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The Natural Distribution Patterns of Subalpine
Conifers in Central Japan
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Fig. 1. Vertical distribution patterns of two subalpine firs (Abies veitchii and A. mariesii) in
central Japan.
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Table 1. Eight mountains types categorized by the floristic composition of subalpine conifers
in each mountain.
ITEES - = EESAMES
5,”4;”{77, L4 % 721 WIL5 *fi’)g %ﬁ,f;f:m WIl5 HoEE SAHTE L SRR
HHER (m)Y = THIZIRY (C)
al | #H&L 1,379 35.45 — 17.9
al JVELL 1,315 36.27 — 17.8
al &L 1,363 35.85 — 17.8
al | AENL 1413 35.45 — 17.7
al |5E&EL 1,368 36.18 — 17.6
al i\ =i 1,405 35.77 — 17.6
al |&®~E 1,485 35.43 4 174
al* | Ef&L 1,504 35.23 4 17.3
al | Tl 1,423 36.20 5 17.3
al | RZE 1,588 35.50 17 16.8
al Kb 1,644 35.63 25 16.5
al* | fIEMAL 1,682 35.48 28 16.3
al Bl 1,655 36.40 34 16.1
al | =A% 1,752 35.65 38 15.9
al |BE 1,793 35.33 39 15.8
al AR 1,757 36.45 47 15.5
a2 |FKL,E 1,553 37.17 688 16.2
a2 | fEal 1,598 36.73 313 16.2
a2 | FdELlL 1,581 37.03 314 16.1
a2 | KiEKL 1,598 36.90 427 16.1
a2 | FIgE)IE 1,611 36.78 315 16.1
a2 | AEE 1,585 37.33 788 16.0
a2 | &EF0E 1,624 37.22 603 15.8
a2 | SFiE 1,537 38.38 793 15.8
a2 |/MERWL 1,749 36.78 331 154
a2 | A\#l 1,778 37.10 620 15.1
a2 |%y5E 1,852 36.87 438 14.9
a2 |#iHE 1,945 36.86 543 144
a2 | JIRHERLL 1,954 36.82 544 14.4
bl (¥ & 1,491 35.45 5 17.3 Td+
bl | =EEL 1,531 35.73 13 17.0 Td+
bl | FHRIL 1,567 35.47 14 16.9 Td+
bl | =R 1,600 35.65 20 16.7 Td
b1* | BELRLL 1,653 35.25 22 16.6 Td1
bl | A&t 1,631 3557 23 16.6 Tdl
bl* | Fhl 1,686 35.18 25 16.5 Tdl
bl | B 1,641 35.80 26 16.4 Td
bl1* |HhE 1,642 35.80 27 16.4 Td1
bl |ENE 1,673 35.48 27 164 Td+
bl |FEAEE 1,679 35.58 29 16.3 Td
bl | &L 1,673 35.73 29 16.3 Td
bl |+l 1,726 35.25 31 16.2 Td
bl* |FnE 1,704 35.78 34 16.1 Tdl
bl [ELR& 1,739 35.47 34 16.1 Td1
bl* &)~ & 1,736 35.52 35 16.0 Td2
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Table 1. continued
ymf; 1 % 7213 WILS %T;:; Fﬁaﬁcﬁ WI15 E@§§ AHE & SR
HEES (m)Y SRR (Y
bl* | R 1,732 35.85 38 15.9 Td
bl* |~ & 1,772 35.43 38 15.9 Td2
b1* | HEf#HLL 1,723 36.02 38 15.9 Td2
bl | ERLL 1,718 36.10 39 15.9 Td
bl* | LY AL 1,757 35.82 40 15.8 Td
bl* | &, 1,764 35.80 41 15.8 Tdl
b1* | B&&IL 1,794 35.95 46 15.6 Td2
b1* | =EL 1,830 35.98 50 15.4 Td2
bl* | EELL 1,846 35.93 52 15.3 Tdl
bl* | KAl 1,882 35.98 56 15.1 Td2
b2 |, ml 1,591 36.93 690 16.1 Td+
b2 |KEE 1,978 36.83 547 142 Td+
c* | dElEl 1,664 35.33 24 16.5 Td Pj+
c* | KPEL 1,741 35.53 35 16.0 Td2 | Pj+
Sl = 1,785 35.53 40 15.8 Tdl | Pj+
U s | 1,818 3547 138 15.7 Td2 | Pjl
N == 1,795 36.90 56 15.1 Td2 | Pj+
c Rk 1,828 36.55 150 15.1 Tdl | Pj+
ct | =g 1,887 36.19 247 15.0 Tdl | Pj+
ct | BERE 2,067 35.18 70 14.5 Td2 | Pj2
ct  hal 2,066 35.20 70 14.5 Td2 | Pj2
d MR 1,750 35.80 39 15.9 Td2 | Pjl | Av+
d B=RE 1,810 35.67 233 15.6 Td2 | Pjl1 | Avl
d* [ HEEELL 1,818 35.92 48 15.5 Tdl | Pj+ | Av+
d HH &L 1,840 35.70 237 154 Td2 | Pjl | Avl
d* | FERRFELL 1,874 35.68 52 15.3 Td2 | Pj+ | Av+
d KINALL 1,908 35.37 147 15.2 Td2 | Pjl | Avl
a* | \khsE 1,918 35.32 54 15.2 Td2 | Pj+ | Avl
d FEEL 1,946 35.30 57 15.1 Td2 | Pj Av
d* | EBmEL 1,945 35.40 58 15.1 Td2 | Pi2 | Avl
d* @&l 1,921 35.87 60 15.0 Td2 | Pjl | Avl
d FEER 1,892 36.67 159 14.7 Td2 | Pj2 | Av+
& | BE 1,988 35.68 66 14.7 Td2 | Pj+ | Av2
d iR 1,906 36.70 349 14.7 Td2 | Pjl | Av2
a* | /h&IRLL 2,014 35.70 69 14.6 Td2 | Pjl | Av2
a* | EB 2,017 35.85 71 145 Td2 | Pjl | Av2
d&*  |wRAL 1,985 36.22 259 14.5 Td2 | Pjl | Av2
d* | &l 2,031 35.81 72 14.4 Td2 | Pjl | Av2
d = payil| 2,036 35.88 73 14.4 Td2 | Pjl | Av2
d* | KEEE 2,057 35.73 74 14.3 Td2 | Pjl | Av2
d* |F/HE 2,034 36.22 265 142 Td2 | Pjl | Av2
d&* | R EE 2,171 35.23 82 14.0 Td2 | Pj2 | Av+
d* | L 2,112 36.03 84 13.9 Td2 | Pjl | Av2
d FERLL 2,132 35.93 85 13.9 Td2 | Pj+ | Av2
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Table 1. continued
WTEES | L. = NEESMr
7‘“4% | ws | #rewns ‘f;’g ;i@gfz;) WHSEOES|  shilEs amEd
THZE (m)" = TSR (C)

el AR AT 1,943 35.18 55 15.2 Td2 | Pjl |Avl |Am+
el |tmEL 1,989 35.37 63 14.8 Td2 | Pjl | Av2 |Aml
el* | A5 1,955 35.88 158 14.8 Td2 | Pjl | Av2 |Am+
el* | LR 2,014 35.30 65 14.7 Td2 | Pj+ | Av+ |Am+
el NS 1,982 35.78 254 14.7 Td2 | Pjl | Avl |Aml
el =F 1,945 36.80 72 14.4 Td2 | Pjl | Av2 |Aml
el BRALL 1,961 36.63 166 14.4 Td2 | Pj2 | Av2 |Aml
el* | FHL 2,006 36.20 261 14.4 Td2 | Pjl | Av2 |Am+
el |@EEHHL 1,968 36.73 168 14.3 Td2 | Pjl | Av2 |Aml
el* | MEIRIE 2,082 35.88 79 14.1 Td2 | Pjl | Av2 |Aml
el IR 2,150 35.27 80 14.1 Td2 | Pjl | Av2 |Aml
el* | &S| 2,117 35.85 271 14.0 Td2 | Pjl | Av2 |Aml
el* | f@LARL 2,169 35.60 274 13.8 Td2 | Pjl | Av2 |Am2
el | EIRL 2,191 35.43 181 138 Td2 | Pjl | Av2 |Am2
el* | KABIRL 2,240 35.27 91 136 Td2 | Pjl |Av2 |Aml
el* |&rl 2,231 35.55 187 135 Td2 | Pjl |Av2 |Am2
el |2l 2,144 36.68 188 135 Td2 | Pjl |Av2 |Aml
el* | Rl 2,220 35.93 95 13.4 Td2 | Pjl | Av2 |Aml
el i3 2,160 36.62 284 13.4 Td2 | Pjl |Av2 |Am2
el ECy o] 2,194 36.26 190 134 Td2 | Pjl | Av2 |Am2
el LB 2,220 36.18 380 133 Td2 | Pjl | Av2 |Am2
el* |HEE 2,267 35.80 194 133 Td2 | Pjl |Av2 |Aml
el KRS 2,329 35.25 101 13.2 Td3 | Pjl | Av2 |Aml
el &/ 2,227 36.42 195 13.2 Td2 | Pjl |Av2 |Am2
el ERZE 2,332 35.30 196 13.1 Td2 | Pjl | Av2 |Am2
el SEE 2,354 35.35 105 13.0 Td2 | Pjl | Av2 |Am2
el KNEE 2,319 35.78 199 13.0 Td2 | Pjl | Av2 |Am2
el MmOE 2,392 35.32 107 12.9 Td2 | Pjl | Av2 [Am2
el | fmin#ERL 2,419 35.35 113 12.7 Td2 | Pil |Av2 |Am2
el FEL 2,384 36.06 304 12.5 Td Pj Av  |Am

