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Table 1 Distribution of main coniferous species to subalpine and alpine zones of main mountains
in Honshu, Shikoku and Kyushu

Max.
Altitude snow depth Latitude Longitude
(m) (cm) (N) (E) Location Td Av Am Pj Pp

Names of mountains

Aomori
Mae-dake 1252 200—250 40°41" 140°52° 1—D—4 4+ + -+
Tamoawa-dake 1342 200—250 40°40" 14052 1—D—4 + +

Hachinohe
Yomogi-mori 1175 50—100 40°01" 141°377 2—D—4

Hirosaki
Ishikura-dake 1205 200—250 40°38° 140°53 1—A—1 + +
Akakura-dake 1548 200—250 40°40° 14053 1—A—1 + +
Ido-dake 1550 200—250 40°40" 14053 1—A—1 + +
O-dake 1585 200—250 40°39° 14053 1—A—1 + + +
Ko-dake 1476  200—250 40°39" 140°54 1—A—1 + +
Io-dake 1360 200—250 40°39° 140°53 1—A—1 + + +
Takadao-take 1551 200—250 40°39° 140°55 1—A—1 + + +



Norikura-dake
Kushiga-mine
Yoko-dake
Komagamine
Minamizawa-dake
Iwaki-san
Oppu-dake
Chausu-yama
Shirakami-dake

Mukoshirakami-dake

Ko-dake

Takataki-mori
Sakudogamori
Abetate-yama
Aomatsuba-yama
Hayachine-san
Naka-dake
Keito-san
Shiromori-yama
Kenashi-mori
Yakushi-dake
Iwate-san

Chausu-dake
Appi-dake
Maemori-yama
Omatsukura-yama
Mitsuishi-yama
Kurokura-yama
Ubakura-yama
Inakura-yama
Komokko-yama
Nakakura-dake
Genta-dake
Ofuka-yama
Yake-yama
Mokko-dake
Morobi-dake
Hachimantai
Oshiro-mori
Kenso-mori
Magarisaki-yama
Yatsuse-mori
Takakura-yama
Koshiromori-yama
Eboshi-dake
Mitsukado-yama
Zarumori-yama
Yunomori-yama
Akitakomagatake

1450
1517
1340
1416
1199
1625
1083

822
1232
1243
1042

1160
1361
1219
1366
1914
1679
1445
1339
1428
1645
2041

1578
1458
1305
1408
1463
1568
1517
1408
1465
1373
1541
1541
1366
1578
1514
1614
1269
1448
1334
1220
1409
1156
1478
1419
1541
1472
1636

200—250
200—250
200—250
200—250
200—250
250—300
200—250
150—200
150—200
150—200
150—200

100—150
100—150
100—150
100—150
100—150
100—150
100—150
100—150
100—150
100—150
100—150

150—200
150—200
100—150
100—150
100—150
100—150
100—150
100—150
150—200
100—150
150—200
150—200
200—250
150—200
150—200
150—200

150—200

150—200
150—200
150—200
150—200
150—200
150—200
150—200
150—200
150—200
150—200

40736
40°36’
40°37
40°36"
40741
40°39
40728
40°36’
40°30
40°31"
40726’

39°31
39742
39°43
39742
39°3%
39°33
39°33
39°30"
39°3%
39°32
39°51

39°57
39°58’
39°58’
39751
3951
39°51"
39751
39°50"
39°52
39°53"
3953
39°53
39°58"
3956’
39°55
39°57
39°51
39°54
39°53
39°53
39°47
39749’
39748’
39°47
39°47
39746’
39°45

140754
140°5Y
140°50"
140°52'
140°49’
14018
140°17
140°02
140°01
140703’
140°12

141746
141°32
141°24
141°29
141°30
141728’
141°26
141°27
141°25
141°30°
141°00°

140°54’
140753’
140°58"
140°55’
140°54’
140°58"
140°57
140°57"
140°53’
140°55’
140°54
140753
140°46
140°51
140°51
140°51
140°51
140°52"
140°48
140°50’
140°54
140°48’
140°51
140°52'
140°51
140749’
140748

+ 4+ + + +

4+ A+t +

+ 4+ +

+ + +

+ +

o+ +

T

+ 4+ +4++ A+

T T i s i i S S e i

4+t

+ 4+ 4+ 4+t + 4+ 4+ 4+ + F+++

+ o+ 4+

+ 4+ 4+ + 4+

+

+ 44+ +
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Ji-mori
Kaibuki-dake
Mokko-dake
Waga-dake

~ Shibakura-dake
Mitsumata-mori
Moriyoshi-yama
Daibutsu-dake
Mabhiru-dake

Kataba-yama
Goyo-san

Kyozuka-yama
Ushigata-yama
Sangai-san
Tenjiku-san
Yakeishi-dake
Shishigahana-dake
Kurikoma-yama
Magusa-dake
Yamabushi-dake
Torage-yama
Kamuro-san
Hinoto-dake
Chokai-san
Inakura-dake

Mitsumine-yama
Ushiroshiragami-yama
Funagata-yama
Ganto-san
Kumano-dake
Katta-dake
Byobu-dake
Ushiroeboshi-dake
Hubo-san

Gassan

Ha-yama

Ito-dake
QOasahi-dake
Nishiasahi-dake

Adatara-yama
Higashi-daiten
Nishi-daiten
Nishiazuma-yama
Higashiazuma-yama
Issaikyo-yama
Bandai-san

Tsuga-mine

991

992
1278
1440
1180
1119
1454
1167
1060

1313
1341

1373
1340
1381
1318
1548
1294
1628
1424
1315
1432
1262
1146
2230
1554

1418
1423
1500
1485
1840
1758
1817
1666
1705
1980
1462

1771
1870
1814

1700
1928
1982
2024
1975
1949
1819

1541

150—200
150—200
200—250
200—250
200—250
200—250
200—250
200—250
200—250

50—100
50—100

200—250
200—250
200—250
200—250
200—250
200—250
200—250
200—250
200—250
200—250
200—250
250—300
250—300
250—300

200—250
200—250
250—300
150—200
150—200
150—200
100—150
100—150
100—150
550—600
300—350

500—550
400—450
450—500

100—150
200—250
200—250
200—250
200—250
200—250
150—200

300—350

3941
39042
39°37
39°3¢’
40700
40700
39°58’
39°49’
3927

3919
3912

39710
3912
39°10
39°10
39°10
39°08"
38°57
38°57
38°58"
3854’
3847
39°02"
39°06
39°07

38°26"
38°25
3827
38712
38°08"
38°07
38°06
38°06’
38°04"
38°33
38232

38°20
38715
38°16’

3737
3745
T4y
T4y
3742
3743
3736’

37°50

140°50’
140°49
140°48
140745
140°43
140°44
140°3%
140°31
140°41

141°43
141°44

140°53
140752
14074y
140°52’
140°50’
140°51
140748’
140745
140°36’
140°37
140730’
140°1¥
140°03
140°01

140°39
140°38"
140°37
140729
140°27
140727
140°29
140°30°
140729
140°02
140713

139°51
139756
139754

14017
140°12
140°08
140709
140°14
140°15"
140°05

139°56’

1—B—4
1—B—14
1—C—3
1—-C—4
2—A—-1
2—A—1
2—A-3
2—B-3
2—D—1
Ichinoseki

2—A—2
Shinjo
1 — pa—

1—A—4
1—A—1
1—A—1
1—B—3
1—B—3
1—-C—3
1—C—3
2—C—3
2—C—14
2—D—2
4—B—2
4—B—3
4—B—3
Sendai

2—B—1
2—B—1
2—B—3
3—C-—2
3—D—1
3—D—1
3—D—1
3—D—1
3—D-—2
4—A—14
4—A—2
Murakami
1—B—4
1—-C—1
1—C—1
Fukushima
3—C—3
4—B—1
4—B—2
4—B—2
4—B—2
4—B—2
4—C—3
Yigga |

+ 4+

++ 4+ + +

++ + 4+ +

+

+?

+

++ 4+ + 4+

++ 4+ + + +

+

++ 4+ +

+ + +

+++++++ ++

+++ 4+ o+ + 4+ + + +

+ 4+ + 4+ 4+



Iimori-yama
Onishi-dake
Kitamata-dake
Jigami-yama
Nishidainichi-dake

Kasshi-zan
Sanbonyari-dake
Chausu-dake
Asahi-dake
Kurooya-dake
Minamigassan
Shirasasa-yama
Daikura-yama
Mikura-yama
Kanomata-dake
Hirugatake
Osabi-yama
Ojika-dake
Nanatsugatake
Takahara-yama
Myojingatake
Kareki-yama
Hikagura-yama
Komanago-yama
Omanago-yama
Akabina-yama
Nyoho-san
Asahi-dake
Maruyama-dake
Madoake-yama
Tsuboiri-yama
Shiromi-yama
Aizukomagatake
Taishaku-san
Tashiro-yama
Nenagusa-yama
Kuroiwa-yama
Akayasu-yama
Hiuchi-dake
Osugi-dake
Monomi-yama
Tsubamesu-yama
Kinunuma-yama
Taro-yama
Nantai-san
Konsei-zan
Mitsu-dake
Maeshirane-san
Shirane-san
Yusengatake

1595
2012
2025
1850
2092

1549
1915
1917
1903
1583
1776
1717
1827
1854
1817
1849
1908
1777
1638
1795
1595
1755
1369
2323
2375
2010
2464
1624
1820
1842
1774
1769
2132
2060
1926
2330
2163
2061
2346
1921
2117
2212
2141
2368
2484
2242
1945
2377
2578
2333

300—350
400—450
400—450
400—450
350—400

50—100
50—100
0—50
0—50
0—>50
0—50
0—50
50—100
50—100
100—150
100—150
100—150
100—150
150—200
0—50
100—150
200—250
50—100
50—100
50—100
50—100
50—100
300—350
300—350
250—300
300—350
250—300
250—300
250—300
250—300
50—100
150—200
150—200
200—250
200—250
100—150
100—150
100—150
50—100
50—100
50—100
50—100
50—100
50—100
50—100

3749
3751
3753
3754
37°50°

3ry
37709
3707
37708’
37°06"
37°06"
37°06"
3709
3709
3703
3702
3704
37°05
3707
36°54’
36°56"
37°00
36°53"
36748’
36°48°
36°48
36°49
31y
3710
3706’
3707
37°00
37703
36°58
36°58
36°50"
36°54
36°55
36°57
37°00"
36°52"
36°51
36°53"
36°49"
36°46
36°49
36°48’
36°47
36°47
36749

139°56"
139°4Y
139°38
139°38
139°39

139°58"

139758

139°58
139°58"
139°58"
139°58’
139°57
139°55’
139°54"
139°48"
139°48'
139°51"
13949
13939
139747
139°36’
139°3%
139°32'
139°31
139°31
139°3¢
139°3%
139°21
139720’
139°2%
139°2%
139°27
13921
139°28
139°29
13924
139°2¢
139°22
139°17
139°18
139722
139°21
139°2%
139°49
139°30°
139°24
139727
139°24’
139°2%
139°24’
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Shyukudobo-san
Taihei-zan
Suzugatake
Sukai-san
Koshin-zan
Hiragatake
Kengakura-yama
Hainomata-dake
Echigokomagatake
Nakano-dake
Tango-san
Fujiwara-yama
Echigosawa-yama
Ominakami-yama
Keizuru-san
Oshirasawa-yama
Shirasawa-yama
Minagasawa-yama
Kasagatake
Shibutsu-san
Shimotsugawa-yama
Ozawa-dake
Hotaka-dake

Makihata-yama
Asahi-dake
Ichinokura-dake
Tairappyo-yama
Oiwa-yama
Naeba-san
Torikabuto-yama
Saburu-yama
Shirasu-yama
Iwasuge-yama
Shiga-yama
Akaishi-yama
Yake-yama
Hiuchi-yama
Yakushi-dake
Yahachi-yama
Akakura-yama
Kurosawa-yama
Tenguhara-yama
Myoko-san
Jizo-yama
Takatsuma-yama
Otozuma-yama
Gojizo-yama
Kurohime-yama
lizuna-yama
Togakushi-yama

1968
1960
2388
2144
1901
2140
1998
1852
2003
2085
1809
1750
1861
1840
2001
1942
1953
1695
2058
2228
1928
1944
2158

1962
1945
1974
1984
1947
2145
2038
2192
2140
2295
2036
2109
2400
2462
1802
1927
1938
2212
2197
2466
2073
2353
2315
1998
2053
1917
1911

50—100

50—100

50—100

50—100

50—100
250—300
250—300
300—350
350—400
350—400
300—350
300—350
300—350
300—350
200—250
250—300
250—300
250—300

50—100
150—200
300—350
300—350
100—150

250—300
250—300
250—300
300—350
350—400
350—400
350—400
250—300
200—250
150—200
100—150
150—200
300—350
300—350
300—350
300—350
250—300
250—300
300—350
250—300
200—250
200—250
200—250
200—250
200—250
100—150
150—200

36°45
36°43
36°46
36°41"
36°40
37°00
37°00°
3704
3707
37°05
3703
37°03
3ror
3703
36°57
36°57
36°59
36°59
36°46"
36°54"
36°59’
36°59
36°48"

36°59’
36°53
36°51"
36749
36747
36°51"
36°50”
36°46
36744
36°44
36°42'
36°42"
36°55’
36°55"
36°53"
36°53"
36°48
36°54
36°53
36°53
36°50
36°48
36°48
36°47
36°49
36°44’
36°46"

139°23
139°25
139721
139720
139722
139711
13909
139°09
139705’
139705
139°06’
139°08
139°06
139°06"
139°13
139’11
139711
139°08’
13909’
139°11
139703
139°03
139°08"

138°58’
138°58’
138°56
13874y
138°40°
138°42
138°3%
13840
138°42
138734
138°31
138°33
138°02
138°04’
138°02"
138°05
138°07
138°06"
138°01
138°07
138°03
138°03
138°03
138°04
138°08
138°08
138°0%

