LB RFREFFHLEVERR, $25%, 89—-102%—7, 19994124

RLBIC & 2 BHB N ORR & RN B OBABFEOEE
FgE B BA BT - R AN
R KRR AR

Dieback of pine forests and the tree population structure in pine wilt
disease forests in Higashi-Hiroshima City

Harue SHIRATSUKI , Reiko NEMOTO and Nobukazu NAKAGOSHI

Faculty of Integrated Arts and Sciences, Hiroshima University,
Higashi-Hiroshima, Kagamiyama 739-8521, Japan

Abstract : We surveyed secondary Pinus densiflora forests, widely distributed in Higashi-
Hiroshima City. These forests have changed drastically due to heavy damage from pine wilt disease.
The aim of this study was to clarify the state of pine wilt disease forest and their population
structure. Vegetation data was obtained by the simplified vegetation survey method at 82 plots,
each measuring 10m X 10m. Detailed vegetation survey data was obtained by complete enumeration
and coring in 4 large plots, each measuring 20m X 20m. P. densiflora mortality was high in
abandoned south slope forests. P. densiflora existed in 53 plots, almost all of which were in the tree
layer. There were only P. densiflora in the tree layers of 27 plots. However, it seems that P.
densiflora could not regenerate in pine welt disease forests. If pine welt disease were to progress,
the number of immature forests lacking tree layers might increase. Fagaceae (mainly Quercus
serrata) were considered to be the second dominant tree species because its growth rate was higher
than other species except P. densiflora. However, about one third of all plots did not have any
Fagaceae in their tree and sub-tree layers. Other species (Ilex macropoda, Symplocos lucida etc.)
dominated mainly the sub-tree and shrub layers. Although the ages of these species were old, their
growth rates were low. Therefore it seems that pine wilt disease forests become Fagaceae dominant
forests. However, if Fagaceae seedlings are in short supply and there are obstructed from taking
root, it seems to take longer to become a Fagaceae forest. This is because light reaching Fagaceae is
reduced by the canopy of low sub-tree layer species.

Keywords : Fagaceae, Pinus densiflora, Pine welt disease, Simplified vegetation survey method,
Succession,
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Fig.1. Distribution of secondary Pinus densiflora forests in Higashi-Hiroshima City. Shaded area means the
pine forests
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Table 1. Number of sampling plots in cach category 301
Forest Geology Topography  Slope aspect No.of plots
Managed Granite Ridge N 5 1
S 4
Slope N 3
S 5 &
Others Ridge N 0 a
S 0 ©
Slope N 0 o
S 2 g
Abondoned  Granite Ridge N 10 3
s 10 <
Slope N 16
S 15
Others Ridge N 7
S 1
Slope N 9
S 5 0 20 40 60 80 100
Total 82 Mortality(%)

Fig.2. Vegetation in Pinus densiflora mortality
over a study area.

Table 2. Certification of environmental factor and interaction effect

Environmental factor DF Mean square F value p value
Revised model 12 1792.68 2.765 0.004
Segment 1 128965.418 198.903 0
S 1 513.421 0.792 0.377
T 1 5358.723 8.265 *0.005
G 1 760.608 1.173 0.283
M 1 7477.87 11.533 **0.001
SXT 1 2108.702 3.252 0.076
SXG 1 617.892 0.953 0.332
TXG 1 74.789 0.115 0.735
SXTXG 1 1514.816 2.336 0.131
SXM 1 728.73 0.199 0.657
TXM 1 440.478 0.679 0.413
SXTXM 1 2101.934 3.242 0.076
GXM 1 963.174 1.486 0.227
SXGXM 0 - - -
TXGXM 0 - - -
SXTXGXM 0 - - -
error 69 648.383
Total 82
Revised total 81