el NEZLFIL 2,323 36.80 211 125 Td2 | Pjl |Av2 |Am2
el PapaT (L 2,354 36.53 305 12,5 Td2 | Pjl | Av2 |Am2
el |BR, & 2,333 36.82 212 125 Td2 | Pjl | Av2 |Am2
el |f&thiL 2,403 36.08 306 12.4 Td2 | Pil | Av2 |Am2
el HRES 2,475 35.42 121 12.3 Td2 | Pjl | Av2 |Am2
el | KERIL 2,368 36.82 216 12.3 Td2 | Pjl | Av2 |Am2
el |5 2,388 36.60 216 12.3 Td2 | Pjl | Av2 |Am2
el REZFIL 2,375 36.80 217 12.3 Td2 | Pjl |Av2 |Am2
el | #REL 2,446 36.08 311 12.2 Td2 | Pjl |Av2 |Am2
el |BER 2,455 36.22 408 12.1 Td2 | Pjl |Av2 |Am2
el |HE 2,472 36.08 314 12.1 Td2 | Pjl |Av2 |Am2
el =11} 2,496 36.01 317 12.0 Td2 | Pjl | Av2 |Am2
el* |tE 2,591 35.33 121 11.8 Td2 | Pjl | Av2 |Am2
el |72zl 2,464 36.82 227 11.8 Td2 | Pjl | Av2 |Am2
el Zhb 2,530 36.10 312 11.8 Td2 | Pjl | Av2 |Am2
el |FAE 2,604 35.37 128 11.7 Td2 | Pjl |Av2 |Am2
el | BALL 2,484 36.77 229 117 Td2 | Pjl |Av2 |Am2
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Table 1. continued
LITEE S e IWTEF 213
ym{% 1% %7242 WII5 f?’% *ﬁi‘iﬁ) WIL5 FoBEE AT & o
% (m)" o FHRY (0)

el | &ML 2,542 36.20 90 11.7 Td2 | Pjl | Av2 |Am
el |¥IHE 2,579 35.87 137 11.6 Td2 | Pjl | Av2 |Am2
el |Mr&E 2,629 35.42 232 11.6 Td2 | Pjl | Av2 |Am2
el Elff » & 2,592 35.87 138 116 Td2 | Pil | Av2 |Am2
el &L 2,595%% | 35.87 133 11.6 Td2 | Pjl | Av2 |Am2
el |EHL 2,582 36.27 420 115 Td Pj Av | Am
el |Aal 2,658 35.57 143 114 Td2 | Pjl | Av2 |Am2
el | KL 2,616 36.27 420 11.3 Td2 | Pjl | Av2 |Am2
el BB 2,578 36.78 219 11.2 Td2 | Pjl | Av2 |Am2
el | K& 2,646 36.02 317 11.2 Td2 | Pjl | Av2 |Am2
el |BETE 2,719 35.33 233 112 Td Pj Av | Am
el |, 2,677 36.30 433 11.0 Td2 | Pjl |Av2 |Am2
el | FEREEEL 2,736 35.80 327 10.9 Td2 | Pjl |Av2 |Am2
el |WEE 2,742 36.00 334 10.8 Td2 | Pjl | Av2 |Am2
el* | KiRE 2,819 35.26 239 10.7 Td2 | Pjl |Av2 |Am2
el |HEHE 2,786 35.95 222 10.6 Td2 | Pjl | Av2 |Am2
el* |[EELL 2,814 35.70 329 10.5 Td2 | Pjl | Av2 |Am2
el* =+l 2,930%% | 35.37 251 10.1 Td2 | Pjl1 | Av2 |Aml
el | WAE 2,857 36.32 414 10.0 Td Pj Av | Am
el |FTHE 2,885%F | 36.01 317 10.0 Td2 | Pjl |Av2 |Am2
el |HRE 2,899 35.97 328 10.0 Td2 | Pjl |Av2 |Am2
el | KREM,E 2,956 35.78 326 9.8 Td2 | Pjl | Av2 |Am2
el* |, 2,966 35.75 326 9.8 Td2 | Pjil | Av2 |Am2
el |EE 3,011 35.42 240 9.7 Td2 | Pjl | Av2 |Am2
el |#IEL 3,006%% | 35.88 410 95 Td2 | Pjl | Av2 |Am2
el* |k~ & 3,033 35.67 337 9.5 Td2 | Pjl | Av2 |Am2
el |HRE 3,047 35.57 248 9.4 Td2 | Pjl |Av2 |Am2
el* | RAE 3,120 35.47 241 9.1 Td2 | Pjil | Av2 |Am2
el* |ERE 3,146 35.50 241 9.0 Td2 | Pj2 | Av2 |Am2
el* |4t 3,192 35.67 243 8.7 Td2 | Pjl | Av2 |Am2
e2 |FRRE 1,904 36.77 349 14.6 Tdl | Pj+ | Av+ |Aml
e2 |l 1,996 36.42 544 14.3 Tdl | Pjl | Avl |Am2
e2 | =EE 1,970 36.72 450 14.3 Td2 | Pjl |Avl |Am2
e2 | EBEL 2,037 36.70 270 14.0 Td2 | Pjl | Av+ | Am2
e2 |l 2,042 36.90 367 13.9 Tdl | Pjl | Av+ |Am2
e2 |#FRAL 2,109 36.70 373 136 Td2 | Pjl | Avl |Am2
e2 |¥RIL 2,113 36.87 281 135 Td2 | Pjl |Avl |Am2
e2 | PUEREE 2,156 36.50 282 135 Td Pj Av | Am
e2 | AW 2,140 36.73 470 135 Tdl | Pjl | Avl |Am2
e2 | FEAAL 2,141 36.87 284 13.4 Td2 | Pjl |Avl |Am2
e2 |EBL 2,145 36.83 754 134 Tdl | Pi+ | Av+ |Am2
e2 |E&EL 2,163 36.90 381 13.3 Td2 | Pjl | Avl |Am2
e2 | EEL 2,222 36.85 293 13.0 Tdl | Pjl1 | Avl |Am2
e2 |&HEWL 2,295 36.73 395 12.7 Td2 | Pjl | Avl |Am2
e2 |#TIl 2,307 36.67 301 12.7 Td2 | Pj1 | Avl |Am2
e2 |R&HEL 2,330 36.85 212 125 Td2 | Pjl | Avl |Am2.
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Table 1. continued
ITEE S - - HEESMF
yufj;a % %7242 WII5 *TE)% ;E%%an) WIs EOESE SHHE & TR
S (m)? = SRR (°C)

e2 |EHEEL 2,341 36.75 494 125 Tdl | Pjl | Av+ |Am2
e2 |ME 2,647 36.40 521 11.1 Td2 | Pjl | Av+ |Am2
e2 |db/RE 2,661 36.42 503 11.0 Tdl | Pjl |Avl |Am2
e2 | FERE 2,886%% | 36.47 692 9.8 Tdl | Pjl | Av+ |{Aml
f & » & 1,855 36.75 437 14.9 Td+ | Pj+ Aml
f Bzl 1,860 36.87 721 14.8 Tdl | Pj+ Aml
f S 1,917 36.73 256 14.6 Tdl | Pj+ Am+
f kodz3cm 1,919 36.78 539 14.6 Td1l | Pjl Am2
f PN 1,921 36.98 447 145 Td+ | Pj+ Am2
f RE 1,938 36.80 542 14.5 Td2 | Pj+ Am2
f B 1,971 36.97 547 14.2 Td2 | Pjl Am2
f fargE L 2,024 36.88 364 14.0 Td Pj Am
f B 2,038 36.83 742 13.9 Tdl | Pj+ Am2
f B 2,053 36.70 460 13.9 Td1 | Pjl Am?2
f iN-all 2,051 36.92 368 138 Tdl | Pj1 Am2
f el 2,064 36.92 464 13.8 Td2 | Pjl Am2
f R 2,060 36.97 464 13.8 Td2 | Pjl Am2
f ==l 2,067 36.93 558 13.7 Td2 | Pjl Am2
f ERGRIL 2,192 36.77 571 13.2 Tdl | Pj+ Am2
f EiETE 2,230 36.77 575 13.0 Tdl | Pjl Am2
f Bl 2,399 36.10 776 12,5 Td Pj Am
f %y 5E 2,356 36.95 498 12.3 Tdl | Pjl Am2
f ERL 2,414 36.60 689 12.2 Td+ | Pj+ Aml
f BigF& 2,625 36.48 510 11.1 Tdl | Pjl Am2
f f B 2,647 36.43 504 11.1 Td2 | Pjl Am2
f iR 2,670 36.58 511 10.9 Tdl | Pj+ Am2
f EENE 2,713 36.40 597 10.7 Tdl | Pjl Am2
f SR 2,799 36.53 516 102 Tdl | Pj Am2
f REE 2,864 36.45 698 10.0 Td Pj Aml
f T 2,831 36.57 799 9.9 Tdl | Pj+ Aml1
f REETE » & 2,890 36.62 705 9.7 Tdl | Pj+ Aml
f TORAE 2,918%F |3643 692 9.7 Tdl | Pjl Am2
g L& 1,636 37.12 322 15.8 Td+ Am-+
g =HEE 1,736 36.25 606 15.7 Td+ Aml
g eS| 1,728 36.35 418 15.7 Td1 Aml
g r=p=111] 1,695 37.02 515 15.6 Td+ Aml
g S 1,747 37.12 617 15.3 Td+ Am2
g BEE 1,777 37.08 244 15.1 Tdl Aml
g FEALL 1,774 37.12 620 15.1 Td+ Am2
g BEN 1,817 37.05 248 15.0 Tdl Aml
g AL 1,820 37.17 626 14.9 Td+ Aml
g ESEET 1,842 37.10 533 14.8 Td+ Am2
g* OEEE 1,849 37.08 252 14.8 Td2 Am1l
g mk Ll 1,917 36.90 352 14.5 Td+ Am2
g KR 1,908 37.05 259 145 Td2 Am?2
g HiRkih 1,953 36.98 545 14.3 Td+ Am2
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Table 1. continued
[J-I]E ﬁ%% G =) UJ]E% f: Ci
JE L wg |eewwns| WO IR Lwiomons | e e
S ()" o= FEERE? (C)

