resistance and

habitat (Appendix Table 3). As the classification for some species in the habitats
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dunes, dune slack, salt marsh (Appendix Table 1) is not reliable, the classification of

species according to salt resistance will be further adopted.

A layer of clay up to 4 cm was found on Cupidopolder and up to 18 cm on Groene

Strand and also on two transects (6 and 7) up to 4 cm on Goeree (Appendix Table 4).

Distribution of species over all the elevation
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Figure 5. The distribution of the species, according to salt value, over the elevation classes in
cm +1- mean high tide.
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Figure 6. The distribution of the species coverage, according to habitat type, over the
elevation classes in cm +1- mean high tide.

The number of plant species per plot shows an optimum at intermediate elevation.

This is mainly due to the occurrence of species of fresh and brackish conditions

species of saline conditions gradually decline along the elevational gradient (Fig. 7).

12

o 10
0.
Cl)• 8

0.

0

Distribution of species over the elevation classes

-130 - -54 -54 -22 22 - 98 98 - 164

EIetion (cm +1- Mean High Tide)

Figure 7. The distribution of species number, according to salt value, over the elevation
classes in cm +1- Mean High Tide

It is clear that Schiermonnikoog and Goeree have very low parts and Ameland and

both sites on Terschelling are higher (Fig. 8). On Ameland the coverage of species

decreases enormously in the 98-164 class (Fig.8a). On Goeree the salt species seem to

cover much (Fig.8b), while on Terschelling Groene Strand (Fig. 8e) there is a high

cover of brackish species. Also the plots at both sites at Terschelling are covered more

then on the other sites. The coverage and the number of species differs (Fig 9). On

Schiermonnikoog there seems to be a large number of species per plot (Fig. 9c) while

the coverage is low. Schiermonnikoog is very prominent in the number of species

particularly in the middle elevation classes. The amount of species found there is huge

compared to the other classes and compared to the other sites (Fig. 9, table 1).
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Distribution of species over the elevation classes
on Ameland
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Figure 8b.
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Distribution of species over the elevation classes
on Terschelling Cupidopolder
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Distribution of species over the elevation classes
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Figure 8. The distribution of the species according to salt resistance at the different places a.
Ameland, b. Goeree, c. Schiermonnikoog, d. Terschelling Cupidopolder e. Terschelling
Groene Strand.
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Distribution of species over the elevation classes
on Goeree
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Figure 9b.
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•SaIt
• Brackish
oFreshj

• Salt
• Brackish

o fresh

0

$

ii

•Salt
• Brackish

o Fresh
14

12

10

8

6

4

2

0

Figure 9d.

22



Distribution of species over the elevation
classes on TerscheHing Groene Strand
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Figure 9e.

Figure 9. The distribution of the number of species found per plot over the elevation classes
for a. Ameland b. Goeree c. Schiermonnikoog d. Terschelling Cupidopolder e. Terschelling
Groene Strand

An ordination shows that the site Goeree is rather low and saline, whereas the site

Terschelling Groene Strand is at other end of the environmental gradient with highest

elevation has the lowest electrical conductivity, and the thickest layer of clay (Fig.

10). An ordination of all transects reveals that Schiermonnikoog 11 and Terschelling

Cupidopolder 25 are outlying (Fig. 1 la). The remaining transects reveal two clusters,

the lower cluster low and saline and the upper cluster higher and fresh (Fig 11 a). An

ordination of these remaining transects (Fig 11b) shows that on Schiermonnikoog

there are three groups of transects, first 1, 2, 3, 4 which are relatively saline and at low

elevation, then transects 5, 6, 7 which are relatively fresh and at high elevation,

whereas transects 8, 9, 10 are more fresh and brackish also at high elevation. Goeree

has two transects (7 and 7.5) which are very low and saline. Another transect is less

low and saline (6), and transect 6.5 is a more fresh transect. This last transect is also a

sandy transect much like 8-10 on Schiermonnikoog. Ameland is generally fresh and

brackish, but not very high. All the transects lie in the same cluster. Terschelling

Cupidopolder shows one transect in the same cluster as transect 5, 6, 7 on

Schiermonnikoog, It is also high and fresh like these. Terschelling Groene Strand has

a layer of clay especially transect 2, but they also are both in the same cluster. The

other transects in that cluster are more sandy with dunes.
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The individual plant species, which are the species that are found on at least four of

the five sites, show four groups: 1) low salt marsh at low elevation and high salinity,

2) high salt marsh at intermediate salinity and elevation, 3) dune slack at high

elevation and low salinity, and 4) dry dunes at high elevation, no clay and low salinity

(Fig. 12).

