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and Distribution Changes since the Last Glacial Age in Japan

E 5 AMOFNYEE/TE L, BREOKABBINCOMIEAL T, WOKIBLAMIRAE £ e afihlic, 20
SEISERERET 201, 1) NI E I HOBE BT 508N OKEA ., B, BIEam, RO,
DR, 2) BEOKHALIEED /ST £ I HiRREOBEE(L 2 BFEERH» S B U Jo, RPREHE I, SRR o HEft
M LBERENHEATEL, YIYFIT I I, LANTES, PHL/VYDIHETHD, MCHMHET B8
7 & I 4 B, AREMEHBMSRE 25, I L EEYRERERE 150ecm UTOEEILFHE TR B OB, S DF
AL 5 45 OWREBICAHMOTLE b D, BEMEL S e S EF UM AR LER, Thd 4 Mo,
BEHEPBELETE244Y5EY, ¥YIRETFOSMEABICHID, 3 XV HHBMEETLEBMHNCAELTHSE T
EMH v, BEORMCBT B/37 € 2 i 4 MO, BOKHMUBEORE - $Eb zhef#Er 44278 Y
% E OGRS, TFOSEERNCLoTELEEZ NS, BIEKHBENORMDE I, R4S
EIH4MOHADOHE L E L ONB /85 T 3 FHERELUL < HEIANC O L ic D8, BukiLUE o RIAEEE OS>
Wi« e FRICHE S TR LIC L > THE ST S H4ENECLEEZHN S,

F—0— F I HELSE, #k#, MU EBoSTE IE, BOKE, SAL5E

Abstract The present distribution of Picea sect. Picea is limited in narrow areas in Honshu, although it was
widely distributed during the Last Glacial Maximum Stage. To clarify distribution changes of Picea sect. Picea
since the Last Glacial Age in Honshu, present distribution and cone morphology of four species, i.e., Picea
alcoquiana, P. koyamai, P. maximowiczii and P. glehnii, were reviewed. Their present distribution in Honshu
corresponds both with the Warmth Index of 41-45°C * month and the maximum snow depth less than 150cm.
These species trend to occur on rocky sites where Tsuga diversifolia dominates and never coexist with either a
montane dominant of Fagus crenata or subalpine dominants of Abies mariesii and A. veitchii. Climatic change
and competition with F. crenata and Abies spp. confined the distribution of P. sect. Picea species since the Late
Glacial Age. It is assumed that the P. sect. Picea had a common ancestor during the Last Glacial Maximum
Stage. According to the isolation since the Last Glacial Maximum Stage, they differentiated in cone morphol-
ogy resulting in the extant four different species.
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Table 1 Number of points of Picea sect. Picea species
and their lowest distributions in Japan (based
on Hayashi, 1952, 1954)
Number Lowest
Species of points distribution (m)
Picea alcoquiana 349 700
Picea koyamai 38 1,450
Picea maximowiczii 50 1,100
Picea glehnii 1,339 0
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Fig. 2 WI (warmth index) distribution of Picea
alcoquiana, P. koyamai, P. maximowiczii
and P. glehnii in Japan (estimated based on
Hayashi, 1952, 1954)
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@® Distribution of Picea sect. Picea species

Mountains without Picea sect. Picea
O species and with less than Warmth

Index 45

Fig. 3

Snowy regions where mean annual
maximum snow depth exceed 150cm

Distribution of Picea sect. Picea (except for P. torane) and snowy regions (based

on Hayashi, 1952, 1954 ; Ishizuka, 1961 ; Yamazaki, 1965 ; The Japanese Society of

Forest Environment, 1972)
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var. hondoensis Rehd., 7 v~ Thga standishii Carr.
Thar, YA Ly bvetOEREREHFX, 7~
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V3 a v Pinus koraiensis Sieb. et Zuce., 2 r-
Ths, L AT EILOEERTHIL, »57~v,
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Table 2 Co-existense (%) with Picea sect. Picea species in Japan (based on Hayashi, 1951,
1952, 1954 ; Takahashi, 1962 ; Ishizuka, 1975)

Picea Picea Picea Picea glehnii

Accompanying species alcoquiana  koyamai  maximowiczii  Mt. Hayachine Hokkaido
Subalpine species

Tsuga diversifolia 79.3 36.6 42.6 *

Larix kaempfer: 7.8 51.2 63.8

Picea jezoenyiy 38.8 14.6 29.8 76.4

Thuja standisii 21.6 22.0 43

Pinuy koraiensiy 2.0 22.0 25.5

Pinus parviflora 4.9 * 1.7

Thujopsis dolabrata *

Abies veitchii 8.9 8.5

Abies mariesii .