g RERGN 1,963 36.90 640 14.3 Tdl Aml
g —/BE 1,974 36.83 546 14.3 Td+ Am-+
g BINE 1,978 36.83 547 14.2 Td+ Am+
g R 1,967 36.97 547 14.2 Td+ Aml
g SEREL 1,984 36.82 641 14.2 Tdl Aml
g ENLF - | 2,063 36.15 736 14.2 Td Am
g AR 2,059 36.17 642 14.1 Tdl Aml
g il &l 2,026 36.82 552 14.0 Td+ Am+
g HET% B o 2,003 37.12 741 14.0 Td+ Am+
g %y 2,058 36.67 178 13.9 Tdl Am2
g NFE 2,054 36.75 461 13.9 Td Am

g =/l 2,128 36.08 744 13.8 Td+ Aml
g hEE 2,075 36.72 463 13.8 Td2 Am?2
g =AE 2,070 37.07 560 137 Tdl Am?2
g t /& 2,085 37.08 750 13.6 Td Am
g £k o B 2,133 37.03 567 134 Td+ Am2
g HEL 2,158 36.80 285 13.3 Td+ Am2
g Yy 2,141 37.00 567 13.3 Td1 Am2
g Rt 2,197 36.88 667 13.1 Tdl Aml
g BiRE 2,212 36.90 575 13.0 Tdl Aml
g Al 2,267 36.83 580 12.8 Td Am

g I=E 2,352 36.80 496 124 Td Am
g 4l 2,378 36.67 592 12.3 Td Am

g HEE 2,418 36.82 598 12.0 Tdl Aml
g bra L 2,454 36.88 573 11.8 Td+ Aml
g TR 2,469 36.78 584 118 Tdl Aml
g KFETLL 2,462 36.92 667 11.8 Td+ Aml
g =1 2,620%% | 36.05 482 114 Tdl Am2
g B 2,590 36.72 589 11.2 Td Am

g BE 2,617 36.53 516 11.2 Td1 Aml
g INEERE 2,769 36.77 589 10.3 Td Aml
g AR 2,814 36.65 606 10.1 Tdl Aml
g Bl 2,880 36.58 705 9.8 Tdl Aml
g =)= P 2,903 36.73 701 9.6 Tdl Aml
g RIE 2,038%¢ | 36.52 693 9.6 Tdl Aml
g HEE 2,933 36.75 701 9.5 Td Aml
h KEI 1,671 36.08 597 16.1 Am+
h FRFELL 1,691 36.06 693 16.0 Am+
h KB »& 1,709 36.00 506 16.0 Am+
h y=g=11l! 1,717 36.02 696 15.9 Am+
h FRELL 1,744 36.23 607 15.7 Aml
h b 1,776 36.22 611 15.5 Aml
h BRIE L 1,709 37.03 611 15.5 Am-+
h 7 a2 1,810 36.05 707 15.4 Am+
h BWARFERE]L 1,797 36.23 613 154 Aml
h % BSE 1,875 36.22 622 15.0 Aml
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Table 1. continued
TEES | . = WTEE 721
;f@ 14 ¥ 7213 WIS ﬁ% éﬁ%ﬁﬁ)wn5@@g§ AFHTE L SR
S (m)Y = SRR (C)
h FH&L 1,809 37.03 623 , 15.0 Am+
h pav il 1,831 37.05 626 14.9 Am+
h IR X1l 1,852 37.07 628 14.8 Aml
h HER R L 1,861 37.02 629 14.7 Am+
h — 1,962 36.06 725 14.7 Aml
h RE 1,926 37.05 637 14.4 Am+
h INRE 1,946 36.98 638 14.3 Am+
h KA 2,039 36.13 640 14.2 Aml
h FIRE 1,969 37.10 642 14.2 Aml
h & 2L 1,998 37.00 551 14.1 Am+

* 4 5EIONHT BILE

** WIS H S

DO LTEEES 3 WIS IS & 0 @ 0igE, [(1991) @ WIS BORES %275 Ui,

B OKF% - WIET (1990) OERIBEF VLD EH LAITHECES (7-8 A) EHSE,

¥ Td: axvYH, Pii Fok, Avi ¥SEY, Am: 44 S EVEZTREFRRL, (+ 1, 2) 3NFE
f%, b, ) #2ZhZFHRd,

. . "
Pacifie
Ocean -

X-2 KUHEZ 4 7 OHIERI 57
Fig. 2. Geographical distribution of the eight mountain types in central Japan.
J Qs s 1 7);
a®, b:®, ce, dB el:h, e2: /A, 0O, g0 h:

gl AXYHBLUAA VS EY O 2HNET B ILE

h: #4¥3VDAEHHT 5 I1LE

-1 25, el BL e2 @ﬁjﬁiﬁ@@h\/\))j{iﬁﬁﬁu%i UCHABRIOUEOFREL & D5
ETFREasNI, LED->T, £$3e 54 7OMBEERIRL: (K-2), £ DR, el BL U e2
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OEREE, L7 V7 2 TRE y B SEEEME, HESESER T RERORLME, HR
BEanze |[—IRAILR T, BR > BEHEcEhFRED S, RVWT, ZoMoldEs 17
AT 2 E, T 74 7oERAbIE a, b, f, g BLTh (T Tide2 ¥4 FTEEEIES) 23,
ZhPIFTida b cBLd (2T Tldel ¥4 7HEIER) 0K A 7OHBENE D LN
(-2, #LTHEILES A 71, aBLTDbyA7E2BRVT, WY 754 7OERERATHY
Nh—HICOBHEE Lz, Likh-T, ThoDfy 4 7RI, gt oZRB8E
T 2EEZONE, $HWMI A 7HICHEBETEaBLUb 714 7OIERIKBVTD, HFHROF
FIRRA 5 L ONHOEE, SHBMOERNEET S ETFRINZ L0, JOHERK
ORI HB DA al BLUDL, Licd2bD% a2 BLU b2 & Lk, £ L THLIROIWLED
2 4 A TRICBT A E, BXUe2 ¥4 THOBEROLE TRbbALLROKE » & It
TT Ry B SEEEAT, HEMESEROBERARLAT, BRECORR » BAIER
ATRRDS, Z/DHIPRRSHROZ 2T 15530 b HAM DR TSRS 5 T L5, O
OFiE AN EN [REER | BLU [BAEE] oUfEs A 7EHESE ST, £-T, &g
g4 71k TAEER: al,bl,c,dBLVel ] & [HAMR: a2,b2,e2,f, g 8LV h] OFmLE
sATFEICE EBON, AL, IVAELRD aBLU b 71 FicoVWTH, SLCKRTEET S
LEZLNIED, TITRELLDIES A TEHICEED RV & L,

2.2 MNRBEDHTHEDOTTME

A4 TR FENk 284 DRI BT 5, WR4HEE LT OHBMEOHEEZUTO 3 &
P43 TR L 720
[+ F EARREET 5, EHEBES X O EBERETHEZR I N TWRL, £ 7035

BT BT OEENHRTE T,
M1l v 2SZ EEERTHHRRRDIES V., BEMCOMT 555, MORNCEE, /03F
AR B EMRE TR T %,

r2): w2 LELEKCHHEISZ V., BEENS  BENETEKT 5,

ZOEffIZ, EHEEE AT - - 90 OB VT, REPLKHIBOMEYIEEASEZ ICL
TEA L TE-1ILE LD,

FA4E LUEMBOBRERORELHEE

1. EAREBEEOBES

CNFTHADET L EERELOBRERL IBICE, SHEORAESER (hRIRER
1949, [RWE 1959, FIATHIZREES 1972, FRIEA 1990) PRV SR TE e (A 1978,
iR 1978, #1982, Kume 1993, BF13/ 1998 15&), Th o OHRABEIEND» 5, KPE
D & B AHERI OBERE 1T - TRSESEINY 2 KEWSEESTEA ENbE, L, FIARR
BFFR (2002) DEARESERIC B 5 i 7 L7 2 fF5E88IL (2,730 m) DR AEEZEF 30 cm
TH AW, HEE» (1997 Ick B &, FEREN S 3 HItBVL TRFARBRIET 300 cm LI &
50, &5 2,000m Ll LT3 100 cm L EOESESEH 5B (X-3)o LIchi->T, KRFEAHR
DB B 2EARERIGENIShTWEE WL S, F, ONEHELOBEELAAR
BROHETH 2B EILNEE (KFIiE2 1993), AEE L (RS FMALER 1969), il
FHPE (RIRED 1991) OREFEL IS 5 &, EERIXFEEROIIFECBV TS, SESEIS
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Fig. 3. Vertical change of the snow depth of four mountains in Chubu and Tohoku district.

