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Summary: In order to clearly understand plant succession on the face of slopes of forest
roads in the subtropical and temperate zones, utilizing mainly the banking slopes of forest
roads in the komenono University Forest of Ehime University and the surrounding forest
situated in a warm-temperate zone, a 5m X 3m quadrate was established every year opening
of forest road between 1970 and 1981. The studies on natural invasion and utilization of
ligneous plants was carried out. The results show that seeds of ligneous plants dispersed on
the face of slopes initiate germination and growth thereby stopping the whole or partial
movement of sediment. It was clarified that the invading ligneous plants under go a slight
change in a short 14-year period.

* A part of this report was presented at the 96th Annual Meeting of the Jpn. For. Soc., April
1985, Hokkaido
** University Forest HfBEGH
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I. Introduction

The purpose of this study was to clarify the succession of vegetation in the district where
the opening of forest roads is predetermined in the subtropical and temperate zones and then
to determine a way of turf work, clarifying fundamental attention on the turf work executed
on the face of slopes after the opening. The shape of the initial plant invasion on the face of
slopes which becomes the starting point for plant succession is considered as follows: first the
case in which invading plants germinate and fix stopping the movement of sediment, second
the case in wich invading plants retard the movement of sediment, and third the case in which
both cases progress in parallel (6).

The natural invasion of ligneous plants and their succession have been studied well in the
execution areas of turf work on the face of slopes of forest roads in the subarctic and cool
~temperate zones of Hokkaido, the Hokuriku district, the Tohoku district and others (2~5,
14~19). These were studied at the execution areas of erosion control work, and land slip.
The execution areas of turf work on the face of slopes of expressways and general roads
were studied in the subtropical and warm-temperate zones of west Japan, the Kanto and
Kansai districts (9~13, 20~32, 34,35). However, these have been few detailed studies or
analyses performed in the districts where turf work was neglected on the face of slopes of
forest roads in the subtropical and temperate zones.
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Fig. 1 Sketch map of the study area showing the locations of the 10 experimental plots
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Therefore, in this report a study on the natural invasion of ligneous plants was carried
out on the banking slopes of a forest road in the Komenono University Forest of Ehime
University and the forest around the University Forest. The details of the invasion of
herbaceous plants will be reported at some other time.

II. Methods

1. General condition of the study area

The study area was the banking slopes of forest roads opened in the years from 1970 to
1978 and 1981 in the Komenono University Forest of Ehime University and the forest around
the University Forest, as shown in Figure 1. The study area was the face of slopes with 10m
to 14m width, 4m to 40m length, and 21° to 42° angle of inclination which had not been turfed
after opening. The elevation of the study area was 550m to 650m above sea level, and the
gradient of the forest road was 8% to 129%, and the bedrock was grano diorite. The tree
species in the neighbouring forest were mainly Cryptomeria japonica D. DON, Chamaecyparis
obtusa SIEB. et ZUCC. and Pinus densiflora SIEB. et ZUCC., in plantations, and they were
mainly Quercus mongolica FISCH., Carpinus Tschonoskii MAXIM., Castanea crenata SIEB. et
ZUCC., Quercus serrata THUNB. and others in the secondary forest of the natural forest (33).
The climate was the Seto Inland Sea type with an annual mean temperature of 12.2°C, a
warmth index of 85.2°C-month, an annual precipitation of 1,946 mm at the Komenono Forest
Research Center, the University Forest, Enime University (see Fig. 1) at 400m above sea level
and situated about 2 km west and south-west of the study area (7).

2. Study methods

A 5m X 3m quadrate was established on the face of slopes affected not at all by disaster,
repair of forest roads and others after the opening in the study area, and all ligneous plants
in this area were identified. Their base diameters, diameters at breast height (D. B. H) and
heights were measured and these values were used in the analyses. Furthermore, invading
ligneous plants were also indentified on the face of slopes outside the experimental plot. The
establishment of the quadrate and the investigation were carried out from 5 October to 6
December in 1984 (Photo. 1~18).

