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Historical Biogeography and Speciation of Two Closely Related Species
of the Genus Motacilla in the Japanese Archipelago

g

Kazue NaAkAMURAD

Abstract. The White Wagtail superspecies comprises five species of the genus Motacilla.
Among them, the origin and speciation of M. grandis and M. alba were particularly
discussed. Three steps are presumed in evolutionary process of the members of
superspecies on the basis of their allopatric distribution. Firstly three species, M. aguimp,
M. maderaspatensis and M. samveasnae, diverged from their common ancestor. The
secondary M. grandis rised from M. maderaspatensis. Lastly M. alba would evolved from
M. grandis endemic to the areas around the Sea of Japan, but still continues their speciation
and dispersal. According to the pre-copulation display of male and moult; M. grandis just
once per year, whereas M. alba twice per year, and so it is reaffirmed that M. grandis may
be more closer to M. maderaspatensis than to M. alba. Both M. maderaspatensis and M.
grandis are phylognetically an older form, and M. alba is considered to be newly one (see
Nakamura, 1985a). The species is not endemic species to Japan unlike previously suggested
by most ornithologists. It is quite possible that M. grandis had widely distributed in the areas

around the Sea of Japan.
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Origin and speciation of M. grandis and M. alba
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Fig. 1. Geographical distribution of the Motacilla alba superspecies. Map is mainly illustrated based on Alstrom & Mild (2003).
Head pattern of each species and subspecies show adult male with summer plumage drawn by the author. 1: M. grandis; 2: M.
samveasnae; 3: M. maderaspatensis;, 4: M. aguimp; 5 ~ 13: The White Wagtail complex. Arrows indicates interbreeding

samveasnae

3

maderaspatensis

albozdes

region between subspecies.

A&t%V%—:Vny&xﬁnw?v7®
2l ), Fig 1-5~ 13 1R&END L 91

Hiff‘%kﬂ;ﬁu[‘np@fﬁfiﬂ’] AT EFREEICZE L2 b
DEEZLND, LT EBX LA M alba X
S O IZBR AR & B 5 Bt U F Chik &
BHTEY, 7V =T FERERRE T 1885 41T
?)W)T/\ﬁJZﬂH/4’ subsp. alba (Fig. 1-11) ®/E
B S iz (Voous, 1960), F£7-. 77 AH
WP CTH XA T N7 &% LA subsp. ocularis
(Fig. 1-6) MEIE L, JLKEENOB A F T a £ T
DD 35D, /~7EF LA subsp. lugens (Fig.
1-5) bbbk T 1972 Lkt s, 77
AT PEER T OBEFEMN 1973 F12 1 flEn T D
(%M , 1996a),

ek, FEROEFITHEINS LI InhoEk
XLA] VORI E (NTEFLA] LD
MREFI4 3 F— 72 DI Z DD TREAE TIEdD 5,
ZIT, EITHBRWERY . DIF, EWE, N7
TR LA LB E, AT 2LV A M alba)
LU L ERT S N7 eF I//I’J DL XL
(N7 % LA subsp. lugens] O XK HIZFENT [:%'[J
T 5, XHENBHBITE D551 @@DTﬁw
Z O REfE W%@*&b‘%ﬁ“éo

EH (1995 1%, #HfEN7 XL A1 &7
N7 X LA (¥4 Black-backed Wagtail 12 ¢ &
D) EWHHEREAZTRE L T\ D, HYRE
RLEbhD, L exbA LS 203, BN

TN X LA ZFTIFEETIC, TTI
—ROKEETEELIZAHTLHY, o, £
BT D LI VBEONT XA M. a. lugens

Ditex & DIRELNDEL DN H D, £DTD,
B R CII R 2R T2,

NTEXVA -arT Ly 7 A0S 5 AR
TEIET H L D2 olznT X LA M alba
E, BEICIR R K D1z, 7 % LA subsp.
lugens (Fig. 1-5) &ARA T N7 &% LA subsp.
leucopsis (Fig. 1-7) O 2 W TH 5, T4, &<
(2RI DF LWSRIERDE E TV D,

