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Lunch break at Tollesbury, with Sijbren Otto waiting for the tide to turn
before we can collect the astroturf mats
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Introduction

Hydrochory, or diaspore dispersal by water, is an important aspect of the vegetation
dynamics of plant species growing near streams, rivers, oceans and seas. It also plays
an essential role in the restoration of wetlands. However, the development of reliable
and fast methods for empirical studies on hydrochory remains a considerable chal-
lenge, largely because many dispersal units are too small, and movement of water too
unpredictable, to trace sufficiently large numbers of seeds within a reasonable times-
pan. Several researchers have circumvented this problem by examining hydrochory
indirectly. Examples of such studies include the use of seed mimics such as wooden
blocks (Nilsson, Gardfjell, & Grelsson 1991; Andersson, Nilsson, & Johansson 2000),
sunflower seeds (Koutstaal, Markusse, & De Munck 1987; Andersson et al. 2000) or
plastic glitter (Levine 2001) to measure dispersal patterns. Other studies focus on dis-
persal traits such as seed buoyancy and morphology to explain the observed distribu-
tion of plant species along riverbanks (Morton & Hogg 1989; Johansson, Nilsson, &
Nilsson 1996; Danvind & Nilsson 1997; Melcher, Bouman, & Cleef 2000; Nilsson et al.
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Astroturf seed traps for studying hydrochory 

Chapter 4 showed that large quantities of seeds of different species were present in
driftline material, deposited in a narrow zone after extreme weather and tidal condi-
tions. It is not clear, however, whether and where the seeds are actually deposited on
the salt-marsh surface after normal tidal flooding.  The present chapter introduces the
use of astroturf seed traps for studying hydrochory and tests the
effectiveness of astroturf in trapping and retaining seeds of different salt-marsh
species after tidal inundation. The aim of this chapter is to provide a technical study;
the ecological aspects of using astroturf for studying hydrochory is the focus of the
next chapter. 

Mineke Wolters, Jitske Geertsema, Esther R. Chang, Roos M. Veeneklaas,
Peter D. Carey & Jan P. Bakker

Functional Ecology (2004) 18, 141-147.
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2002). Hydrochory has also been measured through seed-addition experiments per-
formed in the field (Schneider & Sharitz 1988; Orth, Luckenbach, & Moore 1994;
Levine 2001; Lacap et al. 2002) or in highly sophisticated flume tanks (Merritt &
Wohl 2002). All these studies provide valuable information on dispersal potential.
However, they do not reveal what proportion of diaspores of which species actually
land at a certain place at a specific time. 

A more direct method for studying hydrochory is the sampling of drift material
deposited along riverbanks ( Skoglund 1990; Cellot, Mouillot, & Henry 1998) or coast-
lines ( Bakker, Dijkstra, & Russchen 1985; Smith et al. 1990; Hacker 1990; Persicke,
Gerlach, & Heiber 1999; Gerlach 1999; Bakker et al. 2001; Wolters & Bakker 2002).
While this material will provide much insight into the composition and abundance of
water-dispersed diaspores, a major drawback is that driftlines are generally formed
only during unusually high tide events and/or storms, and therefore might not be re-
presentative of dispersal under ordinary circumstances. A solution to this problem is
the use of seed traps which can measure hydrochory under normal circumstances at
predefined locations and times. Floating buckets lined with netting have been used to
study hydrochory in rivers (Schneider et al. 1988; Middleton 1995; Middleton 2000),
and floating and standing nets were used to study seed dispersal by tidal water on
salt marshes (Huiskes et al. 1995). However, these traps do not provide information
on the deposition of seeds at the surface from which they may establish during the
growing season. As far as we are aware, there are only two studies in which seeds
have been trapped on the surface of (in both cases) a salt marsh. In these studies,
Styrofoam plates covered with a resinous material (Tanglefoot) were fastened to the
ground to estimate local dispersal (Ellison 1987; Rand 2000). The resinous material
remained sticky after repeated inundation with seawater. Nevertheless on highly sedi-
mentary coasts it is unlikely that the traps would capture seeds sufficiently, as only
seeds in direct contact with the trapping surface would be retained. Also, the analysis
of the captured seeds by microscope is time-consuming and does not provide informa-
tion about the viability of the seeds. Clearly there is a need for an alternative or com-
plementary method for studying hydrochory. Here we introduce the use of astroturf for
trapping water-dispersed diaspores. The method has been tested successfully on salt
marshes and has recently been tested by others on riverbanks (Goodson et al. 2003;
Steiger et al. 2003). Here we have investigated the rate of deposition of diaspores after
a few tidal inundations and compared it with the composition of the established vege-
tation. In addition, we examined the seed-retaining efficiency of the astroturf. 

