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Recent Problems on the Study of Snow Crystals

By Choji MacoNo
Depatment of Geophysics, Faculty of Science, Hokkaido University, Sapporo
(Received Nov. 30, 1972)

This paper was written on the base of a review on “The Formation of Snow
Crystals” in the International Conference on Cloud Physics, London, 1972.

1. It has been clear that the space concentration of snow crystals in clouds is
three or four orders greater than that of ice-forming nuclei expected in the respective
air temperature. The effort is now concentrated to clarify the problems about this
remarkable difference.

2. It is considered that some traces of ice nucleation type are left on the shape
of ice crystals or on the pattern in the center of snow crystals. It is, therefore expected
that the type of ice nucleation will be estimated by researching the relation of the ice
nucleation type with the shape of ice crystals experimentally.

3. The growth rates of snow crystals are now computed theoretically, and they
agree with those of observation within a scattering of one order.

4. The problem that why the crystal habit of snow crystals is intensively influenced
by air temperature, is still an important topic, after it was presented by 40 years ago.
Cloud physicists in England tried to approach to the problem by considering the migra-
tion distance of vapour molecules on ice surface. Even if they succeeded in their law,
the problem will not be resolved completely, because the doubt that why the migration
distance strongly depends on the air temperature, will be still remained.

5. The occurring frequency of irregular snow crystals is greater than that of
regular or classified snow crystals in nature. Intense effort is concentrated to research
the formation mechanism of irregular snow crystals, including polycrystalline snow

crystals in Japan.
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LEREHADH, COBRECHIRECEHREMN > TE LW = E LD RETH 5.

1. KB EBOBRADY

HACHREORBDYID b DEKEE LA T D, SHETIX ice crystal i snow crystal
DEHRLEDTE-TDH L HTH 5.

—DDKBEPD—DDEDOREENFET 53 DL ThE, BRAKBERCIEXTEORK
DERE 5 $H5TEL L5 REE D RUIHMLEIA LA T LA LR TH - 25
DR OB, BRNOKGEEE BELBEL THERT LT LDPHIRWD T, ZOFFR
o Tufe. —HTREAE CEBRAL BUKE) 284 Ok CHEB TS L CAAHEBVD
THo T, & 2ZERIPOKOBIT HEOMBTIL -7 THT, FRFMTIIELA,
B EERE IR VEE IR TEh ot FRHARKEKOEATEL Tnb EE 5
Rt - T ALENEBROBA REL, KBREP R CLBEOR/EMIKTH S LT 5 HR
R EFEL ot EELHH 5.

Lal, CTCTI0HELSBVLOMIIKE, XEFRXEOBEOEXFHRIND KEZEELID D
10~1000 f£ 4 &\ & B 2 BB RBERRRINDIC R A THE, COBRIEHRTCERL
D, FRIhAXHBLIS EESRALEEIBEEIRA I 5T

COMEYBL L EFTE D CSIRO © Mossor D4 4~ 7 (1969, 1970, 1970,
1972, 1972) TH 5. HEIMERE LY 02 TEE L THLOKEMEVE (-4~ —12°C) ©
PTKRGEOBEED, FOREBETCTEIRDIKGEHEI D S 2~3HH L2 BRALL %
5L CC OEMITAREDOHMNEREZELVWOT, HEILES LEBRABORKHCHEET S
BRic ok S O WTEIE 235 B O TIkis b &R L e,

KEFRRIERCBEETH Y, SCHERINELTEDT50T, KROBE L Az Lk
BEEROENBEEARD A vy FvOLFEETIE Mossor (1972) Lk D1 3~4 1%
WEHREL L.

—75 Hosss (1969) 0 BHIC X AT, KBAECEEKGHORI S DT, [IROE B
BEENB L Ex . FHSR (AUER F 1969) TLRKGDOH M 1~3 i\ & W 5 H LY
H 5.