2. NJEFLAIEVDIEARIEICEA LM

TP HTACHE F IR S N B R SRR
FOYERDOERAR Z7n BE O &R 28 LT, L
TIZEIZHAS (1980, 1983, 1985a, 1986, 1987) &
FE - AR (1983) 126 & 3EAM - UE - U

ZBITH T EF LA subsp. lugens DI ARYERIT
DNWT, ZOMEEZIRRD, BHEOWMEIX, 1983
5 AICHARR BSOSO L B0 iR [
5) 48%5%5) il L CaEOSBICFRORE
LA FEONT TR L NIZE R Th D,

BERREIC I T, W AF v Y IR E Y
v CEBHET H /N7 2% LA subsp. lugens D2 <
MHRIZE S TRTEATHZ 2R Dhro>TND
(McClure, 1974), 1970 FHE TONT EF L A
3072 < & HBEFMS O EOHIRIZB N THAS

73



74

K. Nakamura

ELTHEERTHEY B THoT2, AHA, S
BTbHA R Thole (B, 1974), ZE)IITi 11
A AR EFOMIZEL, ERITZ4 AICHhE

DA TT D (28,1957, 29 LZEY D
BT 1970 4EARMIH = The TNz, 7228, 4
(BT, 1978a) 723 1972 4F 6 A TRk X 2=
KRETOER TIPDONT XL A HZHEL, FO
I I PEFEALNCEEBHETH o7, ZiLlh
K, ARFROBIE AT OPLR D EEHEL TE = T
LT EICRDE, FoEn A 20 4L Bl o T
BIE] | P =

KR O OkF, B0ER) Tk 1968 ~
1970 FEE, TEER O (A1) Tl 1975 4
e, AP IR BGH O E T, #ikd) <
1% 1972 ~ 1973 4EE ) & BHEABIAA SHL, KR
CIEFEREREITNIE LT ThH, BRSO X
5 7RI TIE, RO O BHEBH AR H 5K
BN TSN TWS, BERTIE 1974 4FED
SEFHABRMA S, BIE TIXFEEERDZ < O T
ZHEL TWD (AR RSOOSR ERISE , 1979),

WAL T 1976 2127 & 3 LA OEGE) BRbA
SN TWD, 1980 4R ICEA T, B, ARZERRVE
BRZEEPHT CRBISIH D RS S AL, FERE T T 1979
ELIRE g 2 T (BED - P, 1981), &
B I o N~ DR AR (1983 ~ 1985 4F) k&
VIRV, BRI T 1983 S ICRiE T, 22,
IR, ZEHOMT CEIEA MR S AL (D - WA,
1983), EEFIR X 0 WICALE T DEmIR, Z &I,
FER LB, RO, U, fElR, BEUR, R
BRI EoirEs  PEHITT~ORAILTTIZ 1980
~ 1983 HHIATONTE D ( EFHE I D IXFVI,
FEFRCETH D, ZNHDITEALETTHE
FERIFEFICTVAT L VGO B TH
%, SO 1980 HEDOFLEIIIREE RN LD H DT
o5 (FEEFREDZ, 1990),

OBMz > TARMIRICHEZ TS &, N7 EF
VA TFAMNAG 2 DR EBIZEE N L2236, BHH A
EYLRESE TV -2 LB TE 5 (Fig. 2-A ~
C), 0.S.J (1958) zkiuE, "7 XL A DER
ROUTAHREDOIRRICE S & LTRRICAERL, &
AU, BKHE, EFR, BRI, RE. AR
MR CHEIHT 5 Liidi STV 5, 1960 4R
F UL, AMDAT B LA OBGEH AL O WA
ERIZBR BTN Z E3bnd, BARR5tskic Y
EDWTZHRE (1980) DS & D JEIXR,