Figure 10. Ordination of all sites and environmental factors including salt values and
elevation categories. The stars are the different sites, with green for Ameland, light blue for
Goeree, dark blue for Schiermonnikoog, orange for Terschelling Cupidopolder and yellow for
Terschelling Groene Strand. The salt values have green X-mark, the dark blue rectangular is
the elevation category. The red arrows are the factors Mean High Tide (MHT), electrical
conductivity (EC) and clay.
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Figure 1 lb.

Figure 11 a. CCA Ordination of all transects and environmental factors including salt values
and elevation categories. b. the same ordination for the transects but then without the outlying
transects Schiermonnikoog transect 11 and Cupidopolder transect 25.
The stars are the different sites, with green for Ameland, light blue for Goeree, dark blue for
Schiermonnikoog, orange for Terschelling Cupidopolder and yellow for Terschelling Groene
Strand. The salt values have green X-mark, the dark blue rectangular is the elevation
category. The red arrows are the factors Mean High Tide (MHT), electrical conductivity (EC)
and clay.
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Figure 12. The species that are present on at least four of the different sites are in this
ordination, together with the three factors that were assessed, electrical conductivity, Mean
High Tide and clay. The species present on at least four of the sites and used in this ordination
are: Agrostis sto1onfera, Ammophila arenaria, Aster tripolium, Atriplexprostrata,
Bolschoenus maritimus (Scirpus maritimus), Carex extensa, Cenraurium puichellum,
Cerastiumfontanum, Elytrigia artherica, Euphrasia stricta, Festuca rubra, Glau,x marilima,
Hippophae rhamnoides, Juncus gerardi, Juncus maritimus, Leymus arenarius, Lotus
corniculatis, Odontites vernus, Phragmi:is australis, Plantago maritima, Potentilla anserina,
Puccjne/lja marifima, Sagina nodosa, Salicornia europaea, Sal ix repens, Schoenoplectus
tabernaemontani (Scirpus tabernaemontani), Sedum acre, Seriphidium maritimum (Artemisia
maritima), Sonchus arvensis, Spergularia marina (Spergularia sauna), Trfoliumfragferum
and Triglochin maritim.The circles show the species that belong in low or high salt-marsh,
dune slack or dune habitat.
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Micro-organisms

In the micro-organisms that were found are some N2-fixing cyano bacteria (Table 4)

(pers. communication: Severin & Stal). These might be the most important for the

plants, for they provide nitrogen, and that is the most important role found in these

organisms for dune slack species (Adema 2002).

Table 4. The micro-organisms found on the green beach of Schiermonnikoog and if they
fixate nitro2en or not.

Transect
—

Organisms N2-fixating

6

.

Beginning of

transect

Spirulina -

Merismopedia -

Gloeocapsa (Chroococcus) -

Anabaena-type Fixating

phormidiuni-type -

End of

transect

Microcoleus -

benthic Nodularia Fixating

Spirulina -

11

Beginning of

transect

Nodularia Fixating

Spirulina -

Microcoleus -

End of

transect

Gloeocapsa (Chroococcus) -

Nodularia Fixating

Merismopedia -

Akinets (= spores) -

Discussion

The green beach is a dynamic system that can differ greatly. It might take a period of

easy weather for a green beach to come into existence, storms can sweep the young

ecosystem away, though in the last storm (November 2006) it seemed that the green

beach on Schiermonnikoog has gained so much resilience that it got hardly any

damage (pers. communication A. de Groot). This green beach is about 5 years old

(Bakker et a! 2005). The green beaches are a mixture of different communities and

species that are salt-marsh, dune slack and dune species. Salt species are present

everywhere on the green beaches, even though they do decrease somewhat at higher
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elevations. The elevation is the most important factor in determining the species that

occur on a site, especially if looking at salt and fresh species. Nevertheless the fresh

seepage water also is a important feature, as on transect 5-7 Schiermonnikoog is a lot

of fresh seepage water and it clearly is due to that feature that they are grouped

differently then transect 8-11 Schiermonnikoog. The elevation is more or less the

same, while transect 5-7 have more dune slack species and transect 8-1 1 more dune

species.

