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Abstract The main objective of the present study was to clarify the relationship between types of 
pine forest (Querco glaucae-Pinetum dens切orae) and the successional sere after pine wil t disease. 
Methods of analysis included phytosociological treatment, reconstruction of forest structure before 

the disease and size-structure analysis. Five vegetation types of pine forest were recognized from 
their species composition: (1) Cladonia rangiferina type; (2) Eurya japonica type; (3) Quercus glauca 

type; (4) Ardisia japonica type; and (5) Ardisia crenata type. The severity of disturbance by pine wilt 

disease increased from early successional stages, such as the Cladonia rangiferina type, to late 

succ巴ssional stages, such as th巴 Ardisia crenata type. In the early successional stages, pine forest 
remained after pine wilt disease, whereas there was a change to oak (Q. serrata Thunb. ex Murray, Q. 

variabilis Blume and Q. glauca Thunb. ex Murray) forests in the late successional stages. 
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Pinetum densifioγae 

In the northern coastal region of the Inland 

Sea of ]apan (San-y� district) , forests have been 

strongly disturbed by human activities over a 

long period. Natural forests are rare except 

around shrines (ltow, 1983) and most forests 

are secondary ones dominated by ]apanese red 

pine (Pinus dens併ora Sieb. et Zucc.). Pine trees 

in these forests have been used for timber, 
shrubs for fuel and litter for compost. Pines 

can regenerate at sites where there has been 

forest-cutting , or at sites where forest fires 

have occurred, because ]apanese r巴d pine is a 

typical sun tree. 

Since the 1960s pine forests have been abanｭ

doned , because propane gas and chemical ferｭ

tilizer have become used widely in ]apan, inｭ

stead of shrubs and litter. Since then , pine 

forests have gradually changed into broadｭ

leaved forests as vegetational succession proｭ

ceeds. In addition , the abandoned pine forests 

have changed drastically since the 1960s, beｭ

cause of heavy damage by pine wi1t disease. 

Catastrophic withering of pine forests was 

caused by a nematode [Bursαρhelenchus xylo-

Philus (Steiner et Buhrer) Nickel] vectored 

mainly by a beetle (Monochamus alternatus 

Hope) (Kiyohara and Tokushige, 1971; Moriｭ

moto and Iwasaki, 1972). The severity of pine 

wilt disease was greater in mixed forest than in 

pure forest (Takeshita et α1. ， 1975). Inoue 

(1986) reported tha t pine wil t disease had inｭ

creased after about 1971 in Okayama Prefecｭ

ture. Yokobori (1986) forecast an area where 

catastrophic withering of pine forests would 

occur. 

There have been some investigations on the 

succession of forests inftuenced by pine wilt 

disease (Nomoto et al., 1985; Toyohara et al., 
1986; Fujihara et al., 1991 , 1992; Da and 

Ohsawa, 1992). Nomoto et al. (1985) reported 

two types of vegetation change in pine forests 

after pine wilt disease: (1) regeneration of pine 

and (2) succ巴ssion from pine forests to Quercus 

glauca forests. Fujihara et al. (1992) suggested 

that the successional sere after pine wilt disｭ

ease se巴ms to vary depending on the severity 

of disturbance and the vegetation type before 

the disease. However, little is known about the 
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variations in the successional sere after pine 

wi1t disease and the causes of these variations. 

Toyohara (1984) conducted a phytosociologｭ

ical study of the secondary forests dominated 

by Japanese red pine in the northern coastal 

region of the lnland Sea, and recognized three 

associations: 1) Querco glaucae-Pinetum densiｭ
f!.orae; 2) Querco myrsinaejoliae-Pinetum densiｭ
f!.orae; and 3) Querco salicinae-Pinetum densiｭ
f!.orae. Among them , pine forests belonging to 

the Querco glaucae-Pinetum densif!.orae are the 
most heavily disturbed by pine wilt disease 

(Toyohara, 1987). 
The aim of this study was to clarify the 

relationship between types of secondary pine 

forest (Querco glaucae-Pinetum dens~βorae) and 

the successional sere after pine wilt disease in 

the northern coastal region of the lnland Sea 

(San-y� district), western Japan. 

Study sites 

The northern coastal region of the lnland 

Sea (San-y� district) is situated 34000'-

35020'N and 132 0 00'-134 0 25'E, Iying south of 

the Ch琦oku mountains in western Japan (Fig. 
1). Low mountains with gentle slopes mainly 

prevail , but the southern part facing the lnland 

Sea consists largely of lowlands. Acidic rocks 

such as granite and rhyolite are laid down over 

M. Fujihara 

almost the entire area and sedimentary rocks 

of Palaeozoic formations are scattered 10cally. 

The mean annual temperature is 15.4 oC in 

Hiroshima, and 15.20C in Okayama; correｭ

spondingly annual precipitation is 1608 mm , 

and 1202 mm respectively (Japan Meteorologi 

cal Agency , 1982). 
The potential vegetation of this area is conｭ

sidered to b巴 evergreen broad-Ieaved forest 

(Nakanishi and Hattori , 1979) belonging to the 

Camellietea japonica巴 At present, however, 

such natural forests are mostly destroyed and 

have been replaced by substitutional com・

munities (Itow , 1983; Toyohara, 1984), such as 

secondary pine forest (Querco glaucae-Pinetum 

densif!.orae ). 
Field surveys were carried out at three sites 

in this area (Fig. 1). Forest stands were chosen 

from representative sites disturbed by pine 
wilt disease in the 1970s (Ichinose) and the 

1980s (Funakoshi). For comparison with these 

stands, one stand with no apparent pine wilt 

disease was also sampled (Ohno). The parent 

rock of all study sites is granite. 