M : Managemment type *: statistically significant

T : Topography **: highly statistically significant

G : Geological conditions

S : Slope aspect

FER (37) RHE (45), WEFITIIERSE (62) AL ORE (20). fHEGACi3dbm &8t
H (46) EEAEHE (36) TH o7z
T A=Y ORBRIERIZ, 50% L EA6ST Ty b, 0% LUESITTT Y FTH o, HIEEIY
D7y NIMBELARL, TATY ORENEVEETEI > TWaA Z Edbhros (Fig.2),
R, EREBEGM L ZOXBEAPKIERICS X 28 R5 720, SPSSHDSPSS Base 9.0]
(1999) ZHAWTHEIHMEITo 72 (Table 2), HIERLFELBHRI D o201k, EHERE
(P=0.001). #J (P=0.005) T&HH. #HHEH. AL, FRELFGOHEASDEIIRHERICHE
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(1998) #HWTITo 7z, EHFENCR TAL L, BEEREAO/ERICHVERI RO,
EORMICEBELRZEIRD 5N/ Mann-Whitney U-test, P=0.005), #FFNTRTAHAB L, BRELY
b EHE DORIEERI T o 72 (U-test, P=0.005), #E. RIEAAFMICHEELZIZDO N LD o7,
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Table 3i27 A<y, 7HEE, 20toBBEOHBEHEEZR L -KBIEEERDO —#%E R
To BEEIIHBEERRI~V (BHME20%) TRLE, BRBITAITYDPHFELTWENT
Oy b2A, FELTWAE 7y b2BE LTRSS L, EHIXEARBIZT b <y UANOBESFE
LTWaHEAEZL, ) ThVFE22L LTTRRG L, &8, 420RXRFICETEEL VT
Oy FSBEROHFELZAN, ZROREAR, EEABICT I Y OARFET 256, BAED
ZEBRKBETAYYDRFETHHE. BARABRUVESREBIFEL L VIHEREITHo 72,
Zhom37ay bEBRNLATIZTO Y MZOWTEFN21To 72,

Table 3. Species composition and occurrence of Pinus densiflora and Fagaceae species in P. densiflora forests

Type* A B

2 1 1 2
Number of Plot 10 16 26 27
Mean of Mortirty 100 100 571 591
Mean of Tree layer (T1) Height (m) 0 1.7 126 143
Mean of Coverage in T1 (%) 0 47.2 528 270
Mean of Sub-tree layer (T2) Height (m) 8.0 71 6.5 8.1
Mean of Coverage in T2 (%) 485 429 480 441
Mean of Shrub layer (S) Height (m) 35 38 3.2 34
Mean of Coverage in S (%) 58.2 53.2 56.6 68.1
Mean of Herb layer (H) Height (m) 0.6 0.6 0.6 0.7
Mean of Coverage in H (%) 26.1 27.3 208 346
Pinus densiflora T . .
Quercus glauca T . 1] ] .
Quercus serrata T . n n
Castanea crenata T . 1 |
Quercus variabilis T . 1} |
Others T . * *
Pinus densiflora T2 : | | |
Quercus serrata T2 L} 1] 1] 1]
Castanea crenata T2 | | | |
Quercus glauca T2 | 1] | .
Quercus variabilis T2 | . | |
Quercus aliena T2 [ .
Quercus myrsinaefolia T2 . |
Others T2 * * * *
Pinus densiflora S | | | |
Castanea crenata S I | ] |
Quercus semata S n n m \"
Quercus glauca S n I 1] m
Quercus variabilis s . | | .
Quercus myrsinaefolia S I | .
Others S * * * *
Pinus densifiora H . . . 1
Quercus serrata H I | [} U}
Quercus glauca H ] [ 1] I
Castanea crenata H | . 1 1
Quercus variabilis H . . . |
Others H * * * *

Occurrence frequancy * : Occurrence of other tree species
1: 0~20%

I: ~40% * Type A: Pinus densifora not exist in tree layer
n: ~60% Type B: Pinus densifora existin tree layer
Iv: ~80% Type 1: Othre species exist in tree layer
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THRYLUNOHEAEDPM )Y FEABHERLZITTWE1D, BRRB T TERTE L2 WERERK,
L LLIFZEDL ) GHRGPHREINTHEHLILZVWHRGTHS L BEbhb, BERBUTIZA2DT A
TV ERLDAHEZEOR G LR L &9 2 MBBEEE R L7,

TARVIZEABOBARBCTIEEMNZELE R T, BEEARBLUT TOMBHEEIXT (KL,
BERBTERB2OEEARICLIAHBEL TV R o7, TOZEEIBEAMKRTT 1<y OEFHHIHE
CoTWiRWVNILERLTWS, 7HRBRONBEEL AL L, LBAOTREE T+ 7058 <.
TIHVEITRBTEVWEEZRL TV, ZOMO7FREIRS TV HBE L Chhdh ol T
<Y, THRLUANOEIE, COBBTL —FEEVWHBEEERL TV,