3—D—2
3—D—2
3—D—3
3—D—¢4
3—D—14
4—B—2
4—B—2
4—B—2
4—B—3
4—B—14
4—B—4
4—B—14
4—B—14
4—B—14
4—C—1
4—C—1
4—C—1
4—C—1
4—C—2
4—C—2
4—C—3
4—C—3
4—D—1
Takada
1—C—1
1—C—2
1—C—2
1—-D—3
2—C—1
2—C—-2
2—C—¢4
2—D—1
2—D—2
2—D—14
2—D—14
2—D—4
4—C—3
4—C—3
4—C—14
4—C—4
4—C—14
4—C—4
4—C—14
4—C—+4
4—D—3
4—D—3
4—D—3
4—D—3
4—D—1
4—D—2
4—D—3
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Amakazari-yama
Kurofu-yama
Shirouma-dake
Korenge-yama
Yukikura-dake
Happo-san
Yarigatake
Daikoku-dake
Nagatoga-yama
Inugatake
Asahi-dake
Shozu-dake
Nakase-yama
Hyakkan-yama
Kaerazu-dake
Sogatake
Kekachi-yama
Nekomata-yama

Kesamaru-yama
Hutago-yama
Akagi-san

Ryokami-yama
Shirane-san
Manza-yama
Yokote-yama
Asama-yama
Maekake-yama
Kabutoiwa-yama
Arafune-yama
Happu-san
Suwa-yama
Ogura-yama
Kuroyu-yama
Omeshi-dake
Azuma-yama
Urakura-yama
Eboshi-dake
Kagonoto-yama
Sanpogamine
Kurofu-yama
Tateshina-yama
Neishi-yama
Inago-dake
Maru-yama
Tengu-dake
Chausu-dake
Shimagare-yama
Yoko-dake
Chausu-yama

1963
2070
2933
2769
2611
2005
2903
2405
2072
1593
2418
2590
2075
1970
2054
1855
2414
2305

1878
1556
1828

1724
2106
1994
2305
2542
2493
1368
1423
1315
1549
2112
2007
2160
2333
2091
2006
2228
2040
2405
2530
2392
2493
2330
2646
2232
2402
2473
2006

300—350
300—350
250—300
250—300
250—300
200—250
200—250
250—300
250—300
250—300
250—300
250—300
200—250
200—250
200—250
200—250
300—350
250—300

50—100
50—100
50—100

0—50
100—150
100—150
100—150

50—100
50—100
0—>50

0—50

0—50

0—50

0—50
100—150
100—150
100—150
100—150

50—100
50—100
50—100
50—100
100—150
100—150
100—150
100—150
100—150
100—150
100—150
100—150
100—150

36°54"
36°51
36°45
36°46’
36°48"
36°42"
36°44
36°40"
36°51"
36°54"
36749’
36°43’
36°43
36°43
36°45’
36°45
36742
36°46

36°38
36°37
36°33

36701
36°38
36°39
36°40°
36°24’
36°24
36°12
36°12"
36°17
36°02"
36°02"
36°39’
36°38"
36°32
36734’
36°26
36°25’
3624’
36°24"
36°06”
36°00”
36°02"
36°03’
36°01
36°04
36705
36°05
36°12"

137°58
137°46
137°46
137°47
137°45’
13748
137°46"
137°46"
137°44
137°43
137°44
137743
137°43'
137°31
137°42
137°34'
137°36'
137°36

139°20
139722
139712

138°51
138°32’
138°31
138°32
138732
138731
138°38"
138°39
138°36
13844
138°37
138°29
138728
138°27
138°26'
138°2%
138°27
138726
13830
138°18"
138°22'
138°22"
13821
138721
138°20°
138°20°
13819
138°08

Toyama
1—C—2
1—C—14
1—D—3
1—D—3
1—D—3
1—D—4
1—D—14
1—D—14
2—C—2
2—C—2
2—D—1

|
W Wy A B W DN

|
UU?UU

[
”D>:1|>:l>

O NDN HZ W WS oD N
&

DO W R B B R B B W B DN DN R DD W NN R W W W

+ o+ o+

+ o+ 4+

N R T T T T o o e i S S R S

+?

+?
+?

+

+ 4+ 4+

T T T T e S S S S

e T T T I R S R R A

+ 4+ + 4+ +

+ 4+ ++

+

+ 4+ 4+ +++++++

+

++ 4+ + +

Tk T T T o S e S S S S A

S T A S

+ + +

e

41



42

Monomiishi-yama
Takeshi-mine
Mitsumine-san
Kuruma-yama
Okuhachibuse-yama

Kashimayarigatake
Jiigatake
Kotomi-yama
Goryu-dake

Shirasawatengu-dake

Ariake-yama
Nabekanmuri-yama
Kurosawa-yama
Eboshi-dake
Hachimori-yama
Ushikubi-yama
Iwakoyazawa-dake
Narusawa-dake
Akazawa-dake
Harinoki-dake
Renge-dake
Hunakubo-dake
Kitakuzu-dake
Tsurugi-dake
Dainichi-dake
Betsu-san
Okudainichi-dake
Onanji-san
Washi-dake
Tobi-dake
Jodo-san
Karasawa-dake
Gaki-dake
Fudo-dake
Eboshi-dake
Mitsu-dake
Minamizawa-dake
Noguchigoro-dake
Minamimasa-dake
Akaiwa-dake
Otensho-dake
Tsubakuro-dake
Yarigatake
Io-dake
Suisho-dake
Kitanomata-dake
Yakushi-dake
Akaushi-dake
Washiba-dake
Mitsumatarenge

1985
1973
1887
1925
1929

2890
2670
2009
2814
2036
2268
2194
2051
1952
2446
2527
2630
2641
2673
2821
2799
2450
2551
2998
2498
2885
2606
3015
2625
2616
2872
2632
2647
2595
2627
2845
2625
2924
2710
2769
2922
2763
3180
2554
2978
2661
2926
2864
2924
2841

100—150
100—150
100—150
100—150

50—100

200—250
200—250
200—250
200—250
150—200
100—150

50—100

50—100
100—150
100—150
200—250
200—250
250—300
250—300
250—300
200—250
250—300
200—250
250—300
250—300
300—350
300—350
300—350
300—350
300—350
300—350
200—250
200—250
300—350
300—350
300—350
300—350
300—350
250—300
200—250
200—250
200—250
250—300
250—300
300—350
300—350
300—350
300—350
300—350
300—350

36714’
36°06"
36°10°
36°06"
36°10

36°37
36°37"
36°39’
36°39’
36°3¢4’
36723
36°17
36°14’
36°05"
36°05
36°37
36°34"
36°34
36°34
36732
36°32"
3631
36°31"
36°37
36°36"
36°36"
36°36”
36°34
36°32"
36°32
36°34
36°27
36°26
36°30
36°29’
36727
36°29’
36°26
36°25
36°20
36°22
36°24
36°20°
36°23
36°25
36°25
3628
36°28"
36°24’
36°23

138°09
138°05’
138°08"
13812
138°04’

137°45
137°45
137°48’
137°45
13747
137°46'
137°47
137°48’
137°48
137°45
13744’
137°43
137°42
137°4Y
137°41
137°43
13741
13743
13737
137°3%
137°37
137°35
13737
137°36
137°35
137°37
137°43
137°44
137°40
137°39’
137°39
137°39’
137°38
137°39
13741
137°42
137°4%
137°40°
137°39
137°36
13731’
137728’
137°36
137°37
137°35'

4—C—2
4—C—4
4—D—1
4—D—1
4—D—3

Takayama
1-A—3

1—A—3
1—A—3
1—A—3
1—A—4
1—-B—4
1—-C—3
1—-C—4
1—-D—14
1—D—4
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Sugoroku-dake
Kurobegoro-dake
Momisawa-dake
Jonen-dake
Chogatake
Otaki-yama
Akazawa-yama
Nagakabe-yama
Minami-dake
Okuhodaka-dake
Maehodaka-dake
Nishihodaka-dake
Kasumizawa-dake
Kotakazawa-yama
Nukedo-dake
Kasagatake
Shakujo-dake
Teraji-yama
Kuwasaki-yama

Kurigatake
Sarugabanba-yama
Mominuka-yama
Gozen-dake
Orizurugatake
Ogasa-yama
Notanishoji-yama
Myoho-zan
Hideri-dake
Haku-san
Maru-yama
Sanno-mine
Ashikura-yama

Tanzawa-yama
Hirugatake
Togatake
Hinokiboramaru
Tenmoku-san

Shiroiwa-yama
Kumotori-yama
Obora-yama
Hakutai-san
Karamatsuo-yama
Korei-zan
Hafu-yama
Mitsutoge-yama
Kuro-dake
Mikuni-yama
O-yama
Okusenjo-dake

2860
2840
2754
2857
2664
2615
2670
2565
3033
3190
3090
2909
2646
2387
2813
2897
2168
1996
2090

1728
1827
1744
1817
1841
1822
1797
1776
1751
2702
1786
2120
17117

1567
1673
1491
1601
1576

1921
2018
2069
1794
2109
2112
2318
1786
1793
1828
2290
2409

300—350
300—350
300—350
150—200
150—200
150—200
250—300
150—200
250—300
250—300
200—250
250—300
150—200
100—150
200—250
200—250
150—200
250—300
250—300

300—350
300—350
300—350
300—350
300—350
300—350
300—350
300—350
250—300
350—400
350—400
350—400
350—400

0—50
0—50
0—50
0—50
0—50

0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—>50

36°22’
36°23
36°22"
3619
36°18’
36°16’
36°34
36°16"
36°19
36°18
36°17
36°17
36°13
36°12’
36°19’
36°19
36°16
36°25"
36°32

36°11"
36°13
36°14’
36°12
36°18"
36°19’
36°15’
36°13"
36°06
36°09’
36°03
36°05
36°02’

35°28
35°29
3527
35°29°
35°52

35°53"
35°51
35°50"
3557
35°52"
35°52"
35°54"
35°3%
35°3%
35°59"
35°56
35°51

13735
137°33
137°42'
137°44’
137°44'
137°45°
13741
137°43
137°39
13739
137°40°
137°38'
137°3Y
137743
137°35
13733
137°3%
13729
13729

136°59"
136°56
136°57
136°58"
136°48’
13648
136°51
136750
13654
13647
136748
136°46
136°48"

13901
13909
139°10°
139°06"
139°01

138°57
138°57
138°54’
138°48’
13851
138748
138°46
138°49%
138°45°
138°43
13844
138°40"

2—B—14
2—B—14
2—B—¢4
2—C—1
2—C—1
2—C—1
2—C—1
2—C—1
2—C—1
2—C—1
2—C—1
2—C—1
2—C—2
2—C—2
2—C—3
2—C—3
2—C—3
3—D—1
3—A—2
Kanazawa
1—-C—2
1—-C—2
1—C—2
1—C—2
1—C—3
1—C—3
1—C—4
1—-C—¢
1—D—1
1—D—3
1—D—4
1—-D—14
1—D—¢4
Tokyo
4—D—1
4—D—1
4—D—1
4—D—3
4—A—4
Kofu
1—A—2
1—A—2
1—A-—-2
1—A—3
1—A—4
1—A—4
1—A—4
1—C—4
1—C—¢4
2—A—1
2—A—1
2—A—2
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Kokushi-dake
Tosaka-yama
Asahi-dake
Kinpu-san
Kobushi-dake
Yahata-yama
Yokoo-yama
Ogawa-yama
O-dake
Settogatake
Fuji-san
Aka-dake
To-dake
Yoko-dake
Gongen-dake
Amigasa-dake
Amida-dake
Nishi-dake
Hinata-yama
Tsuji-yama
Taka-mine
Sentoboshi-yama
Hoo-san
Okaramatsu-yama
Kushigata-yama
Bettodai-san
Okuro-yama
Zarugatake
Shichimen-zan
Kamanashi-yama
Nyugasa-yama
Shiraiwa-dake
Oiwa-yama
Amagoi-yama
Nokogiri-yama
Komagatake
Kotaro-yama
Senjo-dake
Kita-dake
Inaarakura-dake
Tokura-yama
Kitaarakawa-dake
Abearakura-dake
Aino-dake
Notori-dake
Hirokochi-dake
Okago-yama
Komori-dake
Oguro-yama
Ogochi-dake
Hondani-yama

2592
2112
2581
2595
2483
2333
1818
2418
1623
1736
3776
2899
2742
2830
2786
2524
2807
2364
1660
2585
2779
2139
2814
2555
2052
2215
1922
2629
1982
2177
1955
2267
2319
2037
2607
2966
2725
3033
3192
2517
1681
2698
2693
3189
3026
2891
2767
2865
2421
2802
2658

0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
0—50
50—100
100—150
100—150
100—150
50—100
50—100
100—150
100—150
0—50
50—100
100—150
50—100
100—150
50—100
50—100
50—100
50—100
50—100
0—50
100—150
50—100
50—100
50—100
50—100
100—150
100—150
100—150
100—150
100—150
100—150
50—100
50—100
50—100
100—150
100—150
50—100
50—100
50—100
50—100
50—100
50—100

35°52
35°53'
35°52"
35°52
35°55
35°51"
35°55
35°45
35°31"
35°32
35°22"
35°58
36°00
35°59
35°57
35°56
35°58"
35°57
35°48'
35740
35°42
35°40
35°42
35°37
35°35°
35731
35°27
35°25
3522
35°51"
35°54’
35749
35748
35749
3547
35°45
35°42'
35°43
3540
3541’
35°45’
35°36
35°37
35°39
35°37
35°36
35°35
3533
35°35
35°32
35°34'

13841
13844
138°39
138°38
13844
138737
138°31°
138°37
138°39
138741
13844
13822
138°22
13822
138°22
138°21
138722
13820
13817
1387201
138°18
13822
1381y
138°16
138°22
138°17
138°18"
138°16
138°21'
13811
138°11
138°11
138°14
138°14
13813
138°14
138°15
13811
138°15
138°12
138°03
13812
138°12
138714
138°1%
138°14’
138°15
13813
138°08
138°09
138°09

