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1. INTRODUCTION

One of the major elements that characterizes a gravel riverbed is the existence of gravel
bars without vegetation (also called white bars) exposed above the surface of the water. It
has been reported that in recent years the spread of luxuriant vegetation and woodland
expansion occwring on gravel riverbeds of this kind have sharply reduced the number of
white bars. Such changes in the state of river beds are important phenomena that should be
accounted for when evaluating the natural environment and flood safety of a river. Moreover,
there is a strong demand for the clarification of this mechanism and the establishment of
methods for forecasting changes in river course vegetation.

This research project, which was undertaken to clarify the basic mechanisms of the spread
of luxuriant vegetation and woodland expansion, focussed a 400 m section of the Tamagawa
River in Japan. The study includes a detailed investigation of various phenomena that could
influence these processes and the analysis of their interrelationships from a hiological and
river hydraulics perspectives. This report describes the mechanisms of the spread of luxuriant
vegetation and woodland expansion in the study area and presents information important for
the prediction of the dynamics of in-stream vegetation.

2. Phenomena in the River Section Studied

2.1 Study Site

The study section lies between Nagatabashi Bridge (51.8 km from the river mouth) and
Hamurabashi Bridge (53.2 km from the river mouth) on the Tamagawa River in the Tcokyo
cities. A particularly detailed study was carried out on the section between 52.2 km and 52.6
km. In this section, the average riverbed gradient (Ib) is 1/250, the average grain diameter of
the river bed surface close to the low stream on the left bank side is about 6 em, and the
average distance between the levees is 275 m. The section is categorized as segment-1
(fan-shaped river course). The average annual maximum flow volume is about 600 m'/s.

2.2 Overviews of River Course Characteristics and Woodland Expansion
(1) Changes in the Form of the River Bed and Spread of Luxuriant Vegetation

Figure 1 shows change over the years in the transverse shape of the riverbed and the
distribution of vegetation at the 52.4 km location. The riverbed was largely flat in 1968, but
by 1975, the riverbed had risen on the right bank side while the left bank had fallen forming
a compound cross section. By 1993, the width of the low flow channel was between 40 and
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(3) Characteristics of Change Over Time of the Luxuriant Growth Area of Each Vegetation
Cluster

The change in the surface area of each type of cluster can be classified into four patterns(
Figure 4).

D Those that declined very rapidly (bare ground)

@ Those that increased rapidly after 1983 (Robinia pseudo-acacia)
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The factors contributing to the expansion
of the woodlands on the gravel riverbed
are generally assumed to be the reduction
in the frequency of the submersion of the high water channel and the fall in the ground
water level accompanying the formation of the compound cross sectiorn. The woodland area
expanded slowly from .a period beginning immediately after the flooding of 1974 until 1979
when the compound cross section had formed and the high water channel was almost never
submerged. The growth of the luxuriant vegetation advanced between 1984 and 1989: a
period when conditions were almost identical to those in the earlier period (1974-1979).

Figure 4. Change over Time of the Growth Area by
Type of Vegetation Cluster '

3. Relationship of the Spread of Luxuriant Vegetation with the Location Conditions

3.1 Field Survey Methods

Approximately 2m belt transects were installed along the 52.2km, 524 km, and 52.6 km
traverse lines to investigate the relationship of each vegetation cluster with its location
conditions. The types of clusters studied were the six types shown in Figure 4 that include
almost all the ground cover in the study section. Field surveys were performed three times in
1997: in April, May, and August. The three location conditions considered were the grain
diameter of the surface material, the thickness of the swrface fine sediment layer, and the
relative elevation above the ground water level. On the high water channel of the study
section, fine sediment with a grain diameter equal to or smaller than the grain size of medium
sand is deposited at various depths on top of the gravel river bed in a number of patterns
that are described later. This layer was defined as the surface fine sediment layer. The
thickness of this sediment layer was investigated with a core sampler. The relative elevation
above the ground water level was obtained by hypothesizing the cross-section line of the
ground water level based on the layer structure of the right bank of the low flow channel,
observations of the state of seepage at the ground water level, and previous studies. The
identification of the vegetation clusters and the survey of the location conditions were
performed at a pitch of 10 m.