MR BRI Cikis w2, TOMBECHETAREIBERD TR EL » b b it .
Macono et al. (1962) 12 FRAILUA CHREETL RGP TFHEINBER L » L £ K OB/INKA
DHBHT EHRWEL T, BREBHOWHRT LEHHOBICHBH L HREL, #XHLEL
LT 5 H SR E 2 L 7.

fED (1965) \THIRDOERER Y v 7 OEROFALERER (—4~ -6°C THRE) 22 b U,
ZOREBREBC S TTHRIRAKGERL O L 2~3HE W ERBRHLE. sERERZ
—4~ -6 C DIREFHHETL2HELRWDOT, BEZD LHDOEBEND DX OBER L E
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EETHLENCOCTHBCHEITHS. 70 1968 ED + v v b ICkiT 5 EEZRyHEEL
# T MacoNo (1968) (%, BBICHNTHBOH I BDTH I L DEEERIFHL .

—JF K MBEBPE D Bigg OBWRERKENRLL L KGHBROEDOELRE RO TR
Wi E B S BRI, HLDOABRELDLISTWICL 5 THY, COFEKTHA D KB
DEBOPEFH t:DBE b EBICRAAD R TS, (B8 (1969), ZREF (1969, 1971) &4 L)
L LRAIL RO it tc HARIF O KGEBE FARHEL Cd, FELC L > TEROE
IEB D&, ER%w LFUARRDED0RR LD L THoTe. ULnk FORCHIEMEDE
DD Bigg OFEHRDOTH D05, HKOFEEXEPFEL LI B WTIREER
SEEXS L.

FRERKETD, HREOHMGCECETCIRKGESMTLANELE DO TH B, BEXOH
EBCTRKEELEAG—HKTHOTHE2E, REOEEXMERLEFTRET AL L PR
WDTH .

Mossop (1972) (XK BB BE L D L VL L TRO I DR EZL LR D & L.

1. Slow action nuclei: KADALIEAIZRVWEREZ1TTHRbA TR, RERORE
ECRMERMNETEC, BILEHDOH 5B THLIBR OO0 b b DA,

2. Preactivation: Kg@EAZiE, —B 0°C LA/ s & JELHRDKMBEP TTHHLEE
HERE LIS D2H D,

3. EHhBIMCIEFICBEMIR L ARD D, BEMOENKEFIEKEE L% < g
%. Bigg OFETMET B, BRATMOEG 2 ol X » THEMAE S TL 5T LA
PHERBEINTWIZ L TH 5.

4. Contact nucleation: 433, KEBECAKBLENEEATE (eposit) L TKRBICHEET
LA L, BABHKECH LU DEBEEREEN TV B DI KGR - KM 2 &5
5 T O0ELNHAEENTH - Tehd, BEHKBCARSLOEANEL THETH L5541
#% (contact nucleation) NEH I B X 5175 - T2

5. I Y EBOE, 1ol 2 XBENLDXEDET.

6. Splinter : BUKHA BRI BT % Bk 2sgd Ok s 5.

7. BWEBIBIRE DRI 5.

8. LHrbOEEITIMORET.

& 12 DM EFIELLD, Ol 3~4HDEAHIT HCERES & L

SBEHBOKTEA A TABD AT Y v 2 ~ 3K b L HEH IR Twies, RILoEE
MEE X TS (Cueng, 1970}, (ScHAEFER, 1971), (Rosinsky, 1972) sMg2@E o Tk b,
Bracknell D EELSED 74— 7LD Z ORBECTHEA T 5.
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2. RfeREKMOTEORER

BALTERIC X - TKEDOH (1R BOMAEOPLOW) B i b L Thit, XKADoHErHT
K OBEPHMETE DD T, ATHMERL, D Tl e L ERCEHTH A
5. FH5 WO BRTRROBOMBOPOLDOH A 5 & FREF - HK, 1969) HERES d o L0z

