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Fig. 1. Study piot.
A-E: Sampling sites for tree age analysis, —- -— Boundary between compartments, -----: Foot-pass.
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Table 2. Species composition in the plot

Species N N/ha N% Qnes Floe (%1%) BA/ha BA%
Tsuga diversifolia 93 2124 315 377 21.1 1.654 37.780 56.2
Abies veitchii 33 754 112 335 220 0855 19529 291
Betula ermanii 3 69 1.0 262 180 0.131 2992 44
Betula corylifolia 19 434 65 277 130 0113 2581 38
Sorbus commixta var. 10 228 34 143 12.1 0.080 1.827 2.7

rufoferruginea

Rhododendron brachycarpum 105 2398 356 101 6.1 0.046 1.051 1.6
Acer tschonoskii 7 160 24 122 90 0034 0.777 1.2
Acer ukurunduense 2 46 0.7 11.8 100 0012 0274 04
Betula globispica 1 23 0.3 12.2 110 0012 0274 04
Pieris japonica 15 342 5.1 5.1 43 0.005 0114 0.2
Tripetaleia paniculata 5 114 1.7 1.6 22 0001 0.023 +
Picea jezoensis var. hondoensis 1 23 0.3 1.4 1.5 + + +
Euonymus macropterus 1 23 0.3 1.0 2.6 + + +
Total 295 6738 100.0 2943 67.222 1000

N.B. Number of stems per 437.8 m? (N) and 1.0 ha (N/ha), relative number (N%), maximum
diameter (Dpay), maximum height (H,,,), basal area per 437.8 m? (BA) and 1.0 ha (BA/ha) and
relative dominance (BA %).

5y A~E OgH#HIE (K-1) ItBWT, ax v HE VS REFEKITENEN 4~6 KOMEE LR
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H ik TERMK E ERIBORIEET -
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HH$31.6%, ¥ 5 ~h11.2% TH -7
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Table 3. Diameter and height class distribution of stems in the plot

Diameter class (cm) Height class (m)
Species
1-4 4-10 10-2020-3030-40 1.3-3 3-8 8-13 13-1818-23
Tsuga diversifolia 34 18 22 12 7 34 25 19 11 4
Abies veitchii 13 4 3 8 5 11 3 4 6 9
Betula ermanii 0 0 1 2 0 0 1 1 1
Betula corylifolia 15 1 2 1 13 2 3 1
Sorbus commixta var. rufoferruginea 1 5 4 0 4 6
Rhododendron brachycarpum 96 8 1 97 8
Acer tschonoskii 4 0 3 2 3 2
Betula globispica 0 0 1 0 0 1
Acer ukurunduense 0 1 1 1
Pieris japonica 1 1 1 1

Tripetaleia paniculata
Picea jezoensis var. hondoensis
Euonymus macropterus

—— O S

185 37 38 23 12 178 47 37 19 14

0 5m
[
Specis

d@p: Tsuga diversifola
&' Avies veitchii
' Broad—leaved trees

M-2 JEXORHESREZX

Fig. 2. Crown projection diagram of canopy trees in the study plot.

D 834% OEEAEDTVEI LMD, 8mPULORBAEABE L, REEIRT
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Table 4. Crown projection area of eight main tree species in the study plot

Species CA (m? RCA (%)
Tsuga diversifolia 162.5 38.0
Abies veitchii 128.0 29.9
Betula ermanii 227 5.3
Sorbus commixta var. rufoferruginea 222 5.2
Betula corylifolia 11.1 2.6
Acer tschonoskii 4.8 1.1
Betula globispica 4.3 1.0
Acer ukurunduense 1.0 0.3
Total 356.6 834

N. B. Crown projection area (CA) of stems with height more than 8 m and its
relative value (RCA) are given to each species.
x5 FEXAH» SR LAEE 7 HWREORES» SHE 1.3 m IZiKT 5 % TIRE L 748

Table 5. Years required to attain 1.3 m in height of seven main tree species sampled from outside
the study plot

Number of annual rings DBH H MADG MADG
Species No. 0.0 m 1.3m
0.0m 1.3 m Differences (cm) (m) (mm/yr.)(mm/yr.)