2—A—2
2—A—2
2—A—2
2—A—2
2—A—2
2—A—4
2—A—4
2—A—4
2—C—2
2—C—2
2—D—2
3—A—1
3—A—1
3—A—1
3—A-3
3—A—-3
3—A-3
3—A—3
3—B—3
3—B—4
3—B—4
3—B—14
3—B—4
3—C—3
3—C—14
3—C—14
3—D—3
3—D—3
3—D—4
4—A—2
4—A—2
4—B—1
4—B—1
4—B—1
4—B—1
4—B—1
4—B—2
4—B—2
4—B—2
4—B—2
4—B—4
4—C—1
4—C—1
4—C—1
4—C—1
4—C—1
4§—C—1
4—C—2
4—C—2
4—C—2
4—C—2

e i T T T T S S S S S S T e T e T T SE s

+ 4+ + + 4+ A+ +

++ + A+ + o+

+ 4+t A+ 4+

e

+ 4+ ++++++
)

+ 4+ 4+ o+

++ 4+ 4+ 4+

+ 44+t

T

++ 4+ +++++ + ++ + + +

D D

+ o+ o+

++ + A+

+ 4+ + o+

+ 4+ 4+ A+

+ +

++ A+ o+

+ +



Goemon-dake
Shiomi-dake
Sasa-yama
Itaya-dake
Ohikage-yama
Kohikage-yama
Iri-yama
Futago-yama
Kurokawa-yama
Onishi-yama
Toyoguchi-yama
Hijiri-dake
Usagi-dake
Akaishi-dake
Arakawa-dake
Aonagi-yama
Chausu-dake
Kamikochi-dake
Nitta-dake
Odaka-yama
Maru-yama
Tatemata-yama
Osawa-dake
Kagamori-yama
Iro-dake
Tekari-dake

Bozu-dake
Otaki-yama
Odanairi-yama
Kyogatake
Gongen-san
Misawa-dake
Komagatake
Shogigashira-yama
Chausu-yama
Kosumo-yama
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Ujinori-yama
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Dainichi-dake 1709 250—300 36°00" 136°50" (%1f_u A—3 +
' Shizuoka

Jumai-yama 1700 0—50 3515’ 13823 3—A—1 +
Daimugen-san 2329 0—50 3515 13810 4—A—1 + + + ?
Onezawa-yama 2339 0—50 35177 13808 4—A—1 + + + ?
Gacéhi-yama 2104 0—50 35177 13803 4—A—3 + ? ? +
Ikeguchi-dake 2376 0—50 3519 13803 4—A—3 + + + +
Nakanoone-yama 2296 0—50 35718 13801 4—A—3 + + ? ?
Shinanomata-dake 2332 0—50 3518’ 138°06° 4—A—3 + + + ? +
Maekurohoshi-dake 1943 0—50 35°11" 13804 4—A—4 + + ? +
Fudo-dake 2171 0—50 35°14° 13803 4—A—4 + + ? +
Kurohoshi-dake 2067 0—50 35°12" 13802 4—A—4 + + +
Tenguishi-yama 1366 0—50 3508 13811" 4—B—1 +
Ryuma-dake 1501 0—50 35°06’ 13801 4—B—3 + +
Sobatsubu-yama 1627 0—50 35077 13802 4—B—3 + +
Iwatake-san 1369 0—50 35°05" 13801 4—B—4 +

Toyohashi
Shirokura-yama 1852 0—50 35°18" 13800 1—A—1 + + +
Tochu-yama 1686 0—50 35°12° 13758 1—A—2 + +
Narayo-yama 1622 0—50 3514° 13758 1—A—2 +
Kadogeta-yama 1384 0—50 35°10° 13757 1—B—1 + +
Hidegatake 1695 50—100 34°11’ 136°06 4I * cC—4 + +

Wakayama
Bukkyogatake 1915 0—50 34°08" 13550° 1—C—2 + + +
Chosen-dake 1717 0—50 3411 13549 1—C—2 + + +
Bussho-dake 1805 50—100 34°10° 135%0° 1—D—1 + + +

Tsurugisan
Tsurugi-san 1955 0—50 3351 13406 4—A—3 + +

Kochi
Shiraga-yama 1770 0—50 33°48" 13400 1—B—1 +
Higashiakaishi-dake 1707 0—50 3%52" 13323 3—A—2 +
Sasagamine 1896 0—50 3348’ 13312 4—B—1 +
Ishizuchi-yama 1981 0—50 33°46° 13307 4—B—3 + +

Oita
Sobo-san 1758 0—50 3249 13121 3—D—3 +

Td: Tsuga diversifolia, Av: Abies veitchii and A. veitchii var. shikokiana in Shikoku, Am: A. mariesii,
Pj: Picea jezoensis var. hondoensis, Pp: Pinus pumila

The location of every mountain is indicated with any of 64 divisions of a 1/200000 scale map in which
its summit is included, as shown in the accompanying figure.
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Fig. 1a Distribution map of Abies mariesii
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Fig. 1b Distribution map of Abies vetchii
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Fig. 2
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Mountains (1-25) constituting the north-western boundary of the distribution of Abies
mariesii and the mountains (a-1) where neither A. mariesii nor A. veitchii is natively found
1: Iwaki-san, 2: Moriyoshi-yama, 3: Akitakomagatake, 4: Hayachine-san, 5: Magusa-dake, 6:
Gassan, 7: Kumano-dake, 8: limori-yama, 9: Ojika-dake, 10: Nanatsugatake, 11: Tsuboiri-
yama, 12: Maruyama-dake, 13: Arasawa-dake, 14: Nakano-dake, 15: Warimeki-dake, 16:
Tairappyo-yama, 17: Naeba-san, 18: Torikabuto-yama, 19: Iwasuge-yama, 20: Hiuchi-yama,
21: Amakazari-yama, 22: Kurohu-yama, 23: Inugatake, 24: Sogatake, 25: Ogasa-yama, a:
Shirakami- dake, b: Waga-dake, c: Yakeishi-dake, d: Chokai-san, e: Funagata-yama, f: Ito-
dake, g: Oasahi-dake, h: Jigami-yama, i: Dainichi-dake, j;: Daikura-yama, k: Takahara-
yama, |: Echigokomagatake.
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Fig. 3 Latitude and altitude of mountains to which Abies mariesii is indigenous
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Relation between the altitudes and the latitudes of the mountains where Abies mariesii is
indigenous

Two lines indicate two sorts of lower limits in relation to vertical distribution of A.
mariesti.

®: Lowest limit of vertical distribution of A. mavriesi in various mountains, (I Upper limit
of Fagus crenata, O: Upper limit of A. homolepis, A: Mountains to which A. mariesii is
indigenous, A: Mountains where neither A. mariesii nor A. wveitchii is indigenous. Moun-
tains; 1: Senjo-dake, 2: Aka-dake, 3: Tengu-dake, 4: Hakusan, 5: Yakushi-dake, 6: Tsurugi-
dake, 7: Jodo-san, 8: Goryu-dake, 9: Nantai-san, 10: Asahi-dake, 11: Shiga-yama, 12: Hotaka-
yama, 13: Naeba-san, 14: Tairappyo-yama, 15: Myoko-san, 16: Hiuchi-yama, 17: Nyoho-san,
18: Hiuchi-dake, 19: Hiragatake, 20: Aizukomagatake, 21: Amakazari-yama, 22: Asahi-dake,
23: Makihata-yama, 24: Hirugatake, 25: Maruyama-dake, 26: Ojika-dake, 27: Nishiazuma-
san, 28: Adatara-yama, 29: lide-san, 30: Zao-san, 31: Oasahi-dake, 32: Funagata-yama, 33:
Gassan, 34: Chokai-san, 35: Kurikoma-yama, 36: Yakeishi-dake, 37: Goyo-san, 38:
Hayachine-san, 39: Waga-dake, 40: Akitakomagatake, 41: Nyuto-san, 42: Hachimantai, 43:
Moriyoshi-yama, 44: Hakkoda-san, 45: Iwaki-san.
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Fig. 5 Map showing the sampling sites for pollen analysis on Mt. Naeba
The numbers on the sites correspond to those of Table 3.
S: Shimonoshiba moor, N: Nakanoshiba moor. K: Kaminoshiba moor.
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Table 2 Frequency (%) of pollen of tree taxa from the surface strata at various sites located
between Wadagoya and Akayu on Mt. Naeba

SiteNo. ', 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17
Taxa
Pinus 11.6 6.2 6.4 2.8 12.7 21.7 12.4 10.2 16.7 13.4 32.0 13.1 13.6 19.0 13.8 13.3 5.0
Abies — 1.4 3.0 8.6 9.6 25.936.315.4 9.8 13.411.310.6 3.2 1.410.1 9.8 —
Picea - — — 0.1 01 — - — 0.3 0.3 0.2 2.0 1.3 0.4 2.7 2.6 —
Tsuga 0.6 1.3 1.0 1.8 7.515.8 3.4 7.6 3.8 7.520.610.6 8.2 1.4 9.7 9.4 0.5
Cupressaceae 5.6 8.2 7.0 7.111.0 4.210.8 7.9 6.9 13.1 5.4 83 6.611.4 4.0 3.7 1.5
Fagus 42.8 20.2 20.2 8.4 14.9 9.0 9.1 9.6 12.0 9.6 7.4 9.114.5 9.1 18.9 18.4 24.5
Quercus 10.5 12.3 12.5 8.9 15.6 4.8 9.0 14.513.5 6.9 6.8 9.7 9.8 9.9 13.6 13.1 7.2
Betula 3.725.222.329.314.9 9.0 8.6 8.313.2 7.810.3 20.3 12.6 11.4 10.6 10.3 42.2
Alnus 3.5 5.7 7.210.3 5.1 4.8 4.8 8.6 13.8 10.6 3.9 11.1 12.3 23.4 12.2 11.8 6.0
Tlex 0.4 0.1 0.9 0.7 0.7 0.3 — 7.1 1.3 65 — — 1.9 1.5 — — 1.2
Fraxinus 11.4 4.0 2.9 44 0.8 — 0810 — 1.9 — — — — — — 0.8
Juglans 1.7 1.3 1.1 2.8 1.1 1.4 0.8 1.7 3.8 2.2 0.4 0.9 4.7 0.4 1.8 1.8 0.8
Ulmus — 0.9 1.3 0.3 0.8 0.3 1.7 1.1 0.9 1.2 — 0.9 6.3 0.9 1.6 1.5 2.3
Acer 3.1 4.9 46 4.4 2.8 1.7 21 20 1319 — — — — — — —
Corylus 0.2 4.6 2.6 4.2 — 0.3 — — 0.9 0.6 0.9 0.5 2.5 0.4 0.2 2.8 6.5
Vibrunum 3.3 1.1 2.1 2.1 0.2 — — 0.7 0.9 0.6 — 2.4 0.6 2.3 0.2 0.2 1.5
Ericaceae 0.6 — 2.3 3.2 1.9 0.8 0.1 4.2 0.6 25 0.4 05 1.3 2.3 — — —
Tilia - 901 - - 02 - - - - = - - 06 - - - -
Salix 0.4 1.3 02 04 — — — 01 03 — — — — — — — —
Carpinus - 0.1 210301 —01 — — — — — — 15 0.2 1.3 —
Castanea - - 0.1 — - - - - - - - —_ - - - - -
Weigera 0.2 — - - - - - - - - - - - - - — -
Aesculus 0.4 02 02 - — — — — — — - - - - - — -
Araliaceae — 0.3 — 0.1 — — — — — — — — — - - - -
Sambucus - 05 - - - - - - = - - - — - — — -
Rosaceae - 901 - - - - - - - — 04 - — 33 04 — -

BHEEYTT, Ldl, BELUERE X UZh e i OBTIHIC H 7 2 #1815, 1607 7D
BUOROWKANTS TR ZN20%UALEOBEENEREN TS, ZOI ki, #H15 16
MUBT 2EEAE T, BARE L Ti21620m M ETEgEMEE R 7 F MERBIKGE LT
1770m £ CEBESHT S (BOMI975) ZricksboeELONE, £/, THHOERDL
B3 < N7z I TEER DA 3> T b Fagus DTEMIINI 8 ~1T%DHBSEE R R L T2, T
NZER7FONMEERNAAYSEV EDVEL, RREERIROCILTLIZHOTD
%%, ZHIZHLT, JLHEMETIZ1600m 257 FH# L HE IUH & BB XS T
&, 7+ OfED1640m U LOBE R AFSNASAEZ VDT, BES X £1600m P EDOHS
TA% BT EERT LSRR,

BEDZ 8, Fagus DIEMHEBERE? T 5 5 2 O#m s 7 F A B 5 W id O fEss
BT EHRARLOLIBIE TR R VL, 20%UAEDESR L o7 B{ECRZ DR T FBFE
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Table 3 Frequency (%) of pollen of tree taxa from the surface strata in relation to the community
types on Mt. Naeba

)
. &

Site Altitude Sampled soil Community type ;f;‘? N
(m) § ¢ § £ & § ¥
NN S S & @ S
T v § & ¢
1 1320 humus Fagus crenata 12.1 — 0.6 5.8 44.510.9 3.9
2 1400 humus F. crenata 6.6 1.5 1.4 8.7 21.4 13.1 26.8
3 1550 humus F. crenata-Betula ermanii 7.0 3.3 1.1 7.6 22.0 13.6 24.3
4 1600 humus Tsuga diversifolia-Abies mariesii 3.1 9.7 2.0 8.0 9.4 10.0 32.9
5 1630 humus  A. mavriesii-T. diversifolia-Thuja standishii 13.5 10.2 8.0 11.7 15.8 16.6 15.8
6 1680 peat A. mariesii-T. diversifolia-T. standishii 22.9 27.3 16.6 4.4 9.5 5.1 9.5
7 1700 humus A. mariesii 13.0 38.1 3.6 11.3 9.6 9.5 9.0
8 1750 humus A. mariesii-T. diversifolia 12.1 18.3 9.0 9.4 11.4 17.2 9.8
9 1860 peat A. mariesii 19.7 11.5 4.5 8.1 14.1 15.9 15.5
10 1960 peat A. mariesii 16.2 16.2 9.0 15.8 11.6 8.3 9.4
11 2000 peat A. mariesii-Pinus pumila-T. diversifolia 33.3 11.8 21.4 5.6 7.7 7.1 10.7
12 2000 peat A. mariesii-P. pumila-T. diversifolia 14.7 11.9 11.9 9.3 10.2 10.9 22.8
13 2000 peat A. mariesii-P. pumila-T. diversifolia 15.9 3.7 9.6 7.7 16.9 11.4 14.7
14 1900 humus Alnus maximowiczii-B. ermanii 25.3 1.9 1.915.2 12.1 13.2 15.2
15 1860 humus A. mariesii-T. diversifolia 15.7 11.5 11.0 4.6 21.5 15.5 12.1
16 1600 humus T. diversifolia-A. mariesii-T. standishii 15.1 11.1 10.7 4.2 20.9 14.9 11.7
17 1550 humus F. crenata-Aesculus turbinata 54 — 0.5 1.6 26.4 7.8 45.5

The pollen frequency of each tree taxon is expressed as {N/ [AP— (Alnus+Ilex)]} x 1009, where
N is the number of pollen grains of the taxon and AP is total number of pollen grains of all woody
taxa.