The decrease of fresh species in the highest elevation compared to the decrease of the

other species is rather more. This is probably due to the fact that those plots are

mostly the first ones at the drift line, so that drift line species (which are brackish) are

more abundant then the fresh dune species. Because the last have to compete for a

clear sandy space to grow.

The salt values seem to give a better result then the habitat classification, which is

rather logical, because when a plant fits in a certain habitat but is more resistant to salt

then another species in the same habitat, it will be able to grow on a more saline place

next to species that might belong to a more saline environment.

The coverage and the number of species is related, it should be expected that when the

coverage is low, the number of species is also low. When the number of species

increases the coverage also increases, but when the coverage is high the number of

species can be high and low. There can be so many species that the coverage will be

large, though there can also be species that dominate and cover almost every part of

the area, leaving no space for many other species. A high cover might be caused by

one species, while a high number of species may only cover very little. So there will

be an optimum and the highest number of species will probably have a intermediate

coverage.

The amount of species that are only found at Schiermonnikoog is rather high

compared with the other sites. This is possible, because Schiermonnikoog has the

largest area of green beach, and because of that the largest diversity in morphology.

Species are more likely to find a spot they can grow there. Low cover may prevent

competition for light until now in contrats to other transects (refs over negatieve

correlatie tussen standing crop en species richness)The number of species on

Schiermonnikoog has not increased compared to earlier studies (Bakker et a! 2005).

Not all the dune slack species were found, while the list of salt-marsh species is

almost complete. This is very likely due to the inability of the seeds from dune slack
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to disperse to the green beach. If a plant disperses its seeds by wind, there is a large

dune before it can actually come on the beach. But it is also possible and likely that

especially the fresher species from the dune slack species cannot survive the salinity

caused by frequent inundation (Bakker et a! 2005).

The sites differ, especially Goeree seems to be an outcast. It is low and saline, and it

has a rather thick layer of clay on transect 7, though it is about 4-5 years old. This

layer of clay is probably a result of the Haringvliet sluices, which cause the water

from the Haringvliet to flow slowly, as a result the clay is deposited rapidly (iers

communication: H. Meerman). Because of this layer of cley and it salinity it might be

called a salt-marsh rather then a green beach for transect 6.5, 7 and 7.5.

The other sites which had clay, Goeree transect 6, Cupidopolder and Groene Strand,

were all 20 -30 years old (Bakker et a! 2005; pers communication H. Meerman) due

to their age the clay could deposit. This also explains why these last two sites on

Terschelling have a somewhat higher elevation. In the ordinations the clay axis is a

result of this age of the transects, that is why th high salt-marsh has not got a thicker

layer of clay than the low salt-marsh.

Groene Strand has a large dune system behind, as have the transects 5-7 on

Schiermonnikoog and the green beach on Ameland. For Schiermonnikoog these

transects were shown to have fresh seepage water before (Bakker et a! 2005). The

Groene Strand also shows what the influence of fresh seepage water can cause on the

long term. Schiermonnikoog and Ameland are still showing a mixture of salt and

fresh species, but eventually, if they continue to exist, it is probable they will develop

into dune slacks. This happened also to a green beach that developed in the first half

of the 20th century on Ameland (Van Tooren & Krol 2005) and another in the 1960's

on Schiermonnikoog (Joenje & Thalen 1968). These two green beaches profited from

human interference though, for in both cases an artificial sand dike was established,

which protected it from any influences from the sea (Van Tooren & Krol 2005;

Joenje & Thalen 1968). Schiermonnikoog has a very broad beach and young dunes in

front of it to protect it. Ameland on the other hand has the sea next to it, and therefore

perhaps has also somewhat more saline species then comparable transects on

Schiermonnikoog, where there is fresh seepage water. The green beach on Ameland is

actually getting smaller again (Krol 2005), so it might disappear entirely.

