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Change in cover types of urban forests damaged

by pine wilt disease in the northern part of Kyoto City
Kazumichi Morisuira* and Makoto ANDO*
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Around Kyoto City, many Japanese red pine (Pinus densiflora) trees in the urban forests have died because of
heavy damage by pine wilt disease after the 1980s. For three adjoining urban forests in the northern part of Kyoto
City (TAKARAGAIKE, KOUYAMA and KAMIGAMO), we compared the vegetation maps of different years to
clarify the changing patterns of forest cover. Vegetation maps were made from aerial photographs taken in 1982,
1990 and 1998, and the forest cover types were decided based on the dominant canopy species, e.g. Red pine forest
dominated by P. densiflora. In 1982, Red pine forest type was the largest, and it occupied 60% or more in area in
TAKARAGAIKE and KOUYAMA, and 30% in KAMIGAMO. In 1998, however, Red pine forest type occupied only
4.6% or less of the area. In TAKARAGAIKE and KOUYAMA, deciduous broad-leaved tree species appeared in the
forest canopy soon after the damage to red pine in the valley, while many stands on the ridge remained lacking in
tree species to provide cover. In KAMIGAMO, two types of stands were identified: those in which Chamaecyparis
obtusa appeared in the forest canopy quickly and those in which species other than C. obtusa occupied the site, and
then each stand tended to change according to topographic factors. Our results revealed that there were several
types in the changing patterns of forest cover through damage by pine wilt disease in these forests, and suggested
that those changing patterns were affected by topographic factors and stand structure before the damage.

Key words: pine wilt disease, change of forest cover type, urban forest, aerial photograph, Kyoto City.
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Fig. 1 Volume of trees damaged by pine wilt disease in
Kamigamo Experimental Forest, Kyoto University, calculated
from the data for business use in Kamigamo Experimental
Forest®. The value for 1969 means the cumulative volume of
the trees damaged before 1969 and removed in 1969.
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Table 1 Definition of forest cover types.

Dominant canopy species

F-1
Stand type
A. Red pine forest THIUH
B. Unclosed forest IUBLERH
C. Mixed-forest of (A and D) T ARERMRLH
D. Deciduous broad-leaved forest BREFE M

E. Mixed-Forest of (D and G)

F. Mixed-Forest of (A and G) ReAlE2 3
G. Cypress Forest E/%H

H-1. Evergreen broad-leaved forest — mmoxsis
H-2. Cryptomeria forest AXH

H-3. Bamboo stand s

H-4. Orchard and other planted stand ®#EzotaoMe
H-5. Cutover land and bare area MK

AWLEN -/ FREH

Pinus densiflora

Ilex pedunculosa, Lyonia ovalifolia, Clethra barbinervis
A+D

Quercus serrata, Q. variabilis

D+G

A+G

Chamaecyparis obtusa

Castanopsis cuspidata

Cryptomeria japonica

Phyllostachys pubescens
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Fig. 2 Vegetation maps of the study area in 1982, 1990 and 1998.
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Legend: A. Red pine forest, B. Unclosed forest, C. Mixed forest of (A and D), D. Deciduous broad-leaved forest, E. Mixed forest of (D
and G), F. Mixed forest of (A and G), G. Cypress forest, H-1. Evergreen broad-leaved forest, H-2. Cryptomeria forest, H-3.

bamboo stand, H-4. Orchard and other planted stand, H-5. Cutover land and bare area. Definition of forest cover types is
given in Table 1 and the text.
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Fig. 3 Changes in the area of each forest cover type in
TAKARAGAIKE, KOUYAMA and KAMIGAMO forests.
Ko@), Milb), LEECQOEFRITIIOVT, FRENDHK
YA THEEOLZEROEEGER L. LB AT A UK,
B.w Y RIEREHM, Cvy - HIEILEBHRAH, D.IEIELIERAR,
EBELER - ¢/ FEIHK, Foy -/ FESHK, Ge/*
W, HEOM. EHD 5 4 7TOERIIE - | RURISH.
The relative area of each forest cover type in
TAKARAGAIKE(a), KOUYAMA(D), and KAMIGAMO(c) forest
is shown. Legend: A. Red pine forest, B. Unclosed forest, C.
Mizxed forest of (A and D), D. Deciduous broad-leaved forest, E.
Mixed forest of (D and G), F. Mixed forest of (A and G), G.
Cypress forest, H. Others. Definition of forest cover types is
given in Table 1 and the text.
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Table 2 Change of forest cover types of Red pine forest from 1982 to 1998 in relation to topographic conditions (Ridge, Slope, and
Valley).

