IYyNFRIA18(3): 129—136
Honeybee Science (1997)

Y75V 9&ENTTIVNFINF
— MY DFEDREEDI2DDEY) 2 =9 —& 5 E—ITRlFT—

SRt LREERS

BV D & 5 R FAENS AR T TR L,
Fhic b DT <l S TR O RIS BRICE
WThH, kb OEFIICERNT 2WESES T
T, @i, Mk, EAE, B AEYEE £
R, BBlRE, 500 3EYENERBICE W
TEDLIDBELEEANHEITLTVWSE, TDX
5 YR OB ER{LoBRTRbhD
2HB5bDDOREERLRTSEEL LT 4
Z#EE | (Wilson and Peter, 1986) &\ 54
BRSRIERESEE N (B, 1997). #L
T, BETRE, EYMEHRIEOTHR PR % [b]8E
T, EHERPIC S ENPNC S SR HEENE
FLTW3. zhid, EYEtEomEss, A
Bho, ZREMEOEZDORIEEM.2E S 121
T3, EYIEHEER TN SRS EY
D%y b7 —=27ICX>TKD I > TWHWBAERER
DHBEEALEBOTE F ORELWANE, 0VT
FAEFD Fo b OFEME S 2 RA[HIH I b+ 5]
REMEDSEIHES WA h o TH B, IFERIRE LT
YR Z 0y 25 ST HEMICEM L T34
RE DM L OWEE R, T ORIEIC 38
BRI LX 32/, Hi, IEHROEL
PEBICEBE L TVWAEIFTRL, BEibE{bE
WHREIC E DD THEKEW T o2 25 ED
X ICHEMERIEIRIEL, EhEZhEELLE

TOLIRODVWTODEREEELTVENSTDH S,

Z D &5 ILIHFEE DR WERED 100 5,
TEMZ R EVHREAEL L bIckEh
RSB REEYFE L REEEETH D
CE&R « RIFE, 1996). [fEkElEED 72D OffM
ORI | & LToRLEWE RO

Br woa

i3, CONBHOEREDVLENTHHE I F
2V —L—0 [REEYFEEHEITKEIEVD
TEREMESTRLDICHERL T EEES
T EITE M50 ] (Soule, 1991) EWHE
WD, v 4y O [REEYHEBAEM T
BEEWESS (% biophilia) ITRILTH
D, ThEHELSH»HENSMERETHS] &
Wit (FlZ I, Wilson, 1992) it k< b
nTn3,
BeKicH~3 & CoRFIcB T 2R TEN
#ESHATIRD B05 1996 FEiTRedY)
¥ EEEDO2oHBRE CEA - KIE,
1996; KB, 1996) »TlfTE N, [6 UFEIThie
LERERAT R TR U, RS REET ST ) 560
FIT OB EIN. EYE ORI
BoLTahE, MAEEOMEELZLED
HTATHEVDRFNER STV, &Y%
Bt DR Z A HEE & 7 2 F5EED, K
BBV #HEDDH B EL T RENTDH
3,

HEFGF D5 « ML L OERE

BifE, PG EOMEE I OTEERE
KE LTEL ZMEshTwa0iR, EFHERO
Sy o AT LI S EEEE /NP AN LT H
% (Wilcox & Murphy, 1985; McNeely et
al, 1990; & « RIE, 1996). =hid, &L -
WREREPRAEY OFELL &b, BHRD
HEWZ M E RO THEZRREZ L 50TV 5,

MWK EDH 5W BT, HK, EHE, EFE
BE, EYOER « EFGIN, bie BEZFEL
P, HEERE2255. £THAL
WicEBGIBEbN, KT, FARERED



130

SRS N EBGTOmE% LR % & 5 il
5. LT, 2Wic3DEoAEFLGR oW b
BA%E & IR o 78 2 i BTN L THEAE S
551 B,. ThEEbic, L LIAEES
BT 3 b & 7o EABEAS AL L T R &
na,