Schiermonnikoog probably has a small coverage while it has a large number of

species due to its large area. The transects which cause the large number of species do
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have a large coverage, while other transects have less of both and drag the total

coverage of species down.

The plant communities found on the green beaches are mostly explained by

communities from literature corresponding with the former habitats, though not all.

For some there was no classification, because they consisted of a mixture.

The main plant community found was Junco-Caricetum extensae. This is an

association especially characterised by the species Carex extensa, Centaurium

puichellum and Odontites vernus. These were species that occurred on all of the green

beaches, except for Centaurium puichellum which occurred on four of the five sites,

and were rather specific species. The other important plant community was

Centaurio-Saginetum trfolietosum frag jferi, with the species Cenlaurium littorale

and Sagina nodosa. The last species also occurs on all five sites and Centaurium

littorale on four of the five.

Goeree has at some places a large amount of clay, were as it is still a very young

green beach, besides it has mostly only salt-marsh species. Groene Strand is very high

and very fresh and has rather become a real dune slack, so it also differs from the

other green beaches.

The green beach is more or less succesional state which will either dissapear in the

sea again or develop into a salt-marsh or a dune slack, sometimes even in dunes. This

might make it questionable to go and find new plant communities, because the green

beach, being an intermediate state, will always differ from habitats already described.

But that makes it even more important to determine possible new comunnities,

because almost all communities are in fact intermediate successional stages. Also

though a green beach does not always excist very long, Goeree transect 6 is over 30

years old and is neither a salt marsh nor a dune slack, and would be best defined by

green beach.

The micro-organisms that were found on the transects on Schiermonnikoog show

some organisms that do fixate nitrogen, both near and further away from the dunes.

So the plants can fmd their nitrogen from them, as is also shown in dune slacks

(Adema 2002) and the Strandvlakte on Schiermonnikoog (01ff et a! 1994).
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Appendix

Table 1. List of species with habitat and salt value.
Species Habitat Salt value

giostis sto/oinJèra C 1

lninij/ii/a art'naria A 0
lrc'naria ceípvlliJblia A 0
Irmeria mariti,na C 1

lstí.'i tíiJ)a/iii/?l C 2
ltiip/€v littoralis A 2
41iij/rv /ol'tu/(Jcoi(Jes
4tiij/cv Jou\tiata
?eI/is joitiiii,

C 2

C 2

B 0
?cr/J'/r ns B 0
?I1\/nhirlItii\fScirpus rut is) B 1

9o/Iu',ui iiiaritj,nus (Scirpus ,naritimus) B 1

(a4 ii. oiiiijjma A 1

(aIanitnop/zi/a ha/tica A 0
('airy arc'izaria A 0
('iiv distans B 1

Ca,'cv c'vtensa C 1

('aiev/laica B 0
('arev nigra B 0
( arc'.v OL'drri

( riltaliriuni /ittora/e
( t'ntaur uni pu/chL'//uin

B 1

B 1

B 1

( C/(iStiiiJ?i fontanuni B 0
( í'laXtiui?i senzidecandru,n A 0
(Izainerion angustiJo/ium B 0
C7,ciu,n arvense B 0
)actvlor/iiza incarnata B 0
'/eocharis palustris B 0
:/cochai-is guinguflora B 0
:/L'ocharix unig/urnis B 1

'/ìti'i,'ja artherica C 1

7z trig ía juncea (EIi'inusfarctus) A 2
/%n'!'ia rpL'n.c B 1

Lpi/ohiiinz hirsutunz B 1

í:j)ilo/)iiinzpa/zistre B 0
pIpactis /)a/iLS'trls B 0
i'k'a tetra/ix B 0
:rigeron canadensis A 0
patorium cannabinum B 0
'ziphorhiapara/ias B 0
:uphrasia stricla A 1