Methods 

1. Field Surveys 

The field surveys were carried out in 1986 

and 1987. Four quadrats were established in 
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Ichinose, fifteen in Funakoshi and five in Ohno. 

Most quadrats were located on south-facing 

slopes at elevations between 35 m and 200 m. 

The quadrat size ranged from 52.5 m2 to 216 

m
 Cover-abundance and sociability (Braunｭ

Blanquet, 1964) of all vascular plants and liｭ
chens were recorded in each quadrat. In addiｭ

tion , species name, tree height (H), trunk diamｭ

eter at a height equal to 1/10 of tree height (Do.d 

were recorded for living trees and standing 

dead pine trees taller than 1 m. Trunk diameｭ

ter at ground level (Do) was also recorded for 

fallen dead pines in Funakoshi and in Ichinose. 

Because the stumps of most J apanese red pines 
killed by pine wi1t usually remain for some 

decades, these stumps can be used as good 

indicators of the past prevalence of pine wilt 

disease. There were no dead pines in Ohno in 

1987, where no apparent pine wi1t has been 

recorded. 

The names of species followed Ohwi and 

Kitagawa (1983) for flowering plants, Ohwi 

and Nakaike (1978) for ferns and Yoshimura 

(1974) for lichens. 

2. Classification of Sample Stands 

Classification of communities was made on 

the basis of species fidelity , species combinaｭ

tion and physiognomy (Braun-Blanquet, 1964; 
Mueller-Dombois and Ellenberg, 1974). These 

data were analyzed by the computer program, 
Veget (Hada and Toyohara, 1990). 

3. Reconstruction of Stand Structure before 

Disease 

To reconstruct the structure of forests before 

disease, fallen dead pine trees were analyzed by 

the following procedures. 

Trunk diameter at a height equal to 1/10 of 

tree height (Do.d for fallen dead pine trees was 
estimated from the diameter of the remaining 

trunk at ground level (Do) using the following 

equation (Fujihara et al. , 1992); 

DO.l ニ 0.88XDo +0.22

Nishioka et al. (1979) simplified a hyperbolic 

equation relating the diameter of the trunk at 

breast height (DBH) to the height (H) of trees 

[l/H= l/(A XDBHh)+ 1圧戸] (Ogawa et al., 1965) 

to the equation 口IHニ I/(A xDBH)+ l/H'可 in the 

case of pine forests. In the present study, the 

height (H) of fallen dead pine trees was esｭ

timated from trunk diameter at a height equal 

to 1/10 of tree height (Do.d by using the followｭ

ing equation. 

l1H= I/(A XDo.d+ l/H* 

where A and H本 are coefficients specific to 

forests, and were calculated from standing 
trees in each quadrat by the least squares 

method. In quadrats 1-3 and 1-4 (lchinose), tall 

trees disappeared in the 1970s. In order to 

estimate the height of dead pine trees, coeffiｭ

cients (A and H*) were derived from the data 
obtained at stands in Ohno, which belonged to 

the same vegetation type. 

4. Severity of disturbance 

In Funakoshi most of the dead pine trees 

remained standing when the field survey was 

carried out. Because the remaining pine trees 

did not grow so much, the severity of disturbｭ

ance (%) was expressed as a percentage of the 

basal area of dead pine trees at ground level to 

the total basal area of living and dead pine 

trees at ground level in each quadrat. 

Results 

1. Types of Secondary Pine Forest 

Five types of secondary pine forest were recｭ

ognized (Table 1). All stands belonged to the 

Querco glaucae-Pinetum dens切orae and were 

characterized by sun trees such as Rhododenｭ

dron reticulαtum ， Lyonia ovalifolia var. elliptica 

and R. kaempferi. Among five vegetation 

types, Cladonia rangiferinαtype， which is 

found in Ohno, is characterized by the occurｭ

rence of lichen, such as Clαdia aggregat，α. Euryα 

japonica type is characterized by the occurｭ

rence of shrubs, such as E. japonica , and domiｭ

nated by Dicranopteris linearis in the herb 

layer. Quercus glauca type is characterized by 

the occurrence of evergreen broad-leaved trees, 

such as Q. glauca , Symplocos lucida , Ligustrum 

japonicum etc. A rdisia japonicαtype is characｭ

terized by the occurrence of A. japonica , Dendroｭ

panax trifidus and Ilex chinensis in addition to 

the characteristic species of the Quercus glαuca 

type. Ardisia crenata type is characterized by 
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Table 1. Species composition of secondary pine forest 

Vegetation 叩pe 1) Clad 同a Eurya Ouercus Ardisia Ardisia 

rangiferina 戸'POnica 9但U国 japoni国 crenata

主~ type 町pe -一旦E乙一一一一一一一一一一」盟主
Quadrat number 0-1 0-2 F-l F・ 14 F-2 ド 10 Fぺ 3 1-1 0-3 F-7 F-15 F-9 1-2 0-4 F-3 F-ll 1-3 0占 F-12 F-6 F-4 F-8 F-5 1-4 