S X HABR O LELFERRIC, 300cm 2B 2BSESEHONDL I EN S (F-3), KEHER
DUHES A 7EIC BT 2EEEOE VL, FEACIITEESOZWE LTEBTE 5L TEaN
5o ZLC, #EELEHEROSHRE, SESEHICBOATVEC EE2EETIIE, ESlik
HEREO S LBBREOBGRERE T I, EERICR - ESEOEBVHSKELENRE D
D2HDEEZLNB,

PUbo &, KEFEROLERICBY 2BEEOEES LU, HAEHEKENOLES
HE L CGRET 28I}, KPEERBLUHABROIE Y 1 7B 2 ESHIORSEIC -
WTEAREZTY, MEORES LEEOMREEET I LHLEETH B LEL SN 5,

2. BEMBLIUHEEHER

2.1 EENOBEZRAE

FEREOEMABEORF LB IEE LT, KEFRBLUHAERORIE Y 1 7HOBRE
ST LRSS el BXU e2 74 7OIET, ILTEESMIZIZTEL WVIESBRE L. 2L
T, el 4 7DIERE LT, BBERILFRLSE L, N\ r EREES, 2 94 7OILEE LT, EE
EEOEFLEEEINEZENTNEE L, hoDIERZEAENROLRIBLTWV B
b, WFATHECIRICER LTV RINEE LT, BXERLE L URRBINARE L, Ll
62D IlFE>VTESHOBFELRE L1 (F-2),

AIEN— MIHFBOEIC L ZBME0RVEAEERL T, LE0Ibs ST EICEE L7,
7oL, WEXOUHFIE L CREHE EREANCHE—L 72, AIE ETHERRT 2 7 5000 530
1 DI Z R, BLZBILECH > TESL0m JEICEEELAE L. IhE ToHEI
&5 &, hELEEICE o 2 RAREEO MBI, fhR7 7 258803 H (EHIZ
2> 1997), W\ » Efatt LT 4 A#18) GEIR, kFE), Bikilit4 A LA (HE 1948), HFR
FT3 Aty (R EiEd» 1996) TH B EhS, BLZ 3 Ahar s 4 A FHICEAEEE
WCETSEEXT, COBBNRRZEORL EFEE N3 KEEROED ST, ERHEES
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Table 2. Mountains where the snow depth were measured along altitude.

LHE4 EE (m) wRE FEEL— b HER
BAEROIES 1 78
ENEEESERLLE
HFL 2,307 36°40° 138°31" | K&/ B—IHERE—#F1 | Apr. 4, 2001
Apr. 6, 2002
=HE 2,295 36°44’ 138°33" | —/ #E—EE L Apr. 5, 2002
KFERIDIE S 1 78
EHEIN » E
KA 2,646 36°01" 138°21" | #:/ B—HKMHE Mar. 28, 2001
Mar. 24, 2002
FEIRSLR—PE RS Mar. 25, 2002
BRAC Ltk
228811 2,599 35°52° 138°37 | WHY—£I& L Mar. 20, 2002
BELRE—4EL Mar. 21, 2002
ELZRIcHE Y 4 7D & 5 E
BHY hAR—BEEEE
A A B
BERELL 2,141 36°52 139°22" | HGRER—SERAEL Apr. 13-14, 2002
KR
HeERiL 2,578 36°47’ 139°22' | Hr—HE—BX}EML | Apr. 19-20, 2002

Totee £, BREXOILER, BHEHLE 4 APEICRIEETT - 70

2001 4Eix 3 H A 5 4 A LAOBSEHIc, MAOHBRKISELSHIED & 25 %80, 4L
KOS HAEER ST AUBICH 2K 7 — 725 %, HERICEHSR - VvERVTHE
EfTote UL, CORETRBCEESFRBIONED &SI, WREF v <4 THEICE
HBNTWEEZATIE, HERICZOEHARRT 2 &M TRESMANZ - 12729,
2002 Fh» 5 BREEICRIEN TE ZHEE LT, £BLP/N » B2 EDORFEEROIETIE,
A A — L (200 cm) 2 BEEICEEH L CEBEZMET 2 5L - 72, £ LT, ZERT
M1z L 10 BERRERESHEIC K- VERIHIL, Z0fE% 1 cm B THA & -, JOKE, #E
BRI A — L OSIEASHITICE L TV A E D id, ¥—axk Bigmctsffucnas e
THZ L1, £ HABROILETIESPIZV ETFHIN LY, F4 Y ORTOVOX oDV
v 5HE (Avalanche probes 320) BV CREIBORIEZIT -0 OV ¥V FHEIIFESZE 320 cm
T CHIETIRET & 34, BEESINEBA LGSR, BEEIC AR > TUEZETY, MIEE
IO B - SO EME L, IS ORIER, BElitks s ERICEE LT 2850
OEEEARFEL TV S0, KON EEFREIEEBHNERE bEEEI NS, LKL,
Barbour ef al. (1991) 13, BWEFEEEIERMICEIVER LI L OBBO bOEBNENELETIE
EE LT, BE (HY) KEXESELOBEYTH S LIEHLTVIN, AHETEIORET
EETHICESEM T,

2.2 BE—MSOBERAE

FEEEE I - RS ERIE & BHNS, BICRKEEOILED 5 b ISR OE W LHEZE
iz, BUETEFOBEHISICB T 2EEEAEET > 72 (F-3).
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Table 3. Mountains where the snow depth were measured at a single or several altitudinal

spots.
HHE# LITERES] (m) HRIEALE (m) HEH
Higl (RBE - ZEKEEIE) 1,728 LLTH (1,728) Feb. 17,2002
MR (A - BEESD 2,113 TETF (2,050)* Apr. 14, 2002
#iJ] » & (LERYR - SR 1,736 LLITE (1,736) Mar. 23, 2002
BE (LRE - kL) 1,793 [ITE (1,793) Jun. 31, 2002
tiE (BHE - A8 2,480 2,400% Apr. 7, 2002
farhl (REE - b\, &) 2,403 2,350% Apr. 8, 2002
Aol (BRFE - FRLHD 1,741 LITE (1,741)* Feb. 4, 2002
ML (BEFFR « s 7 L7 %) 1,750 LLITE (1,750)% Feb. 5, 2002
BRI (BAQLRhAEHED) 1,818 LLITE (1,818)* Feb. 27, 2002
BAHE (BRAQILHD 2,579 2,450* Mar. 21, 2002
EEIL (RYE - EEHEED 2,037 1LITH (2,037)% Apr. 4, 2001
OIS THIEL 725 b OBRAREFEO HRES
400 400
~ AT DA T WA 2 g% BARE
£ 300 gl S 300 BWFWL
~ oXtR/NIMEB—IWWA
s 200 = . ﬁ -
i Nm = 10-15 @200 g Nm = 6-13
£ &
m‘( M( 100
(a)
3000
400
E KE R ai%/B-RKXME ’g
Sa0 | XHE OERER - BXHE =
B B
ggzoo Nm = 10-15 'ﬂ
= -3
B #
100
(b)
3000 1500 2000 2500 3000
#5 (m
400
G £ AARHE
~ 300 REAW
B B¢ e _
% % 200 Nm =6
W MK 100 e
o
(C) 0 ) ) (f)
1000 1500 2000 2500 3000
1500 2000 *’%% (m 2500 3000 ﬁ‘g (m)

X4 . KEAFERE BABHOLIEIC B W TERM U EZSBloME R

Fig. 4.

Pacific Ocean side and Sea of Japan side.