THEEZTEIDNSS, A%ULE 7 FMANBEDERL T2 0 RELWEETH S, LU
BZRCAHTBRULE THITERILICB T3 Z20ERELTRLTHS S,

Quercus DI, ERERS 2 L BL CHCEEREARRID s v, BHILTE, 7
THRHEICIXF 2, BREUFBIZE Y~ FI8a 0k, ThsOEERDSTEESRELE b
DEEZBND,

Betula ZTEMMEER LS <, REEMLAZ VI L350 T3 (Tsukapaldssh), &g
TR, I T 51 H oo, BRILBIZ S 7 A >N 59ah v \hib s, Betula O
T F L5 T AV NDRET BHAD 2 CIRRELICT 7 4V NDEBHS 5o h bl
2, 3, 4BLUL2T2RLLEDEERL T3, —F, HAHITO 7 +— b F / MK T45.5%
DEWEEZRLTWS, MAITEZICIZS 7 > 2L S LRV, EL DRBWICIE Y
AR NHERHEND Z L5, ZOMBD Betula IEHDH I DY T4 4 v bir D
REzL2bDLEZOND, SEDRAETRS 74V  SHMNDOEBREBORBESTEbIAT
WRWOT, TEHROHBEED S 74 e OBIRIZH UER U,
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Table 4 a~c Frequency (%) of pollen of tree taxa from the three moors on Mt. Naeba

a. Shimonoshiba

Taxa
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Pinus DE¥HZEEEDRICE L, BT & 2 TREEERE b K&\, Pinus DT EEEE U4
BT 3 UEROHSEILDNARY, T3YTEY, aXVFTORET ZEARMKRTI0%U
EOERRLTWS, £, 7HHEEOME 1 TR EDEETL T3, ESILTIE Pinus
OIERE EMERIUF THNA =Y, THESILHE» S 7 FHFRIC»FTE+F5 T3 VICHERT
2bDeEZHND,

M—2 FEHUFNIBEICETHEBIN

BRI AE (1973), EOM (1975), Sl (1976), a-Hul (1978) ZFoHE» 5 bb
3 &5, HABRKBROEE T 2B L, ILE 7+, R#@EBLUFETRER, A
R, ARAVT, Frh o NEOBELAOLNDIY, T4V IEYBZOEERERL TV,
R EB L O LR OFE/NE b & IR E 5 HIIREAE & 0 b (UH# L BE L0
RIERTH 2, £/, ZOMIIIT/Z (1680m), #./% (1860m), E./Z (1960m) xIF
BN2=Z0D08BENH 2, IHSOBREREVL TN OERUFHIMEL TW3, #-T,
INSOBEEORZI=ZDDBFEORKREFOICMAMTRIE LB T2 Z L ik > T, REH
KBTI BESAHFO LR MEL L VBERICTIILBTELZOLEEZOND,
m—2—1 BEBLUBHHE
EE=Z00BFBWT, FNENT /Z8m, F/270cm, L/ Z58emDELEIWEIZE
LEIETFRED & - THY T THHEROBREE ZHRIL 72, BEEIRE, S 2emD EH
TEFRL YD FT TREOBRE LRCAE TR, BRMTETR o7, 48, HRER
KR T/ ZTEBD SFES18~20emDMHE, L /% Tid20~22cm®D I —H D # > H3BAR 2 K 1L
IKBORBERRD Sl R/ 2T, ThEIZIZARHO KUK EEbd b DHES 8 ~12
em®D M YR & ELEECIBIEEL TWwiz,

TE T OBRIZHFEBARTER ORI L > THE L L HFEE (%) & UTHRAMERS
EWRLE (B—4 a, b, o),

M—2—2 HFER

(1) T/z8K

T/Z8EIZ7F#D LR DKS0m %72 7+ OAF LR E D K40m BB H 2, BF
DRBDZZEARYY, Frhvn, v59uh o OB DHERS~10m D445 EVH
LaAXVH, ALXYSEVDRUBHER 4 m DA X ERMRASNE, 745 EVHA
DEARBDI B1.5~4 m ORI I RAAZTBEL, ZOMFF AR, TFAA/F, V5
vahrvNEBRsohd, 272, 0.7~1.5m DT 7 A ¥ BBEL, 7H I /A4 XY
T, EXEF, vSI0IUIIERINKERLoTASND,

F—4 allkniE, HEBOERIITEHRETIRERTH 228, RBICAD > THEMNT 2 EH
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WZH 5, Pinus DIEIZEEE 8emdd> SRBIZFD > TR T %, Abies DIEHIZTE S 62cmd» 5 &
Bimy»> THEMOBEME2RL, BE4BmDEL» S EBIZH T TI5~3B3%DHM 2 EET %,
Tsuga i3 Abies LRI L 62emDBH > RE I T TEINMER 27 L, 58emdD Eh 5 REBIZHIF
T5~15%DM%EET 5, —F, LEMOTEHN T, Fagus 135S 60ecmiA T D& T20~30%
DEWHEEZRL, FEE60cmd 5 REIZH T TI0~20%DHE 2 EET 5, Quercus TIXIFICHE
ZREREO T, TE»ORBIZHIT TS5 ~15%DOM2EET 2, Betula 1362~66cm®D
MT30% U EDEETRL, ZDMDETIZIS~25%DMEEET 54, &L L THICEER
ZOERIZED o, £/, EBERTIEDH 228, Symplocos & Castanea DL T BIZH
BL, %7, Fraxinus DR DTRBIREHEAETAEALZ2EL Tw3,

2 o EEE

2 ERIFEE T RO LR D#260m, 7O ERE D H220m BB H 5, BE
DA, AXAYHF—FFYSEVHE, T4 IEVHE, A Xa—a XY THEENEFA
sRZHEOND, BERIZS mABETT /240 B0, Z0OM, R=%FHFo 5>, +5
AR, PRV %2 FT, THIIAXVY, ¥ IR, SRAHLT, TFHRX I F5E
DEARBET S, TERBIZAVFIMEBLHT 5,

K—4bIhF, ZOMITOHEROEMITEIRTERTD 528, B 32md» >RE
D THMOMER 2R S FIC Pinus OIEMRIZTE X 10emb» S RBIC» T TRAT 5, %
72, T/EZERRY, BES2m» 5 TRBIZM» > THOWIMER S A SN 5, Abies DIEKHIZHE
E32mDEH & EAKIMERZRL, 10~30%DM2EEBL 2285 REIZE->T w3, Tsuga
OTEIE S 32emd 5 BB OMHEAZRL, FEX26mIBVT0%LUEWCET 208, #hiDE
B TRBAOBERCES,

[LEBOTERTIX, Fagus 3B S50mDBT20% U EOEZ £ D, i 5 ~15% DM %2 %8
T %, Quercus DIEHI TETEIBL OB 2R T2, £FMICIE 5 ~15%OMEEEL, &
K& BELIEFRD 52, Betula DIE¥HZA0~50emD T 2 D HIREHET T 528, i)
BTIZ10~20%DH X8 T2, T/ Z LB % i, llex DIEMOHBRENTRBITELL S
{, %72 Alnus DIEMH26~46cm DA TE L WHEMERLTWA I L TH b,

3 Ek/rEz@E

EEBER T FHO LR E D#K360m, 705 ER X D#320m EAAEL Tw 3,
RUOHEERHS 4~8 mOAAY I EYBEEL, AXABEONT, AV, Frhv
NHBIIERICDOR D, FOM, SAIIT, THI/AXVP, FFHTER, TFHRX )
¥, UI¥OIVII, R=EHPFHRYSY, 7avRA ) F, NI YT TS, NFEY
S E, NAVF IEORFEY A SND, TRBREIZ A VI BEET %, 2LBREORMAN
VHREOKENEET, 2OHEA ALY IEYRIAILT, FFATE, PHI/AXVY
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XS 7 BEARBEE DNy FIREBEL TV 3B,

F—4cicinid, Pnus 3T /2, b/ ZeACEA%ERRL, TEBTH%L, RBCH->T
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a Shimonoshiba

Pinus Tsuga Abies Fagus Quercus Betula
em 10 20 30 10 20 10 20 30 40 10 20 30 40 10 20 10 20 30 409,
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b Nakanoshiba

Pinus Tsuga Abies Fagus Quercus Betula
cm 10 20 3.0 40 1? 2.0 30 10 zlo 30 10 2|° 3|0 40 10 ZlD 30 10 20 30 40%
- J

36

40

48

52

66

c Kaminoshiba

Pinus  Tsuga Abies Fagus Quercus Betula
10 20 30 10 20 10 20 30 10 20 30 40 10 20 30 10 20 30 407

HM—6a~c F/%, I/ 28IV L/ ZR2BRCBI 2R BOMEHEEE (%) O

Fig. 6a ~ ¢ Pollen diagram of six main tree genera from Shimonoshiba, Nakanoshiba and
Kaminoshiba moors on Mt. Naeba.
Pollen frequency of each tree genus is expressed by {N/ [AP — (Alnus+Ilex)]} x
100(%), where N is the number of pollen grains of a genus, and AP is the total number
of pollen grains of arboreal species.

ZDEIRET/E, R Z, E/2Z0wTROMEICBEWTY Fagus OTE325% LA LD H
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66

D), ProBEL, EROBBL, FEiOMBL, HEL, BEHPOERE, BE, AA4W,
MEEZOWME 2hi D, Zoft, BEROTERRL, BROMBE, BE, BROBALE
DU E D2 2 HEMKROBCFMMLO—BEHMET S 2RI BEZDH] LETOR

DB THED TLE» DERRTERETR > TS, £, LEXHFIC TRILDS T
I LHBDR, YRR EFYIRETAYIEY, axVFEYH, EILYIVOES
ZORFBTHETHY, LrBEEALULSHSN TS Abies i34+ SV BRSNS
BEhoATINOBRRBLEBbNZ, DD, F%(1962a,b) BEUHTHEALIL SR TW3 A
HDFZF Y I EVRBSHPCL>TEZOFEELRRAON TV I Ltk 2, BERIILEERR
Mz Rons L) $HERMKY, HREZRE=Fr sFNFCrT THHAT2EEL L
TYFEHTRBOERLPIERL IAVFEVIMAER L TR WEER»OHL T,
Abies (HHFDWI Y I RELBF 7 E3) O, ERBICEIWILEDAFYIEYHK, 2RTE
Wb DEHEENS, LHL, B (1951, 1960) B X UHILMS D Abies D% < b L <
FANTFR (1968) DA A Y IEY OAFMEROPICREENTOE» >, 2L T, 20D
bOEKRIUFOEEM L >R GEERI (1973, 1977) &k > THR#HE s hi:, RETIE
BRERANA 74 VREAOBERD % (EF1238m) CEER N2 0T 820, ZOHE
BB TEBURMRIBTRSZLE->TAONLEVWIERVD S, —F, BEKBLCBIT3
TAYSEYDEMS —RICBIFLALHSATES T, AILKRELRWETZRET >4
5h % (NEFF1966, 1967, B#51978), RILTOEF R KIEBOHED D % EFHIE R
5h %8, EE1350~1500m DRI HEHS Aoh 3,

WTFRELTYH, BHIUFRE2ETIILED) bHEMMKERSLODH 2 Z LIZEF
(1887) DIEWRHITH S (HHE1960), HH (1887) B ZDORMOREE IOV THEF S
h, ZhetBRFLEELZBROERICL2 DL Lz, £0%, MFEH (1952) i35t
#75 BAMERI O (LD BB U B 7z 5 B HEMMBEERI TR I L2 b 5 ITHERL,
ZDEREEAE2AFEAICERTHRBRIOWWMIIZSE TCEZOREHMIEL, s #HERD
EBCL>TTHETHZ D Lz, $HEMMEOLIREERLLEFELEI Y~ Z{E
AMIZE > TREENZDT, ZOFEHORUFERATZEKRT [REILUF] LFAK,
TUFEH (1956) 1 Z OB EMMERMNOFER BRI L T, ZORUBSELZOLARICER
LTEZHELNCZDAADNEZ L, BLUZhSDIUXNHEDORERM#ICH 2 Z L 2R
L, BREBOREBIIOWTHERN LIER, 2B CL2EE220FHE LT,

KHE (1956) ZMFH (1956) OBEFRFIcHL T, JLke, L¥EIRd b2 A, BIBS
CH>TRESHERCHECC Lo b o THRIUHHERKEET 3 ILESI R RVELT,
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Fig. 7 Relation between the altitudes of the mountains to which Ablies mariesii is not indigenous

and the two sorts of lines in relation to its distribution as well as maximum snow depth
These mountains are classified by maximum snow depth as follows;

