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SYNOPSIS

The purpose of this study was te investigate the distribution pattern and density of seeds in soil in a gravel-and-sand bar
as well as the influence of the seedbank on standing vegetation. Median densities of the seeds in soil were 928 seeds/m? for the
disturbed environment characterized by gravel materials and 5,344 seeds/m? for the environment characterized by sand
materials. The seeds of all species were widely distributed in the soil. However, the distribution of plants was heterogeneous,
suggesting thal vegetation cover is not dependent on seed distribution but on the environmental conditions of the sites.
Consequently, it can be deduced that although the seeds in soil and vegetation cover were significantly correlated, the local

physical environment can be a more dominant factor than the seeds in soil in determining the bar vegetation in this gravel-bed
river.

INTRODUCTION

Studies have shown that riverine plant commumnities can be destroyed by increases of discharge volume and bed load
volume, or plant communities on the bankface can deposit amount of soil (1, 2). These studies provided evidence of the
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dynamics of river vegetation on the basis of a physical index, the shearing force on the river bed. In river floodplains, these
dynamics may help rejuvenate plant communities. However, more studies are necessary to explain most schemes of river
vegetation succession.

From an ecological point of view, it seems likely that seeds in soil play an essential role in the composition of the plant
community at a particular locality. However, to the best of our knowledge, no studies have measured seedbanks in sandy
riverbeds that experience heavy flood pulses and heavy sand deposition to clarify the relationship between seeds in the soil and
standing river vegetation.

Studies of seedbanks have shown that the amount of seeds differs among land uses, and the species of seeds also may
differ from the species of the aboveground plants (3-6). For example, one study revealed that farmland had dense seedbanks
(29,000-70,000 seeds/m?), whereas the density of forest seedbanks was far less (200-3300 seeds/m) (4). Another study
reported low species similarity between seedbanks and the aboveground plants (5).

Other stadies using channel experiments and numerical analysis {(7-9) reported that seed dispersal contributes to the
formation of plant communities. These studies are important to understand how seedbanks are produced in river systems.

The purpose of this study was to investigate the distribution pattern and density of seedbanks in a gravel-and-sand bar for
better understanding the influence of séedbanks on standing vegetation in general, not only particular species as in the studies

above.
STUDY SITE

This research was conducted on a gravel-and-sand bar which was about 0.1km? in the Naka River, {ocated in northeastern
Japan (Fig. 1). The river’s drainage area is 3,270 km? from the Nasu valley at an elevation of 1,915m. The Naka River has a
length of 150 km, and flows to Ibaraki Prefecture through parts of neighboring Fukushima Prefecture and Tochigi Prefecture.
This site is located at an elevation of about 50m. The river slope at the study site is 1/770, and average grain size of the
substrate is 25 mm. The mean annual maximum discharge is 1,400 m®/s at this site. For several kilometers on either side of
this site, other single gravel-and-sand bars exist. A massive water discharge has not occurred for about 10 years at this site, and

the focal gravel-and-sand bar has remained essentiatly in the same location.

ish'poo (wanda)

4

Fig. 1. Ar aerial photograph of the bar in the Naka River. Values are the sample site numbers.
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The vegetation on the focal bar is characterized by Artemisia capillaries and Anaphalis margaritacea, which formerly
grew on the riverside. Moreover, this site has more indigenous species growing in the dry riverbed and in marshy places on the
bar than other bars in the Naka River.

MATERIALS AND METHODS

Geographical and vegetation maps of the overall study site

To map the topography at this site, more than 1,000 points were cbtained by means of a real-time kinematic GPS survey
from July 5 to 20 in 2007. Based on the points, a map of the bar surface was made by using 2 triangutated irregular network
(TIN} layer using Geographic Information System (GIS) software(ArcGIS ver.9.1). A vegetation map was also created by
means of ArcGIS using an aerial photograph and the vegetation survey data (see below) gathered around the same time as the
topographical survey.