Austin & Kuroda (1953) &, ~7&Fx L 13k
WEE O AL E L OIS @I I T BT 5 A3, e
T RN TIEEbO THRTH D &
L TV R E SDDIED & THR(1936) &,
AFEITAEHEE AL LGS B4 % & ELT W T,

AN DN TOBFEITITF K LT, &
S [EAME O S¥E] %3 L7 Seebohm (1890)
X, T % LA TAEE IR IS LB
FEL TV LR LT 5,

Fig. 2 ICHARFNEGIZHIT 57 BFX LA OZFf
A E T, 1930 AR, 1955 45, 1980 4> 3 #]
T TRRLTH D, N7 EFLA1TD2RE
#1930 AN FE TIEAMICEIE L T\ ozt
THHWREZ O TH D (FF, 1980, 1987),
1955 AEEE I VE AR PR C U B I A > B A5 30T
H AUHA O A LTI R & iR RO REE MR, &
LT IIEEE . I, MEEEREST A E TN
Zm T L (Fig. 2-B). 1980 4FUH F TSI ATEREI,
HAHHA & & AN TP ER £ RGO 2 15T, R
MHNESE S ZJER I E T o7z (Fig. 2-0),

Fig. 2 IZRENTc Lo, o Tnr XA
EARMALERIZAEZ DN T WL LTH, Lo
FEICRBE T LR~ TH A H (Fig 2-A),
HECTHLIEF IO o EZLND, T2
TP, Seebohm (1890) |2 X Btk &5 HT 5 &
WIF (N7 &% LA FAEHREIIEIER /IS Lo
BIHL CWNVRoTz) ZEnH, NI XL AT
AEE OB H (BRFEEIRIH)  DARR I8 S 4
MEFTWV o EHEE L THREARFRY L1325
RNTHA D,

B D2 At EO ARICEE-H o L b
FLWBREORbIE, I\ - BEbEREOL & T
FRAMEAE D T2 L, ACHERE O K HL D 43 A3 E
THCcEbNZZ L ThoTe (A, 1994), [H
TR SR e ] (IR OB L TARE
BLALLAR T F LN F V] LEREI R THD
(#,1979), dt¥giE 4t ~DOF A O EREIZAIE 2
£ (1869) FITIHE D . koo 2Pk (- F
Rt ~ & MR O3 281X 1890 4AELIKRIZ
FEETVWD (Al 1994),

2-1. EE - hEHA~DOEH

1980 AEARMIHI DN & 3 LA DESESIAT O Pa i
WA ERTEL EZEZ DTV GRE - n,
1981), =D b, ZHENS O (1981 4)
Zah T, B (1982 4F), —HEIF (1983 4),
FABIE (1983 A7), Fnakilibs (1983 42) . KBRF
(1983 4) | el ke (1983 4F) | SHUR (1983
). IRE (1983 ) 72 © CEIENRER S
(AT, 1983, 1985a; tl 0 - H4F, 1983), ZiubHod
W DOBFEZERDIF & A 8RR £ 72 13RI
WG LR LNZREERTH D (PR, 1986), 4
DR VIR EBIZHEETRIZE R T 5 L 91272 |
et B A CUIRR AR B SHT (BRUER i) T 1985 4RI
WD TEIED B Sz ORI - @, 1991), 1&
FEUR U 1983 A2 24 i T C 2858 53 e 7



Origin and speciation of M. grandis and M. alba

o, KRERESRERAT (BIBIVET) TEHHO ATHEM:
DE SN TWER, AW Tho7z (A - &
A1,1983), LaxLisE (1996) (2 &k B KEFHTOKR
Pz B 5 1994 ORI LivE, 13 » 7
TOBEFATE PR DAMER I N2 Enn, BIET
WEARHRENZE L CEIH L T D b & n
TWb, RIEFTH, 1983 EICBIEN TR SN T
Pk, R RSS2t B Rk N i 2 . TR