@®: 0—200cm, V¥: 200—400cm, M: 400—600cm. Mountains; 1: Echigo-sanmyaku (Echigo-
komagatake, Tanigawa-dake etc.), 2: Nasu-dake (Sanbonyari-dake, Daikura-yama,
Minamigassan etc.), 3: Bandai-san, 4: lide-sanchi (Iide-san, Kitamata-dake etc.), 5: Asahi-
sanchi (Oasahi-dake, Ito-dake, etc.), 6: Funagata-yama, 7: Yudono-san, 8: Kurikoma-yama,
9: Chokai-san, 10: Mahiru-sanchi (Waga-dake, Yakeishi-dake etc.), 11: Kitakami-sanchi
(Gaitaka-mori, Inaba-dake etc.), 12: Taihe-zan, 13: Shirakami-sanchi (Shirakami-dake).
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WRDOFHILD D IBEFRILLIMOETOLbFEN 2, NS0 BHICHARRLOH
Wid, % OMBEIME &L FREAED & S CREBHFOKUS D2 I LZE>TBZ 5 SRBOD
HRPSFTENTELODTHS5, Lo L, RIURHREOHEEICAET 5 A& (1885
m) &=&IL (1854m) OWLIZ, KIEENC X 2HEL D% {EE S LD TEH%2200m Ea
EATTWVRDIZ, AXYITEVBYINBAMLTVRY, BB 2 7+ LERIZ
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223 DREEEHEIZ50~100cm (RRHE1959) TH Y, BERBHOSZILUHICHTIEZ I
Dirv, FLBMALRTR T FHRCY IV 0EI0BET MR LHOND, ZhEDZ L
poEZT, AIEES x5 PEARBRIE - RAKRIKE L T 2B THF LCMET S
LW ZERTELD, &8, REZRLCAAYIEY ORIHERO A (BL1958) b H
308, %0%YUMIEL S Z VIR IR TVRY (EWEEER1962, 1972),

RFEABERFICH > TAA Y FEVYHRERS ILHOF L LTAREILNE=ZEINCOWTE
ik Tz, —7, FEEM(1975)1%, FKERHZS L ARBREEICIEL, Lrdbttryoe
YMBLBRHCHHT 2 ew) e TIhEFHE L THK-TVRE, LHL, IHsHEILEI
BIBHKT % &5 2BERE, FARIEOEEICIIREDRMBESRME & OBEE CHEERMRI 23
BALES T2 LRBROEDBREBRLIARILETHS 22 RBRL, HREICET 2,

V—4 EEFHFOBBH:ABLUFEIRR

Rzt 2 BTV T, BB X UEEHOINCE I 2 EEMHORY & KK R
BH-REDEIE-TAZ L, M—8ERTLICKE, &8, BREMEOLD 3ES
BEUVFOBIRBLUOER, BEBIUHIBICX>TRERSEY, IITRPEHGCET 53
MEEEZLT, F—HeE_HIURFEA: BERBAICS T TERXNZRL: (B
—8),

H—8 idEERH 2 ThZEERH (1), [LHHE (1), HELHE 0D, AEILUE ), Sl
HIV)RPKEH(V)DARDEHT TRU 28, BHEEH 2 RET 2 BHEESEEL2A~D
T, ZOMOBAMERES a~a, TZHENURLE, 7z, HROEEHCEL TEBORT
FHEER T 28ES (b))~ (b) CRUZ M- T, —DDHEEF2RKRT 2 & 5 REANRILEBD
b o BN, B2 | HOBBHERLERKL, LORLEEDOBREROES T2
bbAa(h)LwolklAbREETRENS, 2IT, bi2FEIMTL>TAa LR
DI, FIZITRFHEEERT 2EIBHERCECLF v v 7TRICRE L LTH 2 0IZEBENIC
BAEFLLTHEETBILERTREDTHEH, BCZIhsDEBBEIMMHEOBEOE
BELUBHEOKRCEL CTEERBRE 2 LETHAI I LE2ERLLLDTYH S, -T,
M—8 Tk, [BREH L 2EEHOBE Y, LRNREDARLZ=ZDODERDESLELZ
NEROETED LS RERLED, EWIBTRLL,

¥ TAPREAOEEOEVILE (B—8) Tk, BESCEESY (18) 855 I4ELT,
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Fig. 8 Change of vertical zonation of vegatation in accordance with the change of climate from
the late glacial to the present time
1: Hilly zone, II: Montane zone, IlI": Pseudo-alpine zone, Il: Subalpine zone, VI: Alpine
zone, V: Nival zone. Forest vegetation in each zone is represented by the climax forests,
which are composed of dominant (expressed as A—D) and subordinate (a, —a,) and seral
forests whose components are expressed as (b;)—(b,). A a; (b;) : Warm-temperate ever-
green broad-leaved forest, B a, (b,) : Cool-temperate deciduous broad-leaved forest/cool
temperate coniferous forest, C a; (b;) : Subalpine evergreen coniferous forest, D a, (b,) :
Alpine scrub, E : Snow patch community and other herbaceous communities, b,” a, a; and
b,’ a, b, : Pseudo-alpine scrub represented by Quercus mongolica var. undulatifolia, a, as and
a, b, : Pseudo-alpine scrub represented by Acer tschonoskii, Sorbus commixta, Sasa kurilen-
sis, S. senanensis, Ericaceous shrub etc., b, . Betula ermanii, Alnus spp. etc.
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#) NEBRCBISBVHULSRICE > THERL, OB LES2BELMHE (%) O
AR (a,) R UBBORPHE BT 2 858 (b)) DERELZ B D (b) 23 EHL T2
REEIH D a,b, & LTRLTZ,

—%, BEBACMAET 2E—#oLETE, RBHOBESMAHO LRICL > TEFRFE
P L ARORIIC R o1, ZDHREIEHVTHEABOWKELS LR L ARENEMNL 72729
WwWHERERY, ZhAUROELHE: BATE e OMcBERDOE Y, TobERAKMAOH
ML HE L, FHIC L > THEED intrazonal ZMESNMALTE R, /2, 2O LTHEE
L 72 JEXFRE0 7 subzones O 5 & AT FINIHHE YR Tk, RO LFEDORI 7 FHRICHEM
LD S b, BIBEERED 8 (a,) L ATHEBKT 2 3 X7 5 (b)) 23 % OROWERL
S TIMHBETROBICZ ZCRY BN, ZLTIhS0BED S b, SERFITHET
LCTEARDEBRE R LD L1 DDABNEE KT, —F, BERILEHKICE L TEHEZ#K
T 2R (a,) 2 ORFH R T 2 BEABBE (b)) b LOF LSO THLTETINGLE
HELT, 2OLT, ARGFEEMSED 2 X EH 2 ERBOEERHA LSS5 HT 2D
BELUHENREDD IR tbDLEZSNS,

CITRIXFIOBERE, ThbbIverT, (b)) V,0E{TRL, TXFT056
SMeL7zdb D L THo 72,

SAEFZI AT 71}, 7Y TRBELESFCEL AL TERTRAMNEMLILBEICEN
WwET3EY Y+ 5 Quercus mogolica FiscHer ex Turcz.DERE L 3N % (Reuper &
WiLson 1916, XF£1975, #181976, dbAfFH1979), —F, I ¥ =+ Z713MH (1933) 2L -
THKHEBAFELD 5D THE SN, Q. keizo-kishimai YANAGIDA & fid & iz, KiTamura &
Horikawa (1951) & Zh %, Naxar (1915) SEMB» 58HE Uiz Q. mongolica var. liao-
tungensis {. undulatifolia Naxa1 8 & U {. funebris Nakal iZRIC &A%z L, b¥TEY T
Y+ 5 D—%ERE Q. mongolica var. undulatifolia (Naka1) Kitam. et. Horik. & L7z, L2 L,
K (1975) RHIE (1976) X ZOEEERD TR,

edl (1981) R EBEBEOBEIICBT S I XF T LI v 7T 70ROV TRIAZNZ
B BT o, ETEBORVICLY, EEEEEPLCHAET 2 EROBRZEIHEOE
M & BIERER 2 P A T 5 BEEAROER L4, ThThoREICE 25 EED
SHRLEEOHRE DL TELDHAIZ TR 272, Z0ORR, MEF2bbEREVORE
FEEEE L TERNTH o722, RAESRS I UVREDOTBOEE L fE L OMICE
FELNCEESED Shiz, ThbbRRESRELN120mm, EOFE0E/m % HRICEILREO
EERZENKE L BOARVAR, $RBERBEGRISENNESBOBVARENETRIE S &
DRAENTz, Lhd ZhsdOEES S 7% 3 TWHEMIR EEO & 5 iF81128~1160m {15 257
WETEZ2OEEMERCLTVS, ZOO6TMEDD B, LHOREAMNIY~FTIZ, ELT
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THOERSI X+ 712, ZhZThHELYT I bDL 8Nz, Z0OLT, WERZ, HrWViEs
Y2F7LIXFT%, WEOEOREC LT, A—BIBT3ERBRO >0 taxa L L
TROBZOBHEUTHS D L LT,

PEDES 23 ¥=F+ 7L TRAEFEFZEOHMTY ZOMETIBLT L O —HL Tk
Vo BER (1981) HIGHEL T2, $X+5L3I¥~r 7 2RALEBESRENCEEL
T30 »2BRICT 301X, BHERER, ZEIH LIBT3 HE
DOHBR EZDRTICR E B RELBE NS,

8K - B (1957) 13, S¥Y~FI%IXFIOLHEEO—EE LD 2 Bn 3 ENER
EABTHREELVE LRSS S, MEIERIICEFOBEEHCERIA TV REAL
1BERREE L TR ZI b —EHB LT3,

Suzukr (1954) WX > TELUDSMES NI VY FIHE (RFF) 3, 3¥~F7, ~
YIRS LT REREERVT, ZOBRENIXFS—TF 275 ADFRER
CTh3 (KIB1967, 1973b), f€-> THEVHRFERZIZ, Tr#EMa)r>—IXF78EV S
vuavI - v~F I EEATO—FEEL L THETT s TWw S (FKM1978), BB &
VBHEILD S Y~ F SHEFICOWHHERKIC 7 FHREILEELBE L ASEES A THw 2 (A
1972, 1975), TD & 5 BT FMHE 2 ¥~ F FIHOMRILENRIZ, BEHICBI 2 7HHEE
BOEBDERTOLDOTHSd, ¥/, 7FH LY+ 50RENEFSILEECE T2 7
EIXFTOARFEHBERLEMTHEEYL, SY~YFFLIXFS0OERBUBELETERT 2D
DELUTHREKEN, bB2ALIZHIFRESLEZITE, S¥vFInIXFIhoMelizd
DOPES W, Elz, HMELI L Lz Z DB LOETH o 1oh, KDOWTRELBHROE
BV, 1272, TAFLEATEF, 2aXUNEIVIXYN, ¥YTVNFL2FVINF,
AXTXENAAR S ¥ie e, RELCEE, BEEH2ViRFIEL L THRbATWL 2 HNDH
FROMEIIN L T, KFHEAE L ARBRIOKJREN LB, BRCREOSVLEELEHS 2L
RTHEI R THEIONDZIETH B, %7z, THHXHBLTASHBMEAE L TR
B, BHEOSEHRO S b K FEMCHHORLE S DDR I BT 2 b bBBHERILE
BHROFTEBRETH 20 LT, BFEBRCAHHEORLELDLORIE, Thbb 7/
HOEEMRETH 2, L) ZOERNEZBRTHL, ZOBRE, ZoomREEATH
—BLEoTwaH, I XFFL3ir~oro0oMicb el BBz DdoNG,

DL, BFRBERLBINS I Y71 72805 ONERR, SBEEHHECER
B, EERCHES> TILEDIWIIERL, ZOBBEFMTRRESMICLIDWERERITT
WESELTEL VD EHEEI NS, ZOLILEEERL, H—8RIRIXFS1o5I¥~
FIHMELI D E L TR,

RICABRBROE_FHOILZ TYH, BKHICREEL TOLMI#EHSRLII D BBHCEIT 28
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VH LRI & > THEKL, Z0BROEARMIEST, Iv<F 7 L IFES X CIIFOBRE
DHRAE LT EARBEE L b 5 % 2 IV, 20T AT 2bbIUEMER D2 E L
Ezrionb,

BAE, Bokiis s>HECESMOARMNPILTFOEESMEOEME, HEXFICHED>DRINIC
SFTRLIze ¥BBA, TIRBTRARFIBEAMDHERLIHDT, REICIRE W
HERIGERNTH D, fi2VATIOEM I TEELZVLILL PRIV ERDNS,
iz, BABAOTSSERE2E LR HEBMNES L VRAA VI EVOAHEE RS
FlLc2o2wu Tk, ZORMNORERCEL TRFBROMES %, BEOHEEHNRL TEAR
RRLE LI BREMERTRIU LI E S », ZBRFORMLD S,

IV—5 foOstESCET2ILOTRRE TN TRENBMR

AIffiZ ClcA 4 vy 7 EV B TRD Shl: 2O TRROMOBGRS L U2 IcBEL
WL OO DOWTEREL, 2o 2BOTRRO ThEKBERSICL >TELD
DERRDI T, FITIORBRMBEL L ETHIE, MOBEIIBWTH Zh LRKROBEFRSS
BHONBEITTHD, ZCORERIET 370, ¥YIX, bYE, AaXYTBLUNATVOD
ABEZ OV T ENFRE— 1S UOTRERE, 4k (1951) ORLSEMICET 2 TR
BESBEZBILTHHOTEELRD: (B—9 a~d), KB (1951) REMEDO TREE
2100 IBHTRLTVEY, T4YIEVORE IR LEMIZBO TEERRNICHARNLTRE
BLIZIZ—HT 2, o THOBBIZOVWTL IRV THLALEXZRVWLDOLED,

FFYIRTE, WOTEFRIA AL IEVOHRELRER ST, BEORLIINL T—ED
B 2RTOTIRE S, g3 ~3620 DR TIHEE Bz IBIZ—EDEER LD, ZhED
FBE LUV TEL LD LWIELETT, SHO TEEDH200~350m BEOEEGEEZ S >TZ
NEZIZFTHRELERL TV 5,

FYE (FEMYEERED) BEERALEL VIRCRESAT Y IR ESHEENS IR
BoTwd, ZOUOTRBOEIIZY 7 ROFE & IZXFAKOERE R T, FHADTRED
200~400m BOBEE % b > T 2 £ IFREFNEELERL T3,

2 2V H OO TREE, 3350253720 TOMTRELOThiEH>TH, ¥y I
AL E D RELOEAETRL TW A0, 3P0 TRA T Y I EY O Zh L IZIZF CHE
% TEL TV S, O TEHIZ200~600m DOEFEZ= % b - THT 2 B & ARRICILO TR &
BRI ZBRICD B,