ScHAEFER and CHENG (1968) (3 —20°C wiBE % T+ A2 THEKOMEEZIE, F74 714 A,
Agl, Methylchloride, KUK, KIIHEEE RS FHIET seeding ¥ 27wy, TORAL K
KaaT & R L 7. (LR NI OB BIE RO THRAL TERBERY BN TH &,

1. WBEIRESL P 74 74 ATHEKEZ3E LIBEOKGRILER AT 5.

2. Agl O X5 BB EOLA LB 5.

3. KKK L, BITFEDdDOBREHEMD T &NE b, Kb SLEBEIFIC
It 5.

4. OB T seeding LA ITrb RIS/ B O B B K Eic e B.

2.1 K#EH (Deposition nuclei) hSERKL 1=K

Schaefer % D B Rl D BRI Th S ichbReBHO b O & B 523, FREF4 (1970, 1971)
OB U TR L E, BREC Y IA4 714 ATEAS L B8 S0 AmE ok
it hbiTitied, BLTZAZALLELHMOKELELTHRIMINE. ZILBUKED
HRELILLOTH Y, EBHORARIAEZPLHEFELLKALBbRS.

LEODIL, WROMBIIECF 517 4 ATZREN —40°C L FEAE I 508 B\
T, BFOBMARSEREE T E», BEOERE TEBENDR W=7 » VL D—FN
REZLILTUEHILDEELLNDNDTH .

KR P VIR R A L AR E W Io DI BEHR (Lichio THHR) KEETHLE
5 F il T, BB TER S RO & ARCKRT 23 E ORBIRILAE LR
TR D TERILH T 2w

WL - BREF (1971) 1 A TENCAE » 1o K OB/ MEFEA % K S seeding LC, —15~—20°C
OEREHATRENOKSECS 2 xR L. RiLDOBRE TIKDOBEA DIR5o38 D Rl
LU, TOFHO cBICEAC, Thbb aliFRCEREERTE0THY, ZOLOHFRX
WD HEEZER D G RAE L CEEKRTLREERTH .

2.2 EF¥ (Freeging nuclei) MHERK U f-kR

BORBOPORDILMEBEEL L oL 0RO H Y, SHTERLACEROLR T
o EBREEZ DT W 202 L ICASTIE A D WEICKMANN et al. (1970) <2
Auer % (1969, 1970, 1971, 1972) TH 5. HFx, FREEA ST Ok G A BT
5EMLTHACHY, THMAWBEROBERNTEDEI L 2F—H T3 20, FAREELD
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DKEEHELS L > T L BRL AL 2D LBIEL 72 IR - 8REF (1971) 1k, EW
KRT, AROREIDHEBRKEOIHMO—HTHZ Lrb b AUER SORERE AL .

3. BORBOKEREER

BORKEONREECIEA DO e nd b, EEAEIECT 57 b Nakava (1954,
p.106, 116) D X S IHEM L CHROBEZRXRIT L WL, ¥EZ L FBE by TRl
DEEH P IT X .

CORMTHEGECRECODWTTRD L 518 DENERN K Zibni.

¥ fo YAMAMOTO ef al. (1952) < Isono et al. (1956) {3 A TIHHEER TR FMilic 5% % T
KEBDOREZI RO REEEDOHANEY B 1o fo. RARDE DR ROREEE O RTILE
BHL <, B 7. MacoNo (1961) ® MacoNo and LEE (1973) ERN O & HEIC
BH5BOHKBOEREROHMIORDILOAMEZINTLELBLTHD

Ch b OREME RIS~ RS OFEES L TR L 5.

HoucuTon (1950) 1255 D fh D REE & thd THERMICHE L . Z0Hi#E L TEPoD
REFIKECH L TRAL T, KESULAKER L KERMOAREDEC L » TEFITK
(FBER) OoEEICHEHEL TP b s L, FiEo X 51 JEFFREYS (1918) DIEHGUTRIEL .

dM|dt = AxkCK (00— 00,) (1)
LT MEEROEE, t IR, A EKFOKERD S TIBGRE, CiisaoMESRE,
Koigx~vav—va v u 003 XhZhEHE B L O HEHEREIC KT 5 KESEE 2R
3. filhd CGS Hfr.

e LREFOMBREIAEOBERADKHDOICDAL OFIRL D WL bR RD T,
RFEEF R X - THRIE L .