KBGO W « I kil S REEE o5
{eeirAbid, BEREMEAEEE A X /N
AEED LN OfEETH % A & [ERBHRERS O E
%08 U CTHY oM nliErE % S 5 (Menges,
1991; A, 1993a, 1994). & 5ig, L7
HEH SR ORPEAREE T, SO RIS EY)
IRV E S D 3R M BT D = RS 2 221 L
S, ToILV o2 S (Rt 5 AlhekHs
#%z2 o605 (Janzen, 1974; Howe, 1984). {E
BaER T 2R ERB b NIEHEY OFRET
B KR X o2 TR, MEANTOR
SR ORZHEREEE, LD
150 &S HERED H 2 YT, FIFEAMbE %
ZEWL, HEYRAE OEIRMNZ R A E 55D 3
BAMFEMEA R E V. EFEFOSWHLALIZ 5
AR OANAL P EM B ROEES LD L S
WEEZOLOTHIIE, BTELITARESRLIE
JHY R T 5D H D JPMAREOREEIC L > TK
KRR ENTFHENS, oL, T4
FEDZH (Jennersten, 1988; Bawa, 1990),
E# ORI X 2 G0 EATEO#E/ NP B~
DR (Bawa 1990; Menges, 1991; Aizen
and Feisingr, 1994; Washitani et al., 1994
a) &, WIh bEER O PBEINA R
OHERFERE I 5 & 5 A RIS T LM
FHlEhz, LAH, FllshsEELEo
WTid, EbEohEnaiE, HRNEERENE
1L, ThzEERMcEM T 288087 — 4
2R & D MR IR EA DOV,

YISV DREEREF

Y75 9id, poTRILEED SN E
T, FEHD S TIAL 49 B8R
ThH-o1e. LoL, HETRELY Yy FY XM
WEhrBECHBLTWS, ¥75V 9137
o—v (10T, oELEFEI D SKE

L7oREBIK) oFmopEVicy, HBRINZE L
KEBREOS & TR, DD 7 o— vl
VLTV TH, TOREBRPE/bic&KI< LR’
LW, FTD 50187 u— v OHELAE
&b, w7 o—vhkEL, BEEEKD
HEEDLLTH A,

L L, ZofTAEER, iftRRoATE,
FRiZ b s =und ~"FoE (R8T Y
NI =NFTF) OFEOBEREEL T, &
BEOSW « AL OBAESEEE S T T
5T EMNP ST - T E 7 (Washitani et
al,, 1991; 1994ab, 1996; Washitani, 1996).
AR THNT BFEER, EHFHTOMALpL4:
VIR EEROEEN T TIKY 7 5V 9120 T
75 < % < DEFAAEY) D BHERk D) MEIAREE OHERF
G TBHbDERB>TVWBT EERET S
bDTHB. FEESDH Y 5V 9 DRSEREY
DOWFEIR, RECHI O VWEEDPDEBVWAS
A BERBIR TS 505, ARiTR, Z0H
KEFBRO R L% T RN LTHB T
Licd b,

YI5VI0ERERE

F7 5V, BREHEMEE VS R0
VIS 2 F LRS- TWS, 6 UEER DT
M WP RES VOB MTRI 5% Bl
s 47 (BB, ®=N7) 5ED SN 5FREE
Bk, BREFIHL;, 70—v (xky
M) HOMEOEVERERIKE S LTk L
1D 1D DI TH 5 EEZEZ SLNTWV B,
BRER Y O RS 2 ' V7 0TI, HES
WEHETVWORED IE, EHOKES, HE
DRADIZIK, e PHEHO A& T 2
AP IS & B RIS B CEA, 1993b). 2
7Y UBOEYITE, i@ 254 7DENT,
THROLHEHSEVAE, FHPEVIEICH S
EBERAEE V7 &, B & D EFDOABEIC
HEE#HZ b WIEREEL 785, BXkZ 101
Dkt TcEE NS, AXZHOEH TR S A
7 DIED DO T IEAEFERIE VD, BB
74 THEOZM TR FEET 5 LV,
T h b BREHMR O AK « FEARIEH:



131

T ' -

A—N—T—=2DYTa=y k

g G p P

\

A

gpa/gpa GPA /gpa
RIEHEE aEER
EEEER

B 1

§
Gpa/gpa
| msnan
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ENMB 20T OO VBIETFE2ET 23209 Ta=y rH5RBEFEELTVS. KhEL
Ny = TEREDPTIHEHE P O TE LIRSV ETIAESES 5. 2—N—Y -V
BT 2B B HAKORIRR, B, ~7 oS REARENTH 3. Lith-T,
REAM 0N, BEMICES & LRI E S 0 BRI ERAERR 11 T 5. BENS
Yed b DLIERTRE, 2—r oY — vORMTRT 2HBELCRRT 3. 42735V, UL

S TRAFEERASED S 5.

