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Introduction

Salt marshes are ecologically very important because they provide a unique habitat
for many plant and animal species. Throughout north-west Europe these ecosystems
have been embanked and exploited for agricultural use since their origin c. 2500
years ago (Bakker et al. 1997; 2002). New salt marshes often developed in front of
these embanked areas, but many of these are now threatened by globally rising sea
level, insufficient sedimentation rates and inability to move inland (Allen & Pye
1992); a phenomenon called ‘coastal squeeze’ (Doody 2004). Along the coast of the
UK, for example, loss of 40% of salt-marsh area in 15 yr has been attributed mainly to
coastal squeeze (Burd 1992). On the eastern Dutch Wadden Sea coast, accretion rates
of new salt marshes have been falling behind embankment rates for many years,
resulting in a 50 km2 deficit in salt-marsh area compared to 1600-1800 AD (Dijkema
1987). One approach to preventing further loss is to re-create salt marshes by breach-
ing, or removing, the seawall around the embankments (Radley 1993; Williams 1994;
Bakker et al. 1997; 2002). 
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Soil seed bank and driftline composition along a
successional gradient on a temperate salt marsh 

The previous chapter showed that several target species established in restoration sites
after de-embankment. But where did the species come from? The conceptual frame-
work introduced in Chapter 1 identified the soil seed bank of the community species
pool as a possible source of target species, provided that seeds are viable long enough
to survive the period of embankment. The present chapter investigates the soil seed
bank at different successional stages in a natural salt marsh and provides a longevity
index based on the relative abundance of seeds in different depth layers of the soil. In
addition, the potential role of tidal water in dispersing seeds homogeneously across
the salt marsh is assessed from driftline material at different successional stages of the
vegetation

Mineke Wolters & Jan P. Bakker

Applied Vegetation Science (2002) 5, 55-62.
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The success of salt-marsh re-creation largely depends on (1) the presence of salt-
marsh species in the target area, (2) the distance between this area and a source area
harbouring the required salt-marsh plants (i.e. the species pool) and (3) the ability of
the species to disperse into the target area (Morton & Law 1997; Zobel 1997; Willems
& Bik 1998; Zobel et al. 1998). It is believed that while salt-marsh plants are absent
from the vegetation of the target area their seeds may still be present in the soil seed
bank, from which they can emerge when conditions are suitable (Fenner 1985). In
cases where the species do not form a seed bank, or where the seeds are not viable
long enough, they need to be dispersed into the target area. In these cases, the pre-
sence of barriers between the source and target areas and dispersal strategies become
important (Zobel et al. 1998). 

The importance of soil seed banks in determining the establishment of salt-marsh
plants is not clearly understood (Ungar 1987), but the scarce seed bank records so far
suggest short longevity of seeds of most salt-marsh species (Thompson et al. 1997).
Therefore, successful salt-marsh restoration has to rely on seed dispersal from nearby
source areas. Different studies on seed dispersal indicate that most salt-marsh species
are able to float in the water column (Waisel 1972; Koutstaal et al. 1987; Huiskes et
al. 1995) and are found in large quantities in driftline material (Gerlach 1999;
Persicke et al. 1999). However, neither establishment nor viability of the seeds has
been tested, so that the cited studies represent potential, rather than actual, dispersal
success. The only example of actual seed dispersal identified shows that limited seed
dispersal may be important in determining the species composition of the vegetation
(Rand 2000). Hence there is an urgent need to investigate the exact mechanism of
salt-marsh development in order to prevent disappointing results from future salt-
marsh restoration projects. 

We have studied a natural salt marsh to answer the following questions: (i) What
is the composition of the viable soil seed bank? (ii) What is the composition of the
viable driftline material? (iii) What is the longevity of the species in the soil seed
bank? (iv) What is the composition of seeds in annually deposited sediment? (v)
What is the importance of the seed bank of soil, driftline material or annually deposit-
ed sediment for species composition of the vegetation during different successional
stages? (vi) What is the prospect of natural re-creation of salt marshes following de-
embankment?

Methods

Study area
The salt marsh under investigation is located at the barrier island of Schiermonnikoog
in the Dutch Wadden Sea (53º 30 'N, 6º 10 'E). This island is extending eastward
because of sediment accretion and, consequently, a chronosequence representing dif-
ferent successional stages in salt-marsh vegetation exists along an east-west gradient.

CHAPTER 4
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At each stage there is an elevational gradient from low to high marsh (Olff et al.
1997). We examined the soil seed bank, seeds in driftline material and the established
vegetation at five different successional stages ranging from 3 to 100 yr old. Distances
between the sites are:
500 m between 3 and 10 yr old;
1500 m between 10 and 25 yr old;
1000 m between 25 and 35 yr old;
2500 m between 35 and 100 yr old. 

The study sites for vegetation and seed bank sampling were at similar elevations, i.e.
20 cm to 40 cm above mean high tide (MHT). The sediment features a clay layer with
a high nitrogen content (2 – 16 cm) on top of a sandy subsoil, which increases with
salt-marsh age (Olff et al. 1997; van Wijnen & Bakker 1997). This sediment is
deposited by tidal water along the entire chronosequence of ca. 6 km. Driftline mate-
rial was collected higher up the marsh at ca. 50 m from the seed bank samples.

Vegetation and seed bank sampling
The established vegetation was monitored by recording the frequency of each species
in ten subplots (0.4 m2) in each of ten plots (4 m2) per site during the summer of
1997. 

The soil seed bank was sampled following the procedure developed by ter Heerdt
et al. (1996). Six soil cores (7 cm diameter) were taken randomly in each of ten plots
(1 m2) per site in November 1996. After removal of vegetative fragments the soil
cores were divided into 0-5 cm and 5-10 cm layers and the layers for the six samples
were pooled, resulting in ten replicates with a total sampled area of 231 cm2 each.
The upper 5 mm of soil, which corresponds to the annual accretion rate at this eleva-
tion (van Wijnen & Bakker 2001), was sampled in March 1997 by scooping ten repli-
cate samples of soil from a 10 cm x 10 cm area at each site. All samples were stored in
the dark at 5 ºC for a month. After this stratification period, the samples were washed
over a sieve (0.2 mm mesh) to reduce the amount of sand and clay. The remaining
material was homogeneously distributed in a 2 mm layer over sterilized compost co-
vered with 1 cm of sterile sharp sand in 25 cm x 25 cm x 10 cm plastic trays and
placed in a glasshouse (15 ºC at night (20.00 to 08.00); 25 ºC or above during the
day) and watered daily. Seedlings were identified, counted and removed as soon as
possible after emergence. After six weeks, germination had ceased and the trays were
left to dry for a week. This allowed the sample to be crumbled to expose deeper
buried seeds to the light. After watering the samples for another two weeks, no new
seedlings emerged. To ensure that no viable seeds remained in the soil, a subsample
of one quarter of the total tray area was viewed under a microscope. Poking the seeds
with a needle enabled us to distinguish between firm and empty seeds. The number
of seeds that had remained in the soil accounted for only 1% to 3% of the total seed
bank. No ‘new’ species were detected.