Mason (1953) 11, AFEOWHIT KL DOBYZEIZ L » T 5 $ D & LT HoucHroN @
HmArBRL .

JeFPREYS DAFRGIHSIBERNCARREPOZOKFZOHBREN LE TH 5. HoucHToN
£ MASON 13 2 &Y (BRRESSH 2 IRV B MER, AR &2 IEE iR Bl
AR TIHEL) W RE- THERY T T 704, McDoNam (1963) 134 D07 LB x>
MmoT, MUEROKROBSBRELETHZ L0 L ) FRIICEDRKGEOEREY RO L
HLEEIZ HOUGHTON D BIED L REDZ Ealbhio o, ¥ IR I i Fk OB
REROBREY, TR ETLIMIRE CISARTAEUL CHEOBELHNC L. KA
RCEBLEBERX10% 2 ERETED L 5TH 5.

FORBHCHREERRECL > TRELERIAD I LRGP HETH D (Narava,
1954, p.239). Lichi- TRERMEO ECREEEXE LTI b v, ks
BB ThrRETOTRy v~ a v HEETHIETHD. ZhbOEETEETHIE
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BERIGEHEENDEL 52, ThEEOBEFEROMBIC L » TR LR .
KoEeniG (1970) i, fE&EAKRERKE X » TARKR S 2 A e 5 2% Ono (1969) OIS
BAERRNTREEIh: 0% FEMRL, v Frv—>a VEREDENEE YN TS
SA25A4ARLT, BDL 512 0°C~—-30°C DBREZIRIChico THERXRI L

B JAYAWEERA (1971) (XS FMRE T B a ks S - DT, HOMEZREFLITL T,
THETHELALER Bl - SFEOBEXRICT L » THELTAHRL Y.
BORKGOBREEE L, BENEFHCKECHL THEIL 5L LT, Kl - HRE
DENMCKEZEZDL O KALERDOBBIRM) I EHIh 5. Fig.l, 2k LU Fig. 3k«
50~100 Fp#%, 300 B 3s X 0° 900 Wi DR E EE » E B B TR

Fig. 1 Tt BREE (g/sec), Wlha KR, oFER, Rk LOEHIIE 4 Ko,
JAYAWEERA D EHE 3 L 08 FURUTA (1969) D EBAEA R T. %7 x HIiZ Mason (1953) D%

Bfl, O ExREARERIL SHaw OEREXEDL T KADOTE 27 ThHHHFIXHIL
HORREEY () #FbT. BBEENE A Tuknwilid b 525, JIESE & FEMETRE L
10° 6o
107

10 -

© < HOUGHTON

<~ ONO { 200-500 )

GROWTH RATE ( G/S)

0 F 10
@ <
B ~—~  JAYANEERA
=
é
-9 —
L =50
-
(100) /x é KOENIG
X 7" (60
/ N
-10 a4
10 10
AFTER 300 SEC.
AFTER 50—100 SEC.
10—" . ) . ) . , 10—1\ . . . L \ 1
0 ~5 =10 =15 ~-20 -25 -30 0 -5 -10 -15 -20 =25 =30
AIR TEMPERATURE ( °C) AIR TEMPERATURE ( °C)
Fig. 1. Comparisons of growth rates of snow Fig. 2. Comparisons of growth rates of snow

crystals in g/s as a function of temperature,
50~100 sec after the nucleation.

