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Dichogamy in fullmoon maple
(Abies japonicum THUNB. )
Tatsuhiro Asar®
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Fig. 1. Scﬁ)emsﬁg %%ﬁgggn%a%g?of Z‘%c—)ﬁ k;%)l&;g} flowers in Acer

japonicum.

A : male fiower B : female flower, anthers do not dehisce.
Two arrows show filament of male and female flower, respec-
tively.
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Table 1.  Number of flowers per inflorescence of a protandrous and a protogynous
tree in the arboretum of Hokkaido Foresty Research Institute in Bibai.

TR 7= 0 DI
Number of flowers per inflorescence
BlIEHT TEDTEE MBS RME A MBS M A tfE !
Observed year kind of fiower Potandrous tree Protogynous tree t—valuel!
1978 (21) 2 (48)
L1 M 4.2+1.13
HEHE @ 2.2+0.5 1.3+.0.4 6.27%%*
L2 o 3.4%+1.7 6.9+25 5.66%**
_______________________________ fEt Total 99%t21  81%28  255%
1988 (88) 67
e ME 2 26209 1607 7A2%F
1989 (42) (31)
L1 M 4.3+1.3
HEE @ 2.6+1.3 2.5+£0.5 0.09Ns
L2 o 2.3+1.2 3.5+14 4.25%%%
_______________________________ Git Total . 91%f23  6lfl2 66T
1990 (20) (20)
L1 M 6.3+1.6
HEE @ 3.7t1.4 1.9+0.9 4.71%%*
L2 o 4.1+32 6.8+1.7 3.26%*
Adt Total 14.0+4.3 8.7+t2.1 5.04%+*

1) F R R REIESERME S S MRS RMER OB, TN 5%, 1%, 0.1%DKETHELEDD
HZ et i, ML, AEEDRWI LR, G RE),

2)  BIELIAEFE

3)  CPHEEREYERE
HEAE 1 (o) : MEE (%) ORINCBAEY DR
HEME 2 (2) : MEAED&IZBIAET D HEAE

1) Difference between number of flowers per inflorescence of a protandrous and a protogynous tree was tested by
t-test. P<<0.05, *P<0.01, ***P<0.001, NSnot siginificant
2)  Samplesize (number of inflorescences)
3)  Mean*+S.D.
"1 : Male flower appeared before female flower,
2 : Female flower,
"2 : Male flower appeared after female flower.

—22M), ZOWETIL, MIEORNBIET 2HAEEHAE 1 (M), MEHEDRICBIET D HEEA HEHE 2(572)
CIESZ LT 5, E£T-, MEPEBMEROREIEIZOWT S, MEEDRICEIIET 5 & Z A Dl FREE 2 &
MR E2T 5,

1987 FF-0D 1 {67472 ) OMEEEL L isEEL (A5 OEMES, HEEERER) 2.2 £ 99 TH Y, HEEL
PEIRD 1.3 & 8.1 KW HEIZZ -7, —F, L 2 OFIIHEEEBER (6.9) O DMEESERMER (3.4)
K OHEBEIZEZ o1, 20X D REEE AR & MEEAERMERO R D 1 FEFF 272 0 OO A EZEE, 1989
FEOMEAEZBRNT, ESE L TR bV, £72, 1EFY720 OEEITIHEFEIC L > TRE<S Bk LT,
HEESEEMEAR CIE, HEIE 1, MEWE, HEE 2 DWTHOED 1990 £ TR H %L, IbDRVMED 1.5~1.8 %
Thoto, MEAERMEARTIE, MEEIX 1989 4T, HEHE21X198TFETREZTH Y, D OEOENEIL 1.9
b 2015 ThHoT,

Fe— 218, FIAREOBALIRVEMA & LS RMER OB 2« DI ORIt (L RO EFHED & FikER]
15 & OFBIRE A AR R Lo, HEESER, MBSO E b, {2 OFEFF OREE 2 ORUTHRAE
L OMICHEBRIEOHBENWTHOREEIZONTHIRD bz, bbb, BIEENS BRI S
2 DML L I DEANED BTz, UL, Hx OIEFORE 1 EMEEOEIC OV TIE, it e FER
IEOMBZ R RESRVME L NA LN, ZDZ &1L, BHE 1 EMEHEOEITRIE S & BRI ED =
EDOHDH L ETETD,
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Table 2.  Coefficient of correlation between the number of flowers of three kinds and the number of total flowers per
inflorescence of a protandous and protogynous tree in the arboretum of Hokkaido Foresry Research

