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Relationships between the distribution of mountain vegetation and climatic conditions in the
Hokkaido region were analyzed using grid data and statistical analysis. Temperature, snow depth
and precipitation conditions interactively affect the distribution of mountain vegetation, and
changes in these conditions would influence it under climate change. In this study alpine and
subalpine vegetation was analyzed in relation to climatic conditions, consisting of monthly
temperature, snow depth and precipitation. Statistical analysis was done on the following groups :
1) alpine and subalpine vegetation types ; 2) plant communities in the alpine vegetation ; 3) plant
functional types - evergreen coniferous and deciduous broad-leaved forest - in the subalpine
vegetation. Based on results of histograms and discriminant analysis, the accumulated monthly
maximum temperature in summer (AMTS) was statistically the most significant indicator
influencing the distribution of the two vegetation types compared with other climatic conditions.
The subalpine vegetation distribution was positively correlated with AMTS. For relationships
between climatic conditions and the distribution of plant communities and plant functional types
in the alpine and subalpine vegetation, the maximum snow depth (MSD) was more influential
than other conditions. There was a significant positive correlation between the snow bed
vegetation distribution and MSD in the alpine vegetation. The distribution of evergreen conifer-
ous forest was negatively correlated with MSD in comparison with deciduous broad-leaved forest
in the subalpine vegetation.

Key Words : Alpine and subalpine vegetation, Climatic conditions, Grid data, Plant commu-
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Fig. 1.
vegetation types in the Hokkaido region.
grid data were from the third vegetation survey by the
Environment Ministry. Grid numbers of alpine and
subalpine vegetation were 654 and 11,072 respective-

ly.
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Fig. 2. Histograms of climatic conditions for alpine and subalpine vegetation types. I, Grid numbers of alpine
vegetation ; —@—, Cumulative percentage of grids of alpine vegetation; _I, Grid numbers of subalpine

vegetation ; —(O—, Cumulative percentage of grids of subalpine vegetation.
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Table 1. Results of discriminant analysis between vegetation types and combinations of climatic conditions.
Classification rates for (a) alpine vegetation and (b) subalpine vegetation are shown in the upper and lower rows,
respectivelv. Ratios of variances for variables in (a) to (b) were between 1.1 and 1.7: Warmth index 1.1;
Accumulated monthly maximum temperature in summer [.5; Monthly minimum temperature in coldest month I.
7 Mavimum snow depth 1.4.

Coefficients of discriminant function/(Absolute values of standardized coefficients)

Accumulated

Analysis . ) Monthly minimum Maximum Classification
- Warmth index monthly maximum .
No. .. . temperature in snow depth Constant rates
C)H temperature in .
o coldest month (°C) (ecm)
summer season ('C)
Analvsis | 0.012 0.142 — —_ —9.683 87%
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ySIs (0.120) 0.914) — - $8%
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N e 0.187 —0.016 6.163 72%
Anualysis 3
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Fig. 3.

Histograms of climatic conditions for plant community types in alpine vegetation. . Grid numbers of

shrub and dwarf forest ; —@—, Cumulative percentage of grids of shrub and dwarf forest ; Z2. Grid numbers
of windward grassland ; —A —, Cumulative percentage of grids of windward grassland : ' . Grid numbers
of snow bed vegetation ; —(O—, Cumulative percentage of grids of snow bed vegetation.
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Table 2. Results of discriminant analysis between plant community types in alpine vegetation and combinations of

climatic conditions. Classification rates of (a) shrub and

dwarf forest, and windward grassland, and (b) snow bed

vegetation are shown in the upper and the lower rows, respectively. Ratios of variances for variables in (a) to (b)
were 2.0 approximately : Warmth index 1.9 : Monthly minimum temperature in coldest month 2.2 ; Maximum snow

depth 2.3 Amount of precipitation in summer 3.4.

