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Plant Succession on the Face of Slopes
of Forest Roads (IX)*

The transition of woody plants on banking slopes
in the warm-temperate zone
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Summary: In order to clearly understand plant succession on the face of slopes of forest
roads in subtropical and temperate zones, utilizing mainly the banking slopes of a forest road in
the Komenono Forest Research Center, the University Forest, Ehime University and the surround-
ing forest situated in a warm-temperate zone, a 5m X 3m quadrat was established for every year
of clearing of forest road between 1970 and 1981.

The second investigation in the quadrat established on December 12, 1984, was carried out
on December 22, 1987. The results showed that the total stem number of invading woody plants
increased from 402 to 618 while species number increased from 33 to 47 over the 3-year period.
A tendency of atrophy of pioneer species was recognized, as the stem number of pioneer species
such as Rhus javanica LINN. and Philadelphus satsumanus MIQ. decreased. However, the invasion of
evergreen trees with shade tolerance, such as Ligustrum japonicum THUNB. and Camellia japonica
LINN. was observed along with this change. Also, the frequency distribution of tree height and di-
ameter at ground level of invading woody plants in each quadrat showed the typical L-form shape,
and it was ascertained that seedlings were regenerating favorably. The above results indicated

that continuous plant succession was definitely in progress.

I. Introduction

The purpose of this study was to clarify the succession of vegetation in a district where the
clearing of forest roads is predetermined in a subtropical and temperate zone and then to deter-
mine a method of turf work, focusing fundamental attention on the turf work executed on the face
of slopes after clearing ( 1, 2, 3).

The previous paper dealt with the invasion of woody plants on banking slopes and the pro-
cess of their growth as well as the degree of soil formation present ( I, 2, 3 ). The second inves-
tigation of invading woodly plants in the same quadrat was carried out in December 22, 1987.
With the date thus obtained, an attempt was made to discuss the growth, atrophy, total stem num-

ber and species number of invading woody plants, and the results are reported in this paper.

I. Outline of the study area and study methods

Table. 1 General description of study area Part of the study area is shown in Photos.

1 and 2. Since the method of study was the

Elevation 550~650m same as described in the previous paper ( 1, 2,

Bed-rock Grano diorite 3 ), details have been omitted here, and an out-

10.7~11.3C . s s

Rusl ety Glnperaiure line of the study area is shown in Table 1. The
Annual mean precipitation 1,908mm s .

) a warmth and coldness indices were obtained by

Warmth index (W.I.) 83.3~87.1C - month ) )
Coldness index (C.1.) 14.0~—11.6C - month the simple calculation of monthly mean tempera-

ture between 1969 and 1986 in the Komenono

Forest Research Center, the University Forest,

Notes : Lower limit of distribution in cool-temperate
deciduous broadleaved forest zone is 85C - College of Agriculture, Ehime University, at an
month.

AN 10N e e B altitude of 400m with a lapse rate of tempera-
Upper limit of distribution in warm-temperate

evergreen broadleaved forest zone is —10C - ture of 0.6°C/100m (4 5 6, 8 il )- The

month, broadleaved forests in this region were com-
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posed mainly of deciduous trees such as Quercus mongolica FISH. var. grosseserrata REHD. et WILS.,
Clethra barbinervis SIEB. et ZUCC., Pterostyrax corymbosus SIEB. et ZUCC., Celtis sinensis PERS. var
japonica NAKAI and it was judged that the distribution zone of these forests corresponds closely to
the zone delineated by these index values ( 12).

II. Results

1. Outline of investigative results

An outline of the results of the first and second investigation of every year is shown in Table
2. Species number and total stem number tended to increase generally. However, as to mean di-
ameter at ground level, mean stem height, and species with maximal stem height, the second meas-
ured values were not always larger than the first values due to the influence of new invaders,
wind, disease, insects, etc.

Among the decreasing species, shade intolerant species with comparatively large leaves and
showing fast-growth at the initial stage, such as Rhus javanica LINN., Philadelphus satsumanus
MIQ., Mallotus japonicus MUELLER, ARG. were conspicuous. Conversely, invaders included de-
ciduous trees such as Weigela floribunda K. KOCH, Rubus palmatus THUNB., Zanthoxylum piperitum
DC., and evergreen trees with comparatively strong shade tolerance, such as Ligustrum japonicum
THUNB. and Camellia japonica LINN..