SOIL SEED BANK AND DRIFTLINE MATERIAL
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Classification of the seed bank and longevity of seeds
A comparison between the presence of a species in the vegetation and the number of
seeds in the soil layers (0-5 cm and 5-10 cm depth) was used to determine the seed
bank type of a species according to the classification key by Thompson et al. (1997).
Species are classified as transient when they are present in the vegetation and either
absent or only present in the upper 5 cm of the seed bank, short-term persistent when
a higher number of seeds is found in the upper soil layer than the deeper layer and
long-term persistent when there are at least as many seeds in the deeper layer as in the
upper soil layer. A minimum of three seeds per layer was the standard used for a
species to be recorded as present. A longevity index was calculated using the follo-
wing equation (Bekker et al. 1998):

LI =  
SP + LP

T + SP + LP

where LI is the longevity index and SP, LP and T represent the number of sites in which
a species was found to be short-term persistent, long-term persistent or transient
respectively. The index ranges from 0 (strictly transient) to 1 (strictly persistent).

Driftline material
Driftline material was collected from the higher part of the salt marsh after storms in
November 1996: ten 0.5 L samples from each of the five sites. The material was air-
dried for a week and a random 10-g dry weight subsample was spread over a tray
filled with sterilized compost topped with 1 cm of sterile sharp sand.  The trays were
covered with black plastic and placed outside for a stratification period of one month
(daily temperature: -5 ºC to 10 ºC). After stratification, the samples were transferred
to the glasshouse and analyzed as the seed bank material. It took at least two months
for germination to stop.

Statistics
Prior to analysis, skewness and kurtosis measurements together with the Shapiro-Wilk
test for normality and the Levene’s test for homogeneity of variances were performed
on all data. If data distribution was not normal, and if variances were not homoge-
neous, data were transformed (log 10 or 1/√) after which the parametric one-way
ANOVA and Tukey test were applied (Zar 1996) (Fig. 4.1). A Dunnett’s C multiple
comparison test followed the one-way ANOVA if a slight heterogeneity of variances
was observed. In cases where data transformation could not prevent deviations from
normality and homogeneity of variances, the Kruskal Wallis test followed by the
Nemenyi test was applied. For each analysis, a 5% significance level was used.
Spearman’s correlation index (R2) was calculated to determine the relationship
between vegetation and the composition of the seed bank or driftline material and
between the driftline and the upper 5 mm of soil. All correlations took into account
the abundance of the species.

CHAPTER 4
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Results

Seed bank classification and seed longevity
A longevity index was calculated for 21 salt-marsh species. There were 11 species
which had seeds with low longevity, seeds of three species had intermediate longevity
and seven species had seeds with high longevity (Fig. 4.2). Agrostis stolonifera, Juncus
gerardi and Spergularia media were the only three species with a strictly persistent
seed bank (Fig. 4.2). 

Established vegetation
The successional trend in the vegetation showed that the 3-yr old transect was domi-
nated by Puccinellia maritima, Salicornia spp., Spergularia media and Suaeda mariti-
ma, which were accompanied by Aster tripolium, Atriplex portulacoides, Limonium vul-
gare and Plantago maritima in the second successional stage (App. 4.1). The absence
of pioneer species from the 25-yr old site is remarkable. These pioneer species were
also absent from the 100 year-old transect.

The total number of species on 40 m2 was lowest at the youngest site but
increased rapidly in older successional stages with the exception of the 25-yr old tran-
sect (Table 4.1). This also holds for the mean number of species on 4 m2. 

Seed bank
The total number of species in the upper seed bank was smallest in the 3-yr old stage
(Table 4.2), but doubled in the 10-yr old site. The mean number of species was signi-
ficantly larger at the 25-yr old site compared to the younger stages. The mean number

SOIL SEED BANK AND DRIFTLINE MATERIAL
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Figure 4.1. Statistical steps
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of individuals was highest at the 100-yr old transect, but revealed no regular increase
in different successional stages. The abundance of seeds was lower in the 5-10 cm
and 0-0.5 cm layers compared to the 0-5 cm layer with the exception of the 25-yr old
transect (Table 4.2). The seed bank was dominated by Salicornia spp., Suaeda mariti-
ma and Spergularia media during the first ten years of succession. These species were
gradually replaced by Seriphidium maritimum, Festuca rubra, Glaux maritima and
Juncus gerardi (App. 4.1) in later-successional stages. 

Driftline
There was a more than twofold increase in species richness during the first seven
years of succession (Table 4.3). Most species were found in the 10-yr and 25-yr old
stages. Interestingly, many dune species were present in the driftline of these two sites
(App. 4.1). The highest number of individuals was observed in the oldest stages.

Correlations
Correlation indices were calculated taking into account only the species from the local
pool (i.e. those species indicated with an asterix in App. 4.1). Significant correlations
between vegetation and the 0-5 cm seed bank were observed for all sites except the
youngest. Driftline and the 0-0.5 cm seed bank correlated best with vegetation of the
three oldest stages (Table 4.4). Not surprisingly, correlations between vegetation and
deeper soil layer were very weak and only significant for the oldest site. A significant
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(other studies) from which the index is calculated. 0 = strictly transient, 1 = strictly persistent.
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Table 4.1. Total and mean number with standard error (n = 10) of species in the vegetation at dif-
ferent successional stages. Different superscripts indicate significant differences (P < 0.05),
assessed by a Tukey test after One-Way Anova.