WigNA4 =Y DILDOTRGT, L3S HE» 5k TR AA Y I EVDER IV EVHERRSD
3, Zhid, EZBRCBLESONAIYVORETUBPRL 20O THS, —75, It
LB TRNATYDIUOTRBERAAYIEVDZREVBAIBECHY, ZOMWESHRBT
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conifer species is indigenous

Two lines in each figure are the same as these in Fig. 4.
A: Mountains to which each of four conifer species is indigenous, @: Lowest limit of
vertical distribution of each of four conifer species in various mountains.
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Relation between the altitudes and the latitudes of the mountains where each of four
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Hb, ¥z, M TYVOBESNCBI2AHTRESERGLUEHEROSE L REY, 20
FEALHILOTERRE D LizfBL Tw3, Fio, B ics 2 LRSS s
WTH, "MIYOHBTIEREOBELD bEVEREELZS S ZOAMAIERI LT
BnsH B (INFR1926, HEN1965), RE- T, TD &I RIUR BREAEBILUDO TREERL T
Wi, #LT, ZOLIBEVINCBLTRE, ELALDEE, N Y OAMHRWLIEMT
HonTwd, Zhif, LOTERBR LSO TRBOMOBEGENEL (/NS B>T0ED
DLEREND,

FADEBIZE>T, M PYREBF3 2BOTHRERIEZLUEHEROBE L 3 RL 218
MERLI, #-7C, ZO2BOTEB\IESILUEHERD Z L A—OMEHBERT 2bb,
BRI 2BVHLIREZOBOTHL VS —EHOBHKETL TS LiZELH# L,
BETHENATYD2BOTREOMBIZEL RV Z i, BEHOBEDMAHO LA
BLTHUEMICEENCRDBIRRIBEL o I E2TRBL TW 5,2 T, /N7 (1926)
i3, NMTYOLIRBEENSAE T IEYEREEMEY], $12203 5 REYBLHT
DR [REEME] LIEY, 20X MBI 2EYO S, o BAIZE T 2 KD
BEBLUZOMROBEMMHOBELRHEEL I, o7, N VBT 3 ILOTRZIR
INRDV D BEEMEFICHEY T ILEERBALREWI 225, 2L T, BBRHCBY
ENARYDORIOTRBRIEIINED b FBIRELDEHEI NS, HL2DILIZDW
TEIRBIBINATYDORHEIRETHLI0ELEHET S I L ITHL L,

ZDEIR, AFYIEVRBOIRDONIUOTRRE AHEOTRIR L OBFK, EU
CEBILHE2RETIHBETHLY IR, PYERPIAVFZBLTHIERRAKCED SN
ek, IhHBEORRCESWRE-BORKTHS Z L RIHAL, ZLTIhS>DH
BEBCRSY, oS OBMBICLHTRELZITHEI I LEREBLTVS,

IV—6 BHLrIniEHeNwm/\2—rnBRk

HIEi T, RENZERILEHERCB D 2 LOTERKR L SAOTRE L OBRE L FEh
25 EE NI MERIC DOV TRR,

AREiTIR, ThoDENBEERBFICE, S DEHR (FRE1948) LOBFETED & S WiE
S 50 B mERET B, |

FPHER (1948, 1949) 12 & o TILiE » EEILHOBERE L S h B0 X OEH4E (45
WI) OffdH 23 \VIZE, SBEB L UCHENMBICSO TR Z2EE (m) 25920%R
NTHL I,

V—6—1 ¥¥BIUHE

SWIHOERVER 2RO 2 200ER L LT, 1998EXRTHITO [2EKRER] 0
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BIREFHEEA VI, ZOBED» S ZBASADOER L ARTHREEMY, TEKE.6°C/
100m 2 AV, SEASAOBWIHCHY T 3BERE2HE LR, kB, RBERL L TER
(1948, 1949) 11X U 0.55°C/100m % FAVT WA, #IizBO (1949) ORLKBEED
SEFEHHETH 20.61°C/100m 22 L5k o7 (FR-EHI967), £— 5 KIIKBEHRE
#0.01°C/100m $*O& 2 12 HE DL BAM S D4WI EERBOHEMBER R L0, [UEBEEL
L T0.55C/100m # AV 7288 £0.61°C/10m 2 W B & L CHES L L EGOMK
90~180m L W HIRERENED SN L, L b, JBBELFH, )7, MLk Lok
BANDZLVHSN TS (BH)I1974, Yosuinol975, JLEH1977), HE (1948) DI
T35, BE2ET2RRROLP o TOTHZORELMHICHMET S LZE LY, £
CTEOEDEKEBEBOSM/ Y - LOBFRE 7 uBlA»5EXL LD LT HERMTR,
BRHAOERSELI L THH 205, HEFT (1965) O [WAEKAEEE] K26-oTH
B« HH (1967) OZNIGELREKE0.6C/100m 2HVE Z LIt &8, BUHER

(1948, 1949) FREHEBOHECE L T—HHEEHACE S L EOFHITE (52 VIIFIE
&) 2RV, ZOBRFRIFEFRTOKBRSE (1931~1952) <61} 3 HREREIED
P & 2 ARRETEEA LTS, 2LTIAIZE > TR 5 hiBh 3 DI,
MWHIZE->TREZ2H, 5 WIEBHEIVES R I L2ERL TS (FHR - HEF1967),

SRT I 2EKEER] (1958) i# 2 ARIREFHES BRERIESBOEMPE L L TR
ENLHBDTH2, ZITRIDERZOE IRV, BOoh2EEBIUVERICE ST
B Eh32EEOHEERERZ I LR ERD XS CHLLTHY, FHRCBLTEEDOK
DIAWIEORES &, HH (1948), %% (1977), K (1978) S k> TREN{E L O
REFOThSH S Z LR LUEBREL T &0,

IV—6—2 45WIEODE & DEER

LFREROFEI L > TRD7:35~41'N OB BRSO HBWI OF S LEE & OB % (K—10)
Rz, B—101zizfllic, BB L WRFS L CHES IR L BILFOSEFITHIET 285WI
EEISWITE (FER1948) OB S LEE L OBFLHeRLT:, H—1005KEZMEmLE LT,
85WI, 45WI B X C1I5WIEH O W Fhic B W T S BRASOET 2 & H & HERIVER L OMICZ
BESNZBERE DS ZLsbh b, bE2ARACBECHZBHSOMTLLZDDESD
EnFHLN B,

ZZTRIC, SBRAEOWBWIEOR S 2K FCEAL THBRF L& 22, BAREHEL
KFEQ, H2VIRERBENELZ COMBOBVICE >TH-BELTZOE2R T 2
HMOBH5Zedbhrolz, ZOMETE, ERUEHEBSEORTILOTRERS L U2HD
TR LABWIEOE S & OMICAT L 2BFENEFEET 20 2MEE LT3, #oT, 207k
DR FNZNOBED S ABEARM A THWI ERNALZ 2E S 2R T 0%, SRASORE
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£—5 BROK[BEECL->THESNLOBWIEOHS

Table 5 Altitudes(m) of the 45WI plane presumed from different lapse
rates (°C/100m)

Meteorological station Presumed altitudes of the 45WI plane

Locality Alt. Lat. Long. 055 056 057 058 059 060 061

(m) (N) (E) m) (m (m) m) (m) (m) (m)
Aomori 4 40049 140°47 922 906 890 875 860 846 832
Akita 9 3943 140°06 | 1167 1146 1126 1107 1088 1070 1053
Morioka 155  39°42 141°10° | 1137 1119 1102 1086 1070 1055 1040
‘Sendai 38 3816 140°54" | 1210 1190 1170 1150 1131 1113 1095
Yamagata 151 3815 140°217 | 1418 1395 1373 1352 1332 1312 1293
Niigata 2 375 139°03° | 1496 1469 1444 1419 1395 1371 1349
Fukushima 67 3745 140°28" | 1491 1466 1441 1418 1395 1373 1351
Toyama 9 3642 137°12" | 1582 1554 1527 1500 1475 1451 1427
Nagano 418 36740 138°12" | 1781 1757 1734 1711 1689 1668 1648
Utsunomiya 120 36°33 139°52" | 1575 1549 1524 1499 1476 1453 1431
Kanazawa 27 36°32 136°39" | 1594 1567 1539 1513 1487 1463 1440
Mito 30 3623 140°28" | 1463 1438 1413 1389 1366 1344 1322
Takasaki 95 36720 139°01" | 1659 1631 1604 1578 1553 1528 1504
Fukui 10 36703 136°14" | 1695 1665 1636 1608 1581 1554 1529
Urawa 20 3551 139°39" | 1696 1666 1637 1609 1582 1556 1530
Tokyo 5 354l 139°46" | 1693 1663 1634 1606 1578 1552 1527
Kofu 272 3538 138°34° | 1954 1924 1895 1867 1840 1814 1788
Chiba 27 35°3¢ 140°08" | 1666 1637 1609 1582 1555 1530 1505
Tottori 7  35°3Y 134°15 | 1777 1745 1715 1685 1657 1629 1603
Matsue 17 3527 133°04" | 1696 1666 1637 1609 1582 1556 1531
Yokohama 40  35°26 139°39° | 1658 1629 1601 1574 1548 1523 1499
Gifu 13 3572¢4 136°46" | 1780 1748 1718 1688 1660 1632 1606
Nagoya 52 35710 136°58" | 1831 1799 1768 1739 1710 1683 1656
Kyoto 42  35°01 135°55" | 1836 1804 1773 1743 1714 1686 1659
Otsu 98  35°00 135°58" | 1798 1768 1738 1710 1683 1656 1631
Shizuoka 15 3458 138°24" | 1833 1800 1769 1739 1710 1682 1654
Himeji 18 3451 134°42° | 1794 1762 1731 1702 1673 1646 1619
Tsu 3 444 136°31" | 1730 1699 1670 1641 1613 1586 1560
Nara 73 34740 135°50" | 1882 1850 1819 1789 1759 1731 1704
Okayama 8 3440 13356" | 1793 1761 1730 1701 1672 1644 1617
Osaka 7 3439 135°32° | 1910 1876 1843 1812 1781 1751 1723
Hagi 6 3425 131°24" | 1754 1723 1693 1664 1636 1609 1583
Hiroshima 29 342 132°26 | 1771 1740 1710 1681 1653 1626 1600
Takamatsu 9 3419 134°03" | 1776 1744 1714 1684 1656 1628 1602
Wakayama 14 3414 135°10" | 1884 1850 1818 1787 1757 1728 1700
Tokushima 1 3404 134°35" | 1825 1793 1761 1731 1702 1673 1646
Matsuyama 31 3350 132°45" | 1831 1799 1768 1738 1709 1681 1654
Kochi 1 3334 133°33 | 1836 1804 1772 1742. 1712 1684 1656

BXUVFOMBEEERL - TRENICLES 2 3LENH S,
SBWIHOES 2HBERNICRETIFREILTE, BV CEEELZ WIIEEHICL 2



FEsEvehd, KFETE, BAFISBCHELYEKRESD Ay Y228, A—HE=KE
NIZEEN 3 BHASOEOFHESL b > CTZ2OREORRMBEL L, BXEhThED &5 KE
MoEoE2 KD, WAERMEIC L > THEREEL FEEAVE, ZOBGHMELZS DI,

Ay Y a2DKREETHBY, TRRBRASOKEEB L VEBERRICLI > TROONEREDHD
ThHh2, ANBLUEEICET2RKEER > VCHARF (BEBAFRME2EL) OBHIL1,486
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Fig. 11  Altitudes(m) of the presumed plane of 45W! in Honshu and Shikoku

Each value on the map indicates the mean altitude of the 45WI plane presumed from the

monthly mean temperatures at the meteorological observatories existing in every plot of
the mesh 20’ lat. x 30’ long.
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Fig. 12 Altitudinal isopleths(m) of the 45WI plane in Honshu and Shikoku
The numbers attached to the mountains correspond to those in Table 7.
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Table 6 Lower and upper limit of vertical distribution of main trees and shrubs
in different mountains

Mountain jz‘[l;) %fﬁ Species Low(erz;)hmlt Upp((a;‘)llmlt Author and/or researcher
Iwaki-san 1625 40°39 F.c. — 1160 Kaj, M. 1979*
Am. 1238 —
Hakkoda-san 1585 40°39 F.c. 400 1100 YosHIioka, K. (1943)
T.d. 700 1200
B.e. 700 1550
Am. 750 1575
Q.m.u. 920 1250
Pp. 900 1580
Tashiro-dake 1178 40°25 F.c. — 1110 Kaj, M. 1981*
Moriyoshi-yama 1454 3958’ A.m. 1100—1200 — Mori, K. (1968)
Samada ~ Moriyoshi-yama F.c. — 1220 Kaj, M. 1979*, 1981*
Am. 1050 1440
Qm.u. 1200 —
P.p. 1260 1440
Moriyoshi-yama ~ Yunotai F.c. - 1170
Am. 980 1440
Hachimantai 1614 3957 F.c. 600 1100 Yosun, Y. & T. Ouizumi (1954)
B.e. 900 1400
A.m. 1000 1600
P.p. 1200 —
Am. 850 — Mori, K. (1968)
A.m. 1100—1200 1400—1500 YosHIOKA, K. (1970)
F.c. — 1260 Kaj, M. 1979*
A.m. 980 —
Nyuto-san 1478 39°48° A.m. 1040 — Mori, K. (1968)
Taihei-zan 1171 39°48’ F.c. — 1160 Kaj, M. 1981+
Qm.u. 1110 1170
Waga-dake 1440 39°34" F.c. (800) 1290 Kaj, M. 1980*
Qm.u. 1040 1330
P.p. 1280 1330
Hayachine-san 1913 39°33 Td. 900 1700 Mural S. & K. MuNakaTa (1957)
A.m. 900 1700
P.p. 1300 1900
Am. 1100 1600 Mori, K. (1968)
Odagoe ~ Kawai F.c. — 1240 Kaj, M. 1979*
A.m. 1030 —
Odagoe ~ Hayachine-san Fec. - 1260
A.m. — 1910
Tad. — 1900
Pp. 1400 1910