2. Invading woody plants

The details of invading woody plants for each year is shown in Table 3. The stem number of
the germination, growth and the disappearance of woody plants for each plot for a period of 3
years from 1984 to 1987 is shown in Table 4. In the data of the first investigation, invading
woody plants included a stem number of 402 for 33 species, but in the data of the second inves-
tigation the stem number became 618 for 47 species, the rates of increase being 42.4% for species
number and 53.7% for stem number. The highest value with regard to frequency of appearance
was 80% for Philadelphus satsumanus MIQ., followed by Morus bombycis KOIDZ. and Rhus javanica
LINN. in that order.

However, as mentioned before, Rhus javanica LINN., Philadelptus satsumanus MIQ. and Mallotus
japonicus MUELLER, ARG. declined gradualy. Furthermore, the appearance of Cladrastis platycarpa
MAKINO, Broussonetia kazinoki SIEB., and Sambucus racemosa L. subsp. Sieboldiana HARA was not

observed.

3. Total stem number and passage of time

The relationship between total stem number and the passage of time is shown in Fig. 1. The
stem number was larger than at the time of the previous investigation in each experimental plot.
Plot No. 10 showed the highest rate of increase at 206%, followed by No. 5 at 188% and No. 4 at
107%.

Conversely, the lowest rate of increase was 9% for No. 8, followed by plots No. 9 and 4 at
14% and 32%, respectively. At the experimental plot after a short period it appeared that thefe
wés a general tendency toward an abundant invading stem number.

Although a conclusion cannot be made because of the lack of data from the 2nd to the 5th
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Table. 2 Outline of investigative results

Plot Passage of Species and Mean diameter Mean tree Species and height Decreasing Invading

No. time total stems at ground theight with the maximal species species
number level tree height
(yrs) (mm) (m) (m)
1 I I I I I I I I I
G F
7 10 A A
1 14 17 92 81 5.41 3.83 and
18 30 11.95 12.28 dikiesies
B H
o 4 B C
2 13 16 83 58 3.28 2.23 and and
15 31 10.50 11.81 2 species 1 species
G I
gz d SeviSon. S v agth-Aia0 Ftaring og 6D20 G and and
' ' 1species 5 species
J K
8 9 E E
4 11 14 25 30 1.36 1.35 and
41 54 4.85 4.62 Lipesis
G H
Stk Ol DA et TR 204E 14D o s gid
16 45 6.71 8.9 1 i E
species 5 species
H
11 15 G ©
Oy g MBI g 873 Nothing M
species
I F
Tt sl g gt o ool 20 Bl aleAB ) (B oy and and
i ' 1 species 8 species
M N
17 23 G G
8 7 10 16 23 14149558123 and and
e 120 901 &1 2 species 8 species
C 0]
N I e o Al T and and
. ' 6 species 3 species
C H
6 10 F H
10 1 4 36 110 3 11 0.12 0.21 0.33 1.50 and and

1 species 5 species

Notes : I was investigated on Dec. 12, 1984 I was investigated on Dec. 22, 1987

* Albizzia Julibrissin DURAZZINI
. Lindera erythrocarpa MAKINO
. Ligustrum japonicum THUNB."*
Weigela floribunda K.KOCH

. Philadephus satsumanus MIQ.

! Aralia elata SEEM.

. Camellia japonica LLINN.

: Fagara ailanthoides EENGL.

. Mallotus japonicus MUELLER, ARG.
. Clerodendron trichotomum THUNB.

! Rus javanica LINN.

. Lindera umbellata THUNB.

. Neolitser sericca KOIDZ.

. Broussonetia kazinoki SIEB.

. Zanthoxylum pipertum DC.