Institute
in Bibai
BT
Obeserved year
1987 1989 1990
TEDFEIA HEFES eI A MEESERME A HEESERME A MEFES eI A HEFES eI A MEFES eI A
Kind of flower Protandrous Protogynous Protandrous Protogynous Protandrous Protogynous
tree tree tree tree tree tree
(21 1 (48) (42) (31) (20) (20)
HEFE1 oM 0.520* 0.791%** 0.365NS
M % 0.200Ns 0.578*** 0.654%** —0.105N8 0.736*** 0.625**
HEE2 o2 0.798*** 0.981*** 0.413** 0.865%** 0.823*** 0.902%**

1) B LI
*ORE R, fElx OIEFFICE R DRER S R HERIS, T 5%, 1%, 0.1%DKETHE
BRERICHD Z L a2, £, NIIHERBERORN L ART,
HEAE 1 (M) : MEAE (R) ORIBIHET DHEE
HEIE 2 (2) : MEAEDRIZBIIES DHEME

1)  Samplesize (number of inflorescences)
*P<0.05, **P<0.01, ***P<0.001, NSnot significant
"1 : Male flower appeared before female flower,
2 : Female flower,
2 : Male flower appeared after female flower.
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ML EBRTED L L TN D LD ICAHAR D, ZD72, S EORREIIR & 258y (F721358) 23 rTRe/e i
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11, WEHE, HHE2) BIOBIEHRZ /R Lz, M— 2 Ti, EEBIC B D TSRO 2\ ERFOIEIC
WATHD, X— 312, K—2 &R 2R 20 FEFICOWT, 1EF47- 0 OBIfER DT (M)
LR, HARINCR Lz,

HETESCRMEARTIE, HEfE 1124 H 26 B BEEDMGE D, TEFFNOIEE 1 2EX IZBRIEL, 4 H 29 H)»
H55H6 HETIXIEFYT VK 1.0~15EDBE LT-, ZD1%, 2uRIZBETR ORI Lz, HEE1
ERZRIT, B A 10 B BMEEDBIEN—FITEEE Y, i< 2 BRI TIRTEHOMEENBIE L=, Skl (5
A 12 H~14 H) (X 147205 3.6 fEMBHIE LTz, WEEDREI 218 X 7= ) HHEE 2 OBITED IR &
D, 5H 20 HAEMEIZHEE & IEME 2 OBIEMINRTRRHZHE T Lz, 2D X H1Z, MEEOBRIEMIH & HEE 1
DZFULER SR, ML &L 2 [TIXE R D HENRO bive, 26D &b, HEEEREE DM
TEITHEIE 2 & AFEZIMDMTOND AlREER D 5, 7238, FERMROBALSCRMBROIEFFZ, BEERTD OB
FTOM, WNTELEIT T2 B TS (FEERIL, BT EITORD ST X O 1/2) R 5
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—77, WMEAESEEMEARTIE, MEAEIZ4 A 25 A 60 3 HRITIRIET X THOBE L, BB 1 Y-
DK 1.8 FEMBAE LTz, T DEED 4 H 29 HLHEE 2 OBIENIGE Y, MEEOBIER 25 5H 4, 5H
(2 1A 72 0 OBRERIIRREINTE LTz (K9 1.6 48) . DA%, HEFE 2 OBRIERUTME L7z, E % OIERIZH
WCHTHD &, MEE L HEE 2 OBERIFAZERIZOBEL T2 S OB EEED b (M—2), Zib
DO HIZIE, MAEFORIE 2 OBFIEMIM E L ERZ LN LD BN BIMFEL, LL, KF¥ED
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217,

Flowering time and duration of male (sheded) and female (un-
shaded) flowers of Acer japonicum in the arboretum of Hokkaido
Forestry Research Institute in Bibai during 1990. The number of

investigated inflorescences of a protandrous and a protogynous
terr is 20. Stripe indicates overlap in flowering.