a)
Area Topography Stand type
in 1982 No. of grids in 1990 (%)
(No.ofgrids) A. B. C._D. E F_ G H
Takaragaike Ridge A, (122) 311 303 352 08 00 08 00 16
Slope A.  (162) 284 105 556 37 00 00 00 19
Valley A.  (65) 246 00 662 46 00 00 00 46
Kouyama Ridge A, (250) 136 168 652 12 00 16 08 08
Slope A. (72) 250 125 556 28 00 00 42 00
Valley A, (221) 113 131 665 32 05 27 18 09
Kamigamo Ridge A, (105) 343 67 305 38 19 210 10 10
Slope A (57) 193 53 298 105 53 263 18 1.8
Valley A (51) 216 20 275 59 98 294 00 39
b)
Area Topography Stand type
in 1990 No. of grids in 1998 (%)
(No. of grids) ~ A. B. C. D. E. F. G. H.
Takaragaike Ridge A, (38 26 579 237 26 26 00 79 26

B. (37) 00 730 243 27 00 00 00 00

C. (43) 00 535 419 47 00 00 00 00

Total” (122) 08 607 303 33 08 08 25 08

Slope A (46) 00 370 457 109 22 00 43 00
B. (17) 00 765 235 00 00 00 00 00

C. (90) 00 211 533 233 00 00 00 22

Total' (162) 00 315 469 185 06 00 12 12

Valley A (16) 125 63 625 188 00 00 00 00
B. © - - -

C. @3 00 47 767 163 00 00 23 00

Total’ (65) 31 62 662 200 00 00 15 31

Kouyama Ridge A (34 118 382 441 29 29 00 00 00
B. (42) 71 571 286 24 24 00 24 00

C. (163) 06 227 656 43 43 00 06 18

Total’ (250) 32 296 548 40 40 08 16 20

Slope A (18) 278 222 500 00 00 00 00 00
B. (9 00 556 333 00 00 00 00 111

C. (40) 50 150 750 25 25 00 00 00

Total’ (72) 97 208 597 28 14 00 42 14

Valley A (25) 40 200 600 40 80 00 40 00
B. (290 00 414 483 00 34 00 34 34

C. (147) 14 156 673 61 41 00 14 41

Total’ (221) 1.8 186 597 59 45 09 41 45

Kamigamo Ridge A (36) 194 250 111 56 56 333 00 00
C. (32) 00 125 563 00 00 156 3.1 125

F. (22) 00 136 45 00 273 273 273 00

Total” (105) 67 171 229 57 124 238 76 38

Slope A (11) 182 273 00 182 91 273 00 00
C. (17) 00 176 235 294 118 176 00 00

F. (15) 00 133 00 00 600 133 133 00

Total’ (57) 3.5 158 105 21.1 281 175 35 0.0

Valley A (11) 91 00 364 91 00 273 182 00
C. (14 00 71 643 214 71 00 00 00

F. (15 00 133 00 00 533 67 200 67

Total” (51) 2.0 59 255 13.7 255 11.8 118 3.9

2) 19824E — 19904E DAL - o ith, A, FEBOFHBIZONT, 1982ET AR YK TH -7 v FAI90FEIZEORG S 1 7T
Holehk, WEXKGIIZEHAETRLE.

b) 19904 — 19984E DAL © 19824 DT H < Yk L E{L L2190 EDEMD 5 4 T D H 5, TE3 ¥4 7 (X7 iR OHILETIEA -
B-C, FEBHILTIZA - C-F)RUEY A 7 (tota) I22WT, 1998 EDWHST 7 4 T Tholnrk, MBEXSINIEETRLL.
LB AT AR, B.oeyRAUREN, C.= v - BENEBHRAHK, D. FELEMNAK, E.HELER - v/ FRTHK, F.vY -/

FRAM, G v/ 3k, H Z0M. BT 54 TOEFITER - 1 RUALBR.

a) Change from 1982 to 1990. : Percentage of each forest cover type in 1990 originated from a Red pine forest type in 1982 is shown in
relation to topographic conditions.

b) Change from 1990 to 1998. : Percentage of each forest cover type in 1998 originated from most common three types (A, B, and C in
TAKARAGAIKE and KOUYAMA, A, C, and F in KAMIGAMO) and all types (total) in 1990 is shown in relation to topographic
conditions. In 1982, these forests were all Red pine forest type.

Legend: A. Red pine forest, B. Unclosed forest, C. Mixed forest of (A and D), D. Broad leaved deciduous forest, E. Mixed forest of (D and

G), F. Mixed forest of (A and G), G. Cypress forest, H. Others. Definition of forest cover types is given in Table 1 and the text.
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a) Takaragaike and Kouyama
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C. =y -BEEEBBZH

b) Kamigamo
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Fig. 4 Trends of change of forest cover types in TAKARAGAIKE and KOUYAMA area and KAMIGAMO area.
FEr RO (2) & EEEMIE (b) 1K2WT, 19828 YN TH o KT D1998E T THOHEBEHAMICEK L. KwE

FUHRHICHE Th o R ZIRT.

Typical changing patterns of pine forest type in TAKARAGAIKE and KOUYAMA area (a) and KAMIGAMO area (b) from 1982 to

1998 are shown. Thick arrows mean notable trends.
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