crystals in g/s as a function of temperature,
300 sec after the nucleation.
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BEHEN —15°C fHE TR s b & !
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EiE, T ORSE KA & kBRI OFESIE 7
) ) ) A / @\ HOUGHTON
ERRRCIL D ENLHRBIN B A, , \ ;o
L \ [}
—5~—TC i (FHREERORE) b " \ / ToMcON & et
5—DDRAKES L N LDDHDH I EITH / .
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ExrT
Licho T —15°C R AER i EL iz
L DT, ZoDOH, afl¥@Ehic ER
i IsoNo et al, (1956) ONo (1970) & HIE

BFSTfE & 3 50~ H“ﬁg““ g

KOENIG

o
T

GROWTH RATE ( G/S

ORAERRT. #HHE -
100 ) B R TR EE N LHF B3 ! |
KLTCWBZ Enbrd. Tl =5 Ck & AFTER 900 SEC.
-1 C I D e — 275, & b BT -

I I 1 L

TET & bbb, "
. y i
Fig. 312900 B OWMEEREAYRT. @ 10 0 ~5 -0 =15 -0 -5 =30
AIR TEMPERATURE ( °C)
Comparisons of growth rates of snow

& a iz h%£h Yamamoro e al Fiv. 3
ig. 3.
crystals in g/s as a function of temperature,

(1952) & Magcono and LEE (1973) ol
f h ion.
(% T, FERDEGE R LI D 900 sec after the nucleation
—10°C HBETRANDBH S Z L HWHOFEME BARL T 523,

WOIESDET—HT 5.
YAMAMOTO et al. DBIEL D ¥ v iz /X

oo lcldEEZ b5,
300 FhEg & B L TSR 2 &it, S C DY~ 72T D, JAYAWEERA
%ﬁ@@%ﬁu—m%ﬁﬁ®Wﬁ%&®&Eﬁgm@ﬁia

)
— S CHBECHRERED E~ 2705 % 2 &iXHEIC HaLLETT (1961) MEBH T ER Lo &
KEKOIEELR (1)

MR BRI AR K L TRFIL T

TH5HD, FEETE—-270KbhS ECOCTUIHMARETH S 5.
THEOLND LI, GHDREDTEL LIXHGEORREBEINvF v —v 2 vEH K, #E
BZECRIV, KEFMEKMMOERIIEE (00— po) AT 5. (0u—p0.,) 1 —15°C {13 T
RKiele DT, —15°CHERHREEORAOD 52 L idRIEIL .
ThETOERSEEIVTRE, HHE -5C I cMREVAR (BHIR), —10°C 38 TikgE
WARE, —15°C R TIREWARIC R D L F S ERICMb B RBRCE - TH5. W E
FACBEREDOKEGREE2Z AL, —SCAETHRETL2HREMOBHERAR L —10°C R0 E A
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RDOZHICHRTECKRE DO TREEE L RE <D, FLRRTAHRLIAWETHEREL
WRTHOTRVF LU —va VERELAREL LD, Lo T300HERMAENLD —5°CDv~
IMNELL L BDTHAS.

DX S IBREE QRN IFIE, BEY 1 HOMEOHETRE TES LT, .
F I W—FEEDIToiil, [EPEELED TRIMEDRBEY B0 2 LENRHH 5.

4. HRELERE

Nakava (1954, p. 239) MAE O RIY & RE OB FRY ERIVTH AT L TUK, GoLb and
PowEer (1954), #1F (1956), GruNow (1959, 1960), Macono et al. (1959), Macono (1962),
Macono and Lee (1973) i3 B DRERNRARDBLCOWTHHRILTH 2 L2 HRL, £ER
% T3 Aurm Kamek ef al. (1951), KoBaysu1 (1957, 1961, 1965) ® HALLETT and Mason {1958)
BMATEOEBEXWR L), MEMELE2 -0, REGRSIERMAIKRL L. Tk
B, —1, 2°C R THRRSRICKEL, —40°C & v (KR CiskF B wakRcRET 5 2
EDRFICHB L. LAl —5°C i Tfikic, —10°C L CEV-ARk, —15°C fHET
EHRICERET A Z BRI A