Methods

Natural diaspore dispersal
Seed traps were made from 45 x 45 cm polyethylene astroturf mats. Each mat con-
tained ≈ 1600 tufts with a diameter of 0.5 cm at the base and consisting of eight 2 cm
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high shoots.  The mats were fastened to the salt-marsh surface at four corners by 17
cm long stainless steel pegs. A plastic bag was placed under the astroturf mats to
avoid seeds from the soil surface adhering to the bottom of the mat. Vegetation taller
than 20 cm and within 2 m of the astroturf was cut and removed.

Replicates of five astroturf mats were placed on an ungrazed pioneer, low and high
salt marsh (–0.10, 0.40 and 0.90 m + mean high tide, MHT, respectively) on 2
December 1999, when high water levels were predicted. The mats were collected two
days later when the pioneer and low zone had been inundated four times and the
high marsh twice. The number of tidal inundations was calculated afterwards from
actual tide data recorded at the nearest tide gauge (data from www.waterbase.nl with
acknowledgements to the Ministerie van Verkeer en Waterstaat)

After tidal inundation, the mats were collected in separate bags and taken to the
laboratory to be rinsed. This was done by placing a mat upright on a 0.212 mm mesh
sieve and directing a jet of water from top to bottom. Depending on the amount of
accumulated sediment, it took between 5 and 15 min to completely rinse one mat.
Where necessary, the material collected on the sieve was washed gently to remove a
surplus of fine sediment, which would pass through the 0.212 mm mesh sieve while
the seeds would be retained. The remaining material was then spread in a thin layer
(< 5 mm) on a tray filled with sterile potting soil and a 4 mm layer of sterile sand
according to the method described by ter Heerdt et al. (1996). The samples were
stored in a dark cold room at 4ºC for one month to allow for cold stratification. After
this period, the samples were transferred to a glasshouse (25ºC day temperature, 15
ºC night temperature, 15 h light period, automatic watering for 1 min twice a day).
Emerging seedlings and tillering stolons were identified, counted and removed as
soon as possible, or where there was difficulty with identification they were trans-
ferred to separate flowerpots and left to mature. After six weeks, germination had
usually ceased. The samples were then left to dry out for a week, after which the top
layer of sterile sand including the sample could be crumbled by hand, then watered
and placed in the glasshouse for another two-week germination period. This proce-
dure was applied to expose seeds buried deeper in the sample layer to the light and
reduce the chance of seeds remaining dormant (ter Heerdt et al. 1996).

Vegetation
To determine whether all species present in the established vegetation were represen-
ted on the astroturf mats, the vegetation composition of the pioneer, low and high
marsh zone was described in July 1999. In each zone the presence of a species was
recorded in ten replicates of 2 x 2 m plots subdivided into ten subplots. A Sørensen
similarity index (Jongman et al. 1995) was calculated for all species encountered in
the established vegetation or on the astroturf mats, irrespective of their abundance; as  

2C/ (A+ B),

ASTROTURF SEED TRAPS
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where C is the number of species shared and A and B are the total number of species
on the astroturf mats and in the vegetation, respectively. Nomenclature follows van
der Meijden (1996) 