Distribution surveys of the aboveground vegetation and seedbanks

a} Setting of sampling points

Thirty-six sampling sites (each 0.5 m x 0.5 m) were Jocated on each intersection point of vertical direction with crossing
direction. Moreover, we added a sampling site in a backwater area that contains, one site in a plant community of rare species,
and two sites in two plant communities of invasive species. When sampling sites were placed, if several plant communities
occurred in 2 selected site, the site was relocated to a single plant community by moving it around 2-3 m.

b} Gravel-and-sand structure and vegetation on surface

The gravel-and-sand structure and vegetation community were investigated at each site. These structures were classified
into five types according to the amount of gravel and sand on the surface (Fig. 2) (1,11) . In the vegetation survey we recorded

the plant species and the vegetation cover (%) by each species.
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Fig. 2, An illustration of the five types of gravel-and-sand structures on the bar surface
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¢} Excavating gravel and sand

At each site, gravel-and-sand samples were gathered to 0.1-m depth. We assumed that the seeds gathered at this depth
would have a high probability of germination (11).

Grain and seed anclyses
a) Analysis of grain size

The grain size analysis followed the sedimentation method(JIS-A-1204), which entails examining the granularity of the
soil after sun drying. We used the grain diameter classes recognized internationally by river engineers(12),

b) Extraction of seed

In the gravel-and-sand samples, the presence of seeds was confirmed visually when the seed diameter was more than §
mmf{e.g. Sicyos angulatus). For those seeds with a diameter of 8 mm or less, seeds and organic matter were extracted by the
flotation method. For flotation processing, each sample was stirred for 5 min in 50% potassium carbonate (K,CO53) solution
with a specific gravity of 1.54, and the floating seeds and organic matter were collected. The process was repeated three times,
and the collected floating materials were oven-dried at 50 degrees Celsius for about 6 h. After such processing, only about 1/8
of the organic mateial was removed. Seeds were removed manually under a microscope, and both the species and the number
of seeds were recorded.

Almost all of the seeds were discolored and distorted by dryness, shrinkage, having passed through an animal gut or
having been partially consumed by microorganisms, making it difficult to identify seeds to the species level. Therefore, most
seeds were identified only to the family or genus level. When a plant of a family or genus was noted in the aboveground
vegetation, then we judged as that species had existed in the seedbank at least once.

Data analysis
a) Data analysis by GIS

We used ArcGIS to analyze the relationships among surface geography, aboveground vegetation, each grain size, and the
seedbank at the sampling sites. Both the vegetation map and the surface geography map were divided into a 1-m mesh, and the
plant community name and the elevation value were stored in each cell.
b) Analysis of relationship between seedbank species and aboveground vegetation

As an index of the relationship between the seedbank species and the aboveground vegetation, we calculated the

appearance rate. This ratio equals the number of sites at which plants of a species grew, divided by the number of sites at
which the species’ seeds were found. However, the appearance rate was calculated by adding to the number of species within



107

the seedbank, as the species had existed previously in the seedbanks even if certain seed species no longer existed in the
seedbank, but existed in the standing vegetation.

RESULTS
Relationship between geographical features and vegetation in the study area

Geographical features and gravel-and-sand structural types in the study area are shown in Figures 3 and 4. The relative
elevation, the difference between watermark amount at investigating and growth altitude, rose about 3-4 m from the waterside
line in the main current part to the left bank side. Plant communities changed with this elevation gain in the order of
Phragmites japonica community nearest 10 the water, Artemisia princeps community, and a variety of Kummergwia stipulacea

communities. Almost all of the gravel-and-sand structures around this area were types I-I1l. A wando had formed between the

Waterfront oo

Fig. 3. Distributions of relative elevation and gravel-and-sand struclure types

Community name

1.8icyos angulatus

2.Persicaria lapathifolia

3.Miscanthus sacchariflorus

4.Humulus japonicus

5.Humulus japonicas-Phragmites japonica
6.Phataris anundinacea

7.Pueraria lobata- Artemisia princeps
8.Eragrostis curvula

9.0enanthe javanica-Phalaris arundinacea
[0.5alix subfragilis

11.Phragmites japonica

12, Erigeron Canadensis-Setaria faberi
13.Kummerowia stipulacea- Artemisia capillaris
14. Kummerowia stipulacea- Artemisia princeps
15 .Persicaria thunbergii

16 Lespedeza cuneata-Artemisia capillaris
17.Persicaria hydropiper

18.3alix subfragilis

19.Phragmites australis
20.Artemisa princeps

Fig.4 Vegetation map
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Fig, 5. The growth range of communities
sand bar edge and the left bank. Almost all of the gravel-and-sand structures around this area were types IV and V. Moreover,
many plant communities formed a mosaic in the vicinity of the wando.

