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1EAN56E127

FRGCBIET 2 LA ARETH S 3,
I
5 wANBOBSEOWT

CITREVEFYVIBOBEEH SR LDTHRT V7O
w3 ) BOFEAME L HEQOREIEE L BT, B
MR, BIUMTORKEERE L O—BSHEIEELDT,

BRI EHRCB T2 2 VEOMEHER
e (oithfly 1958, 1959) :FFE L, AWOED, B
FBESLICy A2 VECR 2 OOEE vz
Cardiocrinum cordatum (THUNB)) MAKINO & A4 #A
31 € cordatum var, Glehni HARA M53H T3, =
DR, OEFERE 2 NSl 2 8E TH B LR
BoOCEFERE L <, MEORGEFENRERTHS
2k, OIETERETERRC IR LB S T BN
HiclEmT 2 0mEE Lo o b, @MERAEE QBT
BiC R mEOBITENSHT S 2L, OFEOFRICE
EhEOH2BEEEIGEE T I L ¥ *#HIFN
Aemic Uiz, &, @REZXEMNT 2HEEOMIC—
FECHBEMNSL D Z L EEEL TV,

dE sz Yot ) iCHEL TR E LTHRT
EE<, BHEAREBUTHNCE L, L
DAL THEMBOESNTEL, ZOWERELOR
TRIABTFIET A £ L L, T4 2 UdN7F
M S EILHIEEIKC L A AR T A L
iX, BREHTOAE - BHEto—MELbI260T
BB, LizAoTaddoxzpivna) i, KT
i S DR s s s ki, IO
PEORRII RS T2 M TE2RTTHS,

BEOv 1) BOLEFREEREOBREL SN
i, FIFERRS, HEAEABRN, ody FERRE, ZEoRERR
B, BE{CERTS, BIEEMED 5 Do v hd, 2D 9 B,
HE BB L oYy FEROSERNEREDO, EO
R ERRS, BETEERRS, RERRBOTHLRKREEREED
EEMRTHD. LitdioT, Fhoid, BEOMGT
ZEPE, Db, AtSopE, KoM, EHO
LHEZD S ARTLOESHERCTWS,

Fhwzi, gificoific, HROREME, 0
BB, GHLAANOEIETHE Z LdBE S0
Thb, FEC, LRIELEAIE LS RE LB IERE
ERBIEMTELS, Fh, EOHEERBOMNACSE
B3O ME S O HEMECERESR LT

3, HOOEESERT 8B to#EREE L L TEE
TRELDTH B,

L2 AT, HiRoRE{kIzE, BELENS 2,

BB TO~LBY, Xo(h— ) HNIETS
Ha, h— LAEICEEOL LTI, hofENEL
ey, EEEA My 23S Ra0T, HREAR
LT 22 eMTELY, IO LR, VALV BICRY
TEEFF TR, heHeEReh s HoEEYTE
BERCLDTIRES, LiM-ThH - W ELOE
BTR, BRRHEOKRELE WS BT EENENTI
HlahaItithbd.

BRIOED, SEWEE L MBI I RO KT
FELER, BROEOREMEL bREHERSLLOT
Ho TEBROMEBICRIEE Lo, iz Y BAHE
WMEERER L OHFOWEEEBEOBRBTHEVIT
TWBZ LRARO LB THD,

FITHBED L -t THBEH, FLOEMBIE -
Tid, BEMOERE, ENEESHGREEROTHR
b, TR w AL T I, ERFLVZES,
ERERBUTHEERC 2 EE S0 EH S Z E0TRY
BNTHD, BE, HECBEOCEAE/LIMS AT,
3, ki, v Y EHEL D RWRICEFET bR
Eds, uAzEPE2WT S, AR B LR
B, BRMTOL — L FIEHMC0 a2 L Thuh
3R sA, BHORENH S, LiL, Bk
SRR 8 - TR EREOMED S
TSR SSER, 6 — LT 2 LHEETE B,
HahdaTHS ),