W B E FALICEn v 2255 (AR
5B DS KPS, 2002), feER T, 1980 4+
RLFEP OB EZR BN THLERICHAR

ﬁﬁﬁ”ﬁ%}aénéim’fw 1995 FLARE 2RI A B,
FAZ LT, WAETEHEZoked A2 Lo
Wy‘&%ﬁé%%%%é&h%éhm\ =EN 7
B2 S, 2006), HEMIT O L0 T
1984 LR IZHID TNT B X LA OBFEN T S 1,
Ml (1986 4F), 1o (1985 4F), i (B
JEIEETH 1987 4E) TEFEA TSR I NLIZIEN THb
TIFHEN, AETTCIEIT 4 A7 LA BREESN
TW5 (BEARBFSOSILARIGH, 1990),
2-2. ME - AMA~OHEH
PHENCFB T A BRI F 97, 1983 12515 5k

1980 4

1974 42— 1978 4 A v v =% A=110 B=89 C=79

R R 2
F{J{i/ '7‘1"\‘:/‘1
E P -, |
ol - ﬂo
05 |
Hoig
PR A
o ")'é' \;-—«aj"\:;
- 3
/ic::{gm)ﬁ?/ s
] : '/<_H'r s e
- [ ;\-‘z’&ufrfﬁ—’ b ;: “\“’;"’,»5’
' AR AL A =Y
4 gy : 120 B
[ ey ;.»f«‘}\t} P i
9.4.400"4,'\ GiR i Py P : B
PRI 7 L
Ay O
S
7108 71 |
- ‘J{; < 4
) Sy ) .
T O
- s ]
S ]

E

1997 4 — 2002 4 A v =8 A=90 B=179 C=188

,'4;

e
«; ™0
5 /] z
rfe-r
»; [N
R s 3
| 4 2 o 3 Vi
e A ST .
Vs T Foa -2 Ml 75 4 , . <
NI, 58 oS itk OV A WA
3 AR 3 . -y
- o s I =
AN -
. 3 A
M 5 -
v N ! 4
;&
of B :
e
CE O
i O

P LI e

Fig. 2. Breeding distribution of M. alba in the Japanese Archipelago. A ~ C: Kamchatkan White Wagtail M. alba lugens; D:
Chinese White Wagtail M. a. leucopsis (Nakamura, 1987), E: M. alba (Wild Bird Society of Japan, 1980); F: M. alba

(Biodiversity Center of Japan, 2004).
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Fig. 3. Two subspecies of M. alba in Japan. 3—1: Chinese White Wagtail M. a. leucopsis at Tsushima. Photo by S. Ishie;
3-2: Kamchatkan White Wagtail M. a. lugens at Teuri-jima, Hokkaido. Photo by T. Takano.
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LR R BRI B AR D S 015 Z & 90 km
PLEDOHETH Y | BUPLIR2Y HRNZE DT T D,
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2-C) 1% 1980 AR, THICNEER £ TE D5y

77



78

K. Nakamura
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4 THOZHKMAZ] BREDER

T2 omEEND D, [EEH MR A
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2t &3 ik Fig. 2 O E~Flcznthrt,
EFIZ Lo TN AL, 3 TITR~ 72 &
21T, 1930 A%, 1955 4, 1980 4 3 #2431
THRRESNTWD, —J, AAREREDOZ (1980)
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AT aNT X LA D5 % Fig. 2-D IR L

72, ZOX% Fig. 2-C \ZERA&bEIUX, Fig 2-A
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5. . NI X LA EDHELITHIENTE

=M h
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DH DT, Tl chotz, DD
REICIIE /e LAITEREETLIVER LR
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I, B rEXL Aoz E0 1 ~2 7 AEL,
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F LA DWVDHHURIZA VAL TEIHT DI, %
Vo TS E bR L TV D,

Nakamura ef al. (1984) & XA EK A HiICE
5 InrexL At ruatR LA OEGARE
FEMBIR) OWEICL DL, i L O DEn
BT AT X LA OZHEMT4 AN T ATH