Annual indigenous herbaceous communities (e.g., Oenanthe javanica—Phalaris arundinacea community, Persicaria
hydropiper community, Polygonum thunbetgii cornmunity) existed in the marshy area. The median relative elevation was
about 0.5 m, and the growth range was narrow, about 1 m (Fig. 5).

Perennial indigenous herbaceous communities existed in both wet and dry conditions aleng with the annual Humulus
japonicus, a climbing plant; the median relative elevation was about 2-3 m, and the growth range was wide, about 3 1.
However, plant communities growing at the same relative elevation differed greatly on either side of the bar top. The P.
thunbergii community (with a plant height of about 1 m) existed mainly from the channel side to the bar top. The Phragmites
australis community and the A. princeps community (with a plant height of about 2-3 m) existed from the sand bar top to the

wando area near the left bank.
Spatial distribution pattern of seedbanks

The seed density and the amount of sand (sand density) at each sampling site are shown in Figure 6; panel (a) shows the

density values for very coarse and coarse sand, and panel (b) shows the density values for below the fine sand. There was a

a) very coarse sand & coarse sand b) below fine sand

Vertical bars: seed density (seeds/m®)
Horizontal bars: sand density (seeds/m™)
Mumerical values are seed densities.

Fig.6 The distribution pattern of seeds and grain sizcs



close relationship between sand density and seed density. The seed density increased moving away from the main channel side
of the bar. Areas of low seed density tended to be in localities with large amounts of below the fine sand and small amounts of
coarse and very coarse sand, whereas high seed density showed the opposite trend.

With regard to gravel structure, the seed density was low in types I-III (i.e., >90% gravel)} and high in types IV and V.
In types I-111, the seed density ranged from 96 to 20,928 seeds/m?, with a median of 928 seeds/m?, whereas in types IV and V
the range was 448 to 21,152 seeds/m?, with a median of 5,344 seeds/m®.

Seedbanks and aboveground vegetation at the study site

The seedbank species were found at 38 of the 40 sampling sites(Table 1). The species whose seeds were distributed
widely across the bar were Portulaca oleracea at 37 sites, Persicaria sp. (Persicaria macrantha or Persicaria lapathifolia) at 36
sites, and Cyperaceae at 35 sites. Some groups were represented by numerous seeds, in the following order: P, oleracea >
Poaceae C (e.g., Eragrostis curvula, Digitaria ciliaris) > Cyperaceae. Moreover, there were many seedbank species that were
not cbserved in the aboveground vegetation. For instance, P. oleracea did not exist in the vegetation on the bar, although it is
widely distributed in the area and there were many seeds of this species in the seedbanks. This was also the case with
Cyperaceae. In addition, the seeds of many tree species in nearby mountainous areas and upstream areas of the watershed were
included in the seedbanks.

The aboveground vegetation at the sampling sites belonged to 21 families (Table 2). The species distributed widely
across the bar were Artemisia indica at 22 sites, P. japonica at 18 sites, and Humulus scandens at 35 sites. Many species in the
aboveground vegetation were not represented in the seedbanks such as A. indica and Conyza canadensis, which were
distributed widely on the bar. The seeds of Artemisia and Conyza reportedly do not persist in seedbanks because they are prone
to drying and shrinkage (15). Consequently, there is a strong possibility that the seeds of these species had degraded due to

weathering because dryness is especially pronounced on the bar.
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DISCUSSION

This study investigated the relationship between distribution patterns of seedbanks and standing vegetation on a gravel-
and-sand bar. Seeds were distributed widely across the bar, although the density of seeds differed between areas with mostly
gravel zone versus areas with mostly sandy zone. Cur results indicate that, although there was a strong correlation between the
seedbanks and the standing vegetation, the physical environmental conditions had a greater influence on which species grew in
particular [ocalities.

Spatial distribution characteristic of seedbanks

The density of the seedbanks varied among the sampling sites. The seed density of sites dominated by sand (i.e., types
VIand V, hereafter collectively called the sandy zone) was about six times greater than that of gravel beds (i.e., types I-1I1,
hereafter collectively called the gravel zone; Fig. 6). However, the density of seeds in both the sandy zone and the gravel zone
was sufficient to supply the vegetation communities with seedlings, and the densities were never less than those reported for
seedbanks in forests (4), The difference in the seed density between the sandy zone and gravel zone was related to the grain
size of the sand, suggesting that this difference depends on the amount of seed washed away by the river during flooding events.