III. Results and Discussion

1. Details of investigative results

The details of investigative results for each year are in shown Table 1. Coverage is 100%
in all experimental plots except the first year. This fact indicates that when the condition is
arranged, coverage of 100% with ligneous plants on the face of slopes is expected in about
6 years. The maximum height species of trees were mainly Mallotus japonicus MUELLER,
ARG., Rhus javanica LINN., although these were some broadleaf trees at the inital stage of
invasion. Later, the broadleaf species with leaflets or thin-leaves increased and a gradual

change of species occurred.
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Table 2 Detailed list of invading ligneous plants

Plot No. 1 2 3 4 5 6 7 8 9 |10
No. Opening year of forest road|1970|1971|1972|1973|1974|1975|1976|1977|1978|1983 | Total

Species  Characteristics Pa;zaé%g 14 | 13 |12 | 11 | 10 | 9 8 7 6 1
1 | Carpinus Tschonoskii MAXIM. A 1 1
2 | Castanea crenata SIEB. et ZUCC. A 1 1 2
3 | Quercus sevrata THUNB. A 1 1
4 | Morus bombycis KOIDZ. A 10 6 16
5 | Euptelea polyandra SIEB. et ZUCC. A 1 2 3
6 | Magnolia obovata THUNB. A 1 1
7 | Albizzia Julibrissin DURAZZINI A 2 2 1 5
8 | Cladrastis platycarpa MAKINO A 1 1
9 | Fagara ailanthoides ENGL. Al 1 1 1 1 1 5
10| Mallotus japonicus MUELLER, ARG. A| 1 2 1 4 3 6| 4|30 | 51
11| Rhus javanica LINN. Al 1 5 4 2 3 8 8| 4 35
12| 11ex macropoda MIQ. A 2 6 2 10
13| Acer palmatum T. subsp. Matsumurae KOIDZ. A 34 34
14| Acer rufinerve SIEB. et ZUCC. A 10 4 1 6| 1 22
15| Cornus macrophylla W ALLICH Al 3 4 3 2 5 1| 26
16| Pterostyrax hispidus SIEB. et ZUCC. A 1 5 6
17| Lindera erythrocarpa MAKINO B 3 4 7
18| Styrax japonicum SIEB. et ZUCC. B 4 1 3 8
19| Broussonetia Kazinoki SIEB. C 1 1 3] 1 6
20| Parabenzoin trilobum NAKAI C 22 22
21| Philadelphus satsumanus MIQ. C| 2 5 1 2 2 3114 | 18] 2 1| 50
22| Stachyurus praecox SIEB. et ZUCC. C| 9 1 7 6| 2 25
|23 Edgeworthia papyrifera SIEB. et ZUCC. C 8 8
24| Avalia elata SEEM. C 3 11 5 1| 10
25| Rhododendron decandrum MAKINO C 5 5
26 | Clerodendron trichotomum THUNB. C 5 1 6
27 | Sambucus racemosa L. subsp. Sieboldiana HARA C 1 1
28 | Cryptomeria japonica D. DON D 3 4 7
29| Neolitsea sericea KOIDZ. D 1 1
30| Camellia japonica LINN. D 1 1
31| Cephalotaxus Harringtonia K. KOCH E 4 1 5 3 13
32| Ligustrum japonicum THUNB. E 6 2 8
33| Eurya japonica THUNB. F 5 5
Total | 28 families 32genera 33 species | 18 | 15 | 52 | 41 | 16 | 30 | 45 | 112 | 37 | 36 | 402

Notes : A Deciduous tree, B Deciduous sub-tree, C Deciduous shrub, D Evergreen tree,
E Evergreen sub-tree, F Evergreen shrub
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2. Number of invading ligneous plants