HHE, AY V4 M CRBH R RRILERHOME I
i, v R R uTRBEREFORE R AL L
REFhuinaThn,

LisdtaoT, ozl kad o) OBROKNES
DR, XEFARBTE s HMoRE, 20, Hi
TRIENA b R AR OMRE & £ i3 RO IR O
Wiz, #LTE%, TOXBERESCIEMHESTOE
BERECRHIELIENTEL Y,

FOMOEENGEEE LT, 3TEDHIFREI R
ROBZ X MEREE L ENE 20T, £ OEELHM
FTiE, A by 7 MR b3l
b, BB, EhAhSuEsFERERBEIE, £DXK
ERWHEFTIIBRFHLASLOTHBE TOHBD K
BAPVARPOTL B LR ENTLENE (IS
RS 2, bEHRD, X OBRRKOKE S Xmax =
2a/36 RETHOTH S, (THER)

7) O&EY 2 VBT, EERBHEE LT, ITRoREOMOEDTLEDRS, Thabs, FLMELLE
R4y £ HEC £ 0 (k. 51958, 1959) "B L LA THE ¢, HROELITERER 1979 L > T—RERIW U o T

LEH, ZONADELRNESSBLLSh TR,
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T DIBICE, JOEe, b, Wi, T, #HT,
L, Lo A T2 C Cathavarim (WIL)
STEARN EEHF <y b, FXv bRAEOILE L=,
Upper Assum, Khasi Hill, Bhutan, Nepal, Sikkim,
Simula® bt w7 v¥YHAFICHAE T 2 C giganteum
(WALL.) MAKINO 8 X ©f, C. cathavanum ¥ —%f sym-
patric (8L, 1, FE, RUERiET 5 Western
Burma O —8c 357 5 C. gigantewn var. yunna-
nense (ELWES) STEARN 3% 5,

2D 5 b, C cathavanum |3 C. cordatum £ EHhoT
BULTED, ERELBREL, BR-EH, BTa
B E DT C cordatum OEREOFEA->TLED,
SEREHNORCBLFEORRTHEL T3

(WOODCOCK, STEARN 1950) : 600 m~1050 m & 131
DRI OMEDEEICE L T d (hERERDE
HERIDSE RS 1980) A X e ahTnsd, OO
ki, HEOHR (PEMERESAS 1980) Tnd
£ HOEREEREERKBIAY, Y ROEREA
WERHTH B, Castanopsis, Cyclobalanosis, Lithecarpus %4
EXREARBE L, BELEEO Fagrs, Castanea,
Quercus BFHTRT 5, ERIEESH D, Sh o OBRE
TEM A B R & LW 5 WERIETE - SIEIEHHR M
hTHD, BEE, koFh, HERKE( KL EFEL
LB, BLED 7B IE T Machilus %12 U
Y52 AR, BLUV o FEOEEE A RAT
T ) OEERE L —BLTNWE,

C. giganleum \% C, cordatum ° C. cathavanum &
Fofz it THE Yy MRTH N BHREERE Ly,
DEN, WHh®BIZ'H"EF L L (WOODCOCK,
STEARN 1930, rh[EFI4E R T EHEYEIRERZE 8 < 1980,
I E BB A LR ITSERT 1976), B TR E B
WE2THR L3 Admicb#T 5, E%2 1 20FIT20
FrgEnlEL 25, C giganterm O LF B
Southwest Sikkim T Japono-Himalyan element 73
AT % Evergreen oak forest io#7:0 (KANAI
1963}, /5 1500 m~2700 m DI CTH 3, ZOHEEIC
& 5 EERHIICHE# T 5 Evergreen oak forest i,
Magnolia Campbelii % Rhododendron Falonei #1RU
HTEESEEs#-THwE LIS, HINOLLED
Ribes, Acer, Cardamine, Streplopus, ¥ % L biroi:
Evergreen cak forest D 2 HORFDEWEHD L, H
BN - #- Evergreen oak forest @&dnis &
PEFESTH D, C giganieum var. yvunnanense 122
VBT, LWABETEOESH L4~2 mEE, BE
A7 oy XaBP L THE I L ETHE LIRS
it% (WOODCOCK, STEARN 1950)#%, &EigEizowT
i, 1450 m~2300 m O T ORIz 445 (hIERS
FEHEMEERESEE 4 1980) L 8N T w55 TR