Hayachine-san ~ Kawarabo Am. 1020 1910
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Pp. 1360 1910
Odagoe ~ Oide Fc. - 1280
Am. 1070 —
Chokai-san 2230 39°06"
Chokaisanso ~ Chokai-san Fc. (640) 1300 Kaj, M. 1975*
Be. 1160 1620
Q.m.u. 1270 1370
Pop. 1360 1880
Chokai-san ~ Hokotate F.c. - 1280
Be. 1160 1470
Qm.u. 1230 1440
P.p. 1320 2100
Goyo-san 1341 39°12" T.d.h. 650 1340 Kaj, M. 1980*
Fec. 670 1100
T.d. 670 1340
Be. 1230 1340
Pp. 1270 1340
Yakeishi-dake 1548  39°10
Geto ~ Yakeishi-dake Fec. 280 1330 Kaj, M. 1975*
Td. 1090 1130
Qm.u. 1110 1545
Pp. 1230 1545
Yakeishi-dake ~ Shitomae F.c. 380 1180
Be. 1150 —
Kurikoma-yama 1628 38°57
Iwakagami-daira ~ Kurikoma-
yama F.c. — 1350 Kaj, M. 1975*
Be. 1290 —
Qm.u. 1000 1470
P.p. 12007 1550
Kurikoma-yama ~ Nuruyu Fc. 330 1340
Qm.u. — 1540
B.e. 1050 1550
Magusa-dake 1424 3857 A.m, 1300 1400 Awano, H. & A. KuriTa (1964)
Gassan 1980 38°33
Midagahara ~ Gassan B.e. 1600 - Kagn, M. 1975*
Qm.u. 1100 1400
Pp. 1720 1880
Gassan ~ Hijiori F.c. — 1440
Be. 1130 1570
Q.m.u. 1120 1620
P.p. 1540 1620
Ichino-dake 1758 A.m, 1370 1600 Mori, K. (1962)
Funagata-yama 1500 38727 F.c. (1070) 1420 Kaj, M. 1975*
Be. 1000 1420
Q.m.u. 1280 —
Pp. — 1410
Zao-san 1840 38°08"
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Yamagata side Am. 1300 — Mori, K. (1968)
Miyagi side Am. 1000 -
Kumano-dake Am. 1400 - IsHIZUKA, K. (1971)
Katta-dake 1758 3807 F.c. — 1370 Kaj, M. 1979*
Be. 1300 —
Am. 1310 -
QOasahi-dake 1870 3815’ F.c. - 1480 Kaj, M. 1979*
Be. 1350 —
Qm.u. 1360 —
P.p. 1480 1860
Nishiazuma-san 2024 37744 Am. 1400—1500 2000 IsHi1zuka, K. (1971)
Am. 1300 — Mori, K. (1968)
Osho-zan 1601 3736 F.c. (880) 1350 Kaji, M. 1980*
Be. 1070 1600
: T.d. 1370 1600
Adatara-yama 1700 37°37 A.m. 1340 1500 ?
lide-san 2105 3751’ F.c. 160 1520 Kajn, M. 1975*
Td. 1060 1640
Be. 1300 2030
Q.m.u. 1520 1630
P.p. 1520 2030
Mikagura-dake 1386 37°31" F.c. 350 1380 Kaj, M. 1980*
C.. 400 1385
Q.m.u. 950 1380
Sumon-dake 1538 37°24' F.c. - 1480 Sucita, H. 1980*
Asakusa-dake 1585 3720’ F.c. (590) 1450 SuciTa, H. 1980*
Aizuasahi-dake 1624 37°12’ F.c. — 1550 Kan, M. 1976*
Maruyama-dake 1820 37’10 A.m. 1710 1810
Koyu-san 1747 3708 A.m. 1600 —
Tsuboiri-yama 1774 37°07 A.m. 1560 —
Madoake-yama 1842 37°06° A.m. 1580 —
Mitsuiwa-dake 2065 3705 F.c. — 1580
B.e. 1580 —
Am. 1580 —

Sanbonyari-dake 1917 37°09
Kitaonsen ~ Sanbonyari-dake

~Otoge Fec. (1160) 1550  SuciTa, H. & M. Kay 1981*
— 1610
Ah. (1160) 1540
— 1520
Td. 1560 —
Pp. 1610 1917
Daikura-yama 1885 37°09
Otoge ~ Daikura-yama Qm.u. 1600 —
Td. 1765 1860
Pp. 1760 1880

Minamigassan 1776 37°06



Shirasasa-yama ~ Minamigassa-
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n ~ Kurooya-dake Fc. - 1605
Ah. — 1730
Td. (1670) 1775
P.p. 1635 1775
Oga-dake 1777 3705 F.ec. — 1620 Sucrta, H. 1980*
Td. 1545 —
Am. 1610 1770
Kanomata-yama 1817 37°03 F.c. — 1720
Hirugatake 1849 37°02’ Fec. (690) 1700
Ah. — 1710
Td. 1400 1848
Am. 1745 1800
P.p. ‘1825 1848
Aizukomagatake 2132 3703 Fwc. — 1775 Sucrita, H. 1980*
Td - 2060
Am. 1600 2132
Osugi-dake 1921 37°00" F.c. — 1680 Sucrra, H. 1980*
Pj. — 1855
Am. - 1921
T.d. 1420 — Kaji, M. 1979*
Am, 1500 —
Numayama-toge 1790 36°57 F.c. — 1550 Kan, M. 1974*
Am. 1410 —
T.d. 1200 —
Hiragatake 2140 37°00° F.c. (800) 1710 Kaj, M. 1975*
Qm.u. 1450 1640
Td. 1570 2070
Be. 1600 2070
Am. 1580 2130
P.p. 1970 2130
Hiragatake ~ Fujiwara-yama F.c. — 1840
Am, 1750 2050
Be. 1770 2050
Pp. 1780 2050
Qm.u. 1840 1990
Td. 1780 1970
Nakano-dake 2085 3705’ F.c. 400 1740 Kaj, M. 1975*
Qm.u. 1020 1760
B.e. — 1840
Am 1900 — SuciTa, H. 1980*
Echigokomagatake 2003 37°07 F.c. — 1550 Sucrta, H. 1980*
Td. 1820 -
Tango-san 1809 37°03' F.c. - 1540
Am 1690 —
Usagi-dake 1926 37°02° F.c. — 1795
Am 1830 1860
Makihata-yama 1962 36°59° F.c. (750) 1540 Kajy, M. 1976*
Qm.u. 1130 1840
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Am. 1720 1920
P.p. 1765 1920
Fec. (1200) 1600 NAacasawa, Y. (1970)
Am. 1700 1900
Naeba-san 2145 36°51
Akayu ~ Naeba-san F.c. — 1770 Kaj, M. 1974*
Be. 1500 2000
Tad. 1500 1850
A.m, 1640 2110
Wadagoya ~ Naeba-san F.c. (1100) 1640 Kaj, M. 1980*
Am. 1550 2110
B.e. 1510 1940
Td. 1650 1870
Tairappyo-yama 1984 36°49’ F.c. — 1680 Kaj, M. 1980*
Q.m.u. 1660 —
Am. 1660
Td. 1720
Be. 1390 —
Hotaka-yama 2158 36°48’
Asahigoya ~ Okihotaka-yama Fec. (1400) 1670 Kaj, M. 1974*
Td. 1400 2120
B.e. 1390 2150
Am. 1900 2150
P.p. 1980 2150
Okihotaka-yama ~ Uenohara =~ F.c. (1650) 1680
Td. 1600 2120
Be. 1600 2150
Am. 1660 2150
Pp. 2060 2150
Mitabara-yama 2446 3653 F.c. 900 1600 SakuMa, E.(1972)
Am. 1600 1900
Be. 1900 2200
Hiuchi-yama 2462 3655 F.c. (1420) 1720 Yamacisui, H. & H. Martsui (1971)
Am. 1700 2140
P.p. 2200 —
Amakazari-yama 1963 3654 F.c. — 1900 Kaj, M. 1980*
Qm.u. 1580 —
Be. 1560 —
Td. 1560 1710
Am. 1880 1900
P.p. 1900 —
Nyoho-san 2464 3649 Ah. — 1790 SuciTa, H. 1980*
T.d. (1535) 2210
P.j. (1635) 2335
Ay, 1815 2439
Anm. 1900 2410
Taro-yama 2368 36°49 A.h. - 1765
Td. — 2300
P 1635 2300



Nantai-san

2484 36°46

Awv. 1635
Am. 1635
F.c. —
Ah. (1360)
Td. 1670
Awv. 18257
P.j. 1795
Am. 2240

2367
2070
1695
1825
2400
2484
2300
2400
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F.c.: Fagus crenata, B.e. : Betula ermanii, Qm.u. : Quercus mongolica var. undulatifolia, Am. : Abies
mariesii, Ah. : A. homolepis, Av. : A. veitchii, P.j. . Picea jezoensis var. hondoensis, Td. : Tsuga
diversifolia, P.p. : Pinus pumila, C.j. : Cryptomeria japonica, T.d.h. : Thujopsis dolabrata var. hondae.

* unpublished data.
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Table 7

presumed altitudinal range of the 45WI plane in various mountains

Comparison between the actual lower altitudinal limit of the subalpine zone and the

... Presumed
No Mountain ‘?‘nllt) Author and researcher gg;?ﬁgt&?g gfr:é}‘:%ll)g?xié ?igé'édé?al
45WI(m)
1 Hakkoda-san 1585 YosHIOKA(1966) Fc-Am 1000 950—1000
2 Iwaki-san 1625 IsHikaAwA & Sa1T0(1969) Fc-Be 900—1100 1050—1100
3 Moriyoshi-yama 1454 Kaj 1979* Fc-Am 1100—1150  1100—1150
4 Hachimantai 1614 Yosun & OH]ZUMI(195.4) Fc-Am 1000—1100  1050—1100
5 Hayachine-san 1914 Kaj 1979* Fe-Td, Am  1100—1150 1100—1150
6 Waga-dake 1440 Kaj1 1980* Fc-S 1250—1300 1100—1150
7 Goyo-san 1341 OkupA(1968) Qg, Fc-Td, Th 900 1050—1100
8 Yakeishi-dake 1548 KikucHr & IsHIZUKA(1966) Fc-S 1200—1250 1150—1200
9 Chokai-san 2230 Ismizuka et al. (1972) Fc-Qu 1050—1200 1200—1250
10 Kurikoma-yama 1628 YosHIOKA et al. (1966) Fc-S 1200—1370  1150—1200
11 Gassan 1980 IsHIzuka et al. (1975) Fc-S 1300—1440 1250—1300
12 Funagata-yama 1500 Makita & Ocawa(1978) Fc-S 1280 1200—1250
13 Oasahi-dake 1870 Kajy 1979* Fc-S 1350 1300—1350
14 Katta-dake 1758 Kaj1 1979* Fc-Am 1300—1370  1300—1350
15 Nishiazuma-san 2024 Sarro(1974, 1976) Fc-Am 1400 1400—1450
16 Adatara-yama 1700 Kaj1 1980* Fc-Am 1350—1400 1400—1450
17 lide-san 2105 KikucHi(1975) Fc-S 1500 1400
18 Oga-dake 1777 Sucrra 1980* Fc-Td, Am  1550—1600 1450—1500
19 Mitsuiwa-dake 2065 Kajy 1974* Fc-Am 1550—1580  1450—1500
20 Hiuchi-dake 2346 Kaj 1974* Fc-Am 1500—1550  1450—1500
21 Taishaku-san 2060 Mrivawaki et al. (1967) Fc-Am 1600 1450—1500
22 Hiragatake 2140 Mivawaki et al. (1967, 1968) Fc-Td, Am 1500—1600  1500—1550
23 Hotaka-yama 2158 Kaj 1974* Fc-Am 1650 1500—1550
24 Makihata-yama 1962 Kaj 1980* Fc-Qu, Am 1560 1450—1500
25 Tairappyo-yama 1984 Kajr 1980* Fc-Am 1650 1500—1550
26 Naeba-san 2145 Kaj1 1974* Fc-Am 1550—1600  1500—1550
27 Kurohime-yama 2053 Naxkavama(1968) Fc-Be 1600—1700  1550—1600
28 Myoko-san 2466 IsHzukA et al. (1974) Fc-Am 1600—1700  1550—1600
29 Amakazari-yama 1963 Kaj 1980* Fc-S 1500—1550  1500—1550
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30 Asahi-dake 2418 Yamazaki & Nacai(1960) Fc-Am 1600 1500

31 Shirouma-dake 2933 TakAHAsHI et al. (1969) Fc-Am 1500—1600 = 1500—1550
32 Sogatake 1855 Nacal et al. (1979) Fc-S 1600 1500—1550
33 Tengu-dake 2646 Kaj 1980* Ah-Td, Av  1700—1750  1700—1750
34 Abo-san 2219 YATOH(1965) D-Td, Ph, Av  1650—1700 1650—1700
35 Norikura-dake 3026 TsucHIDA & Miki(1974) Ah-Td 1600 1650—1700
36 Haku-san 2702 Suzuki & FukusHIMA(1972) Fc-Be, Am  1500—1600 1550—1600
37 Kinpu-san 2595 Suzuk1(1977) Ah-Td 1780—1820 1750—1800
38 Aka-dake 2899 Kajr 1975* Ah-Td, Av 1750 1750—1800
39 Ontake-san 3063 TAKAHASHI(1943) Ah-Td 1600 1650—1700
40 Fuji-san 3776 MaEepa et al. (1976) Fc¢, Ah-Td 1600 1650—1700
41 Ena-san 2190 OcH1a1(1972) Fc, Ah-Td 1500 1700—1750
42 Hidegatake 1695 MiNaMIKAWA & YATOH(1972) Ah-Td, Ph 1600 1750—1800
43 Bukkyogatake 1915 YaToH(1962) Fc, Ah-Ph, Av  1650—1700  1750—1800
44 Tsurugi-san 1955 YAMANAKA(1953) Ah-Td, As  1700—1800 1700—1750
45 Ishizuchi-yama 1981 YAMANAKA(1959) Ah-Av 1700 1700—1750