'estuca rubra C 2
Galium verum A 0
Glaux mar/I/ma C 2
rlieracium umbellatum A 0
tlippophae rhamno ides A 0
Jo/cus lanatus B 1

nlonkenyapeploides A 1
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B 0

nI%J,L/laL,,c iadicata A 0

Juncu. alpinoatiiculatus subsp utricappilus B 1

Juncu.c ain/nguus B 0

Iuncu.c articu/atus B 0

'untus geiardi C 2

Juncus inarituna C 2

(OfltOdOn autuinfla/iS B 1

'ontodoi S1LVUti/iS A 1

L'lnIus arenarluS A 1

anon ium uIgan' C 2

i,zuni caihautuu'n B 0

0/lUFO ;)er!ene B 0

MIlLS orniculatis A 1

'vihenin sa/icaria B 0

.'ILJlFiL(1llJ rp. A 1

fe/i/otu.s a/ha A 0

AIeiitha aguatica B 1

%Iiosoti.c lava .suhrp cesJfllOSa B 0

Odon tiles %'ernus B 1

Oenanihe lc,chena/ii B 1

Oenothera pan'flora A 0

arapho/is strigosa C 2

'arnassia palustris B 0

'hleum sp. A 0

'hragmitis austra/is B 1

Dlantago coronopus A 1

lantago lanceolata A 0

1antago major B 0

'lantago maritima C 2

'oaannua A 0

'oa pratensis A 1

'oa trivialis B 0

'olygonum aviculare A 1

'oientilla anserina B 1

'runella vulgaris B 0

'uccinellia distans C 1

'uccinellia maritima C 2

?anunculusflamula B 0

?anunculus repens B 0

osa spec. A 0

1?umex acetoce/la A 0

umex crispus A 0

Sagina tnaritima B 2

Sagina zodosa B 0

ca/icornia europaea C 2

Salicornia procumbens C 2

calix repens B 0

Salixsp. B 0

also/a kali A 2

Sa,noluc sa/erandi B 1

Shoeiioplectus tahernaernontani (Scirpus B 1



;;1loFItW1l)

s nigricans B 0

___

A 0

___

A 0

A 0

cre

iL iacobaea
iO ViSCOSUS

Senecio vulgaris A 0

Spergularia media (Spergularia rnari1ima) C 2

S'uaeda maritima C 2

Taraxacum sp A 1

Trfoliumfragfeiim C 1

Trfo1ium pralense B 1

Trfolium repens B 0

Triglochin maritima C 2

Veriphidium ,nariti,num (Artemisia ,naritima) C 2

Sonchus arvensis A 0

S'partina ang/ica C 2

''pergularia marina (Spergularia sauna) C 2

Plant communities
The underlined associations are found on the green beaches of this research

Ruppietum maritimae
Scirpus Tabernaemontani
Trifoliofragiferi-agrostisietum stoloniferae centauriesotum
Agrostis stolonifera
A triplicetum littoralis tvvicum
Atriplicetum littoralis cirsietosum
Salsolo-Cakiletum maritimae
Honkenya peploides
Spartinelum townsendii
Salicornietum dolichostachyae
Salicornietum brachystachyae
Suaedetum maritimae
Puccinellietum maritimae typicum
Puccinellietum maritimae parapholidetosum
Plantagini-Limonietum
Halimionetum portulacoides
Puccinellietum distansis tvpicum
Armerio-Festucetum litoralis
Juncetum gerardi
Atriplici-Elytrigietum punentis
Oenantho lachenallii-Juncetum maritimi
Scirpus maritimus
Sagino maritimae coch/earietum danicae sedetosum
Centaurio-Saginetum trifolietosumfragiferi
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Table 2. The species and the number of transects in which the species occur per site. R =

species found adjacent to the transect. Added to the site's name is the number of
transects that site has. And also at the end the number of species that occurs on the site
is added.