T, WIEHHIOEEDRESHEABILTH
B &, Cyclobalanopsis glauca, Castanopsis sclerophyila,
Quercus variabilis 7¢ ¥ ip & 7 5 H4R - MR
&, Fagus engleriana, Cyclobalanopsis glacilis, Betula
lminifera, Acer spi2 Fin o 2HEHTEL 5 { ¥
ISR BER A 1100 m, TRk, Abies fargesit, A,
chensis, Picea neoveltchii & 0 i 5 UMb+ HEM DR A
2100m & 3 h Ty s (PEFEREAZES S 1930, p.846)
i, ZOMEN, FELEEMHDS S O - HEL
EHHEIGL - b D TH B S,

WEFNWLTY, C giganteum BEIL Vb2 "H" %
Bl ERTREEFER L ORSCWT S
HEREOCHEOBE» D, L VFHBMEALLS B,

ABEHERC L ARMES BRI EAILE DY
TEREZ 1970 SFIR LA L D REEREEE o
¥, BREZBEHOMKIIRENZ LD TREVOTH
23,

HEHTAE L, BEAENT 2 L, @RIz -
TIREOAE =R OIERABRR L T 2 2 L iR
C. giganteiwm THLHAS LT3 (WOODCOCK, STEARN
1950) JeTHd, 825, BALAKE SO
BUCh T 2 HERETH 554, ThaKBEREA
EDWRIT O B BB CELLADMN C. corda
fum BECTH S, C gigantewm var. yunnanense DEIE
HOPFEH 2 OREICIRII - L Bhb a8, BAEDOL S
ZRTHATH B,

Fod oz ) PRl iz Ui LI RERORE
B (Wbwd MIE G198 2H) 2HOLOME
3, Ciiid, FEOTWEHOEETHES S,

KANAL 1963 {24 4 792 ) 2 5 MBRAHRIC X 5 v /¢
2 s D TIREME S EEL Tv S48, £ ORI,
C. giganteum, C, cathayanum, 7,51 03%, rHicH
ERILBERIHE (Evergreen oak forest 4o &) A EE4H
TRIELEPRTHUROTHALS, LirLiass, B
i3, C. giganteum §edv s C. cordatum FE~ODBRL
W R s, g o ) RN LRSI
KRTH3, BHE, MAKINO 1913 1%, S 4 w820 C.
giganterm T B 2 L FHEHL T endemic £ b @
ERE T, Tony EESIEN T AME LAIEY
Thb. b+ 7 FHUOERLIEM o EIELIER M
M FERETRICE LA ST, AL TN ITHCEO
C. cordatum TS, Fhm s TRAICHUT R ASRH
EOBRT O FRLIERM (BROHES IBEERE—
) CHEHSLABEELT, vz ydsMbLi b EL
A riE, PEOBALL ¥ TO sympatric % 4570 % 2R
35347, BELELATH S,

LaA, BEQCTA T2 g, HAEMDZR LD,
Vo S HBRAEMACHE L LOTHE I, A4
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;20 E2%

HEfI564E12A

AU, Tl 0 HEROME PR TORS
WHEHIGURBEAREZ TR RS0 TH DA,
B O{ERBSEENEE LT C giganfeum LEEBL IS W
Wiz, FOEATRV-FIHBTHI EVL LD,

FA TR C. giganteum b SEEEFL 7 b D
R E, PEaVLRYANZYASIRNESELE DR
€4, "M"OER, druRREMIL T, HRRE
HHoRMHEEET A RBEFREANTICEEL Ty
BZ ki, WROED TH2,