Seed-retaining efficiency
To determine whether the seed-retaining ability of astroturf mats was different for dif-
ferent species, seeds of three common salt-marsh species (Aster tripolium, Salicornia
spp. and Suaeda maritima) were added to the mats before tidal inundation. Prior to
this experiment, the seed size, weight and flotation time were measured (Table 5.1).
The weight of one seed was calculated from a sample containing 50 seeds. Flotation
time was measured by placing four replicates of 50 seeds in plastic cups filled with
full-strength seawater. To simulate water movement, the cups were placed in a sha-
king machine (shaking for 24 h day-1, with a frequency of 75 times min-1 and an
amplitude of 1.5 cm). For the seed-retaining experiment, 20 seeds were placed in the
centre of astroturf mats. Five sets of three mats containing 60 seeds (20 per species)
were placed on pioneer, low and mid-marsh zones (–0.55, 0.55 and 0.85 m + MHT,
respectively) of a salt marsh for which the extent and frequency of tidal inundation
was highly predictable. A clean astroturf mat was placed with each replicate of three
to control for natural seed dispersal. The first set of mats was collected after 6 h,
when the tide had flooded and ebbed once. The other sets were picked up after 24 h,
30 h, 7 days and 28 days. The mats were rinsed as before and the remaining material
was checked for the presence of seeds of the three species. 

Results

Natural diaspore dispersal
The astroturf mats were successful in trapping diaspores of different species. In the
pioneer zone, for example, 745 propagules per m2 of five different species emerged
from material trapped during four tidal inundations (Table 5.2). Significantly more
species were captured on the high marsh compared to the pioneer zone (Tukey’s HSD,
α = 0.05), but there was no statistical difference among the number of diaspores cap-
tured in the three zones. Diaspores of Salicornia spp. were the most abundant of those

CHAPTER 5

96

Table 5.1. Seed characteristics and flotation time: number of days after which 50% (T50) and
100% (T100) of seeds have sunk. Weight of one seed based on a sample containing 50 seeds. Seed
size calculated as mean of ten seeds, measured over the longest axis.

Species Weight (mg) Size (mm) Shape T50 (days) T100 (days)

Aster tripolium 3.70 6.64 Elongated 4 71
Salicornia spp. 0.422 1.40 Oval 1 26
Suaeda maritima 1.68 2.10 Disc 1 >90
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trapped on astroturf mats in the pioneer and low marsh zones followed by Spergularia
media and Suaeda maritima (Table 5.3).  Propagules of Plantago maritima, Suaeda
maritima, Atriplex prostrata and Tripleurospermum maritimum dominated the astro-
turf mats in the high marsh zone (Table 5.3). Only Puccinellia maritima and Agrostis
stolonifera had tillering stolons as vegetative diaspores.

Vegetation composition
The established vegetation of the pioneer zone was dominated by Salicornia spp.,
Puccinellia maritima and Suaeda maritima (Table 5.3). Seven more species were
encountered, but at low frequency. The low marsh was dominated by the same three
species as the pioneer marsh, with the addition of Spergularia media and S. marina
(Table 5.3). Seven species occurred in more than 50% of the plots on the high marsh:
Agrostis stolonifera, Plantago maritima, Puccinellia maritima, Spergularia media,
Festuca rubra, Aster tripolium and Glaux maritima (Table 5.3). 

In total, 17 different species were recorded in the vegetation, of which ten were
also collected on the astroturf mats (Table 5.4). Five species (Sagina procumbens,
Cirsium arvense, Tripleurospermum maritimum, Poa annua and Lolium perenne) were
present on the astroturf mats, but absent from the vegetation (Table 5.3). The simila-
rity indices between the composition of the established vegetation and generative and
vegetative diaspores trapped on astroturf mats varied from 0.53 for the pioneer zone
to 0.69 for the high marsh (Table 5.4). All zones combined resulted in a similarity
index of 0.63 (Table 5.4). 

Seed-retaining efficiency
A General Linear Model (SPSS 9.0) was used to assess whether the seed-retaining
ability of the astroturf was different for different species. Location and species were
entered as factor variables with the number of tides as a covariant. The percentage of
seeds remaining on the astroturf mats was used as the dependent variable after arc-
sine transformation. All interactions, as well as individual factors, were tested. As
expected, a significant interaction occurred between location and the number of tides
(P ≤ 0.001), hence these two variables were not tested individually. There was no sig-

ASTROTURF SEED TRAPS
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Table 5.2. Mean number (± SD, n = 5 for pioneer and low marsh, n = 4 for high marsh) of
seedlings (Imean) and species (Smean) per m2 emerging from material trapped on astroturf mats
after four (pioneer and low marsh) or two (high marsh) inundations. Different superscripts indi-
cate significant differences after Tukey’s  HSD multiple comparison test. 