The detailed list of investigative results for each year are shown in Table 2. The total
of invading ligneous plants was 402 trees belonging to 33 species, 32 genera and 18 families,
and in them the total of Philadelphus satsumanus MIQ., invading all experimental plots, was
50 trees, and it was counted many as the second, following the highest number-51 of Mallotus
japonicus MUELLER, ARG.. Eighty-two per cent of the invading species, that is, 91% of the
total, were deciduous broadleaved trees, and evergreen trees were 6 species: Neolistea sericea
KOIDZ., Camellia japonica LINN., Cryptomeria japonica D. DON, Ligustrum japonicum THUNB.
Cephalotaxus Harringtonia K. KOCH and Eurya japonica THUNB., and the total was low. This
is mostly likely due to the fact that this district belongs to the deciduous broadleaved forest
zone. The species of ligneous plants invading outside the experimental plot were 12 species.
The details are shown in Table 3. Furthermore, the total in the neighbouring natural

Table 3 Number of invading ligneous plants outside the experimental plots

No. Species Characteristics

1 Pinus densiflora SIEB. et ZUCC. Evergreen tree

2 Platycarya strobilacea SIEB. et ZUCC. Deciduous tree

3 Prunus Jamasakura SIEB. Deciduous tree

4 Acer mono M. form. heterophyllum NAKAI Deciduous tree

5 Acer Sieboldianum MIQ. Deciduous tree

6 Shirakia japonica HURUSAWA Deciduous sub-tree

7 Salix Saidaeana SEEM. Deciduous shrub

8 Deutzia crenata SIEB. et ZUCC. Deciduous shrub

9 Deutzia gracilis SIEB. et ZUCC. Deciduous shrub

10 Callicarpa japonica THUNB. Deciduous shrub

11 Weigela flovibunda K. KOCH. Deciduous shrub

12 Caesalpinia japonica SIEB. et ZUCC. Deciduous twining shrub

Total 5 families 9 genera 12 species
Table 4 Number of ligneous plants
Area Families, Genera, Species Families Genera Species

Experimental plots 28 32 33
Whole on banking slopes 33 41 45
Natural b{ga%lf;gfgg gg;a forest 31 88 65
Whole of University Forest 68 134 250
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broadleaved forest and whole University Forest is shown in Table 4. Inasmuch as the total
of trees in the University Forest includes 250 species, 134 genera and 68 families, it results in
that about 13% of the species of the total invaded for 14 years (33). In addition, although
broadleaved trees in the neighbouring forest of this experimental area are mainly Quercus
mongolica FISCH., Carpinus Tschonoskii MAXIM., Quercus servrata THUNB., Castazea crencia
SIEB. et ZUCC., Styrax japonicum SIEB. et ZUCC., Zelkowa serrata MAKINO, Clethra barbivervis
SIEB. et ZUCC., Prunus Jamasakura SIEB., Pterostyrax corymbosus SIEB. et ZUCC., and others,
these species are few in invading ligneous plants. Accordingly, it is considered that judging
from bird droppings and animal tracks, a few seeds of the germinated ligneous plants were
dispersed by wind and others from the surrounding broadleaved forest, but almost all seeds

were transported by birds and animals.

3. Number of species and passage years, and rate of dominant species and passage years
The relationship between the number of species and passage years is shown in Figure 2.
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Fig. 2 Relationship between the number of species and passage years

Although a conclusion cannot be made because of the lack of data from the 2nd to the 5th
year, the number of species increases with passage years and reaches a peak in about 3 to 4
years, then decreases, However, with regard to the pattern of general succession, it is
considered that it may increase again with the invasion of tolerant species (I8). It is
considered that although the invading seeds germinated and fixed successively with the stop
of movement of sediment wholly and partially, and the germination and the fixation finished
in the 3rd or 4th year, they were naturally selected by the difference in growth gradually and
tended to decrease. The relationship between the rate of dominant species to the total number
and passage years is shown in Figure 3. The tendency reversed to the relation with number
of species was shown, but in regard to that the decrease of number of species results naturally
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in the increase of dominant species rate to the total number, which is considered under-

standable.