However, we observed no species that were strictly located only in the gravel zone or the sandy zone, We noted that
seedbanks were distributed widely across the sand bar. Some plants were observed Jiving over the entire bar, such as P.
oleracea, Poaceae, Cyperaceae, and Polygonum spp. Some of the species’ seeds were distributed at only half of the sampling

sites, such as Setaria italica, Eleusine indica, and Chamaesyce spp (Table 1}.
Relationship between seedbank species and standing vegetation

Seedbanks were distributed widely across the bar. However, the degree of the growth range of standing vegetation
depended on the environmental gradient of each community (Fig. 5). To explain this discrepancy, we examined how seedbanks
influence the vegetation based on the relationship between seedbank species and vegetation species shown in Table 2.

First, we expiaiﬁ this phenomenon using Persicaria thunbergii as an example. Persicaria thunbergii plants were found
growing at 9 sites, yet this species’ seeds were found evenly distributed among 28 sites. Thus, the appearance rate was 32%
(9/28), which is comparable to the overall mean. The plants grew in the sandy zone (types IV and V) and on wet sites (nos. 30,
36, 39) and had a high coverage rate (10-60%). However, P. thunbergii seeds were found at sites where the plants did not exist
in the standing vegetation or where the vepetation rate was remarkably low; these sites were in the gravel zone (types I-IT),and
in low-lying areas on the main channel side of the bar, or in the sandy zone and (P. japonica community) whete the relative
elevation was high. Thus, although P. thunbergii seeds were widely distributed, the environmental conditions were only
favorable for germination at some of the sites.

Poaceae seeds were also widely distributed. However, the appearance rate of plants was 109 or less, except for the
species P. japonica and P. arundinacea. Phragmites japonica showed a wide distribution and grew at sites ranging from low to
high relative elevation, The plants had high vegetation cover on gravel-and-sand structures of types IV and V and low
vegetation cover on types Il and I1k. Phalars arundinacea plants grew mostly on the channel side of the bar on gravel-and-sand
structures of types I'V and V. Thus, these findings also support the hypothesis that vegetation cover was a function of the

environmental conditions.
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The seeds of H. scandens, an annual vine, were found at many sampling sites and the plants had a high appearance rate.
This species grew in the sandy zone at sites with high relative elevation away from the main stream, The high appearance rate
likely resulted because seed is not ¢asily flushed from the sandy zone, but also many seeds are dispersed widely as the vines
grow over the upper parts of P. australis and Tiarrhena sacchariflora. Although H. scandens seeds were found in the type IIT
structure at site no. 16, no plants of this species were found at this site.

The seedbanks did influence the composition of the standing vegetation, but the effect of environmental conditions on
germination was more important. Thus, we conclude that the local physical environment is a2 more dominant factor than the
seeds in the soil in determining the bar vegetation in this gravel-bed river.

CONCLUSIONS

We investigated the distribution pattern and density of seeds in soil in a gravel-and-sand bar by excavating gravel and
seeds as well as the influence of the seedbank on standing vegetation, As a result, median densities of the seeds in soil were
928 seeds/m” for the disturbed environment characterized by gravel materials and 5,344 seeds/m? for the environment
characterized by sand materials. However, many seedbank species were not observed in the aboveground vegetation., For
instance, P. oleracea did not exist in the vegetation on the bar, although it was widely distributed in the area where there were
many seeds of this species in the seedbanks.

From the results, we can conclude the following;

* The seed density tended to be high in tocalities with large amounts of below the fine sand and low in small amounts of
coarse and very coarse sand.

* The seeds of all species were widely distributed in the soil. However, the distribution of plants was uneven.

* The density of seeds in both the sandy zone and the gravel zone was sufficient to supply the vegetation communities with
seedlings, and the densities were never less than those reported for seedbanks in forests.

* Qur findings suggest that the physical environmental conditions had a greater influence on which species grew in particular
localities(e.g. 15) , although there was a strong correlation between ihe seedbanks and the standing vegetation.
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APPENDIX — NOTATION

The following symbols are used in this paper:

LILILIV,V = types of gravel-and-sand textures on the bar surface;

NS = the total number of seeds;

SB = the total number of sites at which the species was included in the seedbank;
Sp . = the total number of sites at which the standing plants were observed; and
AR = the appearance ratio.
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