Zone Imean Smean

Pioneer 745 ± 317a 3.4 ± 0.9a

Low 644 ± 373a 5.6 ± 0.9ab

High 310 ± 124a 8.0 ± 2.6b
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Table 5.3. Classification of percentage frequency of species in the established vegetation in three
classes: >50, 20-50 and <20 and mean number (± SD, n = 5 for pioneer and low marsh, n = 4
for high marsh) of seedlings emerging from material trapped on astroturf mats, after four (pioneer
and low marsh) or two (high marsh) inundations. 

Percentage frequency Mean number 
in vegetation diaspores m-2

Species >50 20-50 <20 astroturf

Pioneer
Puccinellia maritima *
Salicornia spp. * 670 ± 313
Suaeda maritima * 36.3 ± 20.4
Aster tripolium *
Atriplex portulacoides *
Atriplex prostrata *
Plantago maritima * 7.8 ± 11.3
Spartina anglica *
Spergularia media * 19.6 ± 19.3
Spergularia marina *
Sagina procumbens 7.8 ± 17.5

Low
Puccinellia maritima * 2.0 ± 4.4
Salicornia spp. * 249 ± 156
Spergularia media * 231 ± 98.9
Spergularia marina *
Suaeda maritima * 105 ± 111
Aster tripolium * 6.9 ± 4.4
Plantago maritima * 1.0 ± 2.2
Atriplex prostrata * 40.2 ± 87.1
Atriplex portulacoides *
Festuca rubra *
Glaux maritima *
Spartina anglica *
Cirsium arvense 2.0 ± 4.3
Tripleurospermum maritimum 1.0 ± 2.2
Poa annua 1.0 ± 2.2
Sagina procumbens 4.9 ± 6.9

High
Agrostis stolonifera * 2.5 ± 2.8
Aster tripolium * 1.2 ± 2.5
Festuca rubra *
Glaux maritima *
Plantago maritima * 98.0 ± 60.1
Puccinellia maritima * 1.2 ± 2.5
Spergularia media * 8.6 ± 10.9
Atriplex prostrata * 61.3 ± 27.0
Elytrigia atherica *
Plantago major * 2.5 ± 4.9 
Potentilla anserina *
Salicornia spp. * 6.1 ± 2.5
Spergularia marina *
Suaeda maritima * 69.8 ± 39.9
Triglochin maritima * 1.2 ± 2.5
Cirsium arvense 2.5 ± 2.8
Lolium perenne 1.2 ± 2.5
Tripleurospermum maritimum 45.3 ± 36.3
Sagina procumbens 8.6 ±17.2
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nificant effect of species on the seed-retaining ability (P = 0.210). With the first tidal
inundation, seeds of all three species disappeared more readily from astroturf mats
placed in the pioneer zone compared to mats in the low and mid-marsh zone (Tukey’s
HSD test, α = 0.05) (Fig. 5.1). After one month (54, 24 and six tidal inundations for
pioneer, low and mid-marsh, respectively) 15-34% of the Aster tripolium seeds, 29-
50% of Salicornia spp. seeds and 10-24% of Suaeda maritima seeds were retrieved
from the astroturf mats (Fig. 5.1). During the experiment, no seeds of Aster tripolium
and one seed of Suaeda maritima on each of three occasions were trapped on the con-
trol mats (n = 15) (Table 5.5). In contrast, natural seed dispersal of Salicornia spp.
resulted in an excess of seeds on astroturf mats in the low marsh during the first tidal
inundation (Fig. 5.1), with 29 seeds being captured on a control mat (Table 5.5). The
number of seeds of each species found on the control mats has been subtracted from
the number left on the corresponding astroturf mats (Fig. 5.1).