Successional age (years)
3 10 25 35 100

Total nr. of species (40m2) 8 15 12 18 14
Mean nr. of species (4m2) 6.2 ± 0.4a 11.3 ± 0.5c 7.5 ± 0.5ab 10.7 ± 0.7c 9.3 ± 0.5bc

Table 4.2. Total number of species and mean number of species and individuals with standard
error (n = 10) in four layers of the soil seed bank (sample area = 100 cm2 for 0-0.5 cm and 231
cm2 for 0-5 and 5-10 cm) for different successional ages. Means are analyzed for significant diffe-
rences (P < 0.05), indicated by different superscripts, by a Tukey or Dunnett’s C test after One-Way
Anova or a Nemenyi test after Kruskal-Wallis.

Successional age (years)
3 10 25 35 100

Total nr. of species
0 – 0.5 cm 6 9 11 8 12
0 – 5 cm 9 16 15 14 12
5 – 10 cm 8 7 14 10 10
0 – 10 cm 11 16 17 14 14

Mean nr. of species 
0 – 0.5 cm 2.7 ± 0.3a 3.7 ± 0.5ab 3.6 ± 0.5ab 3.9 ± 0.4ab 5.7 ± 0.7b

0 – 5 cm 4.9 ± 0.3a 6.7 ± 0.5ab 8.4 ± 0.5bc 8.6 ± 0.6c 8.2 ± 0.4bc

5 – 10 cm 4.5 ± 0.3bc 3.2 ± 0.3ab 6.3 ± 0.3d 5.2 ± 0.4cd 3.1 ± 0.4a

0 – 10 cm 5.6 ± 0.2a 7.2 ± 0.5ab 10.0 ± 0.3c 9.1 ± 0.6bc 9.0 ± 0.3bc

Mean nr. of individuals 
0 – 0.5 cm 21.6 ± 4.9a 70.5 ± 7.1b 20.0 ± 7.2a 16.4 ± 4.2a 87.7 ± 15.5b

0 – 5 cm 169.2 ± 23.3b 414.2 ± 41.4c 74.3 ± 6.8a 99.7 ± 13.2a 399.3 ± 68.4c

5 – 10 cm 72.6 ± 11.4b 59.0 ± 4.3b 83.1 ± 10.6b 28.7 ± 4.4a 204.5 ± 35.8c

0 – 10 cm 241.8 ± 22.3ab 473.2 ± 41.7b 157.4 ± 13.1a 128.4 ± 13.2a 603.8 ± 92.8b

Successional age (years)
3 10 25 35 100

Total nr. of species 14 30 29 22 19
Mean nr. of species 12.1 ± 1.2ab 18.0 ± 1.0c 14.9 ± 0.9bc 11.7 ± 1.1ab 10.9 ± 0.6a

Mean nr. of ind. 425.5 ± 81.3a 337.9 ± 56.1a 268.3 ± 33.4a 780.0 ± 217.7ab 1732.4 ± 315.5b

Table 4.3. Total and mean number with standard error (n = 10) of species in driftline material at
different successional stages. Different superscripts indicate significant differences (P < 0.05)
assessed by a Dunnett’s C test and Tukey test respectively, after One-Way Anova.
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Age 3 10 25 35 100 Seed bank 0-0.5 cm

3 0.38 0.42 -0.42 0.18 -0.13
10 0.44* 0.42 0.17 0.24 0.08
25 0.29 0.36 0.75** 0.63** 0.67**
35 0.31 0.35 0.49* 0.44* 0.30

100 -0.05 -0.01 0.60** 0.39 0.63**

Age 3 10 25 35 100 Seed bank 0-5 cm

3 0.38 0.30 -0.11 0.15 -0.43
10 0.42 0.49* 0.06 0.21 0.12
25 0.28 0.33 0.56** 0.52* 0.59**
35 0.43* 0.42 0.25 0.42* 0.37

100 0.04 0.13 0.48* 0.31 0.50*

Age 3 10 25 35 100 Seed bank 5-10 cm

3 0.38 0.38 -0.01 0.25 -0.20
10 0.22 0.35 0.05 0.29 -0.05
25 0.16 -0.08 0.30 0.42 0.50*
35 0.08 0.14 0.18 0.36 0.42

100 -0.20 -0.37 0.31 0.25 0.47*

Age 3 10 25 35 100 Driftline

3 0.31 -0.12 -0.26 0.05 -0.17
10 0.62** 0.18 0.07 0.21 0.05
25 0.51* 0.48* 0.62** 0.86** 0.60**
35 0.46* 0.15 0.18 0.46* 0.14

100 0.26 0.37 0.51* 0.69** 0.54**

* significant correlation, P < 0.05, ** significant correlation P < 0.01
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Table 4.4. Spearman’s correlations between vegetation and seed bank in different layers of the soil
or driftline.

Age 3 10 25 35 100 Seed bank 0-0.5 cm

3 0.77** 0.64** 0.66** 0.63** 0.59**
10 0.47* 0.38 0.69** 0.61** 0.74**
25 0.31 0.21 0.69** 0.45* 0.63**
35 0.38 0.32 0.73** 0.67* 0.75**

100 0.39 0.51* 0.68** 0.68** 0.68**

* significant correlation, P < 0.05, ** significant correlation P < 0.01
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Table 4.5. Spearman’s correlations for salt-marsh species in driftline and soil seed bank (0-0.5 cm)
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relation between the upper 0.5 cm of soil and driftline material was observed for all
but the 10-yr old site (Table 4.5). Interestingly, strong correlations were not only
observed between the vegetation and upper soil layers or driftline of the same site but
also when different successional sites were compared, especially between driftline
material and the 0-0.5 cm soil layer.

Discussion

Seed bank classification and seed longevity
The classification of salt-marsh species in the present study reveals that the majority
of species have a transient or short-term persistent seed bank. This conclusion was
also derived from the database of Thompson et al. (1997). However, a comparison of
the longevity index for each species shows that this could be predicted from the data-
base for only five of 15 species (Fig. 4.2). It is difficult to explain why Salicornia spp.
and Atriplex prostrata have a lower longevity index in this study compared to others.
Glaux maritima is classified as having a long-term persistent seed bank in the present
study whereas other studies give it longevity index of zero. This species is known to
propagate from hibernacles (Yapp et al. 1917; Jerling 1988; Jerling & Elmgren 1996)
which, unlike other vegetative fragments, were not removed from the samples. 

