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Susumu Okitsu': Ecological role of Pinus koraiensis on the establishment of the
mixed coniferous and deciduous broad-leaved forest in the Last Glacial age of
Honshu, Japan
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Abstract Establishment processes of the mixed coniferous and deciduous broad-leaved forest containing such
dominant conifers as Pinus koraiensis, Picea jezoensis and other Picea species of sect. Picea, which have
occupied vast areas of Honshu in the Last Glacial age, was discussed focusing on the ecological role of Pinus
koraiensis. The most prominent feature of the tree distribution in the Last Glacial age of Honshu was that
Pinus koraiensis and Picea sect. Picea conifers occurred more abundantly than at present, and that the mixed
Pinus koraiensis and deciduous broad-leaved forest prevailed mainly on the lowland of Honshu. To clarify the
ecological role of Pinus koraiensis, the distribution and the species relationship were analyzed at the stands of
the mixed Pinus koraiensis and deciduous broad-leaved forest along the river Anyui, northern Sikhote-Alin, Far
East Russia. The existence of Pinus koraiensis prevented the deciduous broad-leaved species from their
prevalence in the mixed forests, and promoted the abundant occurrence of Picea jezoemsis within the potentially
deciduous broad-leaved forest areas, resulting in the occurrence of the mixed Pinus koraiensis and deciduous
broad-leaved forest. Furthermore, to understand the ecological characteristics of Picea sect. Picea trees, the tree
form and the height growth were compared between Picea jezoenmsis (sect. Casicta) and Picea glehnii (sect.
Picea) in the coniferous forests near the lake Akan, eastern Hokkaido. It was deduced from these comparison
that on the mesic site Picea jezoensis dominated, while on the dry site Picea glehnii maintained its abundant
occurrence. In the Last Glacial age Pinus koraiensis encouraged the prevalence both of Picea jezoemsis and
Picea sect. Picea trees, reducing the occurrence of deciduous broad-leaved trees. It was concluded that Pinus
koraiensis played an important ecological role on the establishment of the mixed coniferous and deciduous broad-
leaved forest.

Key Words: mixed coniferous and broad-leaved deciduous forest, ecological role, Honshu, Last Glacial, Pinus
koraiensis
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Table 1 Altitudinal
Tachikawa age of the Last Glacial age in Honshu. Compiled

occurrence of major conifers at the

from Soma and Tsuji (1987). *: present, -: absent.

Conifers

000 Loc. No. Altitude (m) Pk Pp Pj Av LI Td

Altitude lower than 300 m

07 3 - * - * - -
31 30 - * - - - -
09 33 * * - - -
24 48 * * - - -
13 60 * * - - - *
29 60 * - - * -
10 70 * * % - * -
11 75 * * * * *
12 75 - * * - * -
23 170 * * - - -
08 205 * * - * - *
32 205 - - * - - -
total 12 8 10 3 2 5 3
Altitude higher than 300 m
15 338 * * * _ _ %
22 354 * - * * - *
27 410 * - * * * -
33 420 - * - - -
16 547 * * * - * -
30 480 * * - * - *
14 525 * * * * * -
17 560 - - - * * *
20 560 * - * * - *
21 560 - - * * * *
18 580 - - - * - -
25 930 * * - * -
total 15 9 9 10 11 9 9
Total 27 17 19 13 14 14 12

Pk, Pinus koraiensis; Pp, Picea sect. Picea (Picea alcoquiana
Carr., Picea maximowiczii Regel ex Mast., Picea koyamai
Shirasawa; Pj, Picea jezoensis (including var. hondoensis); Av,
Abies veitchii; L1, Larix leptolepis, Td, Tsuga diversifolia. The
location numbers (Loc. No.) in the table refer to those in
Soma and Tsuji (1987).
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Table 2 Major tree species co-occurred with Pinus koraiensis at
the Last Glacial in central and northern Honshu, Japan
(compiled from Momohara and Okitsu (1998)).

Number of assemblage type

Species

Conifer

a%)

Deciduous broad-
leaved tree (14)

Common species
Picea sect. Picea
Tsuga diversifolia
Larix leptolepis
Alnus spp.

Species characteristic to
conifer type

Picea jezoensis*

Abies veitchii**
Chamaecyparis spp.
Betula spp.