Numberol species 20 19 16 24 18 15 13 27 20 19 23 14 26 27 24 20 35 38 30 33 30 41 27 31 

1.Mis国nthus sinensis group 

Miscanthussinensis 1+.22)+ + + + + + + +.2 + + 1.1 + + + + 

Junipeκυsrigida 11.11.1 + +.2 + 1.1 + + 1.1 + + 1.1 + + + + + 

Vacciniumoldhamii 1 + + + +.2 + 1.1 + 1.1 1.1 + + + 1.1 

Amelanchier asiati白 I + +.2 

Pteridium aquiJium 

νar. laliusculum 

2.PinU5 densiflora group 

PinU5 densiflo団 |4.4 3.3 5.5 2.2 4.4 3.3 3.3 3.3 3.3 4.4 4.4 4.4 3.3 5.5 4.4 4.4 1.1 5.5 4.4 5.5 4.4 4.4 4.4 1.11 

3.Rhododendron reticulatum group 

Rhododendron 1 + 2.2 1.1 2.2 + 3.3 +.2 2.2 3.3 1.1 2.2 3.3 1,1 2.2 2.2 +.2 + + 1.1 

reticulatum 

Lyonia ovafi/o/ia 

Rhododendron 

kaempferi 

1.2 11 1.1 1.1 1.1 1.1 1.1 2.2 1.1 3.32.2 3.3 1.1 1.1 3.3 3.3 + 1.1 3.3 1.2 3.3 3.3 3.3 + 

1.2 1.1 + +.2 +.2 + + + +.2 + 2.2 1.1 + + 

Quercus serra阻 + 1.1 +.2 + 3.3 + + 1.1 

4.Cladonla rangiferina group 

αa由 aggregala 図
5.Eurya japoni国 group

Eurya japonica 也.2 22 1.1 + 2.2 1.1 1.1 +.2 3.3 2.2 3.3 3.3 2.2 3.3 3.3 4.4 2.3 3.3 3.3 2.2 3.3 3.3 3.3 + I 
6.Quercus glauca group 

Quercus glau伺 + + + + + + + + + +.2 + + 1.1 

Symplo∞sluαda 

Ugustrum japonicum 

Neolistea sericea 

Rhus sylveslrﾎs 

Photinia glabra 

Cinnamomum japonicum 

Camellia japonica 

7 .Ardisia japonica group 

Ardisia japonica 

Dedropanax trifidus 

lIex chinensis 

8.Ardisia crenala group 

Ardisia crenata 

Dryopter� erythrosora 

Hedera rhombea 

Trachelospermum 

aSlallcum 

9.Pieris japonica group 

Pieris japonica 

Vaccinium smalii 

νar. glabrum 

Rhamnus crenata 

lIex peduncuωsa 

lIex crenata 

Clethra barbinervis 

+ 1.1 

+.2 + + 1.1 + 

+ 

+ 1.1 

+ 

+ + + 

1.1 

+.2 + + 

1.1 

1.1 + 

1.1 

1.1 + + 1.1 

+ +.2 + + +.2 + 

+ + + 

1.1 + + 1.1 

+.2 

+ +.2 

+ + + 1.1 +.2 + 

1.1 + + 

〒+ + +.2 

+ 

1.2 

+.2 + + + 

1.1 

+ 

1.1 

the occurrence of shade-torelant species, such was quite heavy in the Quercus glaucα(55.7%) ， 

as A. crenata , Dryoρteris erythrosora, Hedera rho- Ardisia japonica (64.6%) and Ardisia crenata 

mbea and Trachelospenηum asiaticum in addiωtypes (87.3%) in Funakoshi (Table 2). The 

tion to the characteristic species of the Quercus Cladonia rangiferinαtype was not found in 

glauca type and the A rdisia japonicαtype. The Funakoshi. 

number of species, especially the component of 

evergreen broad-leaved forests, increases from 
the Cladonia rangiferina and Eurya jaρonica 

types to the Ardisia crenαta type. 

2. Severity of Disturbance of Pine Forests 

by Pine Wilt Disease 

In the Eurya japonica type, disturbance was 
less heavy (mean 23.9%), whereas disturbance 

3. Volume of Trees 
Table 3 shows the volume (DO_12H) of trees in 

each vegetation type. In Ohno, the total 

volume of the stand increased from the Cladoｭ

nia rangiferina and Eurya japonicαtypes to the 
Ardisia crenata type. Pinus dens併ora domiｭ

nated in all stands. Quercus glauca existed in 
the Ardisia crenata type, but its volume was 
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Table 1. (continued) 

V扇面白n 可pe

Quadrat number -10.0thers 
Rhus tricho坦rpa

CI剖剛a Eu叩a ot揖rc，描 Ar(J;sia ArdiSia 
rsr，唱if田na Jap田ica glau坦 j司国同園 田enata

立盟 申pe type __  ty"，p:_:e___ 一一一___tr巴
0-1 0-2 F-1 1'-14 F-2 F-10 1三 13 1-1 0-3 F-7 F-15 F-9 1-2 0-4 F-3 F-11 1-3 0-5 F-12 F-6 F-4 F-8 F-5 1-4 
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+.2 + + 
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2.2 2.2 
2.2 1.1 1.2 