O ~R~Qwa »
Zro—-ITMUwW
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Table. 3 Detailed list of invading woody plants

(No. per a plot, %)

Plot No. Frequency
Species Total of
IELRPRE. SRR, <0 It T 8 appearance
Philadelphus satsumanus MIQ. 280 a8 i D A 12 T T 22 80
Morus  bombycis KOIDZ. 2 9 1 5 5 1 3 26 70
Rhus javanica LINN. 1. %505 = -1 5 8 3 7 26 70
Cornus macrophylla. WALLICH 6 3 2 5 D aliora3 39 70
Mallotvs japonicss MUELLER, ARG. 3 6 1 892 2ti=l—=H 22 60
Weigela floribunda K. KOCH 22 2 3 11 4 749 60
Wisteria brachyboirys SIEB. et ZUCC. 3 1 5 3 12 40
Acer rufinerce SIEB. et ZUCC. 1 2 1 4 — 18 40
Stachyvrvs praecox SIEB. et ZUCC. 10 — 3 1 1 15 40
Aralia elata SEEM. 1 1 2 1 5 40
Prerostyrax hispidvs SIEB. et ZUCC. 1 3 12 16 30
Euptelea polyandra SIEB. et ZUCC. 1 2 1 4 30
Prunus Jamasakura SIEB. 1 1 1 3 30
Rvbvs palmatss THUNB. 1 3 22 26 30
Fagara ailanthoides ENGL. 1 — 1 V= 3 30
Garpinvs Tschonoskii MAXIM. 3 1 4 20
Gastanea crenata SIEB. et ZUCC. 11 2 20
Lindera erythrocarpa MAKINO 2 5 7 20
Albizzia Julibrissin DURAZZINI = 2 2 4 20
Rosa polyantha SIEB. et ZUCC. 1 2 3 20
Acer palmatum subsp. Matsvmurae KOIDZ. 1 48 49 20
Acer momo MAXIM. var marmorat HARA 9 1 10 20
from. heterophllum NAKAI
Styrax japonicum SIEB. et ZUCC. 3 2 — 8 20
Smilax china LLINN. 2 3 5 20
Quercus serrata THUNB. 2 & 10
Carpinus laxiflora BLUME 1 1 10
Magnolia obovata THUNB. 1 1 10
Lindera umbellata "THUNB. 1 1 10
Lindera glauca BLUME 1 1 10
Parabenzoin trilobum NAKAI 32 32 10
Hydrangea scandens SERIGE. 1 1 10
Orixa japonica THUNB. 28 28 10
Zanthoxylum piperitum DC, 1 1 10
llex macropoda MIQ. 1 = = 1 10
Edgeworthia papyrifera SIEB. et ZUCC. 7 7 10
Rhododendron decandrum MAKINO 3 3 10
Kalopanax pictus NAKAI 1 1 10
Clerodendron trichotomum THUNB. 4 4 10
Cephalotaxus Harringtonia K. KOCH 3 15 3, Maglaag] 29 50
Ligustrum japonicum THUNB. 3 12 1 1 17 40
Camellia japonica LINN. 1 2 1 4 30
Cryptomeria japonica D. DON 3 81 &4 20
Neolitsea sericea KOIDZ. 1 1 — 2 20
Abies firma SIEB. et ZUCC. 1 1 10
Chamaecyparis obtusa SIEB. et ZUCC. 7 7 10
Euyrya japonica THUNB. J . E
Broussonetia kazinoki SIEB. = = = 0 0
Cladrastis platycarpa MAKINO N 0 .
Sambucus racemosa L. subsp. sieboldiana _ 0 0
HARA
Sasamorpha purpurasccens NAKAIL 8 8 10
Total 31 families 46 genera 50 species 20 31 72 54 45 44 71 120 41 110 618

Note : — Disappearance

Y=



Table. 4 Stem number of each plot on the period of 3 years from 1984 to 1987
(No. per a plot, %)