One point of concern is that the classification of seed bank types starts from the
assumption that older seeds are buried deeper than younger ones, because it takes
time for the seeds to penetrate into the soil. This assumption might not hold for salt
marshes, where bioturbation, sedimentation and erosion could affect the vertical dis-
tribution of seeds in the soil. The dissimilarity in seed bank classification may, there-
fore, be due to differences in sedimentation and invertebrate densities between vari-
ous salt marshes. Bekker et al. (1998) counteracted this criticism by providing evi-
dence of no difference in seed longevity between depth-derived and non-depth
derived records. Salt marshes may provide a unique opportunity to relate depth of
burial and age of buried seeds. Prerequisites are knowledge of the rate of sedimenta-
tion and the absence of soil disturbing animals.

Relation between established vegetation, seed bank and driftline
Some species present in the established vegetation are not, or only infrequently, found
in the driftline material at the higher salt marsh at the same site, suggesting their
seeds have poor floating capacity. These species are Aster tripolium, Atriplex portula-
coides, Puccinellia maritima, Spartina anglica and Triglochin maritima. However, seeds
of S. anglica and T. maritima were trapped in floating nets and seeds of A. tripolium in
standing nets by Huiskes et al. (1995). Furthermore, especially the seeds of T. mariti-
ma have long flotation times (Koutstaal et al. 1987). Hutchings & Russell (1989)
observed that the number of seeds of A. tripolium and Puccinellia maritima in the
seed bank exceeded the actual seed production of these species at the same site and

SOIL SEED BANK AND DRIFTLINE MATERIAL
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concluded that immigration or redistribution of the seeds must be the cause. On the
other hand, Milton (1939) observed a marked difference between the small number
of viable seeds of A. tripolium in the soil compared with its abundance in the vegeta-
tion and Rand (2000) also remarked that Aster was rarely found in seed traps. In our
study area it is most likely that, especially in younger successional stages, seed set is
prevented by herbivores such as hares for A. portulacoides (van der Wal et al. 2000b)
and geese for Puccinellia maritima and T. maritima (van der Wal et al. 2000a). This
suggestion is supported by the results of the seed bank analysis, which reveals the
absence of these species. 

Spergularia media, Salicornia spp., Suaeda maritima and, to some extent, Limo-
nium vulgare are present in the vegetation and upper 5 mm of soil. As these species
are also found in the driftline material higher up the salt marsh at the same site, they
are apparently able to spread by floating at least over small distances. L. vulgare seeds
were also trapped in floating nets and Spergularia spp. seeds in standing nets by
Huiskes et al. (1995). In the study by Hutchings & Russell (1989) the number of
Suaeda maritima seeds in the soil exceeded the seed production at the same site

A large number of species are present as viable seeds in the driftline material at the
high salt marsh, whereas these species are not always present in the recorded vegeta-
tion of the same site. This group includes Agrostis stolonifera, Seriphidium maritimum,
Atriplex prostrata, Elytrigia atherica, Glaux maritima, Juncus gerardi, Plantago corono-
pus and Plantago maritima. These species are apparently able to float and cover larger
distances than species of the previous group. Plantago maritima was assumed to be
predated or dispersed by tides (Hutchings & Russell 1989). At the 10-yr and 25-yr old
stages, the driftline material contains many low dune species. Their numbers reduce at
older stages where E. atherica becomes dominant (Olff et al. 1997). This species out-
competes many other species, hence the decline in number of driftline species.

Another study at the island of Schiermonnikoog revealed many viable seeds of
Festuca rubra, Elytrigia atherica and Juncus gerardi and few seeds of Agrostis
stolonifera, Seriphidium maritimum, Plantago maritima, Limonium vulgare, Suaeda
maritima, Triglochin maritima and Salicornia spp. in driftline material (Bakker et al.
1985). Waisel (1972) reported seeds of Atriplex portulacoides, Limonium vulgare,
Puccinellia maritima, Salicornia spp. Suaeda maritima, Triglochin maritima, Elytrigia
atherica and Atriplex prostrata in driftline material in the UK, but their viability was
not tested. Along the mainland coast of Germany seeds of Atriplex spp., Elytrigia spp.,
Phragmites australis and Triglochin maritima were found (Persicke et al. 1999), but
their viability was not tested. Seeds of Elytrigia atherica were trapped in floating nets
by Huiskes et al. (1995) and they also reported that many seeds were trapped at the
ebb tide. This suggests that seeds originating from the higher marsh could be dis-
persed towards the lower marsh but, as we do not find these seeds in the seed bank of
the lower marsh, it seems that seeds trapped in floating and standing nets represent
potential, rather than actual, dispersal. The present study further underlines the
importance of dispersal of seeds of salt-marsh species by sea water. 

CHAPTER 4
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A strong correlation exists between the established vegetation and the upper soil
layer (0-0.5 and 0-5 cm). This suggests that the upper soil seed bank reflects the seed
rain from the established vegetation rather than deposition of seeds imported from
elsewhere by the sea. This agrees with Rand (2000). The youngest site is an excep-
tion, with more salt-marsh species entering the community than actually establishing
in the vegetation. Salt stress might be an important factor limiting the germination of
these species (Egan & Ungar 2000; Noe & Zedler 2001).The assumption that these
species enter the seed bank via tidal water is supported by the exceptionally high cor-
relation between driftline and seed bank at this site (Table 4.5). 
Not surprisingly, the vegetation is least correlated with the deepest layer of the seed
bank. One might expect a better relationship between the seed bank of this layer and
the vegetation from one stage before, but the correlation indices show that this is not
the case. This might be attributed to the transient and short-term persistent character
of most salt-marsh species, preventing them from reaching the 5-10 cm soil layer. 