Fig. 4. Individuals with aberrant plumages of the Japanese Wagtail M. grandis. 1: M. a. lugens type
variant; 2: M. a. alboides - likeness type variant (Nakamura & Iwamoto, 1985).
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5T, B (1985) kD MFHpEHIckiT
HEF VA IFEOBIRE ] ([T OV TOHEN
Hole, ZIUTED L T X VA OELREIL,
FELLRONTHIED B1G 611, T OFEDOEFHER
B, £ (453%), @EomEH (29.1%) .
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1% 16.9 fi5 L ERY AR LTz, &iEEShi-E
PO TR, HENAHE, LRV (E4) 7o
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IR E IR LT e, X Tt ntk
FLADLDOTHHT,
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1984 4% 8 A A A=) R ZE By hi O K )1 & 1978
3 I/ EETEG ) TP aZs BER NS 13
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DTHoTe, AEIIHE - EEFONTEXRLAD
ffiff subsp. lugens 12112 (Fig. 4-1), $&#&130E - Ak
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TEN, TNEITORRL - TV (Fig 4-2),
PELEEEEF -3 (hF, 1985)
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Motz BRI Y FoAaeEn 7 tx LA
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Wb AR 2RO @ & el LT L < MG T,
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H, EIINT X LA OFFEIZED &V D R
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7o B3 BIORIT, BT 2 Fl &1 X RAe D, FEEH
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KZPT, N7 B F LA OFEFE subsp. alboides (M
AP TR D LR ST,
PEEEREEF -4 (WA, 1995)

PEERBERTE - & HEELRERLZ0IFN
B (1995) THA 9, 1990 41 A H 5 1990 4 3
A ORI E: E IR LT O# ) RT3 Tl
EIxn-24 P ratL 405 H §PITH
DD & D P EERERPE EN TV, N
T LA R OP a2 BERIT, EOREESEOE

FOHAGEIZOT NN L BORNEY, NIk
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IO X LA BPEEREERD 5 B, AR
BT, 5 1 RIAPIOME 1P, mEM 1T
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yE bl ELT—HRELTWAR, NI (1995) i,
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TAEEATH Y Z D7D 2RICHITELS A2 5 (Fig.
5-1), RONLoTEBREOTEZ RS L, Eiicy e
NUHHIZH D L9 72K TRUVDHERBAESH TV D,
RO LEHOIFICLH D LR XD, {EK No.
2 OEOP TR 2 ER (Fig. 5-2) LD
2V, BRI, No. 1 Db D & B B fiska)s
&%, Fig. 5-1 ® No. 1 fE{KILmE KREZDOFEIZ
EONWTEHIZL > THEILSNZHDTH D, HIl
I/ LADLOTH T,

FFIZB LW LERTHD LS, EFOHE
A Z R~ TRRE X L1 ] ORI,
No. 1 ® X5 BRIl T =D TIEH D i,
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Wb a iy | Thad, ey | i,
BETIERICRD 5N WO ER, 5
EATIZBRO L O ICHBIT 28580, 20X )
RIWEZ b oKD = & 2869 (4L, 2004),

UbZEHEIHE, B/ obX LA OPOER
X, LT 4507 A F123F 6 b,

B 1 ORIIsERAE (Tre /) THY,
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ANBEINTND (BT, 1981), 28 AfbfEE
EA T =V B ERT DR THLTFr T —ED
Kinze ENFHRTEL S, BEMITHERZ2H O &
B2 HNTEY, SHAMFE< ., EFRNTEES -
Tn5 (A, 1976).