B EEE HRERZEE, Nm 3 ESHS O RIERE % R4,

Vertical change of the snow depth measured in the mountains categorized as groups of
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2.3 BEMNLGETREE
EEOBMEFERBEEZT-> ER WTFholEI BV THES O » TRBE M
FTAEABED St (K-4). 58, 2001 £ LU 2002 £ 2 HEHICRIEEIT > L RKEE
BLUOHELTE, TWEORESHORBERICENTD SNEH - /o (Paired t-test, p<0.05)
Lo, K412 2002 FEORIERRD A ERL T,

ERHEE T el BLUe2 ¥ 1 7OIEA KT 2 &, RABREZED L vt sk
OBEFEOVTNSE, €2 74 7DIHETHEEIIKRED » 12 (K-4),

3. RARTEZEOHELHER

3.1 BAKEEZROHEXDIER

AWEICB T ABEERAES LI CHFOBRL OB LN 20 IECBT 2FERICEB5HK

EEMEEEABESEXOMEE LK L e, RAESERIE, #(1982) AV KR W2 (1959)

B L UBRFORETHR (2002) © 2 K% HW\W o, KRR (1959) ORAESHEMEIL, # (1982) @
ATEERIC 50 cm PR THA & - HEDH B 728, T OED FREE AV 7. [EFTHR (2002)
i3, HEOMBIEE» S Z#DITEOEENS 1km X v ¥V 2 NOEEHA L -1z, TORR, E
HE & K284 (1959) & 3EEICSWVWHEE r=0.89, p<0.0001) 25, TR (2002) & 13FFV
HEHBZEhZENED SNtz (7=0.68,p<0.0001) (K-5), DT Eh 5, [ERHE (1959) DHEK
BEEROM E ERE I LT, BELSHECXIBEEFEOHENAIRETH Z EEX 1, #
FEROIERICHS 12 » T, K EERNOES 1 7HA BT ABRICERTREEEZ SN
AESZEOHBEESAZZHE LTmA, UToERBREIERL 72 COBICAVIcRER DR
FIFEAITFEEDT,

B, AFEOHEMNRIMTH 2 PERILEHIRILIRICE 2 100, SUEOEE, BELkL0
MBEERNRENENEL > TV B, Lichi->T, MEEESRINT L RS RELRVE
BWEEZ SN B, KFF - HIET (1991) I LEHIRO SUBBIRIERNE B W TR, &E, &, N
PR A E LT, (BB 1 3 EEAD A EEKEE 1L 0 OFEE THET X 3E0F
EFNVEERL, TS TR ZREVRREZRD TVWE, AR TE, ChEHOVTELE
KB AESERETRL, H—HREELTHVS I ETHEET- 1, TOBRIC, el
TREBIFTSOEIWNEIVEINBZEF (7-8 A) FHEKUR CKF% - YIET 1990) 2 W5 &ic
Lic (UUF, EFEEKE ST,

BAREEFEEHRER: y=313.54—23.24x,+1.88x,
vy YFEICB I A HEERAESE x RAESEO LTRSS % KA « YT (1991) 0HEEIFE
FNEVEFEHREBTELIE x20 JRWBE (1959 » SiH & - LR AEIEEO LIRE
(B2 1982)

¥, BUECBIAHERAREELEH T3 ICH 20, RABRSEOHFESRIKRDO L
IED T, EESBIOEEFERAEDER, S, RARSEIOLTEE CHFRHROREST 2 LETIEL
BRI, QEELFMBRZFE S LEESOSVIIETE, FMBERMES2VWidZzhi DG
WESRICHIE L (-3, B-4), 2 TOBLUQIIEYT 3 LEARXST 2@ E LT, Hk
RARES & LTEESORFD» 5, KFK « HIET (1991) OEREYR € 7 VI X » TEHI W AUED
EFVHEKEOMEH 120°CL 0 &y (LTEESOEW) 1IHER, Or#EY43 s 1LESE LTZz0E
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Fig. 5. Relations between the maximum snow depth measured in each mountain and the max.
snow depth interpreted from two sorts of data maps.

VRS (1959) 35 £ RRI TR (2002) DRARES FE(it,

* p<0.0001
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Fig. 6. Relation between the maximum snow depth measured in each mountain and the max.
snow depth estimated from multiple regression equation.
* p<0.0001

ERAESEOMERICE v & LTHRAL, 120CL0EY (LEESoEV) (LEE, [
(1991) ic & 5 U IHEOHFHEAES oLV TERPHSEBEAHTEL, 20EERARE
FEOMERICE S v & LTIRALK, Lkd->T, ZOWMERICL > TEH S Wt BAREE
d, e ollFEics g 2EEIERORT T 28BN TOEERLTVWS, B#ETHIE, COE
DT oRBEFEREICERESISHLTVWEEVWE 5,

wE, FERoBERRRXOZENFREIE, WINGERRUUTTHETHD, ThoDfE%:
EYRREE L CHRATE 3 LMW L 7o, AR TREERMERICB W2 ERlE &, ERRRIC
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F-4 BARSEAHTT 3ERERFRICHVZRT
Table 4. Factors used to obtain multiple regression equation for the estimation of maximum
snow depth.
= V5=
W | s | BAHEE ﬁéﬁfgi RAHER | SRR it
! EE (m P MfE? (cm) | FESEE (cm)
SR SR (

HX7aE | 40.67 1,324 15.8 250 345 R - fEHl (1994)
RHE 40.58 1,340 15.8 250 450 f&H (1959)
bl 39.95 1,240 16.6 250 373 f&H (1959)
ZEAWL 39.95 1,570 14.9 200 575 &M (1959)
AN 2 39.85 1,613 14.7 200 340 ¥2H (2002)
AT 39.85 1,400 15.8 150 360 f&H (1959)
BER 39.75 1,472 155 200 270 Kajimoto et al. (2000)
Bl | 39.55 1,280 16.5 150 200 +2H (2002)
R 38.95 1,100 17.7 250 375 18 (1959)
Al 38.53 1,830 14.2 600 1,137 18 (1959)
K& 38.12 1,500 16.1 200 250 REFIZH (1993)
wmal 37.87 1,400 16.7 350 636 fEH (1959)
PEEFEL 37.73 1,720 15.1 250 450 IR AT S (1969)
PaRHEE 37.73 1,950 14.0 250 526 f&H (1959)
BWEZEIL | 37.70 1,700 15.2 250 537 fEH (1959)
k=311l 37.63 1,728 15.1 150 200 &R (2002)*
INRE 36.98 1,500 16.6 350 395 {BH (1959)
1%y & 36.95 2,200 13.1 250 489 fBH (1959)
HRE 36.90 2,000 14.1 300 530 &M (1959)
REREIL | 36.87 2,050 13.9 150 270 IR (2002)%
R 36.87 2,050 13.9 150 270 &R (2002)*
H¥%:ERiL | 36.78 2,400 11.9 100 240 #ER (2002)*
Bk 36.75 2,484 11.7 100 245 HE (1948)

Al 36.73 2,295 12.7 200 353 &R (2002)*
EE 36.70 2,087 14.0 150 295 &R (2001)*
BE 36.67 2,250 12.9 150 357 &R (2002)*
LRSS | 36.57 2,320 12,6 350 700 RWRIZH (1991)
KERLL 36.43 1,891 14.9 350 388 1&H (1959)
JtHEE 36.08 2,400 125 150 299 EIR (2001)*
il 36.07 2,350 12.7 150 248 &R (2001)*
£ - 5 | 36.03 2,050 14.2 300 860 B (1959)
KiaE 36.02 2,450 12.2 150 224 &R (2002)*
T 36.01 2,500 12.0 150 250 ALH, FLE*
A=A 35.92 1,818 16.5 50 41 #IR (2002)*
s 35.88 2,300 13.0 200 280 fEH (1959)
HHE 35.87 2,450 12.3 50 110 &R (2002)*
Al 35.87 2,450 12.3 50 131 &R (2002)*
YEB L 35.80 1,750 15.9 50 60 #IR (2002)*
BEEEEEL | 35.80 2,600 11.6 150 315 R 3D (1997)
BF 35.55 1,793 15.7 50 50 IR (2002)*
KL 35.53 1,741 16.0 100 60 &R (2002)*
871 r & 35.52 1,736 16.0 50 35 IR (2002)*

U KFE - WIET (1990) OEEYRE F L L O FHLLEE (7-8 A) FHERE.

Y SRS (1959) @ LIR{HE.
* RFELER
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Fig. 7. Relation between the estimated maximum snow depth and the numbers of mountains
of each mountain group in Pacific Ocean side and Sea of Japan side.

Lo THEESNAHEELNEK T 2 L BBU QKT % (K-6; r=0.900,p<0.0001) T E»d,
COBEMFRERABSEOHMEICH V., £LT, CoBEOFRIcL > BRI h @, #
ERABER L LD o, BHINRILNEOHERABSEOMBEIIERE-1IcE &1, 2L,
COHERBFRIILTED 2 VW IEHRHRAGSOEFHTES 175CLUT TRV ERV A I EMBT
gV L, FAERRROLYTEZVESE/RT R {HIF 0.829 & HEWEWVEZ RS 7 &R
R LDV, DT VERED SR BAR L W HIFENIC b, £ABEEOLHIRIC
BOTOEVHIRORABSELAMEE L LIERT 3 EEZONS, Lith-T, 5%F—
FEEEP L THEROBE XS0 2 LB NS 5,

3.2 KFEMLGHEERGEE

BUROHERABSFELAVT, BRBHBIUOKNEFEROINE S A 7HAHET2E, B
ABROINE S 1 THICHERABRSEOREVILEGEE B ont: @7, 2ol En
5, TRKFEHE BLU [HABE | MIUES A 7HEBSEOEVEWGL, @ILEY 1 7EER
CRSFEEESEAT I EAERBLTVA EE I, BEEVHILEY A B4 S > ERLE
LTEETH S I ENHEREIN,

F5E EmILEHEMOSI T

1. BEHOBRE

FZES A 7EBREOASFROEEICL - THF Ed S, HES M1 7ORRAERZET 572
DI FEBEONHEEICER T34 END B EEL L, #IT, REFERB X OCHABEOL
E A 7RICBVT, SHEOHETERENEES S L OCERAESEL oMK, &6 o
S P IREES OALERIR AR L 1,
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2. ITEEREEORE