Tsuga diversifolia 1 85 38 47 30 36 0.15 0.32
2 152 115 37 70 46 0.20 0.19
3 113 47 66 38 36 0.23 0.50
4 43 24 19 26 31 0.44 0.57
5 35 13 22 156 27 0.47 0.49
6 30 11 19 14 26 0.51 0.54
7 26 15 11 24 31 0.73 0.87
8 31 23 8 6.3 47 1.40 1.15
Average 64.4 35.8 28.6 35 35 0.52 0.58
Abies veitchii 1 63 19 44 31 25 0.18 0.67
2 63 26 37 82 79 0.20 0.18
3 27 9 18 23 23 041 0.64
4 27 13 14 25 27 0.49 0.92
5 38 19 19 29 29 0.51 0.56
6 36 22 14 31 25 0.59 0.99
7 29 19 10 28 29 0.90 0.51

Average 404 18.1 223 36 34 047 0.64

Broad-leaved Betula ermanii 29 28 1 94 75 2.90 1.81
trees B. maximowicziana 28 23 5 70 9.1 2.20 1.64
B. corylifolia 27 19 8 28 4.1 0.74 0.62

Acer tschonoskii 1 26 18 8 30 4.2 0.81 0.77

2 31 26 5 39 59 1.20 0.83

Sorbus commixta 1 26 19 7 1.8 4.0 0.38 0.38

var. rufoferruginea 2 29 26 3 53 9.1 1.10 1.21

Average 28.0 22.7 5.3 47 63 1.33 1.04

N. B. MADG; Mean annual diameter growth.
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Table 6. Age class distribution of trees in the study plot

Age class Td Av Bc Be Bg Sc At Au Total
70- 80 0 0 0 0 0 2 0 1 3
- 90 0 0 1 0 0 2 1 4
-100 0 1 1 0 0 2 1 5
-110 0 2 0 1 0 3
~-120 2 7 0 1 0 10
-130 4 6 0 0 0 10
-140 1 2 1 1 0 5
-150 2 0 0 0 2
-160 0 1 0 0 1
-170 2 1 1 4
-180 0 0
-190 1 1
-200 1 1
-210 0 0
-220 3 3
-230 4 4
-240 2 2
-250 1 1
-260 0 0
-270 2 2
-280 1 1
-290 1 1
-300 0 0
-310 2 2
-320 1 1
-330 2 2
-340 0 0
-350 1 1
-360 1 1
Total 34 19 4 3 1 6 2 1 70

N. B. Td; Tsuga diversifolia, Av; Abies veitchii, Bc; Betula corylifolia, Be; Betula ermanii, Bg; Betula
globispica, Sc; Sorbus commixta var. rufoferruginea, At; Acer tschonoskii, Au; Acer ukurunduense.
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64T F AT R THoT, TG 130 FLUEOILERIHIR 4 AT, F¥rh vy, xavy,
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FEXAOHIEAR @Irh, BN, ) OS5 525 1.3 m OEEY 10 cm BLEDMHE
K% FT ITRT, WEAROMTEREAET (BA) 11 2.0915 m? T, T AKOKERESEH 0% 2/3 icH

F7T FAEXICBIF BHEFEAROHFEIREE
Table 7. Classification of dead trees in the study plot

Type of dead tree Species N Mean DBH (cm) BA (m?
Stem breakage Td 7 274 0.4635
Av 2 20.0 0.0569
Uprooting Td 19 24.3 09615
Av 0 — —
Standing dead Td 16 159 0.3633
Av 7 194 0.2463
Sub total Td 42 1.7883
Av 9 0.3032
Total 51 2.0915

N. B. Td; Tsuga diversifolia, Av; Abies veitchii.

Z

0 5n

DBH
(:50~60cm
(:40~50cm
0:30~40cm
0:20~30cm
o:10~20cm

Types of dead trees
O: Standing dead
=<§©: Stem breakage
=] : Uprooting

Species
~<Z|®: Tsuga diversifolia
~Z7) % - Abies veitchii

K-3 HEXOHFEAMMER
Fig. 3. Position of dead trees in the study plot.