TR e 26 06 o
9 Protandrous Tree

a

3]
2:
1:
n_

M TE A
Protogynous trea

2
1
GM‘
256 30 5 10 15 20
Apr, May

A

BHICSHERS

Flowers par inflorescence

at
BERECo> 1990 FHETE & MEEDBER D FIZS(L
BBV I ED, ARREITHMEED, FRMIEL &M
DFF DB EHIR 2”7,
HEAE SR, MEESEMEIRDE 20 fEFF 2 ) BUCBlE2
L7z,
Daily changes in the mean number of male (shaded) and
female (unshaded) flowers per inflorescence of Acer japonicum
in the arboretum of Hokkaido Forestry Research Institute in
Bibai during 1990. The number of investigated inflorescences of

a protandrous and a protogynous tree is 20. Stripe indicates
overlap in flowering.



F—3 MIAREROHELSERMER & MEESBMEROHHED AT ER (%)

Table 3. The survival ratio of female flowers of a protandrous and a protogynous tree in the arboretum of Hokkaido

Forestry Research Institute in Bibai.

BlIEHT SEEE tfE !
Obesrved year Mean t-value 1
1987 1988 1989 1990
BB A Protandrous tree 10.3 31.1 55.5 14.8 28.0 0.0707Ns
HEAE S B A Protogynous tree 36.1 53.8 13.9 3.6 26.9

1D NS, HEESERMEIR & MEAESEBMRIR DM ED AFRRICHEFAED RN L 2nd (D).,

1)  Difference between survival ratio of female flowers of a protandrous and a protogynous tree was tested by t-test.

NS not significant

BOENEFE—FICBET H72di, fEikE L
TOBEHMIZBIB L% 10 HE &8V,
ME AL o A 5%

R O AR DML DO ARENGE T1E, HEES
2 MEEEROWERE S 5 H TR G 6 A kR
ANIDNT TES S B BT, T DR OMEE (3
B OEFIIV7L, 9 HPEICITREAT 5,
F—312, 1987 5 1990 F-F TO 4 4FEH D
9 HRDHEEDAFR=R (R 2R LT,
TESE, WEECRAD AR & b2, MEEDAFR
RIIBIEFIT L > THE L B o7, 1988 1
AR & S I R AT & <, 1990 AR13HK
Moty LavL, 1987 4F & 1989 4Eix—J7 D
IR CHEFREN IR <, TR 7, 2
D 4 [ O A% 26 D LB I L HEAE S BE AR 203
28.0%, MEAEHCEMALD 26.9% CTHEEHEICE B
AT BN o - (tHE, t=0.0707,
d.f=6, P>0.9).
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HONZxEL, MEHESERMEROZ UL 0.060g TH
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Fig. 4.

Ferquencydistribution of flower longevity in terms of flowering
days of Acer japonicum in the arboretum of Hokkaido Forestry
Research Institute in Bibai during 1990. The number of
investigated inflorescences of a protandrous and a protogynous
tree is 20.

"1 : Male flower appeared before female flower, % : Female
flower, 2 : Male flower appeared after female flower.
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Frequency distribution of the mean seed mass of Acer
Japonicum in the exoeriment forest of Hokkaido Forestry
Research Institute in Bibaiin 1987, 1988 and 1989.

Arrows and N indicate the mean of the mean aeed mass and
number of trees from which seeds were collected.
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Fig. 8. Number of changed trees in the composition of inflorescence and the direction of change in four years of Acer
Japonicum in the experiment forest of Hokkaido Forestry Research Institute in Bibai.
Numberls in the figure indicate the number of trees.
' : Male tree, *% : Protandrous tree, £ " : Protigynous tree,
I+ & : Tree having both male and protandrous inflorescences,
&+ 2 : Tree having both protandrous and ptotogynous inflorescences.
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Tabl 4. The ratio of changed trees in the composition of their inflorescence during each period in the experiment foret
of Hokkaido forestry Research Institute in Bibai.

