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Sexual dimorphism in reproductive traits in dioecious plants
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Sexual dimorphism is differences in primary and secondary sex characters between the sexes. Sexual
dimorphism is widespread and recognizable phenotype variations in sexual organisms and may facilitate
an increase in biological diversity.

Dioecy is a plant sexual system having female and male individuals like most animals. In
dioecious flowering plants producing unisexual flowers, females and males have been known to differ in
morphological, physiological and life-history traits. However, sexual dimorphism and the selection
pressures facilitating the evolution of trait differences between sexes have not been sufficiently clarified
in dioecious plants. Despite the little attention, to study sexual dimorphism and the evolutionary
processes in dioecious plants will give important insights for understanding mechanisms of
diversification in flowering plants.

Because plants are sessile and depend on abiotic and biotic vectors for pollen transfer, sexual
dimorphism in reproductive traits can be shaped by the vector-mediated selection. In insect-pollinated
plants, many examples of sexual dimorphism in reprbductive traits have been reported. However, the
underlying evolutionary process driven by vector-mediated selection have not been sufficiently
examined. As for wind-pollinated dioecious plants, a little is known about sexual dimorphism in

reproductive traits and the sex-specific selection pressures driving intersexual differences.
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The different type and/or degree of sexual dimorphism in reproductive traits will have

evolved depending on the vectors, but few studies have focused on this topic. In insect pollinated plants,
the sexually dimorphic floral traits have been suggested to maximize both male and female success in
relation to display size-pollinator attraction association. Meanwhile, in wind-pollinated plants,
intersexual differences in floral traits are hypothesized to maximize pollen transfer by wind. To
understand how the vector-mediated selection can shape the sexual dimorphism in rt;productive traits in
dioecious plants, further studies not only in insect-pollinated plants but also in wind-pollinated plants
have been required.

In this tl;esis, I examined sexual dimorphisms in reproductive traits and the selection pressures
in both insect- and wind-pollinated dioecious plants (flowering phenology traits of three insect-
pollinated plant species in Chapter 2, flowering phenology iraits of a wind-pollinated species in Chapter
3, inflorescence architectures in the wind-pollinated species, Chapter 4). Then, I compared the
differences of sexual dimorphism in flowering phenology traits and the evolutionary process between
insect- and wind-pollinated dioecious plants according to the results of Chapters 2 and 3. Based on the
findings of Chapters 3 and 4, I examined how wind-mediated seiection might shape sgxual dimorphism
in different reproductive traits (flowering phenology and inflorescence architecture traits). The goal of
this thesis was to test the hypothesis that sexual dimorphism in reﬁroductive traits in dioecious plants
have evolved under vector-mediated selection and that the evolutionary output can differ depending on
the vectors (C}}a}pter 2-4). In Chaijter 5, I also reported sexual dimorphism in vegetative traits in an
insect-pollinated species to discuss how sexual dimorphism in reproductive traits is associated with that
in vegetative traits.

In Chapter 2, I examined sexual dimorphism in flowering phenology traits in the three insect-
pollinated Jlex pedunculosa, I. serrata, and I. crenata, whose female flowers are not smaller than male
flowers. Their females produced significantly less flowers than males. Females opened flowers more
synchronously on a given date, lasted flowers lqnger and maintained higher proportion of open flowers

within shoots than males likely to compensate for disadvantage of smaller display size and achieve
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higher reproductive success. In contrast, when males open their flowers simultaneously, diminishing
returns would increase with display size. These results suggest that sexual dimorphism in floral
longevity and flowering synchrony might enhance both female and male success in relation to the
display size-mating success (pollinator attraction) association irrespective of flower size dimorphism.

In chapter 3, I examined sexual dimorphism in flowering phenology traits in wind-pollinated’
dioecious Rumex acetosa. The synchrony of newly opening flowers on 2 given date did not significantly
differ between the sexes (or even higher in males), although the longer floral longevity and hig!:er
proponi?n of open flowers within each inflorescence branch in females were found as in insect-
pollinated plants. The index of flowering overlap with the opposite sex significantly increased with the
synchrony of newly opening flowers on a given day in both sexes. This could explain no sexual
dimorphism in this trait.

In chapter 4, I examined sexual dimorphism in inflorescence architecture in R. acefosa whose
seeds are also wind-dispersed. Males had inflorescence branches compactly and arranged flowers at the
upper positions. This male inflorescence architecture might enhance the pollen dispersal distance.
Meanwhile, females arranged inflorescence branches diffusely likely to reduce the boundary-layer
thickness around flowers. At seed maturation stage, infructescence architecture changed from- diffuse to
compact ones to eleyate the seeds'in females. Female flowers on experimentally widened branches set
more seeds compared to those on intact branches, indicating that femalcg may have a trade-off between
pollen receipt and seed dispersal. These results suggest that sexual dimorphism in inflorescence
architecture of anemophilous, anemochorous dioecious plants evolved under wind-mediated selection.