BOEROMELRTANRD e DITBRPLKELRLII OH AR TOMERE T ERL L
M T TSI

WREOTRTUT L » THR IR L 2 AD —5°C T TbRIciE, —15°C £ TR
CHRETSEWIREHRLERBEFECH L CTEABELRAL TS,

HaLLETT (1961) 11 —F DBEAFIAKEL D b T, covellite (CuS) DEEFFHIC AL X » TEX
DRI R DK RE SR, TOEEXE - . TOFBE, —6°CHTCREEE KR
DILKEE) OBEEGRHHY, —2CARECRNOIDZEXFHRLL. ZOHSERHT
wD X 5 EHHL K.

~6°C fHRIT, KoFRME FER) wBEL 72 KKK S T O migration distance GkFEEIZ
KRBT FOFHBEER OFKA»nDH Y, % 5L T migration distance 23K ZiFiudK
HERHTRROBSEDOD 22T ) A AFREETHOT, BRIZEMFO L TEETOR
Eﬂ%&@@ﬁﬁ@%kbﬁk%(té.&@%kﬂtmgﬁﬁ@&ﬁﬁgaﬁﬁ%mgmmm
distance DFATEBL DR TE RS, WHERNEZF LI EBOTEALLLDEE
z 5.

UL EERORRDS B bh HIE (—6°C) 1IZEREE (—15°C 0 TFRRDE O R L£HE
ErngdBuv) E—H LA F7 Hatetr Ofllo O3B EROREEE TH - T migration
distance D 3 O & FodolF TiL iz s,

% Z ¢ MasoN, Bryant and Van Den HeuvEr (1963) 1%, covellite ST _|--CAERSE 5 #Hk ok
BOMBRSABEDE - TL D LB FOHEOEBEENTEL 52 LIcEBL, - OB
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x, ()

N Basal face

~
~
~ .
Prism fn(/e \\\\\<§\

S~

0 H 1 !
0 —-10 ~20 —30 -40
Temperature (°C)

Fig. 4. The mean surface migration distance zs as a function of
temperature (after MASON, BRYANT and VAN DEN HEUVEL).
»% migration distance @ 2 fHICHY T3 L FE 2 C, RIE L OBRZ A0 Fig. 4 0 BAE
BTH% HALLETT O FKBREIC AR TRAN —12°CIGESE R/t —6°C it S st A
ITHEOERBERIE S E R 5.

L2 L7ehih, FEKHE L0 migration distance DEEHNKE L mv b & v o TS FHCRIC
HapEET 2L 3RO 2B Y X AHOREHRESHIZNE /Lo TDH T &bk
ETeHBH Ll 7Y X AHED migration distance DBIEILER FR¥EA O TRIEI AT
Wighs. 22T MasoN & (1963) 13, 7Y X ATH® migration distance ORI EH
DD EBIHLTHBL, BEDOBHHFRTFig ADWHROL > d L HELL. *
53T —12°C R iR EEE I @ migration distance (EEEHOREFEECHA) 117 ) X A
HOZNE D EREL L DZDOTEOERIIRRCEREL, —F —6CHETIES Y XAHDOH
BREL LD 0RHEMIAERCHET S L E 2 MEEREROBRBCHETHFEETH 5.

W ORPECEHFHETLIRERFEERRRE L T30 THRAMBERIBR IR Z LTk 5.
#%ic KoBavasHI (1965) 13 MasoN % Dl 7= migration distance DRE N REFOKE
HEOWRBE MR - RE—BTHZ E2BER L

I TE ORI OB EKRTF % migration distance OFICH 2 fe 121 TiRD 528, —IHD
E O X S I B 2 7. UL L HosBs and Scott (1965) 122 D E % i ic B4 18 5 70,
e Xhug, HEEHE © migration distance 12 L & REFOREEE REFHOHEO HMA
HE) ALy HEOERIHL  TROCHEHBITE 25, K& LT migration
distance AR i AuE, b LEEKHROBEIR> T 2RETIR, EEEHIEKIHELLE T
BEXRELIE, oz MERIMTOLETT Y X AFARE TS L5 L EETHDT
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HB. MasoN DL, step growth ©
HeBe &k OB LR EFAIL T B LB D
DTH 5. AU ERFECHTHMRNE D
T T 5.