Bz
Observed year

1987—1988 1988—1989 1989—1990

TR Male tree 0.2 (5) 1 0.5 (6) 0.8 (5)
BB A Protandorous tree 0.048 (42) 0.05 (40) 0.025 (40)

X 2 2 x 2value? 1.736Ns 10.90%** 27.03%#*
HEFE S B4 Protogynous tree 0.024 (41) 0.025 (40) 0 (39)

x 2 3 x 2value? 3.305N8 14.83%%* 34,31 %**

1) BELERK

2), 3) L, KEEIRICBT 2 ZEEEROHBERICH LT 0.1%KETHEZDOH D Z L&2RL, NX, H
BEDRWZ EE2ZNEIURT (WA 2 FRE),

1)  Sample size (number of trees)

2)  Ratio of changed trees in the composition of their infloerscence between male trees and protandrous
trees was compared by x 2 test.
*** P<0.001, NSnot significant

3)  Ratio of changed trees in the composition of their inflorescence between male trees and protoginous
trees was compared x 2 test.
*** P<0.001, NSnot significant

#—5 AEFRERROZAL LT ERD YA X
Tabl 5. Tge size of changed trees in the composition of their inflorescence during obesrved period in the experiment
forest of Hokkaido Forestry Research Institute in Bibai.

TEFRERR AN L U o A TEFRERRAN AL U e o T A tfE !
Changed trees in Unchanged trees in t-value?
the composition of the composition of
their inflorescence their inflorescence
BIEL LS 11 73
Sample size
SN E R
Mean of diameter 2.7 cm 5.6 cm 2.717%*
at breast height
1) ¥, BRI U= fER & 2 Leds > T EIROE BRI 1% DOKETHEZEDOH D Z L &R
7T (¢ RE)

1)  Difference between diameter at breast height of changed and unchanged trres in the compositoin of their
inflorescence was tested by t-test.
¥ P<0.01 (t-test)
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Summary

Fiowering behavior of Acer japonicum both in the arboretum and the experiment forest of Hokkaido
Forestry Research Institute in Bibai had been observed from 1986 to 1990. Three types of innorescence,
protandrous inflorescence that male flower opened before, male flower, protogynous inflorescence that
female flower opened before female flower and male inflorescence that only male flower opened, were
recognized. According to observation of 95 trees in the experiment forest, five types of tree, namely,
protandrous tree that was composed of only protandrous inflorescence, protogynous tree that was
composed of only protogynous inflorescence, male tree that was composed of only male inflorescence,
tree that was composed of both male and protandrous in florescence and tree that was composed of both
protandrous and protogynous inflorescence, were recognized. The latter three types were few. Most

trees were protandrous trees or protogynous trees.



The state that both protandrous and protogynous trees appear in a species such as Acer japonicum is
called heterodichogamy. The size or diameter at breast height of trees did not show significant
difference between protandrous trees and protogynous trees. 3.4 t05.6 percent of observed trees changed
their sex expression every year, consequently eight trees (9.0 percent) changed theirs during the four
observed years. There was a tendency for both male trees and small size trees to change their sex
expression.

Mean seed mass of protogynous tree was signincantly heavier than that of protandrous tree.
Germination percentage of protogynous tree was also significantly higher than that of protandrous tree.
Accordingly, it is expected that fitness of female flower is higher in protogynous tree than protandrous
tree. The flowering time of male and female flowers were reciprocal between protandrous trees and
protogynous trees. Such a condition may obstruct cross-pollination for trees with the same sequence of
flowering and promote cross-pollination for trees with the different sequence of flowering. In this way,
the cross-pollination between male flower of protandrous tree and female flower of protogynous tree
having higher fitness will be promoted. Consequently, it is considered that fitness of male flower is
higher in protandrous tree than protogynous tree. It suggests that these things promote an evolutionary
direction that protandrous tree invests more in male flower and protogynous tree invests more in male
flower and at last this species turn into dioecy.

Keywords : Acer japonicum THUNBT., ,dichogamy, protandry, protogyny, monoecy