_______ _____ _____________ ___________ ___________

Terschelling Terschelling
Ameland Goeree Schiermonnikoog Cupidopolder Groene Strand

(3) (4) (11) (3) (2)

Agrostis stolonifera 3 4 11 2 2

Ammophila arenaria 3 4 9 2 0

Arenaria serpyllifolia 0 0 4 1 0

Armeria maritima 0 0 R 0 0

Aster tripolium 3 4 10 2 0

Atriplex littoralis 0 1 1 0 0

Atriplex portulacoides 2 0 7 1 0

Atriplex prostrata 1 2 5 0 1

Bellis perennis 0 0 1 0 1

Betula pubescens 0 0 1 0 0

Blysmus rufus (Scirpus rufus) 0 0 1 0 1

Bolschoenus mantimus
(Scirpus maritimus) 3 0 11 2 2

Cakilemaritima 0 1 7 0 0

Calaminophila baltica 0 0 1 0 0

Carexarenaria 0 0 2 2 0

Carex distans 1 0 8 0 1

Carex extensa 3 1 9 2 1

Carex flacca 0 0 2 0 2

Carexnigra 0 0 1 0 2

Carex oederi 0 0 4 1 2

Centaurium littorale 0 0 7 2 1

Centaurium pulchellum 3 2 9 2 2

Cerastium fontanum 1 0 4 1 1

Cerastium semidecandrum 0 0 3 1 0

Chamerion angustifolium 1 0 0 0 0

Cirsium arvense 1 0 2 0 0

Dactylorhiza incamata 0 0 R 0 0

Eleocharis palustris 0 0 2 0 0

Eleocharis guingueflora 0 0 3 0 0

Eleocharis uniglumis 2 0 4 0 2

Elytrigia artherica 3 4 11 2 0

Elyirigia juncea (Elymus
farctus) 3 4 8 0 0

Elytrigia repens 0 0 1 0 0

Epilobium hirsutum 0 0 2 0 0

Epilobium palustre 0 0 4 0 0

Epipactis palustris 0 0 2 0 0

Erica tetralix 0 0 0 0 0

Erigeron canadensis 0 1 0 0 0

Eupatorium cannabinum 0 0 1 0 0

Euphorbia paralias 0 1 0 0 0

Euphrasia stricta 0 1 2 1 2

Festuca rubra 3 3 7 2 1

Galium verum 0 0 1 0 0

Glaux maritima 3 3 11 2 2
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Hieracium umbellatum 0 0 1 0 1

Hippophae rhamnoides 2 3 6 1 0

Holcus lanatus 0 0 1 0 2

Honkenya peploides 0 0 1 0 0

Hydrocotyle vulgaris 0 0 0 0 1

Hypochaeris radicata 0 2 3 0 0
Juncus alpinoarticulatus subsp
atricappilus 1 0 5 1 0

Juncus ambiguus 1 0 1 0 0

Juncus articulatus 2 0 7 0 2

Juncus gerardi 1 3 7 2 2

Juncus maritima 2 2 7 1 0

Leontodon autumnalis 0 0 0 2 2

Leontodon saxatilis 0 0 8 3 2

Leymus arenarius 1 1 2 1 0

Limonium vulgare 3 0 10 2 0

Linum catharticum 0 0 0 0 1

Lolium perrene 0 0 1 0 0

Lotus comiculatis 0 1 1 1 2

Lythrumsalicaria 0 0 3 1 0

Matricariasp. 0 1 4 0 0

Melilotus alba 0 1 0 0 0

Mentha aguatica 0 0 2 1 1

Myosotis laxa subsp cespitosa 0 0 1 0 0

Odontites vernus 3 4 7 3 1

Oenanthe lachenalii 0 0 0 0 1

Oenothera parviflora 1 0 3 0 0

Parapholis strigosa 2 4 7 0 0

Parnassia palustris 0 0 2 0 1

Phleumsp. 0 0 1 0 0

Phragmitis australis 3 1 5 2 2

Plantago coronopus 1 4 8 0 0

Plantago lanceolata 0 1 5 0 2

Plantago major 0 0 4 0 1

Plantago maritima 3 3 11 3 1

Poaannua 0 0 2 0 0

Poa pratensis 0 1 4 0 2

Poa trivialis 1 0 3 2 0

Polygonum aviculare 0 0 0 0 1

Potentilla anserina 1 0 9 3 1

Prunella vulgaris 0 0 1 0 0

Puccinellia distans 1 0 8 1 0

Puccinellia maritima 3 3 9 1 0

Ranunculus flamula 0 0 2 1 1

Ranunculus repens 0 0 1 1 0

Rosaspec. 0 0 1 0 0

Rumex acetocella 0 0 1 0 0

Rumex crispus 0 0 2 0 0

Sagina maritima 0 0 6 0 0

Sagina nodosa 2 2 8 1 1

Salicornia europaea 1 3 10 1 0

Salicornia procuinbens 2 0 0 1 0
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Salix repens 2 0 2 3 1