4. Mean height, maximum height, total tree number and passage years

The relationships among mean height, maximum height, total tree number and passage

years are shown in Figure 4. Although mean height and the maximum height increase

with passage years, a constant relationship was not found for the total tree number. In this
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study, the direction of slope was not considered, But the growth of plants is affected by the
direction of slope (2, 30). Accordingly, it is considered that in regard to slope direction, the
more distinct relationship is recognized between mean height, maximum height and passage
years. It is presumed that a constant relationship may be recognized also between the total

tree number and passage years.

5. Total of basal area at the base diameter and passage years

The relationship between the total of basal at the base diameter and passage years is
shown in Figure 5. The total of basal area at the base diameter increases with passage years
(age of stand), and it is assumed to be proportional to the square of the passage year. From
this fact it is judged that ligneous plants naturally invading the banking slope show allometry
as well as the even-aged uniform forests Crypotmeria japonica D. DON and Chamaecyparis
obtusa SIEB. et ZUCC. in plantations (I). Such an allometry means that there is little difference
in passage years (age of stand) of ligneous plants invading every slope. Accordingly, it is
presumed that ligneous plants invaded in the short period after the stop of whole or partial
movement of sediment on the face of slopes.
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IV. Conclusions

Invasion and change of ligneous plants on the banking slopes of forest road were
considered on the basis of investigative results. The conclusions obtained by this investigation
are as follows.

1. The species changes even in such a short period as 14 years.

2. The seeds of invading ligneous plants are transported from the surrounding forest.

3. The number of species shows the tendency to attain a maximum value during the 3rd and
4th year after a stop of movement of sediment on the face of the slopes and then decreases.
4. Ligneous plants are the invader in the short period after the stop of whole or partial
movement of sediment.

5. The peculiarity of each ligneous plant to become tree, sub-tree and shrub greatly affects
the basal area at the base diameter of the invadnig ligneous plants.
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Photo. 1 Experimental plot No.l on
banking slope of forest road
construction in 1970 (Dec. 5,
1984)

Photo. 2 Experimental plot No.l on

R

banking slope of forest road
construction in 1970 (Oct. 6,
1985)

Photo. 3 Experimental plot No.2 on Photo. 4 Experimental plot No.2 on
banking slope of forest road
construction in 1971 (Dec. 5,
1984)

Photo. 5 Experimental plot No.3 on ‘Photo. 6 Experimental plot No.3 on

banking slope of forest road
construction in 1972 (Oct. 6
1985)
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banking slope of forest road
construction in 1971 (Oct. 6,
1985)

banking slope of forest road
constrution in 1972 (July 25,
1986)



Photo. 7 Experimental

plot No.4 on Photo. 8

banking slope of forest road
construction in 1973 (Dec. 5,

1984)

Photo. 9 Experimental

plot Nob5 on Photo. 10

banking slope of forest road
construction in 1974 (Dec. 5,

1984)

Photo. 11 Experimental plot No.6 on Photo. 12
banking slope of forest road
construction in 1975 (Dec. 5,

1984)
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Experimental plot No.4 on
banking slope of forest road
construction in 1973 (Oct. 6,
1985)

Experimental plot No.5 on
banking slope of forest road
construction in 1974 (Oct. 6,
1985)

Experimental plot No.6 on
banking slope of forest road
construction in 1975 (Oct. 6,
1985)
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Photo. 13 Experimental plot No.7 on Photo. 14 Experimental plot No.8 on

banking slope of forest road bankng slope of forest road
construction in 1976 (Oct. 6, construction in 1977 (Oct. 6,
1985) 1985)

Photo. 15 Experimental plot No.9 on Photo. 16 Experimental plot No.9 on
banking slope of forest road banking slope of forest road
construction in 1978 (Dec. 5, construction in 1978 (Oct. 6,
1984) 1985)

Photo. 17 Experimental plot No.10 on Photo. 18 Experimental plct No.10 on
banking slope of forest road banking slope of forest road
construction in 1983 (Dec. 5, consturction in 1983 (Oct. 6,
1984) 1985)
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