® B

BAEEC T 2 EREERSERCE L ORET
REFES DHAHSE Y, HRIEC DL TEEICER
ELELDELEROLZ 2 LBTD O TV, #1E
DORENERIE DL TR, BOEHTO IV, Kot
SIS SN D HANERES T &, L Lass, K
FRAIT OB OEAKREBEBHOZ L ThR
DHFBELSHEELHY, cAKITHATS O LIRD
T Ly, .
EORBOR S SOBRE N 2B F o8
AEOLETES : OMEFERLEF L 2o THREL
TABE, TR, BH, kG2 LORBERBIORR
DRIICBEANCENTWS LW IERER 5, BEE
fllosBRAFRERCHTSTRBMICbI o T2 0l
BOSMLEEAEEL TV EEbh 2, HREEY
Y OREEREWRET 5 0 TR - EEEHot
BAMITEOBER & SOBBAMCEHRERET,
B EAOMOBRIIEOKRE SORTIBELFEHR %
b2 LB d R, RENCRE SR T I bbb o iz,
IOMN TR, BERKCS T EREOE S oFEhc
FERL T "HHUSR 7 OERRERBL I, HROA 2 S
X %, FOMEEE dX/df IEPHOBEEIC ST, &
DO THELZEHLL-TWE, HROBEDEIVITH
BEatE s MEERESTEEEF 2B L -t (=T)
OFiEERI L - TErkbh T3 b0 ETHIE, X
# T ICHAT 5 C EBRANCEsn 5, AREAT &
CHET I ERMTRBNOERPHE, HigoRERiZ
KPERITH X RRETI2ERMREBIT 2 20 L
LTEOREL TEHCEN, ERICRESR X 545
DIEMTES, PCHEHBHRAOHEIG = L TERLLE
BRHEEHDCN: TEROEBEO Rz T X
Duhsse T USELEBYhEr X 25D ik 5,
EORESRHET X CHATE VO EELS SNBSS,
IO ERERICAENL - NEHEE LT I LR
% .

KEQEFE LD HOEHETOIARELTATS
BOT, BEOLL AR X > TEENSRETFEAD
HEHOMKRELLIPS, ohs tBRRcH 1

Mo nw T HHEOBENRRER, S 5I0EEERED
TRAMCEESES BB, e ORI, B
WU THEEL HH)fhoEme s Ehndshn il Rk
T2, LI CLTHETCORSBESLHENETIE
O "HHUHR " RERLESAE L VL 20 FHIC
B, MEACRIOMETZVWERCOLWTLESR
DREEEEET S 2 LR TFHRING,

PR RO ERET 2 bOTH 3,
k5, ZTORILO—HIEAFEHFELSE 43, 4 AR
(diMs #1978, 1979) THEL I,

COMXOFBRICHID, BEBN, WEE—-OTH
IR ERATORE S, FELBESREEY
foffedc, EEMCHE L BRESREM G, XL
OEBEZ, PORBFELOSEEVL ATV, ERE
HE» S, BEEOBAZOLR L, Zhe0fh
b BHOBLEHT S, boLkd, BNOAKL
EHOHF OV TOBRFEEEES T CH 3, &8, &
TEFhEaRERG, SIRAFRENE, EirESEEEL Y
CHEEOW 2B Z AR LEERRT 5,

Summary

1. A preliminary discussion ¢oncerning the origin of
clinal variations in leaf size (especially the occurrence
of the large-leaf types) of several trees (Fagus crenala,
Vibrunum Sieboldii ssp. Sieboldii and ssp. obovali-
Jolium, etc) and herbaceous species (Cardiocrinum
cordatum and v. Glehni, Maianthemum dilatatum,
etc.) which occur in the summer-green forests in-
digenous to the Japan Sea side of Honshu was
attempted, Also discussed was the predominant
occurrence of shrubby species (Awucwba japonica v.
borealis, Camellia japonica ssp. rusticana, Hex inlegra,
1. leucoclada, Cephalotaxus Harringtoniana v. nana,
etc.) with exceedingly dwarf growth habit found in
the snowy regions along the Japan Sea side of
Honshu.