#3t Lams and ScorT (1971) 1T —E & D
FAFIKARZD b & TR EHE <%, KR
L7V XA OB I O linear growth rate
(HOHEHEDORREE) RREL 2. £D
#HE % Fig 5 1CRT. T hicx L LaMs and
HoeBs (1971) i3k D X 5 R L 7o DO
FHTREIND T Y X AMHD linear growth [y —
rate (3 —13°C i CEEHRD L (o IR Temperature - (C)

E) I H LR EOTKETTERRCEEL, Fig. 5. Experimental measurements of the

linear growth rates of the basal and
Wi —6°C L CREERMDOHHRKZLOT prism faces as a function of temperature
KB AR e B (after LAMB and SCOTT).

C DRIBECEE % MasoN & HoBs DERFHIBTICE~7e & 5 R U 3 £ & 7 i b B
EEMCE DRALDOTHD. LAL I 50 EZ h OB, WEEORLNEDHIE
THDDOWTWAZ LTI NnA50 R OmPITHEEMN 2z LT migration
distance 23& D X 5 BRI X o TREOKE 2B, Lt > 250 e E 5RHM
TR ELTHTH 5.

bk (1971) 37 H S DB OMKMBHICEL Y R AT 5. L2l KERrbHEL T
—15°C, KEMOD FTF Y X aAEHARCERRABRCKERTHE AR a v L —4—T
Yaiv—ihlik ERTKREOHETH, TERLALLBELRWAMBIRDFENLT
H 5.

CHETERTCERL S, HAMALERIVLTRY —15°C L $BWFRCHESLRT
WAR, Thk b EGHEIR Git KoBayasHi (1965) 2 Macono, KikucHi and Yamami (1971)
DRE - BHERIREIA T 260D DTH 5.

~o~ -a~Basal face

—o——o—Prism face

o © ©
£ -] @
T T T

Linear growth rate (ym/sec)

At
)
T

5. ARRAERE

O BIBEMSEOESEEOBGEN L THA 55, FHRRD & D223 B S5 HEME A
#ote. Narava (1954, p. 78) LB O ME T ETHRECIEML O WMARL. LiaLE
DHEETLHEBERROEDE LY LR T HOCRNE XKL 52 & 784, MaconNo and
LeE (1966) (XA 0B Rt 7 & 2 B in U TR 76 5L 7. Ll —20°C UF
DGR BIR DRSS o THX BRI AR ORI Rl h - .
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GRANT (1965) 23 = r 5 FH|® Climax THOEHALBML CA B L, FEDOZEETH KA
SRR HAOMBEICASTLES EE S ETHovc. ThE DK HALLETT (1965) i Yellow-
stone Natl. Park THI\VBREAIEAFRBEC L2 b FTRBEFIL T ot r|EL TR Y,
% 7o KikucH1 (1969) (3Bl T4 OIS FRIFHEOE O E BRI L. RT3 L, —#ED
SEAT P Ml R O BLF (AU B S, FIT7R AREDFIAFICESI L 22 b O (Z k85 4)
B L O GOBICEINL 2 d O (SHIZERR), BLIOEHEO—M (ZhTBEER) &
Rinh2b0o0 4BcrBEins BB A0SR X - T
AFTHHER I

COBOEHERIOKEMIBOBRTIL A5 5D EELL Tun54%, HALLETT %
HMOBELENDRES TR DTHAHZEXHD TR D, £TDOL Y THROSHKMDOER
ErHbL, ThHoL Wb RE»ns.

MaconNo and Sasakr (1970) X A T RIERZSSE2EY, REKROMUFEEREHEOLR T
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