Abies sachalinensis 84.8

Betula ermanii 3.7 8.5 62.9

Sorbuy commixta * 7.2
Montane species

Abies homolepis 45.1 10.6

Thuga sicholdii 12.4 10.6

Pinuys densiflora 7.3 .

Taxus cuspidata 11.3

Tilia japonica 60.6

Quercus crispulu 51.7

Acer mono 42.5

Kalopanax pictus 32.6

Betula muximowicziana 25.5

Cercidiphyllum juponicum 15.4

Fraxinus mandshurica 13.7

Ulmus laciniata 8.2

Ulmus japonica 7.8

Acer ukurunduense 6.6

Betula platyphylla 6.6

Fagus crenata 12.6 0.2
Sect. Picea species

Picea alcoquiana * 14.6 38.3

Picea koyamai * 40.4

Picea maximowic:ii 6.0 51.2 *

Picea glehnii * *

Picea torano 10.6 2.1

BT+ H = N Sorbus commixta Hedl. 2353 C % D A
Tha,

iz l, LiEOT7T AT vk, PV
Abies sachalinensis Mast., =Y = Picea jezoensis

Carr., &% # % Betula ¢crmanii Cham. & - 7205
HHERREIS O Tk e < R NHEE IR AR T H 5 >
+ 7 % Tilia japonica Simk., I X+ 7, £ ZX¥HhTT
Acer mono Maxim., 2+ Y ¥ Y Kalopanax pictus
Nakai, V%4 # > 7% Belula maximowicziana Regel t

b 20% VI TLT 5.

i N R IR AMOENERMAID L, I

O TEIREMM (2 Av#H, PF=y, =v—=v) b
THND I # 17 12 (Table 3), AN IFED/ 5 %
T3 L, NP TN L] TH Y, [£]
Thar I EREEAEL G, WBUE (2] 2ELHHKDII
YL LRBA, Sho SFIIESMP LA EKRLE
W2 EAhh A, THUCAL, XYL, (4] TH
ZITHBEILRILLL, T2ITHBIEDVREALET
Hr, 2hi, T IHIEIMNT AR Y
FRETEE, BEAEDERAa AYTEMNEL S
SERERT A, MU T AT =y b kst
wl, THIY = a X YHHMENT A (48,
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Table 3 Relative frequency (%) of abundance class
of Picea sect. Picea species, Tsuga diver-
sifolia, Abies sachalinensis and Picea
Jjezoensis in the stands where Picea sect.
Picea species occur in Japan (based on

Hayashi, 1951, 1952, 1954)

Abundance Class
Species searce common abundant
Picea alcoquiana 56.2 41.8 2.0
Picea koyamai 100.0 0.0 0.0
Picea maximowiczii 60.0 40,0 0.0
Tsuga diversifolia 5.7 s.3 89.0
Picea glehnii 513 17.4 313
Abies sachalinensis 13.4 349 51.7
Picea jezoensis 20.6 R 8.2

1975) (2hF 259 A (TR, 1986) »¥4:fF L Tv 30T
T,

LD 7 A =ik, i o 51% D s Ty
HE (L] Ths, UKL, PFN=vElzv=v0
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SLERT. L L, AMBIED, TS ® JE SRR E K
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2) ERIZHED 4%
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(Fig. 4). Bl 7 A = v = v O R4, 1 3 33.5-
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Cone size Seed scale size at mid-cone A .
Apical margin
Species Length (cm) Width (cm) Length (mm)  Width (mm) of sced scales Author
2 4 6810121416 1234 610 14 18 2226 6 10 14 18 A B C
Extant
Picea glehnii —i Konishi & Suzuki (1997)
P. alcoquiana L i 4 e 1 ]
P, koyamai ) ) — k — ! b | Hayashi (1960),
s b { — | = — Farjon (1990)
P. maximowiczii - H s — —t
* Fossil
P. glehnii — H K L } T
P. alcoquiana — H — H —t
. . Suzuki (1991)
P. koyamai — 1 } H —t
P. pleistoceaca —f H —t{ — —f
P. tomizawaensis Pt [}q] t | k i — -
P. cf. shirasawae (] -4 Not Not d Minaki (1987)

Fig. 4 Cone morphology of extant and extinct Picea sect. Picea species in Japan (based on
extant cone data from Hayashi, 1960 ; Farjon, 1990 ; Konishi & Suzuki, 1997 and
fossil data from Minaki, 1987 ; Suzuki, 1991)
*  Fossil species of the Last Glacial Age
** A :rounded and entire, B : crispate or waved, C : elongated and everted
*** Estimated value from the plates of Suzuki (1991)
- Variation range of extant Picea glehnii cones
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