2, Several possibilities, especially the amounts of
resources available on the forest floor during the
prevernal phase of deciduous bread-leaved forests, i.
e., light, etc., were considered as important factors
which may be responsible for the differentiation of
leaf size (or leaf area) in such tree and herb species as
above ; on the other hand, the origin of dwarf growth
habit in several shrubby species may possibly be due
to the heavy snow falls which on the average exceed
50 cm on the Japan Sea side of Honshu.

3. The explanation of the clinal variations of the
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leaf size is attempted from the view paints of several
models, i, e., PARKHURST and LOUCKS 1971, GIVINISH
and VERMEI] 1976, ORIANS and SOLBRIG 1977, and
YOKOI 1976, 1t is proved that these models, except
PARKHURST and LOUCKS's model, can more or less
elucidate the clinal variations of the leaf size. The
geographical and seasonal distributions of solar
radiation, air temperature, and water potential of the
soil are the main climatic factors of the clinal
variations.

4. The determination mechanism of the leaf size is
mathematically analysed from the view point of
production ecology. Let X (£,) be the size of the shoot
at the time /, {accordingly the leaf size at £ is in
proportion to X{#)), and let T be the length of time
for the autotrophic growth of the shoot, and the
following relation is satisfied :

X(t)ee T. (12"

Here, T is defined as T = # — fo, where { is the
starting time of the autotrophic growth.
Other results such as; '

XYoo X(t) (12"

are also obtained.

Let aX® be gross production rate, #X? be mainte-
nance respiration rate, cX? % be constructive
respiration rate, P be net production rate, and a, b, ¢,
be the functions of /, and then P is defined as:

P:aWAﬁW—cP%é. (8)

]
The optimal growth of which '/: ' Pdt obtains the
maximum is given as follows:

2a—%x+%§x=u AP(3)

Consequently, the maximum size of the shoot X
max (£,) is given as:

Xmax (1) = 2alir}/361,) AP(37,

where {, is the time at the end of autotrophic growth.
5. The role of the height of the shoots in the
competition of the plant community is also discussed
in relation to leaf size determination, and a hy-
pothesis is introduced. The higher the shoots are, the
more advantageous the plants are in the competition,
Thus, the natural selection forces the plants to grow
higher under the actual conditions and limitaions of

the habitat, i. e., the forest floor of the evergreen and
diciduous broad-leaved forests.

Supposing that similarity in the figure of the shoot

and its elements is conserved in spite of the change of
the shoot size, then the leaf size changes in proportion
to the shoot size.
6. Several results, obtained from the discussion and
considerations, are applied to the explanation of the
phytogeographical distributions and speciations of
Cardiocrinum (Lillaceae) not only in Japan but also in
East Asia, reiated to the distribution of the vegeta-
tions.

The application seems satisfactory.

8’

HRORBENKE &

(8)&"9, X BHEORES LT D,
2_@_&'
de ®
ay by ¢ AR | ORI A—F, P M
EEAETH D,

WE, L@ B ERERR SR o iR ok T
BEMM b - RICBIAEATFERADENS Wik, L)
i,

P=aX*—bX"—cX AP(1)

Wit )= [ Pdr. AP(2)

SHBREROBE IR L - RS i 8 4
4 F—5 %2 (EULER-LAGRANGE) O ABEIZ X
D Wit, W) RRRCTLIEMGEEZLEDL L,

de

2a — 36X + a

X =0 AP(3)

X =2a/ (36 —dc/ dth AP(3)

BEBEAOKE S Xmax Eixof L BIXEREN L
£507T, TORME L, &L,

(GF)... =0

AP(3)izZm&fERATE E

Xmax = 2a(t,)/36(1,). AP(4)

HECREORE S THLIEORAROKRESZ, BE
BEHED/NFA—F g LHTRD T A—F bDH
KEoTHEBZ LR D,

i, HEOREOKRIOL ST, a, b2 HELEK
E&HELTEL, EIERcX? (dX [ dt) O ER
L ThViIESIzit
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ax = 0, AP(5)

THlzAohd,

Thabb,

Xmax = 2a /[ 3b. AP(®)
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