In chapter 5, I described sexual dimorphism in vegetative traits in insect-pollinated dioecious
shrub llex crenata. Female individuals had a greater total basal stem area and more stems per individual
than did males, which did not support theoretical ﬁﬁedictions that sexual dimofphism in vegetative traits
are associated with that in the trade-off between vegetative growth and reproduction, and that the cost of
reproduction is usually greater in females than in males. I discuss the causes of the differences between

the sexes based on the hypothesis of the sexual differences of size at first flowering.
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This thesis provides the new insights how sexual dimorphism in reproductive traits evolve under
vector-mediated selection in dioecious plants..The studies examining both insect- and wind-pollinated
dioecious plant species (Chapter 2-4) clearly showed the optimal reproductive traits for each sex and
clarified the reproductive conflicts between the sexes in angiosperms. Especially, I demonstrated that
wind-mediated selection has also evolved sexual dimorphism in reproductive traits and similarities and
differences of sexual dimorphism and the selection pressures between insect- and wind-pollinated plants
(Chapter 2, 3). Because I examined only a single wind-pollinated species, further studies should
examine more wind-pollinated species to generalize my findings. Moreover, I showed that the
importance of focusing on not only pollination system but also seed dispersal system for understanding
the evolutional process of sexual dimorphism in dioecious plants (Chapter 4). Thus, further studies of
the evolution of sexual dimorphism in angiosperms will contribute to generalization of the existing
theories concerning sexual dimorphism in organism and enhancing understanding the evolutional

mechanisms of biological diversity.
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A ERIXCTHE, ThECHEFABEECBORTELETFHDOEH R
FBLTHRZIToTWVS., MO B L3I MBEMNTHEARBENRRZIHELRT,
FXBMEPLEHERRINRTE L., BETCESTIHFHEY TIRTO%L L8
WD THY, IV LABREARBRLAIABEOR LN S HERKE D IX
2EDO-T%EEDIRTET, BFHW BT IHH ROV TIRARNFER
ZRohTWS, XELRXE, EHREABRIORL 2 HERKEDRBOEME
BOMM_ZBE2ARBIZHEL, ZOEREZHOYWTHHRTIZLEERBRLELTWS.
ALK, 6EHBRT, FaThr3FIELBABEBOBRERr Ya—NItBiF 5
WZBEPHRLLEE, ARBEOREXr Ca— A BLOEFEEICE T EH
THREMRLUEEI~4E, AFEOXRERERECBT AN EZHALMITL
HSE, Lo AECHLERORIBLITO EoiE, HEE, SIAXHILLE
REhTWS.

ODHEMBEOUEM _HEEA L THALERPHN D2 b b BRECHET S
REDERRIBA22H2b00, BREESWERAORES+HICIIRSh TR
W2, AEBECOVWTREMBHECBT3EN _HOoBRAK LI RL, 20
ELEOBREZOVWTHERORBRBRELALEA TRV I LETASALTY

5. 2BETE, AEOMEBRKTHIEF / IRMEEHBK. BERArSa—n

IHOFRTIE, HFHEARCBTIEN _HOoRTHERCOVWTHRIEL, HEHE

(B CHERFAELEESA) TBT3 BRODVWTHELTWVWS. TORE,
AABTR, TARLIVEERESDP RV LICBERT A EMEFTHERICBIT AR
FlEfMo>dil, FARIVLEVHIERBEELEVWELEG2ELIET TS
ZEEHOLPRCLAE.BE TR . XOXVEOABMMBERM THL D R 1 " 2xRIC,
BMMED L RERVEER Y Ca— L B A MBI ERAFEE AL B LS
ERL, ThPABBECRAKORREXH O TVIEDRIAIOAN AR THE I L
ERBRLTWVWS., 4E T, 3SBLAKKCAREBRAA N2 L LT, BHEETIX
MEINTRVWEFREROEH B (A XREFRAEFRICEFEE2HITTERE,
FAEFREEFMCEFEZHETHRER) B0 L2%RAL, ZOHD
TRPNAICEIEZTRRDIEEDDILDICEALLTELIELEZERLTWVS. 5
BT, TF/XROAXVFE2HBTERBREEOBBEOEZICEE L THREL
EFBECOHEA_BAZLAZZLEZERLTWVWS. 6E2TR, UELOHERER
Z0T, BHOERBMEEACBTAHAN _ROELNIEREEO KL TKEL TS
ERBIERTVSZ L, EREAHOLEBREZITO LR b LELORAKEZXNS
ELIEMRBPMELRBZIEEZERLTWVWS.

AMETRXREEOB Y RFROCBI 3 ERMBEOSHE LD THKZ
BMOERIZSOVWT, HEBRLBT 2 hETODRZRS - — BT IHERST
WEINETHERR P o L ABEBORMBRAICBT 5 HH-HORIR L 0k
EORREL DV THEET> TV S, £k, AEELAKBOLE» bHH O
EHMBRECLA LN AN ORI BT B EAOREIC O VW TER2IT-
TW3RYE, HAHEATHLHFHRAEORBVWRNAEZE LRI L RoTWS. BE
ARXEMEN ZHOELOBA» bR FHMOBESMEOHE - HFFBMIC >
WTHLVWBRAZEXZE VI ARBVWTHERBSHFMETE 3,

BB, ARXEBRTIEE(F2~5sE)XENORBHXELTELDTEY,
$#2% X American Journal of Botany®% (ZEREH V) K TAKREhTWS., HSER
FEREMFRASHE (EHEHY) TTREHXBZHESIh, ARFETDHD. H3
HLEIHRRBRAZE S LTRBENTHS. TECRFERXOFEMERT.
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