Seed bank, driftline and vegetation succession
It has been mentioned above that most salt-marsh species can be dispersed by seawa-
ter and the inundating sea easily covers the 6 km distance between the youngest and
oldest site. The complete local pool (Zobel et al. 1998) of salt-marsh species, which
consists of all salt-marsh species present at Schiermonnikoog, therefore has the poten-
tial of entering the community species pool of each successional stage. However, the
input of propagules, as sampled from the soil seed banks and driftline material is not
the same along the chronosequence. Aster tripolium and Atriplex portulacoides were
absent from seed banks of the 10-yr old site (App. 4.1). Aster was not present in the
seed banks from the oldest site. Puccinellia maritima was only present in the seed
banks of the two youngest sites and Triglochin maritima was only present in the 3-yr
old site. The community species pool, including the established vegetation and the
upper seed bank below it (Zobel et al. 1998) is not similar along the chronosequence.
Triglochin maritima, Plantago martima, Elytrigia atherica, Atriplex prostrata and
Armeria maritima, are completely absent from the community pool at the 3-yr old
stage (App. 4.1). All other salt-marsh species are represented in the upper seed bank
and/or established vegetation in the 3-yr old stage, although often at low abundance.
Atriplex littoralis is absent from all community pools, even though it is present in the
driftline material at three sites. Interestingly, Armeria maritima and Plantago maritima
are both absent from the 3-yr, 25-yr and 100-yr old sites whereas they appear in the
10-yr and 35-yr old sites. 

It seems that the succession at the study area can be described as a wave, dispers-
ing relatively large numbers of seeds that first float over the site and than become
concentrated in the narrow zone of the driftline. Few seeds of this potential dispersal
establish at their landing point on the low salt marsh, but once they develop into
plants most of them build up a transient or short-term persistent seed bank that dis-
appears again when the established vegetation has been replaced by late successional
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salt-marsh species. Exceptions to this pattern are Spergularia media with a seed bank
in later-successional stages and Glaux maritima and Juncus gerardi with large seed
banks in early-successional stages.

Implications for management
What is the significance of this study for the natural restoration of salt-marsh commu-
nities in previously embanked agriculturally exploited areas? Our results indicate that
it is unlikely that restoration is possible from a long-term persistent seed bank. Much
better results are expected from seed dispersal by tidal water. However, herbivory in
the source area may significantly reduce seed production and minimize potential seed
dispersal to the target area. This can be prevented by establishing exclosures or aban-
doning cattle grazing at least one year prior to the restoration of the salt marshes.
Deliberate planting of salt-marsh species, or direct seeding might be necessary in
cases where source areas are far away, or where barriers are present which are likely
to limit seed dispersal into the target area.

In the present study, much attention has been paid to the potential dispersal of salt-
marsh plant species as derived from their presence in driftline material. However, the
fate of viable seeds in this material is not known. The next step, therefore, is to moni-
tor the establishment and survival of plants in driftlines. The actual dispersal, i.e.
seeds deposited at a certain site, is derived from the upper 5 mm of the soil seed bank.
This method can be applied on salt marshes such as Schiermonnikoog with a relatively
constant accretion rate. However, where accretion rates vary considerably, e.g. in
newly inundated areas, more accurate measurements of seed input are required.

Continuous monitoring of seed dispersal and species establishment after restoring
tidal access to embanked areas is likely to contribute largely to our understanding of
salt-marsh systems.

Summary

This study focused on the relationship between vegetation succession and soil seed
bank composition on the Schiermonnikoog (the Netherlands) salt marsh, over 100
years. The importance of driftline material in the dispersal of seeds and the relation-
ship with succession was also investigated. The results indicate that the majority of
species have a transient or short-term persistent seed bank. Seeds of most species are
able to float over the salt marsh, after which they become concentrated in the drift-
line higher up the marsh. After plants have established, a seed bank forms, which dis-
appears when vegetation is replaced by later successional species. Exceptions are
Spergularia media which is still present in the seed bank of late successional stages and
Juncus gerardi and Glaux maritima which appear in the seed bank of early successional
stages, while absent in the vegetation. Based on the results of this study the con-
straints and possibilities for salt-marsh restoration from summerpolders are discussed.
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Appendix 4.1. Mean number of 0.4 m2 plots in which species are present in the vegetation, mean
number of seedlings that emerged from different soil layers (area is 100 cm2 for 0-0.5 cm, 231 cm2

for 0-5 and 5-10 cm) and mean number of seedlings that emerged from driftline material with a
dry weight of 10-g per sample. Different superscripts indicate significant differences (P < 0.05)
assessed by a Nemenyi test after Kruskal-Wallis (n = 10). T, SP and LP represent the number of
sites in which a species is classified Transient, Short-term Persistent or Long-term Persistent. The 3-
yr old site and layers with less than three seeds are omitted. An asterix denotes species of the local
pool.

Successional age (yr) Seed bank classification
3 10 25 35 100 T SP LP

Early successional species in the established vegetation
* Aster tripolium Vegetation 0.4a 6.1b -a 2.1ab -a 2 - -

0-5 cm - 0.1 0.2 0.1 0.1
5-10 cm - 0.2 0.1 - -
Driftline 0.9 - 0.7 1.1 -

* Atriplex portulacoides Vegetation 1.0a 7.7bc 0.9a 9.1c 3.1ab 4 - -
Driftline 0.1 - 0.3 1.7 1.0

* Limonium vulgare Vegetation 1.2a 10.0c 7.8ab 10.0c 9.5bc 3 - 1
0-0.5 cm - - 0.6 - 1.1
0-5 cm 0.1a 0.3ab -a 0.4ab 1.3b

5-10 cm - - - - 1.6
Driftline 6.1ab 2.6ab 10.9bc 104.2c 1.4a

* Plantago maritima Vegetation -a 7.2b -a 0.3a -a 2 - -
0-5 cm - 0.1 - - -
5-10 cm - 0.1 - - -
Driftline 3.8ab 5.3bc 19.7c 0.5a 1.4ab

* Puccinellia maritima Vegetation 8.4b 10.0b 0.4a 7.4b 0.4a 4 - -
Driftline 0.4 0.1 - - -

* Salicornia spp. Vegetation 10.0b 10.0b 1.3a 9.3b -a 2 2 -
0-0.5 cm 1.6 0.6 0.4 1.7 0.2
0-5 cm 75.6c 32.7bc 0.3a 4.3ab 0.4a

5-10 cm 33.8b 0.2a -a 0.4a 0.1a

Driftline 16.5b 5.1ab 2.4a 8.9ab 1.8a

* Spartina anglica Vegetation 3.0b 1.6ab -a 0.1a 0.1a 3 - -
* Spergularia media Vegetation 6.4bc 10.0c -a 1.0ab -a - 3 1