P-1-3: Patches classified in accordance with age and size (DBH) of trees when the gap was formed
and change of diameter growth of trees in the study plot before and after the gap formation, —+ -—:
Boundary between patches, =: The slope direction.
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- N BREGCRIIATED 1937 FE L 19404FE 0 2[0] (FER, 1986) T, ZovFhhick 3EE
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B E IS DEFIRIN A E-8 IR T, A~E OEHEDOMTEARD S L 722 7B 5
B, CHISERR ZHIFATIE 1840~1850 FEDRJICFAE S L RERBREDOHEA L - @iE1ED
Sh 3705, 1880 FEHICHREE D 5V IEFBEDOHA L BEEZED Shish 71, £/, A,C,D
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Table 8. Regenerated year of the trees sampled from outside the study plot (A-E)

Sampling Symbols of DBH Height  Regenerated Changes of diameter growth
site species (cm) (m) year Increasing Decreasing
A Av 27.0 16 1941 — —
Be 324 18 1850 1940 1925
Pj 21.7 15 1940 — —
Td 35.9 16 1843 1945 1900
Av 237 13 1942 — —
Td 53.6 22 1739 1842, 1930, 1950 —
B Av 57.0 24 1826 — —
Td 44.7 25 1705 1770 1915
Av 46.5 26 1849 — —
Td 50.3 23 1812 — 1915
C Av 28.1 15 1929 — —
Av 275 14 1930 — —
Td 28.0 9 1875 1940 —
Td 34.5 17 1705 1975 1725
D Av 38.0 20 1881 1940 —
Av 25.0 18 1840 1940 —
Td 40.0 22 1615 1765, 1935 1865
Td 29.5 18 1770 1715 —
E Av 20.0 14 1841 1865 —
Td 304 17 1870 — —
Av 43.0 18 1842 1865 1930
Td 185 13 1815 — —

N. B. Td; Tsuga diversifolia, Av; Abies veitchii, Be; Betula ermanii, Pj; Picea jezoensis var. hondoensis.

REEBREBETHEREECRERESE LR LERBLTVWS, Lith-1T, —#ic
150 £ERi & 110 FEFID 2 EOBEORMELE T 5 L REL W, HIFICLZEBOLHBL
DIEVEFICRATOVE I ED D, BECHRTHBEOSPHIENARED - 1 LHERIEN 3,
2-4. * v v 7OHH

ABEEX TR 2EORBICIDRENF v v 72E LA, 1 EHORE IR & biki % (N45°
W~N45°E) icffl 7= 9 AR EcFEX o, £/, 2EHOBECLVERE I
(N45°E~S45°E) flh 7: 18 & (K-3) O F N RRFAEXANOLEWEHICMEL TWE I Ehd, 1
FHOREK L hREFERCE v v 7HEL, 2EHORETY + v 7O&EMIEL AR
HARLI-bOEHEEEINS,

72T, AHBEXSBEDL S BRI E B IRENERLE L - 2EORED I B, &1
i 110 FERTc A L-AEIcEE L, &EED 1880 4k DE, 1 X (F-9) BLU 1880
FRiEOBEERREDCEN (K-5,6,7) kb, BEX%Z 3>0/¥y FItX4r L, ThZEh P-1,P-
2BIUVP-3&ELE (®4), zhom5 b, P-2 & P-3ickiEN, Birhick 38IKBSE W &
(®-3) »5, 1880LEDAEBEOF + v 7REIC P2 BXUP-3 0#il FEXEHEOW
80%) ICAE L TWhEHES N B,
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Table 9. Diameter class distribution of trees in each of the patches in the study plot in 1880 and
the number of trees regenerated after the year of 1880

Diameter class (cm)
Nun;ltagrt; of Species S RT
pa 0-4 -10 -20 -30 -40

P-1 Tsuga diversifolia 0 0 0 4(1)  4(1) (1) 0
Acer tschonoskii 1

P-2 Tsuga diversifolia 6 6(1) (3)
Abies veitchii
Betula corylifolia
B. ermanii

B. globispica

oo CcC oo
— o= NN W

—

P-3 Tsuga diversifolia
Abies veitchii
Betula ermanii
B. corylifolia
Sorbus commixta var. rufoferruginea
Acer tschonoskii
A. ukurunduense

— 00N OO0 COQ
N

0
1
0
0
0
o) 16 (6 3 2
6
1
2
6
1
1

Total 16 3 o(1) 11(7) 10(8) (7) 21

N. B. S; Advanced seedlings and saplings lower than 1.3 m in height. RT; Trees regenerated after
the year of 1880. In parentheses; Number of fallen dead trees.