Species characteristic to
deciduous broad-leaves type
Prunus spp.

Acer spp.

Corylus spp.

Fagus crenata

Quercus mongolica var. crispula
Juglans ailanthifolia

Tilia japonica

14
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*: including Picea jezoensis var. hondoensis

**: including Abies sachalinensis

130°E 135°

Fig. 1 Distribution of two types of plant macrofossil
assemblages containing Pinus koraiensis (cf. Table 2) at the
Last Glacial in central and northern Honshu, Japan (compiled
and simplified from Momohara and Okitsu (1998 ) and Table 2).
Solid circle, conifer type; open circle, deciduous broad-leaves
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Fig. 2 Location of the river Anyui, northern Sikhote-Alin (Okitsu 1997). The arrow in the inset figure shows the river Anyui and
Kh is Khabarovsk. Thick line in the large map shows the Sikhote-Alin Range, while the thin line indicates the Anyui River. The
altitude of Mt. Tardoki-Yangi is 2090 m, the highest mountain of the Sikhote-Alin range.

Table 3 Occurrence of major tree species in three areas along the river Anyui, northern Sikhote-Alin

(simplified form Okitsu, 2001 ).

Percent
Area Upper Middle Lower Total occurrence
(%0)*
Distance (km) 0-100 100-210 210-290
Altitude (m) 650-340 340-130 130-40
No. of Points 51 52 162
Conifers
Pinus koraiensis 16 /16 51/51 16 /16 83 /83 (—)
Larix gmelinii 10 /43 0 18 /52 (35)
Picea jezoensis 16 /51 32 /34 0 48 /85 (56)
Abies nephrolepis 3/6 20 /21 4 /4 27/31 (87)
Deciduous-broadleaves
Quercus mongolica 0 13/13 1/1 14 /14 (100)
Tilia amurensis 0 28 /33 8/21 36 /54 (67)
Acer mono 0 14 /17 14 /36 28 /53 (53)

*: Percent occurrence of the points with Pinus koraiensis to the total points where the species occurred.
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Table 4 Occurrence of five major climax tree species and their
assortment types in the middle stream of the river Anyui,
northern Sikhote-Alin.

No. of points
Tree species
Pinus koraiensis (Pk) 51
Picea jezoensis (Pj) 34
Tilia amurensis (Ta) 33
Acer mono (Am) 17
Quercus mongolica (Qm) 13
Assortment type
Pk 2
Pj 2
Ta 3
Am 1
Pk-Pj 19
Pk-Pj-Ta 6
Pk-Pj-Qm 1
Pk-Pj-Ta-Am 4
Pk-Pj-Ta-Qm 1
Pk-Pj-Ta-Am-Qm 1
Pk-Ta 3
Pk-Ta-Am 4
Pk-Ta-Qm 5
Pk-Am-Qm 1
Pk-Ta-Am-Qm 4
Ta-Am 2
Total 59
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Table 5 A comparison of the tree forms of the canopy trees (taller than 15 m) between Picea jezoensis and Picea glehnii
in the mature coniferous forest by the Lake Akan, eastern Hokkaido. Data from Okitsu and Ito (1995).

P jezoensis P. glehnii Significance
Number of trees 75 23
Maximum tree height (m) 30.0 30.0
Maximum DBH* (cm) 93 .5 85.0
Crown area (m’) 42 .8 (21.9) 42.7 (13.6) n. s.
Crown depth/tree height (m/m) 0.72 (0.09) 0.64 (0.09) p<0.001
Crown volume/stem volume (m’/m’) 157.5 (97.1) 81.9 (36.9) p<0.001

*: Diameter at breast height (1.3 m in height)

Means are shown with standard deviations in parentheses for crown area, crown depth/tree height and crown volume/stem
volume. Significance of the difference of means is based on the U-test. Crown volume is simply expressed as the product
of crown depth (m) and crown area (m’). Stem volume is simply expressed as the product of a square of diameter at

breast height (m) and tree height (m).
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Fig. 3 Relation between tree age and tree height of Picea
jezoensis and Picea glehnii by the Lake Akan,
Hokkaido. Data from Okitsu and Ito (1995).