ASTROTURF SEED TRAPS
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Table 5.4. Number of species collected on astroturf (A); in the vegetation (B); and shared (C); and
Sørensen similarity index between species in established vegetation and those trapped on astroturf
mats in each salt-marsh zone after four (low and pioneer marsh) and two (high marsh) inunda-
tions.

Zone A B C Similarity index

Pioneer 5 10 4 0.53
Low 11 12 7 0.61
High 14 15 10 0.69
All 15 17 10 0.63

Table 5.5. Number of seeds found on control astro turfs after tidal inundation for 0.25 – 28 days.

Number of seeds found after time period (days):
Zone species 0.25 1 1.25 7 28

Pioneer Aster 0 0 0 0 0
Salicornia 2 1 0 1 0
Suaeda 0 0 0 1 0

Low Aster 0 0 0 0 0
Salicornia 29 1 1 4 0
Suaeda 0 0 0 0 0

Mid Aster 0 0 0 0 0
Salicornia 0 2 2 5 0
Suaeda 1 0 1 0 0
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Discussion

One of the main questions for this study was whether astroturf mats would effectively
capture water-dispersed propagules. Our results demonstrate that this is the case with
up to 745 seeds m-2 and a total of 15 different species being captured. Such yields are
impressive, considering the astroturf mats were inundated only two or four times.

CHAPTER 5
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Figure 5.1. Mean percentage of seeds, with standard deviation (n = 3) of Aster tripolium, Salicornia
spp. and Suaeda maritima, retained on astroturf mats on the mid-marsh, low marsh and pioneer
zone after successive tidal inundations over a period of 28 days. Note the different x-axis scales.
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Approximately the same number of species (14), but many more viable seeds (13800
m-2) were encountered in driftline material collected from our study area in autumn
1996 (Bakker et al. 2001). This nearly fourfold increase was probably because the vo-
lume of driftline material sampled was much larger than that captured on the astroturf
mats. On a different salt marsh, Huiskes et al. (1995) collected 2619 and 842 propa-
gules of 14 and eight species, respectively, in their floating and standing nets during
one tidal inundation in the same month in two successive years. The opening of the
nets was 19.5 cm diameter for the standing nets and 68 x 24 cm (width x height) for
the floating nets. Viability of the seeds was not tested. In a recent study, 24 x 36 cm
astroturf traps were used to investigate the deposition of seeds within winter-flow
deposited sediment along a river. In this study, a mean of 517 viable seeds m-2 and a
total of 73 species were captured over a five-month period. The number of species
and seeds were positively related to the number of inundations (Goodson et al. 2003).

A second important question was whether all species present in the local vegetation
were trapped on the astroturf mats. Our results show that of the 17 species recorded in
the vegetation of the three salt-marsh zones combined, ten were collected on the astro-
turf mats (Table 5.4). However, when taking into account only those species that
occurred in more than 50% of the plots in the vegetation (Table 5.3), 80% of those
species was trapped on the astroturf mats. The absence of Glaux maritima and
Potentilla anserina on the astroturf can be explained by the low seed production of
these species during the study period. Spergularia marina could have been missed
because seedlings of this species are easily confused with S. media. Nevertheless, a
fraction of all seedlings that were left to mature in the glasshouse turned out to be
exclusively S. marina. Seeds of Spartina anglica, Puccinellia maritima and Atriplex por-
tulacoides were also rarely found in the seed bank or in driftline material at another
salt marsh, even though these species were abundant in the vegetation (Wolters &
Bakker 2002). It might be argued that these seeds could have remained dormant
throughout the germination period, but the above study, in which the contents of a soil
seed bank sample were viewed under a microscope after the six-week germination
period, showed that no new species were detected and that the number of seeds
remaining accounted for only 1-3% of the total seed bank (Wolters & Bakker 2002).