0-0.5 cm 4.7bc 9.8c -a 1.2ab 0.4ab

0-5 cm 69.4bc 262.8c 3.9a 8.3ab 4.9a

5-10 cm 30.7bc 51.4c 22.8bc 7.3ab -a
Driftline 10.6 0.5 - 1.6 2.3

* Suaeda maritima Vegetation 10.0c 10.0c 6.5ab 9.8bc 2.2a 1 3 -
0-0.5 cm 14.8bc 58.5c 0.3a 6.4ab 0.1a

0-5 cm 20.6b 107.6c 7.4ab 33.1bc 1.1a

5-10 cm 5.5b 5.8b 0.3a 1.2ab -a
Driftline 143.4c 13.0ab 11.6ab 41.4bc 2.7a

* Triglochin maritima Vegetation -a -a 1.4ab 1.3ab 3.3b - 3 -
0-0.5 cm - 0.3 0.2 - 0.2
0-5 cm -a -a 0.6ab 0.4ab 1.4b

5-10 cm - - 0.1 - 0.1
Driftline -a 0.1a 0.4ab 3.8b 0.2ab

Later successional species in the established vegetation
* Agrostis stolonifera vegetation - 0.1 - - - - 3 1

0-0.5 cm 0.2 0.4 0.4 - 0.6
0-5 cm 2.1ab 2.9ab 4.3b 3.1ab 1.4a

5-10 cm 1.6ab 0.5a 7.0b 1.6a 0.1a

driftline 10.9bc 56.4c 21.6c 0.7a 0.7ab

* Seriphidium maritimum vegetation -a 1.6a 9.9b 8.7b 10.0b 1 3 -
0-0.5 cm 0.2a 0.5a 13.3b 3.0ab 11.0b

0-5 cm 0.2a 0.3ab 22.2c 3.1ab 5.0bc

5-10 cm - - 1.2 0.8 0.9
driftline 132.2b 3.4a 22.0ab 464.6bc 1638.3c 2 1 -

* Atriplex prostrata vegetation -a -a 3.0b -a 4.0b

0-0.5 cm - - 0.1 0.6 0.3
0-5 cm - - 0.9 0.8 0.7
5-10 cm 0.1 - 0.1 0.2 -
Driftline 0.8a 14.3bc 53.8c 84.8bc 7.0ab
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Successional age (yr) Seed bank classification
3 10 25 35 100 T SP LP

Later successional species in the established vegetation
* Elytrigia atherica vegetation -a 0.2a 0.3a -a 5.5b 3 - -

0-0.5 cm - - - - 0.1
0-5 cm - 0.1 0.2 - -
5-10 cm - - - - 0.1
driftline 5.3a 3.2a 14.8ab 9.9a 29.6b

* Festuca rubra vegetation -a 3.6a 9.9b 5.2a 10.0b 1 3 -
0-0.5 cm 0.1a 0.2a 3.9bc 1.5ab 20.2c

0-5 cm -a 0.5a 18.9b 4.3ab 20.6b

5-10 cm - - 0.5 0.4 0.5
driftline 86.8bc 12.7a 89.8c 30.6abc 16.8ab

* Glaux maritima vegetation -a 4.6ab 0.3a 8.2b 8.3b 1 1 2
0-0.5 cm -a -a 0.6a 0.1a 12.1b

0-5 cm 0.2a 0.8a 10.9b 4.5ab 3.5ab

5-10 cm -a -a 26.9b 8.1b 2.8ab

driftline 5.6a 53.6b 2.7a 2.6a 2.2a

* Juncus gerardi vegetation -a -a 2.1ab 2.0ab 7.3b - 3 1
0-0.5 cm -a -a 0.1a 1.9ab 41.4b

0-5 cm 0.8a 5.3ab 8.2ab 39.7bc 360.3c

5-10 cm 0.7a 0.8a 11.9ab 10.2b 198.2b

driftline 0.1a 6.2ab 3.2ab 16.4b 19.9b

Rare species
Arenaria serpyllifolia driftline - 1.8 0.5 - -
* Armeria maritima vegetation - 0.5 - 1.5 - 2 - -

driftline - 0.3 0.1 0.1 0.4
* Atriplex littoralis Vegetation - - - - -

driftline 0.1a -a -a 1.0ab 3.4b

Centaurium littorale 0-5 cm - 0.1 0.1 0.6 -
5-10 cm - - - 0.1 -
driftline - 4.7 0.7 - -

Centaurium pulchellum 0-5 cm - 0.4 0.3 - -
5-10 cm -a -a 18.8b -a -a
driftline - - 0.8 - -

Cerastium fontanum driftline - 1.1 0.7 2.3 -
Chenopodium spp 0-0.5 cm - 0.1 - - -

5-10 cm - - 0.1 - -
driftline - 0.3 0.2 2.3 -

* Cochlearia danica vegetation - - - 0.1 - 1 - -
Elytrigia farctus driftline 0.1 - - - -
Leontodon saxatilis driftline 0.2a 6.2b 0.6ab -a -a
Linaria vulgaris driftline - 0.3 - - -
Tripleurospermum maritimum driftline - - 4.2 0.1 0.1
Odontites vernus driftline -a 6.1b 0.5ab -a -a
Oenothera parviflora driftline -a 7.3b 0.3a 0.2a -a
Plantago coronopus 0-5 cm - 0.1 - - -

driftline 1.3ab 128.8c 5.5bc -a 3.1ab

Polygonum aviculare driftline 0.1 0.2 - 1.1 -
Potentilla anserina driftline - - 0.1 - -
Sagina maritima driftline - 0.3 - - -
Sagina procumbens 0-0.5 cm - - 0.1 - -

0-5 cm 0.2 - - - -
5-10 cm 0.1 - - - -
driftline 0.1 0.7 - - -

Sedum acre driftline 0.3 3.5 - - -
Senecio jacobaea driftline - - 0.1 - -
Senecio sylvaticus driftline - - 0.1 - -
Sonchus arvensis driftline - 0.1 - - -
* Spergularia marina vegetation - - - 0.5 0.5 2 - -
Stellaria media 0-5 cm - - 0.2 - -

5-10 cm - - 0.1 - -
* Trifolium repens vegetation - - - 0.5 - 1 - -

0-5 cm - - - 0.1 -
5-10 cm - - 0.1 - 0.2
driftline - - 0.2 - -

Typha angustifolia 0-5 cm - 0.1 - - -
5-10 cm 0.1 - 0.1 - -

Urtica dioica driftline - - - - 0.1
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Introduction