INSTATY, THEHEE, 2oMmoBORBHEEELRL L, THATYIIEOLBEEREL
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Fig.3. Differences in Pinus densiflora mortality between two different levels in each of four environmental conditions.
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Fig.4. Vegetation coverage by layer.
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REE., BEEE b IAR L, FLTIRESEEL TV R b oz, 2O TOy MY ¥ A
Ex HHICEEOBEITONTBY), THXVUNOHEDBRESN TS, Lz THEEAS
MEL T il kob D Bbhs, HBEREIITuy FTLizEso&dabh, HBLTH
HLTwanldetsd, vag, 7u0x03@ELTTHo 72,

TR & A A & T 5 (SDR2) #3k® (JBH - KM 1957), kst @5 L L
TEEL (Table5), 72720, 7HRBREIEI LASEICALSZVWLDIEBR LA, KAWL T
FEEEEIRL > Tz, ERBEAEI. Yoy b 56 A-D)T27EFX, )T, YavTs, S

e




RILBIIBT 2 RN OB &t OB A BEEREOHEE 97

Table 4. Species composition on survey plots

Plot no. 47 56 48 52
Vegetation type A2 A1 B-1 B-2
No. of Species 14 20 27 9
Mortality of Pinus densifiora (%) 100 100 56.3 25.0

No. (%) No. (%) No. (%) No. (%) Total
Eurya japonica 29 24 32 20 24 90 96 58 181
lex pedunculosa 8 67 6 4 74 278 1 1 89
Symplocos lucida 1 92 38 24 8 30 1 1 58
Pinus densifiora . . - 21 7.9 33 20 54
Lyonia ovalifolia 26 22 . . 15 56 . . 4
Quercus serrata . . 8 5 28 105 3 2 39
Styrax japonica 19 16 7 4 1 0.4 . 27
Acanthopanax sciadophylioides 3 25 5 3 17 6.4 . 25
Clethra barbinervis . . 21 13 4 1.5 . 25
Evodiopanax innovans . 4 3 20 75 . 24
llex macropoda 8 67 9 6 5 1.9 . 22
Juniperus rigida 4 33 . . 1 0.4 15 9 20
Rhus trichocarpa 2 17 9 6 8 3.0 . 19
Rhododendron reticulatum 1 08 . 3 1.1 13 8 17
Viburnum wrightii 1 08 5 3 8 3.0 . 14
llex crenata . . 1 1 7 26 1 1 9
Quercus glauca . . 3 2 6 23 9
Albizia julibrissin 5 42 1 0.4 6
Vaccinium bracteatum . 5 1.9 5
Pieris japonica 2 17 1 04 3
Castanea crenata . . 2 1 1 0.4 3
Prunus jamasakura . - 2 1 1 04 3
Alnus pendula 2 0.8 2
Quercus variabilis . . 2 1 . 2
Rhus sylvestris . . 2 0.8 . . 2
Deutzia crenata . . . . . 2 1 2
Vaccinium oldhamii 1 08 1 0.4 . 2
Sorbus japonica . . 1 1 . 1
Alnus sieboldiana . . 1 1 1
Pourthiaea vilosa . . 1 1 1
Quercus myrsinae . - . . 1 0.4 1
Rhus succedanea . . 1 1 . 1
Alnus firma . . . - 1 0.4 1

Total 120 100 158 100 266 100 165 100

3

v MTA2)TII /%, ZuFx, vag, 7ay b48B-1)TVI T, 7HTY, 2+ T Tho7,
TUy F2BDREHEINTVAELD, BIZTHIYOMKTH -7,

oy b 56 (A-1)A5H 70y b 52 (B-2)D & 541 % %5 4 Figs.5~8I2/R ¥, MENik, » 518
EREIRELTWEEBbRETOy b 56 (A-D)TIX. 7HVUNOMHIC L - THRELTK X
NTHY, SRBIZIFI2HLET TR, EEABUTICZOMOME LRI & ICHE
PR THV, LAL 7 FROEBRRIZIIEALER SN o7, 7Oy b 47 (A-DIZEARRBIC
ELTWEH00%K, BEEABTHEFNITRRE TV 0LEbIE, 7oy b+ 48 B1)TR. B
REBIZT A< IVPBMELEL TS, 2 FI05BERKBTELEL, BRBICA->TETWE, ¥/
Oy b 56 A-DERELRY, IFTIZERANSV, FOMOBRETIE, EERB,»SEREBICE
F5VIaTOEEFELY, 7Oy b 52B2ATR7THATYIERBLSERB T CLEICHH L
TWwie,