) Plot No. Total
Sppoie A o e T
Philadelphus satsumanu MIQ. A =5 2 -2 A 1 ol sl s dy 3 /A —28
Morus bombycis KOIDZ. 2 -1 1 -1 5 1 3 10
Rhus javanica LINN. A -4 -4 -2 2 -3 & -1 dowi, T
Cornus macrophylla WALLICH 3 = 1 -1 3 43 oitall 2 13
Mallotus japonicus MUELLER , ARG. 2 4 A 4 —1 —4 —4 =30 -29
Weigela floribunda K, KOCH 22 2 3 1 4 T 49
Wisteria brachbotrys SIEB. et ZUCC. 3 1 5 8 L
Acer rufinerce SIEB. et ZUCC. 1 -2 4 -2 -1 Bos
Stachyurus praecox SIEB. et ZUCC. 1 =1 LA il il
Aralia elata SEEM. =i fLyumie =
Prerostyrax hispidus SIEB. et ZUCC. 4 g 1
Euptelea polyandra SIEB. et ZUCC. E35i5 L :
Prunus Jamasakura SIEB. 1 1 1 3
Rubus palmatus THUNB. 1 3 22 26
Fagara ailanthoides ENGL. =1 i -2
Carpinus Tschonoskii MAXIM. 2 g
Castanea crenata SIEB. et ZUCC. A A 0
Lindera erythrocarpa MAKINO -1 : g
Albizzia Julibrissin DURAZZINI -2 j il
Rosa polyantha SIEB. et ZUCC. 1 2 g
Acer palmatum subsp. Matsumurae KOIDZ. 1 14 15
Acer momo MAXIM. var marmoratum HARA 9 1 10
from. heterophyllum NAKAI
Styrax japonicum SIEB. et ZUCC. -1 1 k. e
Smilax china LINN. 2 3 5
Quercus serrata THUNB. : ;
Carpinus laxiflora BLUME 1 1
Magnolia obovata THUNB. A 0
Lindera umdellata THUNB. 1 1
Lindera glauca BLUME 1 1
Parabenzoin trilobum NAKAI 10 10
Hydrangea scadens SERIGE. 1 1
Orixa japonica THUNB. @ N
Zanthoxylum piperitum DC, 1
Ilex macropoda MIQ. -1 -6 3 -9
Edgeworhia papyrifera SIEB. et ZUCC. -1 =
Rhododendron decandrum MAKINO el -2
Kalopanax pictus NAKAI 1 1
Clerodenron trichotomum THUNB. -1 ikl -2
Cephalotaxus Harringtonia K. KOCH -1 14 e 4 1 16
Ligustrum japonicum THUNB. 3 6 1 9
Camellia japonica LLINN. 1 1 1 3
Cryptomeria japonica D. DON = el 81 77
Neolitsea sericea KOIDZ. 1 I =1 1
Abies firma SIEB. et ZUCC. 1 !
Chamaecyparis obtusa SIEB. et ZUCC. 7 7
Euyrya japonica THUNB. 2 2
Broussonetia Kazinoki SIEB. -1 = I3 il -6
Cladrastis platycarpa MAKINO il =l
Sambucus racemosa L. subsp. sieboldiana 1 =
HARA
Sasamorpha purpurascens NAKAIL 8 8
Total 12 16 20 13 29 18 26 8 4 70 216

Notes : Not marks; Germination and growth, Minus marks; Disappearance, A; Not changes
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Total stem number

year of the first investigation and from 5th to the 8th year of the second invesigation, it does
appear that the total stem number increases and reaches a peak in about 5 to 8 years, then de-
creases. However, with regard to the pattern of general succession, it was considered that total

stem number may increase again with the invasion of tree species with a strong shade tolerance

(v

102

10*

5 10

Passage of time (yrs)

Fig. 1 Relationship between the total stem number and the passage of time

® O Plot No. 1

+ 4 Plot No. 5

& o Plot No. 9

+ 4] Plot No. 6

v o Plot No. 10

Closed marks indicate the value measured on Dec. 12, 1984,
Open marks indicate the value measured on Dec. 22, 1987.

4. Species number and passage of time

The relationship between species number and the passage of time is shown in Fig. 2. But spe-
cies number decreased from 5 to 4 in plot No. 2 and from 14 to 11 in No. 9, species number in
the order 8 exprimental plots increased from one to six species. Generally, species number tended
to increase and move in parallel: unlike the results of the first investigation. Since the invasion of

Ligustrum japonicum THUNB., Camellia japonica LINN. and other species was recognized in plot No.
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Species number

Passage of time (yrs)

Fig. 2 Relationship between the species number and the passage of time

® O PltNool A A PlotNo.2 B O PlotNo. 3 + ¢ Plot No. 4

4 4,Plot No. 5 + 4) Plot No.6 B D Plot No. 7 +-¢—Plot No. 8

& o PlotNo.9 & o PlotNo. 10

Closed markes indicate the value measured on Dec. 12, 1984.
Open markes indicate the value measured on Dec. 22, 1987.