B2 ORNTT X LIRS ERITH D sy
BlctaRERZEE GRS, T xE, IO REL
mi GRJERTT) TR at XL A e
INTWD, B GRIE. KIZT TTaa TR
D34 < HBWITERL eI — IR eD £
SR> TW5, B, IRITIER 728k L 1FIFE[F U T,
IR A, WIS 7B Tch o7z (T
,1976), Hrafkix, Fr—E8RKRNT%
TOIZAET LD TR, ZOBEOERNEL
<P ENDTZDICET D H O T, AERMICIZYE
wEeETHhs BEO, 1976),

EBIORINT X LA RIPOERTH D, H
RMTFICERNAET, N7 EF LA DN DN

Fig. 5. Reconstruction of a probable atavistic individual of
M. grandis. 1: This was reconstructed by using several
photographs taken by T. Takano. Six black vertical
strips on the flanks and under-parts are the greatest
characteristics found in the individual; 2: This shows a
typical individual of the same species for comparison.
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The Pied Wagtail of Europe and Asia, Motacilla
alba, has developed two essentially allopatric species
on the periphery of its range. However, the Indian M.
maderaspatensis has invaded the range of M. alba
in Kashimir, and M. alba has invaded the range of
the Japanese M. grandis in Hokkaido and northern
Honshu. There is no interbreeding in these area of
overlap.
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Fig. 6. Presumed dispersal direction of the Motacilla alba superspecies and the distribution of refugia in Wiirm Glaciation.
A: M. aguimp; B: M. maderaspatensis; C: M. samveasnae; D: M. grandis; E: M. alba. Dark thick line shows high
mountains and plateau. From west, Hin-du Kush. Himalaya, Tibet and Mts. Takhingan. 1: Kamchatkan Center; 2:
Areas around Sea of Japan C.; 3: Northwestern China C.; 4: East China C.; 5: West China C.; 6: Himalayan C.; 7:
Hind-du Kush C.; 8: Mongolian C.; 9: Turkestan C.; 10: Ilan C.; 11: Syria C.; 12: Coucasus C.; 13: Mediterranean C.,
Names and distribution of refugia in Wiirm Glaciation are cited from Nishimura (1990).
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Fig. 7. Speciation and dispersal of the Motacilla alba
superspecies. Small alphabet shows subspecies
and large one species. A: M. aguimp; B: M.
maderaspatensis; C: M. samveasnae; D: M. grandis;
E: M. alba, A ~ D: Monotypic species; E: Polytypic
species. Evolution of the Motacilla alba superspecies
is compared to hop-skip-&-jump; hop (A ~ C), skip
(B ~ D) & jump (D ~ E), M. alba was successful in
jump and became “a new success species”.
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D

Fig. 8. Head pattern profile of four species of the
Motacilla alba superspecies. A: M. samveasnae; B:
M. maderaspatensis; C: M. aguimp; D: M. grandis, A
central black line from the crown reaches to the base
of upper mandible (A ~ C). Contrarily, it is noted that
there is no such character in M. grandis.

RizhH., F-, B abX LA OEIINT X
VAN P E BB RS BB T 52 1, &7
atX LA NI XA L BIEEBRICHD L
e cE 5, A%z FR3MoAEREF LA &
X LA L AEBAT O ESTZOE, 2
NHEDOHHBIZE LS LD ThH S,

. v OtEXLAIEECTHRELI-OM

B atX L AR E I THAE LD, HAD
BEAFERDOEND, ARSI CHAE LT ITRE -
TWDTIERWD, ZHETOF@TIE, 0l
DThd, Bt A, MokEWLR<H
KEFREEE 2 N TE (JI38,2004 722 8), 72
N, BZ7eX UAIIRAARE (=8B A [H
HFETHD (FF, 1989; /EH , 1996b), ITH: i
ENC BT % TS 5 (Choi & Nam, 2008) |2 LU,
7 uatX L AIZBT 5 270 FlOFEERNH D i,
FTNHICH ESNT 4 OO ERBEIHAHER S
TW5, ZOFEEZ =201l (Han ), Seomjin
JII, Nakdong JII) & HMEFD 4 » i CHDH, L
L7e3 B, E CIXBAR#E A D 70\ W T2 DI/ C
HY . DAITRET &S STV 5,