3.2 Results and Discussion

Summarizing the above results permits the following conclusions regarding the relationship
between the spread of luxuriant vegetation and location conditions in the study area.
1) There is a clear correlation between location conditions and the distribution of various
kinds of vegetation clusters, and these can he described quantitatively as shown in Figure 8.
2) If location conditions where various kinds of clusters exist are broadly categorized, they are
bare ground type, Salix integra and Phragmites japonica type, and Robinia pseudo—acacia
type (see Figure 8). And within the Robinia pseudo-acacia type locations, there are separate
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Figure 9 shows the transverse shape of 100

the riverbed on the high water channel at |

the 524 traverse line. The figure shows | 3

the elevation where the gravel surface was g

first touched when the surface was probed | £

with a core sampler. The figure is L;
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this gravel.

This figure reveals that the surface
layer of fine sediment is thin at less than
a few tens of centimeters a little towards the left bank from the 250 m cross-section distance
(zero in some parts), but that it thickens abruptly from there to the right bank. In the former
range, the gravel surface elevation determined using a core sampler conforms closely to the
river bed elevation in 1983. The riverbed elevation measurements shown in this paper were all
performed at the beginning of the year, and as Figure 3 shows, it is possible to conclude that
this gravel surface was formed immediately after flooding in 1982.

Because gravel was not sampled in this section after 1968, the change in the cross-section in
Figure 9 can be linked to the action of flooding through a comparison with Figure 3. It is
assumed that the rise in the riverbed between 1968 and 1975 was caused by flooding in 1972

Figure 7. Surface Layer Riverbed Material and
Vegetation Clusters
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and 1974 (the effects of the latter were
particularly strong). Judging from an aerial
photograph taken in 1975, it is possible to
conclude that the. range from at least the
cross-section distance of at least 240 m
towards' the left bank was a gravel surface
immediately after the flooding of 1974. There
are places where the riverbed fell a little from
1975 and 1979, and the causes are not clear,
but judging from local information that no
significant flooding occurred during that period,
it is possible that some - kind of riverbeéd
adjustment occurred immediately after the 1974
flooding. The rise in the riverbed between 1979
and 1983 was deposition caused by the flooding
in 1981 and 1982. As stated above, from the
cross—section distance of 240 m towards the
left bank, there was a gravel surface
immediately after the 1982 flooding. The rise in
the riverbed from 1983 to 1993 is assumed to
be the result of deposition caused by the
flooding of 1983 because there was 1o
significant flooding in any year other than
1983. In brief, the relatively thin surface layer
of fine sediment from the cross-section
distance of 250 m towards the left bank is
assumed to have been formed by deposition
during the flooding of 1933.

5. Conclusions : The Spread of Luxuriant
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fluctuations shown in Figure 10 occurred 118 0 S
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luxuriant vegetation and woodland expansion
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these species grow with extreme difficulty
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sediment. Judging from Figure 10, it can be
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the high water channel, the riverbed
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above facts, it can be concluded that the 1968 1975 1979 1983 1993

direct cause of the growth of luxuriant

new vegetation in the study section, Figure 10. Hypothetical Deposition History Near the
mainly common  reed (Miscanthus Left Bank of the High Water Channel at 52.4 km

sacchariflorus) and Robinia pseudo-acacia, was the formation of a surface layer of fine
sediment by the flooding of 1983. Turning to indirect causes, the compound cross section not
clearly present during the 1974 flooding was clear when the flooding of 1981 to 1983 occurred.
The presence of a compound cross section along with the hydraulic conditions provided by
these three floods provided all the conditions necessary for the deposition of fine sediment on
the high water channel. Another contributing factor is the fact that after the flooding of 1983,
there was no flooding that would have disrupted the high water channel where the surface
layer of fine sediment had formed.

Judging from these findings, floods and the transport of fine sediment during floods played
an essential role in the spread of luxuriant vegetation and woodland expansion on the gravel
riverbed, at least in the section studied.

This research project has shown, in order to predict the dynamics of vegetation in a river,
it is extremely Important to consider changes in location conditions caused by the action of
flooding, soil transport (particularly fine sediment), growth of new vegetation and changes in
the cluster types accompanying these changes. The study of the quantitative relationship
between the luxuriant growth of vegetation and location conditions allows for quantitative
clarification of the changes in location conditions caused by flooding and sediment deposition.
In order to link the two processes organically as was done during this study, it is, to some
degree, possible to predict the dynamic change of vegetation that displays characteristic
behavior because it exists on a river.
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