The similarity indices between vegetation and dispersed diaspores increased from
pioneer to high marsh (Table 5.4). This pattern corresponds with studies comparing
soil seed bank data with vegetation composition (Bekker et al. 2000; Wolters et al.
2002), where similarity increases with successional age. In a study where astroturf
traps were used to study seed dispersal along a river, similarity indices between vege-
tation and deposited viable seeds varied between 0.558 and 0.603 for different sites
(Goodson et al. 2003).  As it was our objective to write a technical report and not an
ecological study, it is beyond the scope of this paper to discuss these observations in
detail. However, astroturf seed traps can be a helpful tool for studying fundamental
questions about seed dispersal. For example, are seeds mainly dispersed locally, or are
seeds of different species mixed and then distributed evenly by the inundating water?

ASTROTURF SEED TRAPS
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The third question of our study was whether seeds would stay permanently on the
astroturf mats, irrespective of the number of tidal inundations or the period of time.
We focussed on three common salt-marsh species with different seed characteristics,
to investigate whether this would influence the seed retention time. The results show
that seeds added to the centre of the astroturf did not stay there permanently during
multiple tidal inundations. The three species, irrespective of their seed size, weight or
shape behaved similarly. Especially on the lowest elevation, seeds quickly disappeared
from the mats after the first tidal inundation (Fig. 5.1). From this experiment it can
be concluded that, apart from the frequency of tidal inundation, the duration and/or
flow velocity appear to be important factors influencing hydrochory. In a flume chan-
nel experiment, Merritt & Wohl (2002) also demonstrated that flow regime is an
important factor explaining differences in seed deposition. Natural seed dispersal
measured via astroturf traps is therefore the result of the net transport of seeds by
incoming and outgoing tides. Although the method underestimates the total rate of
dispersal, astroturf mats are more efficient in retaining seeds compared to small (10 x
10 cm) pieces of lace placed on an intertidal flat and in a Puccinellia maritima stand.
These pieces of lace retained between 1 and 3% of seeds of Aster tripolium,
Spergularia spp., Limonium vulgare, Triglochin maritima and Plantago maritima after
two tidal inundations (Dijkstra 1985).

Our results establish the astroturf mat as an effective and practical tool for investi-
gating hydrochory. Not only can the traps be used to study fundamental questions
related to population dynamics of salt-marsh and riverine species, but they will also
be very useful in more applied research. In restoration ecology, for example, where
management practices are aimed at re-establishing plant species, knowledge about
actual seed dispersal in the field will be extremely useful (Bakker et al. 1996). So far,
few empirical studies on seed dispersal are known, indicating a need for more field
data. The method presented here will hopefully stimulate the research in this field.

We recommend the following protocol for using astroturf to study hydrochory:

● Put a plastic bag underneath the astroturf to avoid adherence of seeds from the
soil surface to the bottom of the mats. 

● Place astroturf mats (e.g. 45 x 45 cm) on the surface of the study site and fasten at
four corners with at least 17 cm long stainless steel pegs.

● Collect the mats after one or more inundations and put them in separate bags for
transportation.

● Rinse the mats by placing them upright on a 0.212 mm mesh sieve and directing a
jet of water from top to bottom.

● To remove a surplus of sediment, gently wash the collected material .
● Spread the remaining material on trays filled with sterile potting soil, and place

the trays in a glasshouse (daily watering, 15 h light period, 25°C day temperature,
15°C night temperature).

● Identify, count and remove seedlings as soon as possible.

CHAPTER 5
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● After c. six weeks leave the trays to dry, after which the top layer of sand including
the sample can be crumbled to expose deeper buried seeds to the light. Water the
trays for another two weeks after which germination has usually ceased.

It is recommended to store samples collected before the winter period, in a dark room
at 4°C to allow for cold stratification.

Summary

Astroturf mats can effectively trap diaspores dispersed by tidal water. Within four
tidal inundations, up to 745 propagules per m2 and between three and eight different
species per astroturf mat were trapped. Overall, 15 different species were collected on
astroturf mats, ten of which were also present in the local established vegetation. The
other five species must have come from further away, making the method also suit-
able for studying long-distance dispersal. The seed-retaining efficiency of the astroturf
did not differ significantly for species with different seed characteristics. 
The method will be useful for assessing actual seed dispersal at specific sites and over
specific periods of time, and has particular relevance in predicting and evaluating the
success of ecological restoration projects.
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