In the past two decades, several previously reclaimed salt marshes in north-west
Europe have been deliberately de-embanked with the aim of restoring salt-marsh ve-
getation (Wolters et al. 2005; Chapter 3). It is assumed that target plant species will
colonize naturally once tidal water is allowed to re-enter the site. During the period of
reclamation, the original established salt-marsh vegetation will often be replaced by
glycophyte species. However, the salt-marsh species may still be present in the soil
seed bank from which they may emerge when favourable conditions for their estab-
lishment return. A prerequisite is that the seeds are viable for long enough to survive
the period of embankment. Previous studies on established salt marshes implied that
the majority of salt-marsh species does not form a long-term persistent seed bank, as
their abundance in deeper (and presumably older) soil layers is generally much lower
compared with their abundance in the upper soil seed bank or in the above-ground
vegetation (Thompson et al. 1997; Wolters & Bakker 2002; Chapter 4). However, it
remains uncertain for how long the species are able to survive in the soil and hence
what the potential of the soil seed bank for salt-marsh restoration is. Of the 37 de-
embankment sites identified in north-west Europe that were monitored for plant
species assemblages (Wolters et al. 2005; Chapter 3), only one site had information
on the soil seed bank before de-embankment. The seed bank of this site, which was a
summerpolder before de-embankment, contained seeds of six salt-marsh species,
including Suaeda maritima, Spergularia marina, S. media, Salicornia spp., Atriplex
prostrata and Puccinellia maritima (Bakker et al. 2001). These species may have
entered the soil seed bank in winter when tides could have flooded over the low sum-
merdike, rather than having survived the period of embankment. 

85

Composition of a soil seed bank before and after
de-embankment

In Chapter 4 it was shown that the majority of salt-marsh species does not form a
long-term persistent seed bank. It was therefore assumed that the seed bank does not
play an important role in the restoration of salt-marsh vegetation after de-embank-
ment. The present Intermezzo examines whether this assumption holds for a relatively
recently reclaimed salt marsh and how long it takes for halophytes to build a seed
bank and for glycophytes to disappear from the seed bank after de-embankment.

Mineke Wolters & Angus Garbutt

INTERMEZZO1
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Information on the composition of the soil seed bank is not only important with
regard to the potential establishment of target species but also for determining the
possibility of establishment of non-target species. The latter possibility becomes more
important when sites have a relatively high surface elevation with respect to mean sea
level and/or low soil salinity, in which case glycophytes are likely to outcompete halo-
phytes for nutrients and light. In the present Intermezzo we examined the composi-
tion of the soil seed bank of a relatively recently reclaimed salt marsh before and after
de-embankment. Specific questions that were addressed are: (i) does the soil seed
bank contain any target species before de-embankment? (ii) how quickly do the tar-
get species form a soil seed bank after de-embankment? (iii) what is the relationship
between the soil seed bank and the above-ground established vegetation? (iv) do gly-
cophyte seeds retain their viability in the soil seed bank after de-embankment?

Methods

Study area
The Freiston managed-realignment site is located on the south-Lincolnshire Wash
coastline, east England  (Myatt et al. 2003).  The 78 ha site was embanked between
1978 and 1982 for agricultural purposes, but because the reclamation was too far sea-
ward, the embankment accidentally breached several times during construction and
nearly breached in 1996. Since 1982, the sea had no access to the reclaimed land. In
order to maintain coastal protection it was decided to deliberately breach the sea
defence and re-establish an existing old seawall (English Nature 2002). Construction
work consisted of strengthening the old sea defence and creating artificial channels
and connecting them with creeks on the fronting salt marsh. The embankment was
breached at three places (each 50 m wide) at the end of August 2002 (Symonds &
Collins 2004). 

Established vegetation
Prior to de-embankment, a survey of the vegetation was undertaken by walking
through the site with two people. Species abundance was estimated and classified
into five classes: dominant (D), abundant (A), frequent (F), occassional (O) and rare
(R) (Tansley 1946). The presence of target species in the first and second year after
de-embankment was recorded in 100 subplots (20 cm x 20 cm) randomly placed
within a 10 m2 plot at six locations in July/August. 

Soil seed bank
The soil seed bank was sampled in the beginning of August 2002 (i.e. one month
prior to de-embankment) and on 2,3 August 2003 and 16,17 July 2004 (i.e. the first
two years after de-embankment). Ten samples of three (pre-breach) or four (post-
breach) cores were taken from a 10 m2 area in each of six locations within the restora-

INTERMEZZO 1

86

MWoltersdiss  04-04-2006  13:04  Pagina 86



tion site with a 5 cm diameter auger at 0-5 cm depth. In the pre-breach situation sam-
ples were also taken from the 5-10 cm layer, but data are not shown because species
composition in this layer was comparable to the upper layer, although in general
there were fewer seeds. The samples were treated according to the seedling emer-
gence method described in ter Heerdt et al. (1996). The mean of the ten samples per
10 m2 of the six locations was used to calculate a grand mean for the entire restora-
tion site. Data are expressed per m2 (i.e. multiplied by 169.49 for pre-breach samples
and 127.39 for post-breach samples). Species that were present with fewer than 10
seeds per m2 in any one year were omitted from the analysis.

Results

Established vegetation
The established vegetation prior to de-embankment was dominated by a dense sward
of Agrostis stolonifera and Lolium perenne with large patches of Cirsium arvense and
abundant stands of Holcus lanatus, Cirsium vulgare and Senecio jacobaea (Figure I1.1).
The site was intersected by drainage ditches on the banks of which Elytrigia repens
and E. atherica occurred. Both species, as well as Agrostis are considered target species
of the southern North-Atlantic region (Wolters et al. 2005; Chapter 3). Five other tar-
get species were observed, including Festuca rubra, Puccinellia maritima, Spergularia
marina, Salicornia spp. and Suaeda maritima (Figure I1.1). The latter four species
occurred in a few isolated patches along a vehicle track. After de-embankment, the
original vegetation was quickly killed by the inundating seawater.