BEDLN B,

¥ 7 5V v BORYOHEER O,
FTLEHFTVEELUESICDD, UL bAHMN
HEKMET MBI (BRZHREEMENT
DT & BFEFE) | %9 5 /EEEE
TWROMBT ENH B, HEEIRR, ERTE
% KRG 2 25—V — v EFRE N 3585 T
DN TOAEZITL > THEL 5 b D & HEH
shTwa (®1)., BRiCk2EmB 2 TH
i, HaEZ oSl T B ER Ot
ITIEDS A T &R, TORFEMHEHMEDIVIN
SEMFEEe V7R T LRSIV,
B D F D AAF ) 0 BEHl ) bstibhili O FFRic L
NTEBEVHBE, 2F DIARFHHD DK
WHEIcEEE->TLEbDEHMShTL
5. Lirl, BRIZKZ2ERY — ERBAT5
i BE, BRICH S EbETFELEETE
% SAERACMEA 5 A5G EERNC I, R
DHTZDENEIANL, MinSEGE T 13578
TEEMEZz Db DMEbNBE T Ebd 5 T 5
& T3 (Charlesworth and Charles-
worth, 1979). +7 3 v v Eoduci3, fHILRE

(Washitani, 1996 X v Z[X])

D FERACFE SR U TR I BIND R S
N ST & 2 IS /DIE 0 5 FHFET 5
MPHThH 5.

753V ZTOEEY AF AITBVWTIRY
77V VROEYIOMBEWZ 5, Tibb,
FARMNTIZ 2 B 578 5 BRI TH 5 23,
K FNICEEIEE V7 BEET 5.

FSTIINFNNFOLEDIE

+7 5 oDfbicid, BriAROESNT
W3 A TREEOWRNF Fh A F T T
EWFEN B, FETAEIC S 3 GRS X
BHE 52wt ~F (5K JtiETiRT
DHEFED LY+ I=INFNTF) OLETHS
(Washitani et al.,, 1994).

P75V IRHIELIZN TN FNFOE
TEz2Hio A Tz o OHROFNEIN 2 EATET
PAMEBE TN TA B &, RAEREIED bR & 5EAE
Dbl (K& S5 S 72D XBI L TEld
5TENTES) BOKDORERLZEHSICE VI
HIRENBEL THELTVE I EbrD
(X 2). zo&k5BIEMOfEHTE, R
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TEREME I B 1 2 KR S AL DT RE DI 72 H 48
BT 35— 94 v o EEkE (Darwin,
1877) DOHiIREDVZBENTHSE. §18b
b, TOLIBIEMOMEL TR, +F=un
FNFRY I 5V DRS TN T B OERE(E
HETE2DICEMNTHBEERET S, &5
I, 7 5V oY, TERokxBED
D E R, BHRCARI SEHTH LI
= —%AH%d oI HSBAICERTER A E
BB TN FANFLEERKTE LTHEL
LicdbDEEZ 2 LBELPT W (Washitani
et al, 1994b). 4 7b b, FAEH I LT OHEN
EHORHIc—HL, tRORE=80%X i

HEDODEDESICRFII—HLTVWEDTH 5.

EER > B DOEaHOF R

g ol L - (R#EX 0+ 2 5 v v |
BEHICBWTETEEAFANTASZ L, Zhid
L BT, CKEBHETHEET 2FREE
W7 =R/ 018 ) OFFEFAE
MAD 5N 5 (Washitani et al, 1994a), T
DEH>BEFEED Y-, 2%, LT