+ + 
+ 

+.2 1.1 2.2 

+ 1.1 
+ + + + 

+ + + 
+ + 

+ 
1.1 + 

+ 
+ 

+ + 
+ 1.1 + 

Undera umbel，伺la

5tyrax japoni，国

Pleioblastus shibuyanus 

var. viridis 

So地usa加ifolia

Ampe/opsﾎs 

bre叩ed閉山'Iata

Oplismenus undulatilolius 

AC8nthopanax 

Carex floribunda 

Carexconi国

Prunus verecunda 

Viola 9.ヴpoce団S

var. exilis 

Mallotus japonicus 

凶fisleria lIoribunda 

Ca/amagroslis 

arundinacea 

var. bra由tylricha

RhuS succedanea 

Sorbus japonica 

Lespedeza cyr10OOI(ya 

PleioblaslUs chino 

+.2 
1.2 + 

var. virdis 

Gardenia jasminoides 

Rhododendron 

macrosepalum 

Lindera glau国間に laev;s

Zanthoxylum schinifolium 

Blechnum nip叩Icum

Diospyros kaki 

1.1 1.1 

+ 

+ + 

+ 
+ 

Other species: Ouadrat 0-1: PJafycodon grandiflorum +. Ouadrat F-14 ・ Castanea crenata+, Arundinel/a hirta +. Ouadrat 1-1 ・

7iipterospermum japonicum +, Aster scaber +. Ouadrat F-15: Fraxinus sieboldiana +, Prunus grayana 1.1 , Abelia Spafhu.畑18+.
Platanthera minor +, Gleichenia japonica +. Ouadrat 1-2: Andropogon virg，川icus +, Carex lenta var. lenta +, Rosa wichuraiana + 

Ouadrat 0-4: Cryptomeria japonica +, lIIicium religiosum +. Ouadrat 卜3: Solidago virga-aurea var. asiatica +目 Lepisorus thunbergianus 

+, Lonicera japonica へ Pertya scandes 1.1. Ouadrat 0-5 ・ Ficus erec阻+， Parthenocissus tricuspidata +, Dryopteris varia var. setosa 

+, I/ex integra +, Aralia e/ata +, TyJophora aristolochioides +, Viola grypoceras +. Ouadrat F-4: Evodiopanax innovans +. Ouadrat F・8

CJeyerajaponica +.2, Persea thunbergii +, Rhus ambigua +, Dios∞rea japonica +, Smぬxriparia var. ussuriensis +目 Kadsurajaponica 
+, Robina pseudo-acacia +. Ouadrat F-5: Cinnamomum伺mphora +, Ophiopogon japonicus +, Aucuba japonica +. Ouadrat 1-4 
W店teria b四chybofryS+

1) AII vege祖tion types belong to Ouerco glaucae-Pinetum densitlorae 
2) Cover-abandance and sociability (Braun-Blanquet 1964) 

quite smalL pine trees decreased in the Ardisia crenata and 

In Funakoshi, the total volume of stands A. j，α:ponica types, because many pine trees 

(volume of all dead and living trees) increased were killed_ In these types, evergreen broadｭ
from the Eurya jaρonica type to Ardisia crenat，αleaved tree such as Quercus glauca appeared, 
type, as with the undisturbed forests in Ohno_ although their volumes were limited_ On the 

However in Funakoshi the volume of living other hand, pine trees still dominated in all 
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Table 2. Severity of disturbance in each vegetaｭ
tion type in the area disturbed in the 1980s. 

Vegetat旧n type 

Eurya japonica type 
Ouercus glauca type 
Ardisia japonica type 
Ardisia crenata type 

Severity 01 disturbance (%) 1) 

0.0 -43.3 
27.6 -74.7 
72.6 -93.8 
75.0 -100.0 

1) Severity of disturbance ~ (Basal area 01 dead pine trees 
I Basal area 01 dead and living pine trees) x 100 

quadrats of the Eurya japonica type. 

In Ichinose the v01ume of dead pine trees was 
1arge in the A rdisia japonica and A. crenatα 

types, whereas it was sma11 in the Euryα japon

ica type. In the Ardisia jαρonica and A. crenat，α 

types, the tota1 v01ume was 1ess than in the 
Quercus glauca type, because of the death of 

pine trees, and Q. vαriabilis shared the 1argest 

portion of the tota1 v01ume. In these types, 

another deciduous oak, Q. serrata a1so occurred 
and the evergreen broad-1eaved oak, Q. glauca 
were seen in the shrub 1ayer. 

4. Height Frequency of Trees 

Figure 2 shows the number of living trees in 

height c1asses at 2・m interva1s for each vegeta-

tion type. In Ohno, pine trees existed in a11 

height classes in the Cladonia rangiferinαtype 

(0-1) , Eurya japonicαtype (0・2) ， and Quercus 

glauca type (0-3), whereas they were restricted 

to height classes ta11er than 6 m in the Ardisia 

japonica type (0-4), and A. crenata type (0-5). In 

the A. crenatαtype， evergreen broad-1eaved 

trees such as Quercus glauca , Symplocos lucida , 

Ilex chinensis and Dendropanax trifidus were 

found in height classes 10wer than 4 m (Fig. 2-

A). 