Soil seed bank
Prior to de-embankment, the soil seed bank hardly contained any target species (Fig.
I1.2). Exceptions were Agrostis stolonifera, which was also the dominant species of the
established vegetation before de-embankment, and Sagina maritima and Spergu-laria
marina which were present with only few seeds per m2. Agrostis remained abundant
in the soil seed bank for at least two years after de-embankment. Salicornia spp. and
Spergularia were the only other salt-marsh species present in the seed bank after one
year of restoration. Suaeda became abundant in the seed bank in the second year
after de-embankment. In addition, seeds of Puccinellia maritima and Sagina maritima
were found in low quantity. The abundance of Salicornia and Suaeda in the soil seed
bank, two years after de-embankment, was representative of their abundance in the
above-ground vegetation (Fig. I1.2). 

Prior to de-embankment, 17 glycophyte species were present in the soil seed bank
of which seven decreased sharply in abundance after de-embankment (Fig. I1.3).
Species that remained abundant despite frequent inundation with seawater were Poa
trivialis, Poa annua, Sonchus asper and Cirsium arvense with more than 100 seeds per
m2 in the seed bank two years after de-embankment. 
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Figure I1.1. Relative abundance of species in the vegetation before de-embankment (D, dominant;
A, abundant; F, frequent; O, occasional; R, rare). 
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Figure I1.2. Percentage frequency of occurrence of target species in the established vegetation and
mean number of seeds per m2 in the soil seed bank (0-5 cm) before and after de-embankment with
standard deviation (n=6).
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Discussion

The main issue of the present Intermezzo was to determine whether the soil seed
bank could play an important role in the establishment of salt-marsh species after de-
embankment. The results show that, disregarding the abundance of Agrostis which
was the dominant species in the pre-breach established vegetation, hardly any salt-
marsh seed was present in the soil seed bank before de-embankment. These results
imply that salt-marsh species are unable to survive a 30-year period of embankment
and agricultural exploitation and support earlier conclusions that the majority of salt-
marsh species does not form a long-term persistent seed bank (Thompson et al. 1997;
Wolters & Bakker 2002; Chapter 4). Survival of seeds in the soil seed bank is of
course affected by agricultural practices like ploughing, which may destroy the seeds
or stimulate germination. When there is no fresh input of seeds, the soil seed bank
may thus deplete over time despite the possibility of species having long-term persis-
tent seeds. 
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Figure I1.3. Mean number of seeds per m2 with standard deviation (n=6) of glycophytes in the
soil seed bank (0-5 cm) before (year 0) and after (year 1,2) de-embankment. 
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A second issue involved the question of how quickly the target species would build
a seed bank. The annual species Suaeda maritima and especially Salicornia became
abundant in the seed bank within two years after de-embankment. Both species
established in the vegetation within one year after de-embankment and presumably
set seeds which either germinated in the following growing season or became incor-
porated in the soil seed bank. Seed bank formation proceeded much slower for the
perennial species Puccinellia maritima, which was present in the established vegeta-
tion in the first year after de-embankment but occurred with less than 20 seeds per
m2 in the seed bank in the following year. Aster tripolium, Atriplex portulacoides and
Spartina anglica did not yet form a seed bank despite having established in the vege-
tation. Aster (Clapham et al. 1942) and Puccinellia (Gray & Scott 1977) normally do
not flower in the same year of seed germination and therefore do not contribute to
the seed bank in that year. Seed production in Atriplex (Chapman 1950) and Spartina
(Ranwell 1964) can be highly variable and the subsequent spread of these species
may depend more on vegetative reproduction.

The third question was whether glycophyte seeds would retain their viability after
de-embankment when the site became frequently inundated by seawater. There
appear to be two distinct groups of species, the seed bank of the first group of species
(Poa annua, Poa trivialis, Sonchus asper, Cirsium arvense, Chenopodium album,
Sonchus oleraceus, Polygonum aviculare and Poa pratensis) did not change perceptibly
after de-embankment, whereas the seed bank of the second group (Rumex obtusi-
folius, Stellaria media, Epilobium spp., Senecio vulgaris, Lolium perenne, Raphanus ma-
ritimus and Picris echioides) rapidly diminished during the first two restoration years.
With the exception of Cirsium arvense and Poa pratensis, all species of the first group
were classified as having a long-term persistent seed bank (i.e. surviving for at least
five years) (Tamis et al. 2004). The second group included three species with a long-
term persistent seed bank, one with a transient seed bank and three species that have
not been classified (Tamis et al. 2004). Nearly all species of both groups have an
Ellenberg indicator value for salinity of 0, which implies that they are absent from
saline sites and non-persistent if subjected to saline spray or water (Hill et al. 1999).
Poa annua and Chenopodium album are slightly salt tolerant and Raphanus maritimus
is common in coastal sites. None of those three species, however, emerged from the
soil seed bank. Agrostis stolonifera is also slightly salt tolerant, but despite its abun-
dance in the soil seed bank and the established vegetation this species did not survive
or re-establish after de-embankment.

Our results show that upon de-embankment, the original glycophyte vegetation is
quickly killed by seawater. However, seeds of several glycophyte species remain viable
in the soil seed bank for at least two years after de-embankment and thus have the
potential to emerge when favourable environmental conditions (i.e. absence of saline
water) occur. Annual salt-marsh species are the first to colonize the site and to form a
soil seed bank. Establishment and seed bank formation proceeds much slower for
perennial salt-marsh species, which may rely more on vegetative reproduction. 
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Summary

The restoration of salt-marsh vegetation after de-embankment relies on the assump-
tion that target species will establish spontaneously. One possibility is establishment of
target species from the soil seed bank of the restoration site, provided that seeds have
survived the period of embankment. Our results show that most salt-marsh species
have disappeared from the soil seed bank within three decades of embankment and
agricultural exploitation. After de-embankment, the annual species Salicornia and
Suaeda were the first to establish in the vegetation and subsequently to form a seed
bank. Several glycophyte species remained abundant in the soil seed bank despite fre-
quent inundation of the site with seawater. The majority of these species were classi-
fied as having a long-term persistent seed bank. For the successful restoration of salt-
marsh vegetation target species have to be dispersed from a nearby source area. When
sites are high in elevation with respect to sea level, establishment of glycophyte
species from the persistent seed bank may negatively affect restoration success.

The assistance of Sijbren Otto with the fieldwork was much appreciated.
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