eastern

oboobOooooboobooboooooboboooooooon
googooooOobD iomOO00OD0O0OO00O0O00ODODOO
gobooboooboooboooboobooboobooog
gobodboooboooboobooboobooboooa
gooobooOoooooooboooOobboOooooooooon
20000 2mO000000000O0O00DOOOODOOO
goooobboooboooog2ombbooooooog
ao

goooooon
gooobooobooobooobooobooboobooobo
gogoobobooooooooboooooooooooo
oboooboooobooooboooobooooooogon
gooobooooobooobobooooobobooboo
goooboooobooooboboooooooooboooaog
gobodboooboooboobooboobooboooa
oboooboooobooooboooobooooooogon
goooboooooobooobooboobooboobo
gooobooobooobooobooobooboobooobo
gobodboooboooboobooboobooboooa
O0Kojimad 197900 0000000000000 0O00DO
goooboooooobooobooboobooboobo
oo0Oo0o1943m
gobodboooboooboobooboobooboooa
gboobOoooobooboboooobooboooooooon
goooboooooobooobooboobooboobo
ggoobooooboboooooooobbooooooo
obooooobooboobooboooobooneset

uboooboobdoboooooood
oobooooooocoooon

gboooooogo
goboobooobooobooobooboobooboobo
gobodboooboooboobodobooboobooobo
oboooOoooooOoooooobooooooboooooo
oo
gooooooboboobobobooooooooooon

OTable 1M OOO0O0O0O0O0O0O0OO0O0OCOOOOOOCODO

ooooooosmooooooooooobooooo
gooooooooobooobooboobooboobo
OO00O0kitsuld 199500001999 bmoanooanog
gobodboooboooboobodobooboobooobo
obooboooobooooboooobooooooogon
gooooooooobooobooboobooboobo
gboobooboboboobooooooobooboono

O Table 10 Table SO Fig. 300000000000 0O000OOO

ooobOoooobooboboobooboobooooooon
goooboooooobooobooboobooboobo
gobooboooboooboooboobooboobooobo
gobodboodboooboobooboobooboooa
obooboooobooboobocoooboooobooogon
goooboooooobooobooboobooboobo
goooooooboboooooooboooooooooo
gobodboodboooboobooboobooboooa
oooooooo
goooboooooobooobooboobooboobo
uboboobooboboododrig 2Mmuooaooooog
gooobooboboboooooooooooooodooa
obooboooobooboobocoooboooobooogon
oooo

gbooobooooboooobobobobboooooooaaoao
oo

goooboooooobooobooboobooboobo
gobooboooboooboooboobooboobooobo
gobodboodbooobooobooboobooboooa
go0ooo0oooOoboooboobOOooobOoOooOooooo
goooboooooobooobooboobooboobo
gobooboooboooboooboobooboobooobo
gobodboodbooobooobooboobooboooa
obooobooooboobooboooobooooooogon
goooboooooobooobooboobooboobo
gobooboooboooboooboobooboobooobo
gobodboodbooobooobooboobooboooa
oo



gbooooboooobooboooobooobooboobooboooboooobooboooboooaon 11

gobodbodbooobooobooboobooboooa
oboboooooobooboobooooboobooooogon
goooboooooobooobooboobooboobo
goboobooobooobooobooboobooboobg
goooboobooooooon
oboboooooobooboobooooboobooooogon
goooboooooobooobooboobooboobo
gooobbooooooobooooooooboooooooo
gobodbodbooobooobooboobooboooa
ooogo

ooaoad

gobodbooobooobooobooboobooboooa
obo0ooo0ooo0ooooboobooooOooonooooo
gooobooobooobooobooboobooboobo
obboooobobboooooobodoomesnoon
gobodbooobooobooobooboobooboooa
oboooooooboobooboooobooobooooogon
gomegoiooomooooooooooooboonoong
goboooooooooobooooo issomogooo
pEubbbboodoooobooooooooooon
oboooooooboobooboooobooobooooogon
gooobooobooobooobooboobooboobo
gobooboooboooboooboobooboobooobg
gboooboooobooood

goooooo

AreeHko,A.C.0 Ageenko, A.S.0 Pepak .). 1969. Jieca fan -
bHero Boctoka. 390c.VBaarenscToBO JlecHas MNMpombl -
LLEHHOCThI , MoCKBa.