KL, EVIEOEVHKENL EVWI Y-V
7, EBMREAEIC L AEBOMBAREICL -
Tbho&dhtcbDTHB I LR, FHERRD
G E =5 ) ¥ I OREN OSSR DT
PAEBTRIMNSEERR I & » TAFIA & fuic (Washi-
tani et al., 1991).
EREHRDOEbh I REX DA SN B,
bR oFEFARED €V 7 EZER, EFICKREE
HREKERET 5. 2, FEEHEEL 7R
XHhHTHVRIKEZT 3a[fEtEBEZE L 5 h
5. Y75V REER (Y=xy b)) OFEMH
ROLWOT, MHEICEENRNSD T LTV,
LaL, MREET, BEEFOTERIcEDL S
B AE RIS REEN S 22 FHlTE &
&, 477V ORNGEHRE:2ZZ % LTHE
BEThHb £IT, 4735V IBOERRIEEYE
DEEEFNVNTHBR—1N—Y—VEFN
(Dowrick, 1956, Charlesworth and Charl-
esworth, 1979, Lewis and Jones, 1992) %
T X L-ENELEET VIcLEE Y a2 L —
vavick-oTEhEBRH L TH (Washi-
tani, 1996). & L xEBEROEH L~
ERERGFRADOREZIIKIH LT, JRIEBFAE oM
REBSZLITIZWA VWA — iRk 5
(X®3) », ehbid, KEL 2o2icbhh b,
R ==Y — v BIRETF ORI TH 2561k
HEBER» S RbNED, ThE bLERIC
s hapovwdnhTds. TITHEREY
NEER, PROREBTERFGBEZREL T
b, ERREOY — EXBRISHTHhNIESKT
KRR v 7 RREBREM» SKDbNTLE D
tWHTETHB. FiLEEN7DEEKIRER, C
OTERE OB 2 7 A TH 5 RBEEEMEZ D
bODEAEAERT 5L & biT, ARITLEL
T UHhEFINICEE LB VWEEEE L7 0O
T EbEe v 7 EHEsEORBABITH S
BtV 7) PEFANCTHEEFICEBEREE S
fodh, BERNERPKIFICEK DN 5 AHEHESK
0,

BHEEOEFEELERY—ER

ST, bIRMNFAFR, 75V I%F



ExICREBRMELTTLEAESL (¥
4) OT, BESKT TUEZES (X 5). £0
VRO G P EICE - T, Fhicbid, 75V
YBINNF AT Db E ORI o
A, D15 & SMAARBEHE T L s 5 T &SIk
Td 5 (Washitani et al., 1994b).

S5THH 7 7 vooHAMMBBELERENT
W3 JbiEERESIc B W T, ORI/ T
HEDNY — VDT Lickd, 5=
WANFNFLEOH DS H B GHEMSEIE S
n, ZLOMEUEAR SN E) LW Gf
EBEERE NG, LICRTUEBE - A 5N
W) T, Z0ELOEEHEKOEWNCX S
T, B EEREZOTE NI Yy — VK E
CRETBBIEMBP oSN, 2FD, +5
TN FNFOLEDHND T ETHE%ER
DY —ERWHBETATIE, BEHEEV7
bREHEE V7 bFTZE NCEET 501
LT, TR wEFETR, BLTET
HEERIRS DT, FrckiEREE v 7 OFE T4
FEDMEW (Matsumura and Washitani, A%
).
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L7z &8, TOHIGFDARD HRZE#D
BEIEIERMRTH Y 2 5V v OEFEFRT
bbHBENVINROTEGEREL/cDTH A S.
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Habitat fragmentation ranks among the
major causes of species extinction. In addition
to small population sizes and destruction of ef-
fectual metapopulation structure, impairment of
species interactions essential to reproduction
may have an additional detrimental effect on
isolated plant populations in fragmented habi-
tats. Plant species with sophisticated en-
tomolophilic breeding systems such as heteros-
tyly are likely to be vulnerable to these derim-
ental effects of pollinator loss. A conspicuous
example of such effects is seen in Primula siebl-
odii E. Morren, a heterostylous clonal herb en-
demic 1o Japan and adjacent East Asia. Al-
though the species was once common and occ-
urred in a range of moist habitats throughout
Japan, in recent years it has declined and is
currently included in the national Red List as
vulnerable.

Among the visitors to P. seiboldii flowers,
Bombus diversus queens are thought to be the
most important pollinators based on several
lines of evidence. Inter-habitat comparisons
showed a significant correlation between the
seed set of heterostylous morphs and the visita-
tion of queen bumblebees, which was assessed
by claw marks left by the visiting bees on
flower petals.

In isolated population of the species, fertility
selection for a self-fertile, homostyle morph due
to pollinator loss was demonstrated. To predict
genetic consequences of the selection, I devel-
oped a deterministic genetic model based on a
classical "supergene” model, and studied the ef-
fects of pollinator availability on temporal cha-
nges of morph frequencies through model simu-
lation. Fast, irreversible loss of the thrum
morph from the population was predicted. To
prevent the breakdown of the normal breeding
system of the species, active management for
conservation should include pollinator therapy,
i.e, reintroduction and reestablishment of suita-
ble pollinator populations.