In Funakoshi, pine trees existed in a11 height 
classes in th巴 Eurya japonic，αtype， whereas 

they were restricted to height c1asses taller 

than 4 m in the A rdisi，α japonica and A. crenata 

types, as in Ohno. In the Quercus glauca (F・9) ，

A rdisia japonica (F -11) and A. crenatαtypes (F-

6), many canopy pines were dead , whereas in 

the Eurya japonica type (F -2), many pines were 

sti11 alive (Fig. 2-B). In the Quercus glauca type, 

Symplocos lucida occurred in the shrub 1ayer. 

In the Ardisia japonica and A. crenαta types 

evergreen broad-1eaved trees such as Quercus 

glauca , Symplocos lucida and Dendropanax triｭ

fidus existed in the shrub 1ayer. The number of 

evergreen broad-1eaved trees increased from 

Table 3. Volume Wo}H) of dead pine and living trees of the main species. 

Study site Vegetation type Ouadrat DO.' 2H (x 1 00 cm2.m/l OOm2) 
Dead Living trees Tota) 
plne Pinu5 Ouercus Ouercus 口uerCU$ O!hers Total 
trees densiffora serrata variabilis glauca 

Undisturbed lorests Cladonia rangilerina type 0・ 1 14.0 。。 。。 1.3 15.3 
(Ohno) Eurya japonica type 0-2 6.8 。。 。。 。。 2.5 9.3 

Quercus glauca type 0.3 67.6 。。 。。 。。 4.5 72.1 
Ardisia japonica type 0-4 88.4 。。 0.0 0.0 13.6 102.1 
Ardisia crenata type 0.5 121.3 0.0 。。 5.1 126.5 

Disturbed in Eurya japonica type F-l 11.0 15.1 0.0 。。 0.6 15.7 26.7 
the 19805 F-14 。。 12β 。。 。。 。。 0.3 13.0 13.0 
(Funak05hi) F-2 9.2 19.5 。。 。。 1.8 21.3 30.4 

F.l0 7.2 8.9 。。 。。 0.7 9.6 16.8 
F.13 。。 16.7 。。 。 。 。。 1.2 17.9 17.9 

Quercus glauca type F-7 23.7 36.8 。。 0.0 2.7 39.6 63.3 
F.15 17且 50.1 。。 。。 。。 6.7 56.7 74.6 
F.9 23.2 7.7 。。 。。 。。 6.2 13.9 37.1 

Ardisia japonica type F-3 36.0 14.5 。。 。。 8.2 22.7 58.7 
F-l1 79.6 3.3 。。 。。 6.2 9.5 89.1 

Ardisia crenata type F.12 78.0 24.0 1.7 。。 。。 4.4 30.2 108.2 
F.6 64.1 27.8 1.2 。。 9.3 38.4 102.4 

F.4 113.4 。。 。。 。。 4.9 4.9 118.3 
F・8 10.2 9.9 。。 。。 0.1 17.2 27.2 129.1 
F.5 153.2 。。 。。 。。 0.0 10.3 10.3 163.4 

Di5turbed in Eurya japonica type 1.1 17.3 23.2 。。 。。 。。 4.2 27.4 

the 19705 Quercus glauca type 1.2 11.9 22.9 。。 。。 3.8 26.7 
(Ichinose) Ardisia japonica type ト3 90.3 3.9 0.6 4.0 。。 3.8 12.4 

Ardisia crenata type 1.4 51.0 1.3 0.1 6.8 0.8 1.6 10.4 

• Asterisk means the value lower than 0.1 
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the Eurya japonica type to A rdisia crenata type. 
ln Ichinose, many pine trees were found in 

the Eurya japonica type (1・ 1) and Quercus glauca 

type (1・2) (Fig. 2・C). ln the A rdisia japonica type 

(1・3)， pine trees were few , and trees of Quercus 
variabilis lower than 10m in height were 
found. ln the Ardisia crenata type (1・4) ， pine 
trees were few. ln the Ardisia crenata type, a 

deciduous oak, Quercus variabilis, dominated in 

height classes exceeding 6 m, whereas trees of 

Q. glauca less than 4 m in height were abunｭ

dant. 

Discussion 

The severity of disturbance by pine wilt disｭ

ease was heavy in the Ardisia japonica and A. 

crenata types. After disturbances, forests of 
these types changed to Q. variabilis forests in 
this study or to Quercus glauca forests (Fujiｭ
hara et al., 1991). ln these type forests, the 
death of canopy pine trees due to pine wilt 

disease resulted in the marked reduction of 
mean diameters, heights and total volume of 
living trees and many canopy gaps were 
formed. ln these canopy gaps, saplings and 
seedlings of deciduous oak species, such as Q. 

serrata and Q. variabilis, and evergreen broadｭ

leaved trees, such as Quercus glauca, Symplocos 
lucida, Ilex chinensis and Dendroρanax triβdus ， 

can grow upward. Succession of severely disｭ

turbed pine forests after pine wilt disease deｭ
pends on the occurrence of saplings or seedｭ
lings of the above-mentioned species. 