Salixsp. 1 0 1 2 0

Salsola kali 0 0 3 1 0

Samolus valerandi 0 0 2 1 1

Schoenoplectus
tabernaemontani (Scirpus
tabernaemontani) 1 0 3 2 2

Schoenus nigricans 0 0 0 2 0

Sedumacre 1 2 7 2 0

Seneciojacobaea 0 0 1 1 0

Senecio viscosus 0 0 1 0 0

Senecio vulgaris 0 1 2 1 0

Seriphidium maritimum
(Artemisia maritima) 1 2 9 1 0

Sonchus arvensis 3 4 11 1 0

Spartina anglica 0 0 5 0 0

Spergularia marina
(Spergularia sauna) 2 4 9 1 0

Spergularia media (spergularia
maritima) 1 4 3 0 0

Suaeda maritima 1 3 10 0 0

Taraxacum sp 0 0 5 0 1

Trifolium fragiferum 0 1 2 2 1

Trifolium pratense 0 0 1 0 2

Tnfolium repens 0 0 4 2 2

Triglochin maritima 2 1 10 3 2

Total number of species 48 42 102 55 47

Table 3. Percentage of overlap between a habitat
then over at the species.

________________

Habitat/ salt value Percentage
Total # of species

.in category
Aand fresh 56.8 37

B and brackish 39.6 53

Cand salt 76.0 25

Total 55.7 115

and a salt value. First per category and

Table 4. The transects of the sites were a layer of clay was found, and the thickness of

the clay layer.
Place Transect Plot Clay (cm)

6 1 0

6 2 0

6 3 4

6 4 2

6 5 2

6 6 3

6 7 3

6 8 2

6 9 2.5

6 10 4

6 11 4

6 12 4

6 13 0

6 14 0

Goeree
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6 15 0
6 16 0

7 1 0
7 2 0

7 3 2

7 4 2.5
7 5 3

7 6 2.5
7 3

7 8 3

7 9 2

7 10 0
7 11 0
7 12 0
7 13 0
7 14 0
7 15 0
7

Terschelling
Cupidopolder

16

25

0

3

25 2 3

25 3 3.5
25 4 3.5
25 5 3

25 6 0
25 7 3

25 8 3

25 9 0

25 10 0
25 11 0

25 12 0
25 13 0
25 14 0
25 15 0

25 16 0

25 17 0
26 1 0
26 2 0

26 3 0
26 4 3

26 5 3.5
26 6 0
26 7 3.5
26 8 3

26 9 2.5
26 10 0

26 11 0

26 12 2

26 13 2.5
26 14 4
26 15 2

26 16 0
26 17 1.5

26 18 4

41



26 19 2.5
26 20 0

26 21 0

26 22 3

26 23 3.5

26 24 3

26 25 2

26.8 1 3

26.8 2 3

26.8 3 3

26.8 4 3

26.8 5 1.5

26.8 6 1.5

26.8 7 2

26.8 8 0

26.8 9 0

26.8 10 0

26.8 11 0

26.8 12 0

26.8 13 2

26.8 14 1.5

26.8 15 2

26.8 16 0

26.8 17 0

26.8 18 2.5

26.8 19 0

26.8 20 4
26.8 21 0

26.8 22 0

18

Terschelling
Groene Strand

1 2 13

1 3 13.5

1 4 11

1

1

5

6

10

5

1 7 6

1

2

2

2

2

2

2

2

2

2

8

1

2

3

4

5

6

7

8

9

4
10

9

9

12

4
7

11

10

7

2 10 6
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