0 Sn
=

"DBH

:30~40cm
120~30cm
:10~20cm
:10~20cm

<000

Species
: Tsuga diversifolia
* Abies veitchii
O: Broad—leaved trees

o0

-4 FHEXOIAMER
Fig. 4. Position of standing trees in the study plot.
Symbols in the figure are the same as those in Fig. 3.
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cm
40_‘ 1840 1880

—m—: Tsuga diversifolia

—0—: Acer micranthum
30

I

m 20

° g
 naoares?

A

10
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Fig. 5. Diameter growth curves of trees at breast height in P-1.

Dotted line indicates the growth curve estimated from the mean diameter growth of the core
sample in the oldest 10 years, Arrow: Increase of diameter growth.
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Fig. 6. Diameter growth curves of trees at breast height in P-2.

Dotted line in thé figure is the same as that in Fig. 5, Species: a—c: Tsuga diversifolia, d: Abies veitchii
and Betula spp. Change of diameter growth; a: Trees showing no obvious increase of diameter
growth ca. 110 years ago, b and c: Trees showing decrease of diameter growth ca. 70 years ago. c:
Trees showing no obvious decrease of diameter growth ca 70 years ago, Arrows: Increase of
diameter growth.
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Fig. 7. Diameter growth curves of trees at breast height in P-3.
Dotted line in the figure is the same as that in Fig. 5.
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Summary

1. A stand (437.8 m? dominated by subalpine conifers at an altitude of ca. 1970 m in
the Chichibu Mountains, Central Japan, was studied in order to clarify the processes of its
regeneration caused by wind damage occurring in it more than a hundred years ago.

2. Old fallen trees lying in two different directions, a northerly direction and, lyiorg on
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those, in an easterly direction, were found on the stand floor. Analyses of diameter growth
and age composition of the standing trees within the stand suggested that these two groups
of fallen trees were blown down by wind storms which occurred twice ca. 110 and 150
years ago.

3. The stand could be divided into three patches, P-1, P-2 and P-3, mainly based on
the age composition and the diameter growth pattern of the trees standing in it. The patch
P-1 is an area where the stand was saved from the two occurrences of wind damage, and is
occupied mainly by Tsuga diversifolia trees ranging from 240 to 360 years old. P-2 is an
area where trees with DBH larger than 17.0 cm were blown down by the storms, and the
tree layer is mainly composed of 7. diversifolia ranging from 160 to 290 years old and of
Abies veitchii and Betula spp. ranging from 90 to 170 years old. P-3 is an area where trees
with DBH larger than 1.8 cm were Kkilled by the storms, and the tree layer in it is mainly
composed of A. veitchii and deciduous broad-leaved tree species ranging from 70 to 140
years old.

4. All of the trees of T. diversifolia occupying the canopy layer in P-2 at present were
no smaller than 7.0 cm in DBH at the time of second occurrence of wind damage. Thus, this
fact suggests that the gaps in the canopy created by wind damage at high altitudes, where
T. diversifolia coexists with A. veitchii, can be filled by T. diversifolia only when advanced
trees larger than a certain size have existed under the canopy. In the case of the stands
studied, this size is 7.0 cm in DBH. If the trees are smaller, A. veitchii and some deciduous
broad-leaved tree species can occupy profitable positions in the regeneration.

5. A. veitchii and deciduous broad-leaved tree species composing the canopy layer in
the areas P-2 and P-3 at present are gradually being replaced by T. diversifolia in the long
course of succession, because the latter is characterized by a longer life span and higher
shade tolerance and so has an advantage over the former.

Key words: Chichibu Mountains, Coniferous forest, Natural forest, Regeneration, Wind
damage