Coeflicients of discriminant function/(Abso

lute values of standardized coeflicients)

. Monthly Amount of e
\nalysis . . . . Classification
Warmth index mintmum Maximum snow precipitation in .
No. .. . . Constant rates
Qe temperature in depth (cm) summer season
coldest month (C) (mm)
. 0.022 0.243 — —_— 4.672 67%
Analysis | <
€0.175) (0.870) — — 78%
. 0.003 —0.020 —_— 4.061 70%
Analysis 2 )

. 0.021 (0.985) — 77%
\nal . 0.108 —0.014 — 5.463 70%
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. — 0.246 — 0.004 3157 66%
Analysis 6 .
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7 — 5 & OBHEVE A LM TR LI DK 4 TH
. i, EERARmAR R X O s ] KA
b, TERREI SR N AT & e L, B ICEE D
<, ARG T SR SR S RS,
HORRT D B, PRSI T AR RIS & IR L
O CHIEIZ ML Tk b, BRIz o, 4
Wk L OEE L 4l o+ AL b0 5.

FrloBdith 28 & 2 < HoPra Ay, e 17
DB EERE O T — 2 BlOBIMIN: 2 58 L (B
3 B XORE L L CHERRE RS SR 2o H
WD, TRTOGHRSER ISk T, s &%
S O A OO, FRFRAONM & IEoOE
EleoT WD G5RT L hb, 2 oD L2 4 7O ICE
W, EX LD LEAIOER Y BEEAAE L, AL
FERS PN IEILERT R L C, BRI B WTRETHD
DIDEZRT I\ CHA T IB IS S AT A R SR b,
GHT2 EHT 3 b, RS oOIRERE LT, RGRE
NWREBFMAKEOEE N KET I ENbnD, T4
Br4 2B FEEKE X RS RoOEE I kE 2 &
BB, GHTS ELHT6 b b, HE X O LR
HEVFERRKE X Db, HENNIVI LIRS AT

oo T, 200 HE 2 A4 FOSBICE »TE, BEH

AN

X

'

-

31

EM I GBS R E L, KOTHERESRMS, BrEx
L CHEIDIFE L WO KREAHEDOIRTHE LY RIFT &7
Zbhh.

% S

2 SOREEN & RBE A OB T, ERMERS
SURCMEIREIC L DRI NAEHEDFE D, EEXD
R U TSR, BRERE LR LT, L) K&
WAL 2 TW5Z EPURE NI, SRR DK g
T, HE (1948) 1 X AIREIREO L 5 eBEs X
R TSIRSED, MR RELAE SR L T, B
W Th D ERRAITNCEM T Sk b &
REEBARASKROPENRERRII Vb ATV L
i, e EFCRT %R B oE G ST « Hsl
WA DGR 2 5 2 Lt fEE(1984a, b,
1985) 1%, JbdpEicasid %o 1 = v BEE O NI 2 ZRAKEE
REUT, HFHBA M EEORBIRHOMEE KL Tk
57, KGO HATFWCHE IR TinnZ &,
ZROIUF A O FELEMRR O 57, LG O
FESCHPRELSHEELNITLTWAZ EARL TV 5.
ARGPTERBEEL & BEECEb SRR, BER, K
EOIMEOLKESRMBOLRCRE LI &, Fi]



HEAC e MRER - BRI o KRG

250 100% 23
2
3 00 75% é&
L
O 150 | Two-Sample T test: 15
“5 Significant at 1% 50% g
& 100 A
£ 2
25% &
g so =
S
~ Lok 2
0 boooUIUR 0% 5
B 20 40 50 60 o
Warmth index (°C)
700 100% ¢
o
600 ~
@ o S0
500 5% g
(S 400 Two-Sample T test: °
Qa [ Significant at 1% 50% g
i 300 . o,
M [
200 | 25% .2
B
=1
0% §
Q

25
Monthly minimum temperature in coldest month (C)

=20 -15 -10

500 100% =
450
400

350

5 300

5250

200

-g 150
100

Z 50

75%

Two-Sample T test:
Significant at 1%

4 50%

25%

- 0%

Cumulative Percentage (%)

1000
Annual amount of precipitation (mm)

1250 1500 1750 2000 2250

HEIHoMEs A 70 L0RET — 212l 5
2 WAERL, —@—,
4.
of evergreen coniferous forest :

X 4.

y

Fig.

WA B,
O X ELSTIEE & B EINER O 4 v o 2 B RIEE
Histograms of climatic conditions for plant functional types in subalpine vegetation. WM. Grid numbers
—@—. Cumulative percentage of grids of evergreen coniferous forest ;

Two-Sample T test:
Significant at 1%

Cumulative Percentage (%)

g

£

Two-Sample T test g

Significant at 1% v

- - 2

(3

a.