HEUSOEMIBIT D7 v LA OBGH
BT 5508k & L CiE, 18754 5 A O WG ED
b5, A=) ERICBITH TR SIFOR
wENRENTH S (Taczanowski, 1876), F£7-. ¥~
U VD7 VA R 1937 425 H
IZHEDBREFLSEN B D (HiE, 1938, X F v =7,
1991), YU UEEERMSIEMIC, JEY OFiERE L
T 1960 F~ 61 FTNT TEBIOBERH D (<

7, 1973), MR T B, NI
T OEBIDOFERN DD, HKHE LTHEDIT B
TW5 (RFryx=7 & HEY7,2009), ZHHDE
FRAEHRS LADETEZL2 6T, BIEOMmE a >
TITEZveX U ATE L TOHRWATREES B 5
7255, 120, o Tkesaks LA IIHAYEE
hheD & U CRAREY: BInEIN0 Y e & a5
TeBR H AV A < 5973 L TV ITHRER W, 1
HINZIAR TH D, FBEO LS ICE BBl A 0N
ZVbIT TR, fRBk, AU —Hlg bR e
T LA OINE LT BHinN B R I N2 & HIRS
RNEA D,

Tl A BB B A & X E O &
I IRHIR AR DA D D,

A#ENXCR & KT 2R ek, 1957) %
Fig. 91279, M OMERIRD 5 e g K AL EiE X
(A), BARBHREX (B), BEEERX (O, i
X (D). #EEX (B) @ 5 Kb 7pn g, 80
HWrclL, oo 5 XKaeEbtzkiriks Lo
B HAYEHE, (Fig. 9-g OB f&E D L) (1
YT D, TNEIXT A Y — KIS LT
FPNENWTEAS, Fig. 6 lITRSNTIZ L7 207 Offy
WZHL 7 aVTiEhoEx T Thsd, txiE, v
AV —=HL L 72V T ThdH(UArrt a7, 1954) 53,
ZAUTER ARSI C B E D (Fig. 9 &),

FHFNT VXV ANTA o RHRERIZIA L 4544
LD, EvTIYICHAEETSH, v T VILETIE
F T E 900 m PL T o Ml (2 AR B B A3, Hitdsk
LTI LZ 1,500 m FTOMAT S (Alll &
Ripley, 1973), /38— TIZEIC 9IS m £TIFZ
<ESBICHE S E LTARL, BEC 1,700 m £ T
19 % (Grimett et al., 2000), &~ 7 ¥ D5 1,000
m7 52500 m £ TO L OREIZEDOE
A=K DWNZEICHEE, 10 A225 5 A £ TIdwE
BLIRDHIERFTHD, 2FED, AT EXFLA
ITE~= T Y CIHEHDOETH D,

NI X LA FREORESMEE SIS EEY 5 2
To KBTI B R oK, ©oF D 1)
U ZKHEAL 2) U R/ L AREPKEL 3) L Aok,
4) 7V K%K O 2[RIk & 2 [BIORIKEITH -
T EEHIIEZD,

KBE, FRIZEVTICITREAE, K2 O B IR FERE
DL B 5, BHR L OFHHLIEO K EE
O, <D, BE L KEBHG OO 5k
SWrEN., oMWY T 2T (BT I
BUWAENE (A7, 1988), BFH<L U Ak
WCEFE3FE (AT LA, NV T SR
LA, AarkdlA) OILBHEEDOSAIRDE
TSI, EERERS S, BRELT3 O
DEIe HERERZ I LD THAH, 325D 9



Origin and speciation of M. grandis and M. alba

75 90° 105°

120° 135° 150° 165°

e 60°

45°

m
-

30°

\}@

15°

x‘h

Fig. 9. Disjunct distribution of M. maderspatensis and M. grandis. A ~ E: Areas
around the Sea of Japan; F: North China Division; G: Central China Division in
Sino-Japanese floral region (after Kitamura, 1957). m: M. maderaspatensis; g: M.

grandis; a: M. alba.
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