LTERES 12, AFF - HIET (1991) o&EEYRE F AV EAWT, SlUEICE T 2 NEES 2 ES T
[ETEL, HF—MEREE LTHW, 7L, ZORRICERRFNICENRE b IIEES &3,
BABESEOHERICIA L LILEES LRy, Dudld "FHRUBOLLES” EEEAI
FRET 2 068Bhd 5 EEZ LN, ITEESOEVILETE, %o LTEES OErI LK S H5k
MAEZADI LRSS0, 53,000 m 28 ILETE, HABRESE 2,700 m»5
2,800 m FHLETHHTH £ 700, ZhP EOILTHES IFMBROBOLICE.RE bc/a 15 (F
1991). T IZFMIERAESE SRR FIRICE L 72 2 & 2Bk T 2, AP TR (1991) iI2H
W, COREHRHARAESE WIISC-M &ED, Ihll EolTEES%: b IiECx LT
i, FA(1991) oFEH O WIIEC-M HEESOE S LTEES & UL TRA L. SUEDILIES 5V
2 WIS C-M i BIF3EEFHTEREIF-1ICE &0k, BB, ThUToRXHTHWS ‘I
TEES” &3, EBROLEESS LU WIISC-M AESOm 5 OENRE S D THW 5,

3. HEOSHREM

3.1 WUEEESLUVHEERAEERE ESHEOHREORR

KEFROWUES 1 T8

KEFEROIES A 78 TR, WEESOESREATREOET, §74b 5 I LIRSS OB
LT, axvH, bok, ¥SEY, #4 V5 EYOIEFETHRERAEL 5 (X-8-1), LTEE
BNk s —EOES (BFFHERE 13.0CLUT) L0E%%5E, 2RIC4RBENSIHT S el
YA TOINEER B ENBD LN, T, HWERAESEOEMFL TS, EROHHIR
OB St (F-8-2), 2D En6, KEFROIES A 7HICBVTE, WIhoBEd
LTEES S 5V REERABSEYS, ThZhof@osmrts L UvEnick - TEkaEn s
EY 4 7OREERE L TV S EHEEas N, o, KEFEROEY 1 7HORME LT,
45 IMaxyHFEREZELVESOLEESAEIHE» SHEL, TS bl BLUC
4 7DOIETRZOHBERIZ 6% B LU 8% L FLEANFEHE LD O -1,

BEBHOILESY 1 T8#

HABROILE S 4 78, ILEES0EFPHIUROET, §4b b LTRESOEIM
LG, AAYSEY, a42YH, ok, Y3 EVOIEFTHESED SN (K-8-1), L T,
A4 V5 ey BNLUEESOEVILE, SHET 2 L WHIHRRE, KEFEROWES 1 7HEKRE
SR -TWho —FK, IAYYH, PobBIU Yy OHBEEFRBAEFROINEESRUT
Hoto TOTEDD, N6 IHEOHBRIEFEZHRE LTV 2EREEILES 1 7HHICEE
WAEEB-S> LD EWBINK, T/, FYkEYIEVIR, —EOILTEES T THEENSEMNT %
FR%ERT & &b, REFHOILES 4 7EBICHAT, ITEESosV IR RBRo N T
Wiz, L L, #h i 0 EHVILNTEES (12.0°CUT) 2b21ETE Y S EVRREDL, boeiR
FIF—EDEAPED SN, —K, AaAYHREF VS EVIE, —EOLEES.S2ILET
PhEFIcnfmT i eyl (X-8-1),

BREOHTERABEE T 2 HERIE, BEFOEMIHLT, 44 ¥ 5 £V T3 80%H]
Bz, a2 Y HTIRE0%ICFIFRLNBERERL: (®-8-2), 2O &REABERDLES
A4 FEICBVLTE, WEOSFRBEERKELROVIEEZRL TV, KPFEROUES A7
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Fig. 8-1. Relation between the relative number of mountains to which each conifer is
indigenous and mean summer temperature at each mountain summit of the
mountain groups in Pacific Ocean side and Sea of Japan side.

Rel, 8: axvH, O bok, A vS5EY, O A2 vsEy

* ORFR « HIHT (1990) DE[EYFEF VKO EFE (7-8 A) EHRBEEH,

BoERLSGLETELINE, HERKEZE100cm UTOILETI, A4 35 EY D56
BEODEIIICLVERENTOE EEEINK, £/, tokeEvySEYOHERER BEO
I - TR T 3 EREMBED SN, TOT Ehs, MBBOSHITBEECL > T
NTVWB I EMRBE N,

32 SHTRESOLERMFE

F2EAHOEMBEICL > THRONEBBEONHTIRES B LU, 40 (1937, SF
(1962), # (1982), #H 1%8m&®ﬂ§§ﬂ(§%)%%ﬁb,%h%n®m5kbdéﬂ%
4 B/ T IRES OALERIRERET L 72,

KEEROWES 1 T

REFRDIES 1 7HICB T 2 ZBEOS T FRES 4R T ER KB OEIE GEIA
WWRY) i, ¥YIEVE LY EDOICERL ETFERIEED S - 708, a2 Y H (16.7°C),
Pk (16.1C)BLT Y5 EY (168C), A4 ¥ 35 EY (14.9°C) DNEFE TH%4 FIRES O Ei5E
BELBY, ChoolicEER ETREBKBIED 5z (ANOVA; p<0.05, post hoc test;
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Fig. 8-2. Relation between the relative number of mountains to which each conifer species is
indigenous and the estimated maximum snow depth of each mountain group in
Pacific Ocean side and Sea of Japan side.
Apl;, B: axv4, O bok, A vYSEY, O X vIEY

scheffe’s F; p<0.05),

Foedvsevo FTERIEL TR, MESSHLT, o200 L TRRMEETE/: 28
IWEDSH, ryehysEYy XD TFEH»SHERTZLEY 17 LE ¥ 7 EVBTER»OHE
THILENS 11 IUEE, by e TFELOHET R ILESEZDE B SN, ThS5DILER,
B4, BEGAGILEOMI, BT V7 AERSOASE BEMEERLILE BIUHAR -
22t EIILES D b v e ORHESHENZVILEICBWVWT, PYEBYSEY KOTE
» BT AEESESICED O, T, By E v ey OnH MRIESDHES
HERTABE, PRV S EVIRINTHERR, $abbEVESBIcTnTH (K-9),
INODTEMSPIERY T EVITHANT, HEFEVESHICOMEE S > TVELEVWA 5,

AXEMOILES 1 TE

KEFFOINE S 1 7EEE R, BIUEICB T 5508 4 BEO A TIRES O E & &4
BosHmd 2 LEDLTEESOAERIRERET L 7o BN MRESOFIEHER, +4 ¥
SEVE LY e THRZ ETRREED Shish - 7/ohs, 32V (1687C), £+ v 5EY
(162C) BXV ok (157C), ¥JEYV (14.7C) OlIEF T TFHREBEIEL XD, ZhThicid
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Table 5. Lower limit of vertical distribution for each of four subalpine conifer species in each

mountain.
LLTE SR | 51 1ITH DT TR | 518
L= g | e | g EE || e | gt
FuliE 1,820 | Am 1,710 12 FRRRTA L 2,141 | Am 1,700 1
Tl 1,747 | Am 1,600 2 Av 1,850 1
FEALL 1,777 | Am 1,550 2 Pj 1,550 1
EipE 1,842 | Am 1,580 2 Td 1,500 1
—EE 2,065 | Am 1,580 2 PRI 2,113 | Am 1,700 1
o i 2,140 | Am 1,580 2 Av 1,850 1
Td 1,570 2 Pj 1,550 1
o/ E 2,085 | Am 1,900 2 2A 2,163 | Am 1,700 1
s 2,003 | Td 1,820 2 Av 1,980 1
FH&L 1,809 | Am 1,690 2 Pj 1,660 1
R 1,926 | Am 1,830 2 T A F 1,968 | Am 1,400 3
R 1,962 | Am 1,720 2 Td 1,500 3
L 1,984 | Am 1,660 2 781k 1,790 | Am 1,410 2
Td 1,720 2 Td 1,200 2
KB 2,158 | Am 1,600 1 L 1,971 | Am 1,450 3
Td 1,400 2 Td 1,300 3
HytE#R L 2,577 | Am 2,150 1 K 1,921 | Am 1,500 2
Av 1,550 1 Td 1,420 2
Pj 1,530 1 LR~ 2,132 | Am 1,600 3
IR » & 2,333 | Am 2,020 1 HEEE 1,848 [ Am 1,750 1
Av 1,800 1 Td 1,400 1
RAEL 2,329 | Am 1,630 1 BREEE 1,777 | Am 1,610 1
Av 1,730 1 Td 1,545 1
Pj 1,650 1 = 1,795 | Td 1,510 1
Td 1,550 1 LSl | 1,827 | Pj 1,750 1
gLl 2464 | Am 1,950 3 Td 1,700 1
Av 1,600 3 =N 2,140 | Am 1,750 1
Pj 1,635 3 Av 1,775 1
KERL 2,368 | Am 1,800 3 Pj 1,750 1
' Av 1,700 3 J\RELL 1,934 | Am 1,750 3
Pj 1,635 3 Av 1,870 1
Bl 2,484 | Am 2,100 3 Pj 1,550 3
Av 1,800 3 =EE 1,970 | Am 1,620 1
Pj 1,750 3 Av 1,665 1
Td 1,670 3 Pj 1,800 1
AL 1,955 | Am 1,830 3 Td 1,675 1
Av 1,800 1 F=gatll 2,295 | Am 1,600 1
Pj 1,610 1 Av 1,900 1
Td 1,500 1 Pj 1,700 1
=4l 2,144 | Am 1,860 1 Td 1,650 1
Av 1,840 1 HEEL 2,341 | Am 1,600 1
Pj 1,610 1 Pj 1,710 1
Td 1,580 1 Td 1,600 1
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Table 5. continued