1, it was presumed that tree species with a strong shade tolerance would show subsequent con-

tiouous invasion.

5. Frequency distribution of tree height and diameter at ground level

The frequency distributions of tree height and diameter at ground level in each experimental
plot are shown in Fig. 3 and the coefficients of variation are shown in Table 5. The frequency dis-
tribution of tree height and diameter showed the typical L-form shape ( 7, 10 ). The presence of an
L-form shape and large values of coefficient of variation seem to depend on the favorable regenera-

tion of seedlings ( 14 ).
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Fig. 3—1 Frequency distribution of stem number for each tree-height and diameter at
ground level class on each plot
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Fig. 3—2 Frequency distribution of stem number for each tree-height and diameter at

ground level class on each plot
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Fig. 3—3 Frequency distribution of stem number for each tree-height and diameter at

ground level class on each plot

Table. 5 Coefficients of variation in distribution of stem number for each tree-height and
diameter at ground level class on each plot

Unit : %
Plot No. Tree-height Diameter at ground level
1 61 92
2 76 90
3 72 69
4 52 70
1 59 74
6 65 88
7 62 79
8 gl 93
9 54 90
10 47 47

V. Discussion

From the findings that tree species with strong shade tolerance were invading each ex-

perimental plot, species number and stem number showed a tendency to increase and also the fre-

quency distribution of tree height and diameter at ground level showed the typical L-form shape, it
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was judged that plant succession was definitely proceeding. The fact that the frequency distribu-
tion of tree height and diameter at ground level showed the typical L-form shape was a typical fea-
ture of a non-uniform forest of uneven-age, and it was thought that this inclination was especially
evident in the selection forest ( 13).

Since it was presumed that with the subsequent decay of pioneer species such as Mallotus
japonicus MUELLER., ARG. and Rhus javanica LINN. the invasion of evergreen and strongly shade
tolerant species would become active, it was considered that the frequency distribution of tree

height and diameter at ground level would retain the L-form shape.

V. Conclusion

Changes in woody plant species in the investigative quadrat were discussed based upon the
results of a second investigation. The results obtained were as follows.
1. A tendency of atrophy was recognized among the pioneer species Rhus javanica LINN. and
Philadelphus satsumanus MIQ.. However, the invasion of tree species with strong shade tolerance
such as Ligustrum japonicum THUNB., Camellia japonica LINN. was recognized with this change.
2. Tree species appearing at high frequency were Philadelphus satsumanus MIQ., Morus bombycis
KOIDZ. and Rhus javanica LINN..
3. The number of invading species increased from 33 to 47 and the total stem number increased
from 402 to 618 during the period of 3 years from 1984 to 1987
4. The frequency distribution of tree height and diameter at ground level in each experimental
plot showed the typical L-form shape, and it was recognized that seedlings were favorably regener-
ating.

5. The above results indicated that continuous plant succession was definitely in progess.
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Photo. 1-1

Condition of No.1 plot on bank-
ing slope cleared at forest road
in 1970 (taken on July 24,
1988)

Photo. 1-2

Condition of No.2 plot on bank-
ing slope cleared at forest road
in 1971 (taken on July 24,
1988)

Photo. 1-3

Condition of No.3 plot on bank-
ing slope cleared at forest road
in 1972 (taken on July 24,
1988)
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Photo. 2—1

Condition of No.5 plot on bank-
ing slope cleared at forest road
in 1974 (taken on July 24,
1988)

Photo. 2—2

Condition of No.9 plot on bank-
ing slope cleared at forest road :
in 1978 (taken on July 24, ===
1988)

Photo. 2-3

Condition of No.10 plot on
banking slope cleared at forest
road in 1983 (taken on July
24, 1988)