T H= Y RBFRARE LTRIA SN G oD 1960EMRLUBETH Y, BHBES N THH40
E, BMIPBEEFEI 2 7-OFBLZ20EMTH S (LBEMRBEHI945~1998F ), Fh b DE
ReZEEL. BHEBEEOBFREFgIIRT, 70 b 56 A-DTIE, BAREBZLHEDTWVETHF
BWREOBEIL, EEAREICHFET 2 Z20M0BL VENEMIRS, 7HRBEOEREIE N
Ehbhb, EEABEREIIEE0~50EOMICELSALTEY., HHELMISOFEELTW
725005, BIEIMMTEE TERLAZD DD EEDbNRSE, YO0y M 47T (AQDEERBERE (/1
F,LITFR, TEANY, vIT) i, BEISEPSTVET TELSBL TV A, B
8mA 6 10mfTHICER LTz, 7oy b 56 A-D)DOHEBARBRERE (F70F, 7HNY, Vavy
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Table 5. Summed dominance ratio on two measurements (SDR2)in survey plots

Plot no.
(Vegetation type) Species No. (%) *BA{cm?) (%) SDR2(%)
47 Styrax japonica 19 157 7369 168 16.2
(A-2) Symplocos lucida 11 9.1 907.9 207 14.9
llex pedunculosa 8 66 6929 15.8 11.2
llex macropoda 8 66 3597 8.2 74
Albizia julibrissin 5 41 313.8 71 56
Other species 70 579 13809 324 45.2
Total 121_100.0 4392.1 100.0 100.0
56 Symplocos lucida 37 236 1891.0 157 19.6
(A-1) Quercus serrata 8 51 37878 314 18.2
Clethra barbinervis 21 134 14444 120 127
llex macropoda 9 57 8194 6.8 6.3
Quercus variabilis 2 13 9465 7.8 46
Quercus glauca 3 1.9 149.2 12 1.6
Castanea crenata 2 1.3 163.3 14 13
Other species 76 47.8 28729 238 35.8
Total 158 100 120746 100 100
48 llex pedunculosa 76 28.1 12869 15.6 219
{B-1) Pinus densifiora 21 7.8 28168 34.2 21.0
Quercus serrata 28 104 17743 215 15.9
A iadop i 17 63 5922 7.2 6.7
Evodiopanax innovans 20 74 4336 53 6.3
Quercus glauca 6 22 85.2 0.7 1.4
Castanea crenata 1 04 1438 17 1.1
Other species 97 374 11396 138 25.6
Total 266 100 8242 100 100
52 Pinus densifiora 33 20 6983.0 858 52.9
(B-2) Juniperus rigida 15 9.1 370.3 4.5 6.8
Quercus serrata 3 18 283 0.3 1.1
Symplocos lucida 1 06 18.1 0.2 0.4
llex pedunculosa 1 0.6 18.1 0.2 0.4
Other species 112 689 724.6 8.9 38.4
Total 165 100 81423 100 100

*BA : Basal Area

7)) SEE IR OSEDIE W LV BEOERSR S WA, Fay b 4750 oS
BOmEITE,

Ty b 48 (B-1)id. B#25ED SA0EOICHE L2 0N L, 7oy MIERTEIC
B#AME V. L2 L, Fig72bdb25s L)1, BEFEEIIM 7oy P EFEKRICEEL TV,
7a vy b 52 B2 THTY OBEI20ENH0FEE TIELAMLTNZ, SO LIXTOHRGT
TARY DEHHFELRICD o THBREINTWAZ EERL TV,

% S

BEhEEE<CER

SEDORHETE SN FHHIERIITIO N IEL Tz, HAEBH TIIREBS OGS TRAENDS
EITLTWAE L) THD, BENCHREOHLERE LT, BEEERI M S, RERLER
EHRICBIT L REMERL R L 2ER, EEAORERIIEDP o720 2O D6, BMEKT
BRENAET LR T W LA%bh o7z, Fujihara (1995) (34 OBBER I E L ICOh, Ik
WEELKELBLLTWS, SHEIOHFEETD, EHMR LY DMEBBIEAIZRENKRS TR
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