1| F R | 51H T8 | . SRR | 51H
i e | e | g UES s | WY | e | ot
BigFE 2,230 | Am 1,600 1 R 2,998 | Am 1,400 5
Pj 1,710 1 Td 1,280 4
Td 1,600 1 il 2,831 | Am 1,400 5
G 1,919 | Am 1,600 1 Td 1,300 5
Pj 1,710 1 AR 2,926 | Am 1,400 5
Td 1,600 1 Pj 1,300 5
FTEIE 2,130 | Am 1,650 8 Td 1,200 5
Av 1,950 8 b/ 1RE 2,662 | Am 1,230 4
EF 2,307 | Am 1,700 1 Av 1,590 4
Av 1,950 1 Pj 1,490 4
Pj 1,950 1 Td 1,130 4
R 2,160 | Am 1,800 3 REE 2,814 | Am 1,700 5
Av 1,700 3 Td 1,600 5
Pj 1,700 3 ;o 2,670 | Am 1,900 5
B 2,035 | Am 1,700 1 Td 1,200 5
Av 1,960 1 EBigf&E 2,628 | Am 2,020 4
Pj 2,000 1 Pj 1,650 4
£z 2,041 | Am 1,700 1 Td 1,550 4
Av 2,000 1 FOTRANE 2924 | Am | 2,100 4
AL 2,109 | Am 1,700 1 Pj 1,990 4
Av 1,970 1 Td 1,570 4
iR 1,906 | Av 1,665 1 SR 2,647 | Pj 1,790 4
B 2,037 | Am 1,815 1 Td 1,370 4
Pj 1,940 1 A 2,680 | Am 1,900 5
Td 1,850 1 Av 1,640 4
PURA L 2,354 | Av 1,810 1 Pj 1,500 4
Td 1,825 1 Td 1,200 5
L 2,145 | Am 1,550 2 it 5 2,664 | Am 2,100 5
Av 2,095 13 Av 1,500 5
Pj 1,550 14 Pj 1,400 5
Td 1,500 2 Td 1,100 5
2 2,053 | Am 1,515 1 Kl 2616 | Am 2,010 4
Pj 1,895 1 Av 1,700 5
v Td 1,705 1 Pj 1,700 5
BRAE L 1,917 | Am 1,775 1 Td 1,490 4
Pj 1,785 1 gREkLl 2,446 | Am 1,900 5
Td 1,775 1 Av 1,800 5
=ZHE L 2,446 | Am 1,600 2 Pj 1,700 5
KT 2462 | Am 1,700 2 Td 1,500 5
L 1,963 | Am 1,880 2 LT 3,026 | Am 1,710 4
Td 1,560 2 Av 1,600 11
% 1,855 | Am 1,250 12 Pj 1,650 4
Pj 1,600 12 Td 1,490 4

ot 1,990 | Am 1,600 4

HHE 2,418 | Am 1,610 4

BEH & 2903 | Am 1,930 4
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Table 5. continued
LITE SR | 518 (LTE « | ATIR | 51H
it mg | B | T | g UES s || e |
i 3,067 | Am 1,860 4 FERSFE L 1,874 | Av 1,870 1
Av 1,400 4 Pj 1,874 1
Pj 1,470 4 Td 1,740 1
Td 1,330 4 & v 1,764 | Td 1,700 1
Rl 2,140 | Am 1,720 4 A% 1,955 | Av 1,780 1
Av 1,560 4 Am 1,830 1
Pj 1,530 4 g3l 2,116 | Am | 2010 1
e 1,672 | Av 1,650 4 Av 1,780 1
Pj 1,600 4 ML 2,051 | Av 1,890 1
AN o= 1| 2,496 | Av 1,600 5 Td 1,600 9
Pj 1,900 5 HRE 3,047 | Am 2,000 5
Td 1,700 5 Av 1,600 5
Nl » KIE | 2,646 | Av 1,800 5 Pj 1,600 6
Pj 1,600 5 Td 1,400 5
Td 1,500 5 HIRE 3,100 | Am 2,100 5
ZRHL 2530 | Am | 2,060 1 Av 1,700 5
Av 1,775 1 Pj 1,600 6
FEIEE L) 2,112 | Av 1,820 1 Td 1,500 5
Pj 1,870 1 A& 3,100 | Am 1,900 5
Td 1,610 1 Av 1,700 5
MREAL 1,985 | Av 1,650 1 Pj 1,500 5
=il 1,887 | Pj 1,700 1 Td 1,600 5
il 2,220 | Am 2,080 1 SEm 1,889 | Am 1,850 1
Av 1,960 1 Pj 1,700 1
Td 1,470 1 Td 1,480 1
+XFih 2,072 | Av 1,910 1 AL 1,741 ] Pj 1,730 1
RERL 2,131 | Av 2,070 1 Td 1,600 1
TR L 1,818 | Av 1,790 1 HEL 1,989 | Am 1,920 1
Pj 1,800 1 Av 1,850 1
Td 1,600 1 Pj 1,680 1
EEAIL 1,846 | Td 1,670 1 Td 1,600 1
Kia 1,882 | Td 1,760 1 IS 2,013 | Av 1,900 1
S8 2,598 | Am 1,900 1 Pj 1,800 1
Av 1,650 1 Td 1,690 1
Td 1,510 1 KB 2,000 | Am 1,970 1
L 1,723 | Td 1,450 1 Av 1,900 1
Eraeil 2,031 | Av 1,860 1 iR 2,500 | Av 1,930 7
INEIR 1L 2014 | Av 1,950 1 Pj 1,880 7
RERESE 2,067 | Av 1,920 1 BkahE 2,067 | Pj 1,560 1
Pj 1,870 1 Td 1,530 1
Td 1,740 1 ¥EHIL 1,750 | Av 1,720 1
HE 1,987 | Av 1,840 1 Pj 1,680 1
Pj 1,840 1 Td 1,600 1
Td 1,800 1
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Table 5. continued
1ITE SR | 514 A S FIR | 51
it e | B e | g HEE e | P | Cmee | gt
PR 2,730 | Am 1,650 10 Emwill 3,771 | Am 1,800 16
Av 1,550 10 Av 1,500 15
Pj 1,700 10 Pj 1,280 15
Td 1,500 10 Td 1,580 15
NS 1,981 | Am 1,910 1 FEE 1,945 | Av 1,910 1
Av 1,900 1 Pj 1,800 1
Td 1,630 1 Td 1,740 1
=R 1,810 | Av 1,700 1 =l 1,785 | Td 1,600 1
Pj 1,780 1 + s 1,738 | Td 1,550 1
Td 1,680 1 KNitlé 2,684 | Am 1,400 5
Td 1,300 5
B LA 2,702 | Am 1,600 5
Td 1,700 5

* Am: A4 VYSEY, Av: Y5 EY, Pj: bk, Td: IaxVH
o RIHE TR BV FRESZRT,

P EIR (GREE), 2 #(1982), 3: A2 (1988), 4: 47 (1937), 5 =& (1962), 6 FEE (1967),
7o A EEA (1987), 8 EH(1977), 9 LBUBEESE (1976), 10: 3T - K5 (1992), 11: +H -
=K (1974), 12: Nagai ef al. (1979), 13: K5 (1973), 14: B4(1986), 15: #3K - F& (1971),
16: =Ll (1966)

HEL L TRRMED St (ANOVA; p<0.05, post hoc test; scheffe’s F; p<0.05), 7z, &
Avseyv ety e ETRBERF LLE A, BEBHHLT, »oT0 ETREERNIERT
X2 160LEDS B, 44 v 5 Y BFEASHET 2ILEHN 10, FTEBAA VI EV LD
Fi#h o BT B ILENS &, A4 ¥ I VNSO HET 2 ILEHSE S - oo KRERITA A
YIEVE LY O FIRESOHENRERTABE, A4 VYSEV R Y EICHNRTEHE
fil, FubLEVESBRICTLTH (-9,

VI EOFERD S, KEARMOILES 4 7BIcB VTR, IITEES B L UEERAESEOHIN
ITE B - - AEBORBRIEF &, HH FTRESOEBENRMEIEFL, a-AYH, bk, ¥
SEv, A4v5 Y OEFTBLT VR, §, BABHOILES A 7TBRCBVTH, &
EORZ I 2 BNIROEVHSTRE RN T 255, LIRS B &L CHEERARS RO
L1 - - AEOREIEF E, A TIRESORENIMEIEFENS, 32 YA, Fve, ¥v5
EY, 3B0RAAYIEY, ok, ¥IEVOIEFTHLTV, DI LMD, ILTHE
B LA T IREE ORI R & h ORRA S 5 C SR,

4. |UTEEE & A TIRIER DBBR

4.1 KXFEFRESLUBEBEORIUES (1 TE#

KEFROILES 1 T8

ETEDONET 5 ILED ITHES & 97 FIRES O HIEOMERRE T L7 (X-10). #
BRRE 512 161 IHED S b, ENFNOBMENSSHT 51ILEHI, 3441385 +ot
109, ¥35 £V 100, #4v5EY 77T THY, 05, WEESHZNTHOL FRESD
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Fig. 9. Frequency distribution of the lower limit of vertical distribution for each of four
subalpine conifer species in various mountains.