ln contrast, the severity of disturbance by 
pine wilt disease was less heavy in the Cladonia 

rangiferina and Eurya japonica types. ln these 

types, the reduction of diameters, heights and 
volumes of living trees was less than in the A. 
japonica and A. crenata types. Seedlings and 

saplings of deciduous or evergreen broadｭ

leaved trees, which can reach the canopy layer, 
were absent in the understory before the disｭ
ease, whereas many seedlings or saplings of 
pines were usually found. Therefore, in the 
Cladonia rangif診rina and Eurya japonica type, 

pine forests were still maintained after the disｭ

ease. 
ln the Quercus glauca type, the severity of 

disturbance was intermediate between that in 
the Cladonia rangiferina type and in the A rdisia 

crenata type. ln the understory of this forest 
type there were seedlings or saplings of decidｭ

uous or evergreen oak. These pine forests have 

changed to Quercus serrata forests (Fujihara, 
unpublished). 

The different courses of vegetation succesｭ
sion among different vegetation types also corｭ
respond to the topographical location of forest 

stands, because Cladonia rangiferina and Eurya 
japonica types are usually located on the upper 

parts of slopes, w hereas A rdisia japonica and A. 
crenata types are usually located on the lower 
parts. 
From the view point of vegetational succesｭ

sion, the order of vegetation types, from the 

Cladonia rangぴ"erina type through the Eurya 

japonica type, Quercus gl，αuca type and Ardisia 
japonica type to the A. crenata type, is considｭ
ered to reftect the successional order of pine 
forests from earlier to later stages (Fujihara et 

al. 1989). 

A schema of the successional sere after an 
outbreak of pine wilt disease is shown in Fig. 3. 
ln pine forests at early successional stages, the 
disturbance by disease was not very heavy, 

and the pine forests were maintained. ln conｭ

trast, in pine forests at late stages of succesｭ
sion, disturbance of the pine forest by disease 
was heavy, and dominance in volume and 

basal area shifted from pine to oak trees, such 
as Q. serrata and Q. variabilis (deciduous broadｭ
leaved trees) or Q. glauca (an evergreen broadｭ

leaved tree). 

Acknowledgements 

1 express my sincere appreciation to Prof. Z. 

lwatsuki, Hiroshima University (now Hattori 
Botanical Laboratory, Okazaki Branch), for valｭ
uable suggestions, hours of consultation and 
academic guidance during my study program. 

1 am also grateful to Dr. G. Toyohara, lecturer 

at Hiroshima University, and Dr. Y. Hada, Proｭ
fessor at Okayama University of Science, for 
their kind guidance and encouragement during 

the course of this study. Thanks are also exｭ
tended to Dr. M. Hara, Dr. C. Yonebayashi and 
Dr. T. Nakamura of the Natural History 
Museum and lnstitute, Chiba, for comments on 
the manuscript and my colleagues at Hiroｭ
shima University for assistance in the field. 

-167-



M. Fujihara 

A. Undisturbed (Ohno) 
Cladonia rangiferina type (0 ・ 1 ) 

Pd 

3;'E-L 
h

丸
一

Olhers 

主・ 100 150 200 

3R竺t
Eurya japonica type (0 ・ 2)

Pd Others 

Quercus glauca type (0 ・ 3)
Pd Others 

吉 12:'
ご B 掴且
Z 寸・・r-2' 4 ___  

ω-.-
ヨこ n 守予字引守マT円1

v 0 5 10 

Ardisia japonica type (0 ・ 4)
Pd 

_ 16 昌園・・

互 12=-:
J:: 8-" 
ロ) -l'・

ω41 
工寸o +--，守[

o 5 10 

Others 

i --
o 50 100 

町

1
1
1
l
γ
'

比

1
4
1
1
L
ハ
川

引

1
4
q
Lい
山

川
匂3j
為
。

…
阿F
」
一B. Disturbed in the 1980s (Funakosh り

Eurya japonica type (F ・ 2)
会 Oead pine 1re9S Pd Os 

i~k !!ー」
Quercus gfauca type (F ・ 9)

;:t f 

田島 困問t

l .. ー
Ardisiajaponicatype (F-ll) 

Oead pine Irees Pd 

ﾊ 12 十寸J l 
_ 8 斗ームー， ~ 

J:: -'一一一一一J __  園田・・
.2' 4.j _j 
ω-' -' 
工 0+ー下門司 4寸竹下一「

o 5 10 0 5 10 L LL与一
一
」
一

日
1
1
4
h

釦
『4
4
1
E
L
γ
'

fhu 

f
h

し
い
川

V
干
j
し
い

…I
… 

Fig.2 

168一



Succ巴ssion of secondary pine for巴sts after pine wilt disease in western ]apan 

C. Disturbed in the 1970s (Ichinose) 
Eurya japonica Iype (1 ・ 1 ) 

_ Dead p;ne trees Pd 

主 B芋=コ=-
-g, 4j j 
ﾆ 0 恥市戸.....， -f.-.-守F寸「
ー o 5 10 0 5 10 

Others 

園町 岡田t

山1
4』
園
。

同1
h…

h
j
j
h
h
j
h

一

…
向
子
…
…
川
…

戸
押F
h
向
山
日rt
L一

Others 

岡田1

-・・.