Fc: Fagus crenata, Am: Abies mariesii, Av: A. veitchii, Td: Tsuga diversifolia, Th: Thujopsis dolabrata
var. hondae, Ah: A. homolepis, Ph: Picea jezoensis var. hondoensis, As: A. veitchii var. sikokiana, Qg:
Quercus mongolica var. grosseserrata, Qu: Q. mongolica var. undulatifolia, Be: Betula ermanii, D: cool
temperate deciduous broad-leaved trees, S: pseudo-alpine shrubs. *: unpublished data.
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IYUEI, YIRBIVAAYIEY ORERTOICONWT, BEPS L URBRERMTO
AR, BRES I UVHFHSOER AN, Zhick 3L, 5 EEBOEES L URTEE
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YOTHD LEZ LN (FEBMII75), ZhZHLT, YIREYI T OEIIZ, BHENES
BBELD R THRBELREFLRLTW3 (BBf11974), M EOBABEBRABRORER I,
ABINE Abies i 5 ARBATE EOMECHEO Y DABNEBTBRRAEE 225 2 7%
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Fig. 14 Map showing the observation sites of bud opening of Abies veitchii
and A. mariesii on Mt. Tengu, Nagano Prefecture
1: 1950m, 2: 2050m, 3: 2150m, 4: 2250m, 5: 2420m.
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FlRAAYIEV XD Y IROFNFGURFHR S o7 (R—8), ZERABEX D YUYHEE
D 30ERIC40EFE 2 N Z 72 7T0EFIC DLW TRITEFROEE M2 KD 72 (B—15),
FRO|F LAEF IOV TR, REX I L OFOBBIIH L (ERERE CIKAFEL2HF
OBRDEE, T2bLHAFR (%) 2RO TE—161ZRL 7,

£—8 FKASOEBORZZSFAERIEBIZYIRBIVA AL EY O TaEITEFS

Table 8 Number of terminally lateral buds on the stem axes of 30 young plants of Abies
veitchii and A. mariesii in 5plots at different altitudes in Mt. Tengu, Nagano

Prefecture
Alt. (m) 1950 2050 2150 2250 2420
TB 103 157 © 141 109 103
Av NB 2-5 3-8 3-7 2-5 2-6
i 3.4 5.2 4.7 3.6 3.4
TB 84 93 96 70 73
Am NB 2-4 1-5 1-5 1-4 2-4
il 2.8 3.1 3.2 2.3 2.4

Av:  Abies veitchii, Am: A. mariesii

TB: Total number of lateral buds in the plot.

NB: Range of the number of the buds per individual.
fi: Average number of the buds per individual.

.I. -
501 1950m 1 2050m 1 2150m } 2250m 2420m
4 Abies veitchii 4
401
30
20 .
10 |— N
g0
1
L]
g
© 60 1 ;
- A. mariesii )y ]
501 1 1
401 . 1 ; E
30- ; ; 1 .
20 : ; ; :
10 : 1 ; :
Y T 3435 123 as556 7138 1 2 345 6 1 1 2 34 56 1234356

Number of lateral buds

HM—15 FRHEOEEORLZ 5HAERIKB ISV IRe4 4y 7 EY EFHOREFROFES
(%)
Fig. 15  Frequency (%) distribution of the number of terminally lateral buds on the stem axes of 70
young plants of Abies veitchii and A. mariesii in 5 plots at different altitudes in Mt. Tengu,
Nagano Prefecture
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Fig. 16  Change of the rate of bud opening of Abies veitchii and A. mariesii at the 5 plots in Mt.

Tengu
The rates of bud opening are expressed by the percentage of opened buds to the total number
for the terminally lateral buds and by the percentage to those on thirty individuals for the

terminal buds, respectively, at each plot.
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Fig. 17 Change of the rate of bud opening on branches of Abies veitchii and A. mariesii at the 5 plots
in Mt. Tengu
The rates of bud opening are expressed by the frequency in each of 6 classes divided by the
ranges of percentages of the opened buds to the total number of buds on the branches, as
follows; N: 0%, I: less than 209, hatched: less than 5%, 1I: 21-40%, IlI: 41-60%, IV: 61-80%,
and V: 81-100%, respectively.
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Fig. 18  Relative ratios (%) of individuals of Abies veitchii and A. mariesii in the same stands at
difefrent altitudes of Mt. Tengu
—@—: A. veitchii, —O—: A. mariesii.
The total numbers of individuals counted in each of the following altitude ranges are 139
at 1790—1800m, 712 at 1800—1860m, 663 at 1910—1950m, 251 at 1950—2000m, 305 at 2000
—2050m, 214 at 2050—2120m, 236 at 2120—2150m, 951 at 2150—2200m, 401 at 2200—2300m,
261 at 2300—2360m, 246 at 2360—2400m, 665 at 2400—2440m, 342 at 2440—2500m, 52 at 2500
—2580m, respectively.
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WEOHEETREDD T WITHIZEA Calsses of snow depth; I: 0—100cm, II: 100—200cm, {l1:

200—300cm, 1V: 300—400. , Vi 400—500cm, VI: 50
TEBCELILERBLESDOTH cm em cm, VI: 500

—600cm. —O—: Abies veitchii, —l—: A. mariesii,

150

No. of mountains
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Summary

Distribution pattern of subalpine conifers particularly of Abies mariesii and the effect
of change of postglacial climate on it were studied, in order to interpret a well-known
phenomenon, that the subalpine altitudes of mountains are entirely lacking coniferous
forests in the regions of heavy snowfall on the Sea of Japan side of the central and northern
Honshy, from the historical angle.

It is estimated from the palynological data in Japan that the altitudes of vegetation
zones in the postaglacial warm period were 200 to 400m higher than those of the present.
If vegetation zones had actually moved upward in the warm period, it is hypothetically
supposed that the height of each mountain might have played an important role in the
persistence of subalpine coniferous forests in case of upward and downward movement of
the vegetation zones on it.
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In the present study I have tried to verify the above hypothesis by means of analysing
the distribution pattern of subalpine conifers. Four representative species of subalpine tree
conifers, Abies mariesii, A. veitchii, Picea jezoensis var. hondoensis and Tsuga diversifolia,
and oue alpine shrub conifer, Pinus pumila, were chosen for the study.

As a first step of the studies, occurrence of each of these five conifers in high
mountatins located mainly in Honshu and Shikoku were investigated on the basis of field
observation, literatures and study of herbarium specimens (Table 1). From the comparison
of the data thus obtained, A. mariesii was regarded as the most suitable to be used for
verification of this hypothesis among them.

On the basis of the data, the height of the summit of every mountiain to which A.
mariesit is indigenous and the lowest altitude of this fir on it were plotted on two
dimensional graphs of altitude and latitude. A line obtained by connecting the lowest
heights in latitude ranges, hereafter called the lowest line of mountains for A. mariesii
(abbreviated as LM), is gently declining toward north along the latitude (Fig. 3 and 4). The
lowest altitude of this fir in the same mountains likewise gave the lowest line of vertical
distribution of A. mariesii (LD). As seen in Fig. 4, these two sorts of lines are nearly parallel
to each other with distance of altitude of 300 to 400m. Thus a new question will arise, why
A. mariesii is not indigenous to the mountains whose summit express the heights between
both lines.

Two obvious facts that these mountains are not always located in the regions of heavy
snowfall and that this distance is too large to interpret the absence of A. mariesii in these
mountains as the result of the so-called mountain top effect, therefore make me regard as
the most important the upward movement of vegetation zones in the warm period, in other
words its “pushing out effect”. This inference if it is right, may be followed by a new
supposition that the present LM nearly corresponds to the highest LD in the warm period.
Thus these two lines are regarded as lines of the same biological meanings i. e., as the
appearences of a sort of line in two different geological periods.

As another field survey, pollen analyses were carried out for peat samples collected
from three moors, Shimonoshiba, Nakanoshiba and Kaminoshiba, which are located in
different altitudes of subalpine zone dominated chiefly by A. mariesii on the northeastern
slope of Mt. Naeba (Fig. 5). Pollen diagram of six main tree genera in these three moors
are shown in Fig. 6 a ~c.

Pollen analyses were also made for surface soil or peat samples collected from eleven
different places in Mt. Naeba, in order to examine the relations between the pollen deposits
in surface layers and the pollen supply from living plant commuities, especially forest
stands which are composed of either Fagus crenata or A. mariesii (Table 3).

The stage dominantly occupied by Fagus pollen and accompanied by a little amount of
Abies and Tsuga pollen was commonly recognized in the peat samples from the three moors
(Fig. 6 a ~ c). Careful comparison of the occurrence frequency of Fagus and Abies pollen
in the surface samples with that in the moors suggests that the forest stands composed of
mainly Fagus crenata trees once existed in the surrounding areas of these moors. And it is
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supposed that the upper limit of beech forest zone was at least 350m higher than that of the
present time on the northeastern slope of Mt. Naeba. The dating of the peat material
by *C indicates that the predominant stage of Fagus pollen at Kaminoshiba correspon-
ding to the layer of it occurred around 3380+ 60 yrs. B.P. (TK-143b).

It is inferred from these results that the upward movement of vegetation zones in the
period of warming of climate occurred in Mt. Naeba as in other high mountains. And they
give a support to the above hypothesis as good evidences.

There are two different opinions as to causal environmental factors accounting for the
phenomenon that subalpine coniferous forests or forest zone are lost or absent from the
mountains in the regions of heavy snowfall on the Sea of Japan side of the central and
northern Honshu. One is that as to the effect of pressure brought out by sedimentation and
creeping of sonwfall, and the other is that with regard to the physio-mechanical effect of
strong northwestern wind in winters upon the growth of conifer trees and establishment of
conifer forests. But any interpretaion has not been given to this phenomenon from the
historical view-point.

As a step of such interpretation, in the present study, the mountains in the area
concerned were divided into two groups, a group of mountains whose summits were higher
than LM (first group) and another of those between LM and LD (second group).

In the warm period A. mariesii must have been eradicated from the second group of
mountains by the pushing-out effect of the climate becoming warmer. Therefore, finding of
the environmental causes of this phenomenon should be focussed on those lacking
distribution of A. mariesii individuals or stands among the first group of mountains.

According to the results of my own investigation (Fig. 7), such mountains are found not
only in the regions of heavy snowfall on the Sea of Japan side but also in such mountain
ranges as the Mts. Nasu-dake and Mts. Kitakami-sanchi on the Pacific side where the
amount of snowfall is far less than on the Sea of Japan side. It also should be noticed that
the pseudoalpine zone occupied characteristically by deciduous scrubs instead of subalpine
coniferous forests is found equally in both group of mountatins.

These facts suggest that this phenomenon, i. e., lack of subalpine coniferous forests, is
not explained only by the geographical differences of the present climatic conditions,
rather that the cause of it must be attributed to the effects of postglacial climatic change,
particularly rise of temperatures and an increase of snowfall in the warm period. On the
basis of this supposition the changes of vertical zonation of vegetation in accordance with
the changes of climate from the late glacial to the present time are shown in a schematic
figure (Fig. 8).

Parallel relations between LM and LD similar to that in A. mariesii, but with distances
of more than 200m, were also recognized in A. veifchii, Picea jezoensis var. hondoensis and
Tsuga diversifolia (Fig. 9 a~c). The distribution pattern of these subalpine conifers
including A. mariesii also support the inferrence that the upward movement of subalpine
vegetaion zone occurred in the warm period, though there are recognized some differences
among them (Fig. 4 and 9 a ~¢).
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Altitudes of a presumptive plane of 45°C month based on Kira’s warmth index were
calculated from the monthly mean temperatures at 1486 meteorological observatories in
Honshu and Shikoku and the altitudes of their locations, by using the lapse rate of 0.6°C per
100m in altitude. Then, the mean altitude of this plane in every block of the mesh 20’ lat.
x 30’ long. was calculated from them. And for each of the conifer species, the mean
altitudes in the blocks in which it has localities were compared with the distribution pattern
of it (Fig. 13 a ~ d). As to A. mariesii and Tsuga diversifolia among them, nearly parallel
relations were recognized between the mean altitudes and each of the two sorts of lines
(Fig. 13 a ~ d). These relations suggest that the temperature is a principal factor governing
the distribution of these conifers. In A. veitchii and Picea jezoensis var. hondoensis, on the
other hand, similar parallel relations were seen only south of 36°20’ N.L. but they were not
parallel with each other north of it (Fig. 13 b, ). This suggests that other sorts of climatic
factors take the place of temperatures as principals in the northern parts of the distribution
areas.

Tolerance or adaptability to cold and snow were compared between A. mariesii and
A. veitchii in order to find the principal factors governing natural distribution of A. veitchii
in the northern area. On referring to literatures on freezing test, tolerance to cold injury or
hardiness to late frost of these two species, it was noticed that the latter was hardier than
the former in spite of the natural distribution of this extending further north and in general
occupying higher altitudes in subalpine coniferous forest zone. Furthermore, it was
obviously ascertained from periodical observations on the terminally lateral buds and
lateral buds at various altitudes of Mt. Tengu (Fig. 14), that the bud opening of A. veitchii
was about ten days earlier than that of A. mariesii (Fig. 16 and 17).

And this difference in phenological phenomenon between both species seems to reflect
on the difference in their adaptability or tolerance to cold and late frost.

As to each of the five conifer species, then, the frequency of the mountains where it
was native was obtained in relation to the classes of maximum snow depth (Fig. 19). Two
different types of relations were found in this figure. In one of them the numbers of
mountains decrease rapidly with the increase of the maximum snow depth as seen in A.
veitchii, P. jezoensis var. hondoensis and T. diversifolia, and in the other, in A. mariesii and
Pinus pumila, the graphs have a mode in the class of max. snow depth of 100~200cm.

This difference in the relations suggests that the species of the latter group have higher
adaptability or tolerance to the snow than the former, and furthermore that the snow depth
plays a role as an inhibiting factor to the natural distribution of A. veitchii which belongs
to the former. On the other hand, certain amount of snowfall seems to give rather a
favourable effect on the growth of seedlings and saplings of A. mavriesii by protecting them
from the exposure to severe cold and strong wind in winters. In addition to the difference
in response to cold and snow depth mentioned above, postglacial climatic change,
particularly the increase of snowfall itself in the warm period, must have exerted and
influence upon the present status of distributions of both species.