NG|, B: a»v#, O Fok, A ¥Y3EY, O A4 v5¢EYy

* OKF% - HIHT (1990) 0EEREF VL D EE (7-8 A) FRE2EH,

FHEEL D EWAIEICH BEEIE, TAYHIT%, bTE Y%, YSEY OUBLUALT VS
B 9% LB TEC, REENLHHT 2 IEDILTEES 313X THHE TRES O EEE
FOBOMEIS -7z (X-10), 7, BBEOSHOFEICHD ST, IBEDNHE FIRES
OYIGEL O HVEEIBICITEES % b0 IIEHIE, a2 Y4 141, P9k 126, Y5 EY 113
BRUAAYSEY92THY, 055, BMESHHTIEEE, o2 YH93% bok
86%, StV 88UBLUAL VI EY 83UEMKEDBFVEIEAERL 1=,

Plboc &, BEENS 2 LEICORT 32 E, BLUZ0IUED LTEES 4 FHRE
EOEAEL D EVAIEICH B EiF, BELOTAREMEEL SN, LD -T, G F
FREESOFEE L 0 & ILITEESESEVLHEVAICE - T, BEEOSGEOEENRE - TWE &
EZZoh,

BEBROINES 1 T8

RVHROUNE S 4 7B LRI, SBIEICS O CTOH TIMES & I LITEES O ABRIR A Kt
L (-10), ABERNR LD -7 133 DILHED S b, FNENORELSHYT 21L1EKIZ, 2
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Fig. 10-1. Relation between the mean summer temperature at lower limit of vertical
distribution of two firs (Abies. mariesii and A. veiichii) and that at mountain summit
of each mountain group in Pacific Ocean side and Sea of Japan side.
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Fig. 10-2. Relation between the mean summer temperature at the lower limit of vertical
distribution of two subalpine conifers (Tsuga diversifolia and Picea jezoencis var.
hondoensis) and that at mountain summit of each mountain group in Pacific Ocean
side and Sea of Japan.
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Fig. 11-1. Relation between the number of mountains to which each of four conifer species
abundantly, slightly and rarely distribute and estimated maximum snow depth in

each mountain.
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Fig. 11-2. Relation between the number of growth habitat to which each of four conifer
species abundantly, slightly and rarely grow and snow depth in each growth habitat.
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Fig. 12. Relation between the mean summer temperature at the spots where snow depth were
measured and the snow depth of each mountain group in Pacific Ocean side and Sea
of Japan side.
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Fig. 13a/b. Relation between the lower and upper boundary of each main tree species and the
maximum snow depth in various mountain ranges.
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Fig. 14. Schema of the establishment of each mountain type and its relating factors of each
mountain group in Pacific Ocean side and Sea of Japan side.
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Summary

Previous studies reported that the distribution pattern of subalpine conifers, especially
Abies mariesii (Am) in the Tohoku district, has been affected by the climatic change
following the last glacial period. Therefore, further research including the distribution
pattern of other subalpine conifers, Abies veitchii (Av), Picea jezoensis var. hondoensis (Pj)
and Tsuga diversifolia (Td), in the mountains located on the Pacific Ocean side is necessary
in order to predict more general dynamics of subalpine coniferous forest resulting from
climatic change. From the above-mentioned point of view, the differences and establish-
ment of natural distribution patterns of subalpine conifers along the gradient of snow
depth from the Pacific Ocean side to Sea of Japan side of central Japan are discussed.

1) Reliable distribution data of four subalpine coniferous species were obtained by
examining specimens at 27 herbariums and by conducting field investigations over 113
mountains.

2) From the distribution data, 284 mountains were classified into eight mountain types
(a to h) based on the composition of conifer species in each mountain. Among these types,
type e was further divided into two subtypes based on the altitude of the lower boundary
of two Abies species. Then 8 mountain types were mapped and categorized into two groups
by their geographical distribution. One, Pacific Ocean group (G1), consisted of mountain
types a, b, ¢, d, and el ranging from the Pacific Ocean side to central Honshu. The other was
Sea of Japan group (G2) consisting of the mountain types a, b, €2, f, g and h located from
central Honshu to the Sea of Japan side.

3) Actual snow depth in el and e2 was measured on six mountains along with altitude.
Using these snow depth data with measured and maximum snow depth data maps (Japan
Weather Association 1959), a multiple regression equation was obtained to estimate the
maximum snow depth in various mountains. As the resuit, mountain groups G1 and G2
were clearly distinguished horizontally and vertically by differences in snow depth. The
snow depth of the mountains in G1 was much less than that of the mountains in G2.

4) From the distribution data for each conifer species in each mountain and data of the
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lower boundary of each conifer, the possible altitude of the mountain summit, which would
allow each species to be indigenous to the mountain, was illustrated. As the result, with
increasing altitude of mountain summits, conifer species appeared in the order; 7d—Pj—Av
—Am in Gl and in the order Am—Td—Pj—~Av in G2. With increasing altitude in each
mountain group, the lower boundaries of the conifers were arranged in the order; Td—Pj—
Av—Am in Gl and Td—=Am—>Pj—Av in G2. Although the altitudinal ordering of the lower
boundaries of Td, Pj and Av was the same in both mountain groups, the lower boundary of
Am in G2 was significantly lower than it was in G1. This fact suggests that the differences
in snow depth between the two mountain groups changed the lower boundary of Am.
Since the lower boundary of each conifer species was constantly ordered, the mountain
types were determined depending upon whether the altitude of the mountain summit was
higher or lower than the lower boundary of the conifers in question. That is, with
increasing altitude of mountain summits, the 8 mountain types were arranged in the order;
b—c—>d—el in Gl and in the order h—>g—f—=e2 in G2. In G2, however, there were
numerous mountains where 7d, Pj and Av were not distributed in spite of the altitude of the
summit being higher than the lower boundary of these species. These mountains
correspond to those having snow depths of more than 500 cm. Thus in G2, the difference
in adaptability to snow depth between the four species seemed also to be an important
determinant factor for their distribution.

5) The differences of adaptability to the snow depth among four species were evalu-
ated. It was found that 7d was distributed widely in the mountains with heavy snow, but
the actual snow depth in most of its growing habitat was restricted to less than 200 cm. In
case of Av, the snow depth in the mountains and its growing habitats was less than 400 cm.
Pj was not distributed abundantly in most of the mountains, but its distribution range was
found in the mountains with snow depth up to 600 cm. On the other hand, Am was
distributed abundantly in the mountains with heavy snow, but its growth was restricted in
the habitats with snow depth less than 100 cm. From the relationship between altitude and
snow depth, the lower altitude where the snow depth reaches more than 100 cm was much
higher in G1 than in G2. Therefore, the distribution and growth of Av and Pj were
conspicuously prevented from heavy snow environments in G2, while Am expanded its
distribution range to the lower altitudinal regions in G2. On the other hand, the distribu-
tion range of Am was restricted to higher altitudinal regions in G1. Consequently, the
following conclusions were reached. The natural distribution patterns of subalpine coni-
fers were determined by Dthe expansion of the vertical distribution range of A. mariesii
with increasing snow depth, @the differences of adaptability to snow depth among the
other three conifers and @the differences of the possible distribution altitudes of mountain
summits.

Key words: subalpine conifer, distribution pattern, snow depth, altitude of mountain
summit, central Japan



Abstract

Estimation of the Number of Tourists and
the Characteristics of Tourism Demand
on Yakushima Island
—A Better Method of Estimating Tourism Statistics
in the Case of Remote Islands—

Shigemitsu SHIBASAKI, Yusuke SAKATA and Shin NAGATA

This paper aims to find a better way of estimating tourism statistics by extracting a
sample at a certain rate. A questionnaire survey was conducted to estimate the number of
tourists on Yakushima Island. The percentage of visitors who were tourists was estimated
to be between 65-69%, which was larger than the figure published by the Kagoshima
prefectural office (60%). Most tourists during the off-season joined package tours, while
most in the tourist season did not. There is a possibility that overuse of mountainous areas
may cause depletion of environmental assets.

The Natural Distribution Patterns of Subalpine
Conifers in Central Japan

Mineaki A1zawa and Mikio KAj1

In order to investigate the relationship between natural distribution patterns of subal-
pine conifers and environmental factors along the gradient from the Pacific Ocean side to
the Sea of Japan side in central Japan, 284 mountains were categorized into eight mountain
types based on the composition and vertical distribution range of four conifers in each
mountain. As a result, it was found that natural distribution patterns of subalpine conifers
were determined by the expansion of the vertical distribution range of Abies mariesii
with increasing snow depth, @the differences of adaptability to snow depth among the
other three conifers and @the differences of the height of the mountains.