句
』
…

h11R

… 

1
1
払
下

川
町jL

一

州
M
1世
→
し
い Number of tr90S (No./100m2) 

Fig. 2. Number of trees in height classes at 2-m interva1s for dead pine (clear co1umns) and 1iving trees 
(solid co1umns) in each v巴getation type in the area undisturbed (A), disturbed in the 1980s (B) and 
disturbed in the 1970s (C). Pd: Pinus densf江?ora. Qs: Quercus serrata. Qv: Q. variabilis. Qg: Q. glauca. SI: 
Sym�locos lucida. Ic: Ilex chinensis. Dt: Dendro.ρanax trifidus. 

Pine forests Forests just after Forests regrown 
disturbances after disturbances 

Pine Pine forest 

Cladonia rangiferina 
and Eurya japonica 
types 

4と+ヲて~1pdl二ecキ~'f，忠七千司常もす':f'
tree 5 

Quercus glauca, 
Ardisia japonica 
and Ardisia crenata 
types 

九九世相37 司宇宙?
Irees 

私有アijise1. t ..1 司?"争
Evergreen 
broad.leaved 

tree 5 Irees 

Fig. 3. Schema of the successiona1 sere after pine wi1t disease. 

-169-



M. Fujihara 

References 

Braun-Blanquet, ]. 1964. Pftanzensoziologie. 3. Auft. 

865 pp. Springer-Verlag, Wien 

Da, L. and M. Ohsawa. 1992. Abandoned pineｭ

plantation succession and the inftuence of pine 

mass-dieback in the urban landscape of Chiba, Cenｭ

tral ]apan. ]pn.]. Ecol. 42: 81-94. (In ]apanese with 

English abstract) 

Fujihara, M., G. Toyohara, Y. Hada and Z. Iwatsuki. 

1989. Growth of Pinus densiflora of secondary pine 

forests in Hiroshima Prefecture, western ]apan 

Hikobia 10: 339-349. (ln ]apanese with English 

abstract) 

Fujihara, M., G. Toyohara, Y. Hada and Z. Iwatsuki. 

1992. Successional stages and degree of damage of 

secondary pine forests in Hiroshima City , western 

]apan. ]pn.]. Ecol. 42: 71-79. (In ]apanese with 

English abstract) 

Fujihara, M., Y. Yoshino and G. Toyohara. 1991. 
Change of vegetation after catastrophic withering 

of pine forests by pine wilt disease on Mt. Ushita, 

Hiroshima city , western ]apan. Hikobia 11: 85-9l. 

(ln ]apanese with English abstract) 

Hada, Y. and G. Toyohara. 1990. Veget (Computer 

program for tabulation). Hikobia・Kai， Hiroshima 

Inoue, E. 1986. Research on the damage of pine trees 

by Bursaphelenchus xylophilus (Steiner et Buhrer) 

Nickel (Nematoda: Aphelenchoididae) in Okayama 

Prefecture. Bull. Okayama-ken Forest Experiment 

Station (5): 19-30. (In ]apanese) 

Itow, S. 1983. Secondary forests and coppices in 

southwestern ]apan.ln Holzner W., M.]. A. Werger 

and 1. Ikushima (eds.), Man's Impact on Vegetation, 

pp.317・326. W. ]unk Publ., Hague. 

]apan Meteorological Agency. 1982. The monthly 

normals of temperature and precipitation at climaｭ

tological stations in ]apan (1951-1978). Technical 

Data Series No. 46. 216 pp. ]apan Meteorological 

Agency, Tokyo. (In ]apanese) 

Kiyohara, T. and Y. Tokushige. 1971. Inoculation 

experiments on a nematode, BursaPhelenchus sp., 

on pine trees. ]. ]pn. For. Soc. 53: 210-218. (ln 

]apanese with English abstract) 

Morimoto, K. and A. Iwasaki. 1972. The role of 

Monochamus altematus (Coleoptera: Cerambycidae) 

as a vector of Bursaphelenchus lignicolus (Nematｭ

oda: Aphelenchoididae). ]. ]pn. For. Soc. 54・ 177-

183. (ln ]apanese with English abstract) 

Mueller-Dombois, D. and H. Ellenberg. 1974. Aims 

and Methods of Vegetation Ecology. 547 pp. Wiley , 

New York 

Nakanishi, S. and T. Hattori. 1979. A Castanopsis 

type association of the Setouchi district in southｭ

western ]apan.ln Miyawaki A. and T. Okuda (eds.), 

Vegetation und Landschaft ] apans. Bull. Y okoｭ

hama Phytosoc. Soc. ]apan 16・ 113-140.

Nishioka, M., M. Nagano and T. Umehara. 1979. Bioｭ

mass and growth of forests in the area of ]apanese 

monkey habitat. In Minoo city (ed.), Showa 53 

nendo Minoosan saru chousa houkokusho: 133-

145. Minoo city. (In ]apanese) 

Nomoto. N.. Y. Kishi and T. Saeki. 1985. Succession 

of forests after pine wilt disease in Okayama and 

Ibaraki Prefectures. In Saeki T. (ed.), Pine wilt disｭ

ease and its affect" on ecosystem. Report of Enｭ

vironmental Sciences. B236-RI2-3, pp. 17-26. (In 

]apanese) 

Ogawa, H., K. Y oda, K. Ogino and T. Kira. 1965. 