[

2

5

=

£

=]

50 100 150 200 250 ©
Maximum snow depth (cm)

1200 100%°\°

e

1000 P

4 75% &"

‘o 800 =)

o Two-Sample T test: b

“S 600 . 50% £

o Significant at 1% ° o

s -9

400 o

-g 25% .2

3 200 =

Z =

0 0% E

@]

500 600 700 800 900

300
Amount of precipitation in summer season (mm)

400

BFERE R, W EREIEERS & R IEIRIER D £ v o
L1 ‘}Z%%?~

L],

Grid numbers of deciduous broad-leaved forest ; —()—, Cumulative percentage of grids of deciduous broad

-leaved forest.

km? D2 v > aF— 2SN LTVWHE L, £L
T = YirDA T, HFHALCREER Y &0
BIFEAE LR E LTS Z Ehh, &Il L
DEARDFE N E D RIS 2 KRR 45
Relote, FRHOPESL RSN HIICEHAL T
Wi T E b, A = VI OIRESEMACR T B IERHT
MBI S e o 1o, 58, BoPEcl 51118
Blgeie &b a0, WEGHEKESMEOMIT 21T 512,
Ay vaT - 2 OEEBRBEON E LD, KB - HE
T = DEEHLIEE .

B OREYREE - L CHB LS OREL 1 7 O50H
SRS OBEME T, SEBEoLRSALN L D b, B
REMDHENKE W EIURI e, BEY & o

(@8]

[S)

eI, THEM A E A BE R e L O
HD S\ I, EARSTIEBH R IDIRIES & e L ¢,

BEoPDhVCHIBUZ /ML Twb 2 EpvRE& i, 2
(1988) WIREEE NG L LT, HHEIHE /b 1iHn
T, 7HEARM « FHBRARE 0 IERAN S, e
T EOREBGAATHEACH D Z ERFEEL TR D

o (1979 A AR AN S - LT EEH
I H LR TSR 0, S E A I LR Y D SR
ML < amid HHEmMchH Z Ehm L To b, K

DOFEHL, SIS RRETR & Wi o 4 o B
ERBEORER S, JtHpEI BT s EEIOREL 1
R WTHEHINIC S Uie, 7o 8EEH T s X 5 &l deft
MO RIS 7 Ll i b, TEBTF RO 2 1 7 O 5 TR



Entlids « il AR & Sl st o fEt i B s i

2230 Wigal oY 2 7 LT — 2 O RS RIZ X AHNSTORE. EBE TEICERE R, TR L RE

CRLOREERIEN L AR OME S T L ER LR RET - 2 05 HOEEZ0.7 5509

Table 3.
of ¢limatic conditions. Classification rates for (a) evergreen coniferous forest and (b) deciduous broad-leaved
forest are shown in the upper and lower rows, respectively. Ratios of variances for variables in (a) to (b) were

Results of discriminant analysis between plant functional types in subalpine vegetation and combinations

between 0.7 und 0.9 : Accumulated monthly maximum temperature in summer 0.7 ; Monthly minimum tempera-

ture in coldest month 0.9 : Maximum snow depth 0.7 : Amount of precipitation in summer 0.7.

Coefficients of discriminant function/(Absolute values of standardized coeflicients)

Accumulated
thl Montht A t of
Analysis mor'l Y .opt Y . f“‘,’u". ° . Classification
maximum minimum Maximum snow  precipitation in
No. . . Constant rates
temperature in temperature in depth (cm) summer season
summer season coldest month (°C) (mm)
o)
Analvsis | —0.172 0.139 — E— 14.882 75%
Analysis
Y (0,976 (0.400) — - 70%
. (1.08% B 0.019 E— 3.526 79%
Analysis 2 ) -
i 0.496 —_— (0.715) — 71%
. —0.105 —— — 0.010 1.730 79%
Analvsis 3 o -
: (0.592) — — (0.693) 75%
Analvsis 4 — — 0.019 0.010 —8.478 83%
Analysis
. I Ia— (0.719) (0.662) 79%
Analvsis 5 e 0.175 0.027 —_— —1.120 79%
alysis
Y — (0.503) (1.022) — 73%
Analvsis 6 — 0.113 — 0.014 ~6.350 76%
alysis
: — (0.327) — (0.975) 69%
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