Bond, W.J. 1989. The tortoise and the hare: ecology of angio-
sperm dominance and gymnosperm persistence. Biological
Journal of the Linnean Society 36: 227-259.

gooogest. bogooooooobooooooo10oo
00000000048 12400

gooogos20b000oooooobooooooo 22000
ooooooooossdi2sid

goooomedoodoooodoboonoooboooooog
00000ooooobooooboooooooon o290 1s-
730

Ishikawa, Y., Krestov, P.V. & Namikawa, K. 1999 . Disturbance
history and tree establishment in oldgrowth Pinus
koraiensisshardwood forests in the Russian Far East. Journal
of Vegetation Science 10: 439448 .

Kojima S. 1979. Biogeoclimatic zones of Hokkaido island, Ja-
pan. Journal of the College of Liberal Arts, Toyama Univer-
sity (Natural Science) 12: 97-141.

gooooooooosonionioononooooog
00000O00MmboobOoOOobOoOoboOobooooa

doooooooooooogoooepnnooooooono
dodoooch2pooooooomobooooon
0o0mi1s-1350000000000000
goooozeood0OODOOO0O0O0OODDODDODOOOOOODOO
doodoooooooooDoobDooDbooboboooed
32000
Joo0oooDoopobDooDsnoonooooooonooo
0o0poooooooooooobOoOoobooooooo
0 Oel 3-130
gooooobDoopobogoonooooobooooooo
0000000ooooogn os1d2362440
goooomsooooogoooobooobooboooooo
dooboodobobooobooboooobooooooo
000000000066 AQ 5555730
Okitsu, S. 1995. Abies
sachalinensis-deciduous broadleaved mixed forest of Hok-

Regeneration dynamics of the

kaido, northern Japan with reference to its phytogeographical
perspective. Geographical Reports of Tokyo Metropolitan
University 30 : 57-68 .

Okitsu, S. 1996. Growth characteristics and regeneration manner
of the Korean pine (Pinus koraiensis Sieb. et Zucc.) on Mt.
Changbai, northeastern China. Natural Environmental Sci-
ence Research 9: 9-14.

gooogedDOoonoOooDoooooooooonooooo
goooboOoDoooooooboOoDooboooOD13dess3sa

gooooyoooooooooooooooooooooo
oooo0O0DOOn4d129-1390
goooovdoooooobooboboobooooooo
oobooooobobooobOoboOoobOoooboboOooboooo
oooooOooOOT2AQ4444550
ooooomyypvdoooooooooooooooooooo
oooooopobooOoodied 837
gooogz2oldbOOoOOooOOoOobOOoOobobOOobobooonoo
gobooooboobooobobooobOooooboooboooo
000Mo0ooD0ooDo0ooDooooooooDoooDoon
0ooooomi73-182. 00000000000 0O0O0O0O
00oOooooooo19s00000oooonooooooong
00000000000000000000ONo06407-
4080
000oooooooyymoonooooooooooooog
O Pinus koraiensis Sieb. et ZucclD OO ODOODODODOOO
00000 0510137-1450
0000000ooomenooooonoodoonoooogon
000000000 Pinus koraiensis Sieb. et Zuccll 0 00O
00000000D00D000000 040075-810

Ono, Y. 1984. Last Glacial paleoclimate reconstructed from gla-
cial and periglacial landoforms in Japan. Geographical Re-
view of Japan 57 B: 87-100.

Sohma, K. 1959. On woody remains from a Pleistocene peaty
lignite at Otani, Aomori prefecture. Ecological Review 15:
67-70.

0000D0DooonDimoomododooooomon
Jooopomeeged 00 00ooodooon



12 goood g1ngoorg

goooooobooobessooooooooooooobooo
goOoo 02602812910

gooboov4oooooooooboooboboboobobooo
ooooooboooobsoi-181020plstd

gooooossoooooooobooooobooooooo
ooooooooobeoi17200

gooooos7moooooooobooooboooooooo
oooomooooooooooboobooooooooooo
obooooboobobOomoboooooooms718300
ooooooo

gooogssgoooooooooboooooooboooooo
oooooooooomooooooooboobesd22l-
2540
gboooooooboooesmuooouboonoom302ppld
goooooo
goooobooooobooooooooooooooobooooo
obooooooooobooooooobooooesigooo
gbooboooooboobobocooboooooobooooo
gbobooooboooobooobobooobd2aigs-1e30
gz20020 s0O0 2500000