Comparative ecological studies on three main 

types of forest vegetation in Thailand 11. Plant 

biomass. Nature and Life in SE Asia 4: 49-80. 

Ohwi,]. and M. Kitagawa. 1983. New Flora of ]apan. 

1716 pp. Shibundo, Tokyo. (In ]apanese) 

Ohwi,]. and T. Nakaike. 1978. Flora of ]apan. 289 

pp. Shibundo, Tokyo. (ln ]apanese) 

Takeshita, K., Y. Hagihara and S. Ogawa. 1975. Enｭ

vironment analysis to pine damage in western 

]apan. Bull. Fukuoka-ken Forest Experiment Staｭ

tion (24): 1-45. (ln ] apanese with English abstract) 

Toyohara, G. 1984. A phytosociological study and 

a tentative draft on vegetation mapping of the 

secondary forests in Hiroshima Prefecture with 

special reference to pine forests. ]. Sci. Hiroshima 

Univ., ser. b., div. 2, 19: 131-170 

Toyohara, G. 1987. Phenomenon of death of standｭ

ing pine trees and vegetation. In Nature Conservaｭ

tion Society of ]apan (ed.), Ecological Studies in the 

Environmental Effects of Insecticides on the Pine 

Forest Ecosystem , Particular of Pine Forest Ecoｭ

system Caused by the Pine Wood Disease, pp. 226 

233. Nature Conservation Society of ]apan , Tokyo. 

(ln ]apanese) 

Toyohara, G., T. Okuda, A. Fukushima and H. Nishiｭ

ura. 1986. Change of the vegetation after pine 

damage in Miyajima Island, Hiroshima. ]pn.]. 

Ecol. 35: 609-619. (In ]apanese with English ab-

stract) 

Yokobori, M. 1986. Catastrophic withering of pine 

forests by pine wilt disease in Ibaraki Prefecture 

170一



Succession of secondary pine forests after pine wilt disease in western ]apan 

and its environmental factors. Bul1. Ibaraki-ken 

Forest Experiment Station (15): 1-26. (In ]apanese 

with English abstract) 

Yoshimura,l. 1974. Lichen Flora of ]apan in Color. 
349 pp. Hoikusha, ﾔsaka. (In ]apanese) 

(Accepted on 13 October 1994) 

山陽地方におけるマツ枯れ後の遷移

藤原道郎

千葉県立中央博物館
干260 千葉市中央区青葉町 955-2

山陽地方沿岸部におけるマツ枯れ後の植生変化と植生

単位との関係について明らかにした.種類組成からハナ

ゴケ型， ヒサカキ型，アラカシ型，ヤブコウジ型および

マンリョウ型の 5 つの植生タイプが認められた.マツ枯

れ被害度は，遷移初期のハナゴケ型から遷移後期のマン

リョウ型になるにつれ増加した.遷移初期の植生タイプ

ではマツ枯れ後もマツ林が維持されるのに対し，選移後

期の植生タイプでは，マツ枯れ後マツ林からコナラ林，

アベマキ林およびアラカシ林へ変化することが明らかに

なった.

Appendix. Coefficients (A and H*) and correlation coefficient (r) of the relationship [IIH= I/(A XDo.d+ 
l庄内 between diameter of trunk at a height equal to 1/10 of tree height (DO•1) and the height (ll) of pine 
trees. 

Vegetation type Quadrat A H合 Number 01 

samples 

Undisturbed forests Cladonia rangiferina type 0・ l 1.00 5.24 0.91 20 

(Ohno) Eurya japonica type 0-2 0.74 8.13 0.70 14 

Quercus glauca type 0-3 1.41 16.41 0.93 25 

Ardisia japonica type 0-4 1.68 27.53 0.88 29 

Ardisia crenata type 0-5 1.11 28.00 0.94 31 

Disturbed in Eurya japonica type F-l 1.20 5.59 0.49 15 

the 1980s F-14 0.84 4.72 0.83 32 

(Funakoshi) F-2 0.51 13.51 0.75 18 

F-JO 1.06 5.94 0.94 28 

F-13 1.37 4.94 0.69 25 

Quercus 9伺uca type F-7 0.88 20.21 0.82 20 

F-15 1.89 18.63 0.85 37 

F-り 1.91 10.77 0.78 19 

Ardisia japonica type F-3 0.88 16.62 0.75 25 

F-11 1.80 16.63 0.86 20 

Ardisia crenata type F-12 1.69 27.13 0.83 44 

F-6 2.18 28.89 0.96 21 

F-4 1.43 30.78 0.90 17 

F-R 2.82 20.22 0.57 31 

F・5 1.43 30.78 0.90 17 

Disturbed in Eurya japonica type 1-1 0.99 17.63 0.89 14 

the 1970s Quercus glauca type 1-2 1.15 28.50 0.88 23 

(Ichinose) Ardisia japonica type 1-3 1) 1.68 27.53 0.88 29 

Ardisia crenata type ト4 2) 1.11 28.00 0.94 31 

1) Coelficients are derived Irom the data 01 0・3 (Ardis伺 japonicatype)

2) Coelficients are derived Irom the data 01 0-4 (Ardis匂 crenatatype) 
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