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Sex expression and reproductive biology of Stachyurus praecox
(Stachyuraceae)

ABE Tetsuto"*

Abstract

Sex expression, sexual differences, flower visitors, and fruit set of Stachyurus praecox were examined
in forest edges of Mt. Tsukuba for two years. Floral morphology, sexual organs (ovule and pollen), and
fruit set suggested that S. praecox was gynodioectic. Sex change was not observed for two years.
Significant sexual differences were observed in the number of flowers per inflorescences and fruit set.
Despite the existence of ovules, fruit set of hermaphrodite flowers was very rare (nearly 0.0%) and was
not increased by hand-pollination. Thus, the hermaphroditic flowers seemed to contribute mostly as male
and this species is considered to be functionally dioecious. In addition, the rare existence of intermediate
inflorescence containing hermaphroditic flowers and female flowers implied that the sex expression of S.
praecox was instable. About 35% of female flowers set fruit in both years, and hand-pollination did not
increase the amount of fruit set. Frequent flower visitors such as hover flies and small solitary bees were
likely to be effective pollinators for S. praecox flowering in early spring in sunny forest edges.
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Introduction
About 80%  of
hermaphrodite flowers (Proctor et al., 1996). Therefore, the

angiosperm  species  produce
existence of other minor sex expressions has attracted
researchers since ancient times (Darwin, 1877), and various
hypotheses for the evolution of dicecy have been proposed
(Charlesworth & Charlesworth, 1978; Charnov, 1979; Bawa,
1980). As a means to test these evolutionary hypotheses
toward dioecy, flowers with intermediate sexual systems
such as gynodioecy have been investigated to determine
the relative contribution of sexual functions to fitness
components (Wolfe & Shmida, 1997; Ashman, 2002; Dorken
et al., 2002; Collin & Shykoff, 2003; Glaettli & Goudet, 2006).

Stachyurus praecox Sieb. et Zucc. is an endemic pioneer
shrub common in forest edges of warm temperate Japan,
and the congeners are distributed in temperate eastern
Asia (Li, 1943; Ohba, 1999). The blooming season is early
spring when the activity of dominant social pollinators such
as bumblebees is not so high. The sex expression of S.
praecox is known as “perfect or functionally dioecious” (Li,
1943) or “usually dioecious” (Ohba, 1989, 1999), implying that
the sex expression of this shrub may include variation.
However, the sex expression and related characteristics of
S. praecox have not been studied in the field. So, I examined
the reproductive characteristics of S. praecox including sex
expression, flower visitors, and fruit set.

Methods

Two populations (2 km apart) of S. praecox were
investigated on the northern slope of Mt. Tsukuba, Ibaraki,
Japan. Reproductive individuals found in two 150 m line
transects along a mountain road were measured for size
(height and diameter at 10 cm height) and flowering. The
flowers that had pistils that were equal in length to stamens
were defined as hermaphrodite while the flowers that had
stamens shorter than pistils were defined as female.
Individual sexuality was determined by observing several
inflorescences. The investigation of flowering was
conducted in March 2005 and 2006, and fruit set was
investigated in May of the same years. The number of
11  hermaphrodites (356
inflorescences) and 8 females (286 inflorescences) in 2005,

individuals investigated was
and 10 hermaphrodites (470 inflorescences) and 11 females
(400 inflorescences) in 2006. The total number of individuals
surveyed for reproduction during the two years was 12
hermaphrodites and 13 females.

To check the sexual function, one flower was sampled
from 10 hermaphrodites and 10 females, and cross section of
a flower was observed using microscope (Nikon SMZ-1500)
whether ovule was presence. An anther was sampled from
all flowers to count the number of pollen per anther. An
anther was broken using tweezers in a petri dish filled with
ethanol. Then, all pollen grains in an anther were counted
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using microscope (X60).

To estimate the light
photographs at 1 m height were taken on September 2006
using a fisheye lens (Nikon, FC-E9) within 2 m from each

conditions, hemispheric

reproductive individual along the forest edge. Then, crown
openness of all individuals was measured using the
CanopOn 2 free software (http://takenaka-akio.cool.ne.jp/etc
/canopon2/).

Fruit set was calculated at the inflorescence level and
averaged at the individual level and by sex. To detect the
pollen limitation for fruit set, outcrossing hand-pollination
was conducted on all individuals (female: 1657 flowers of 108
2689 flowers of 150
inflorescences) in 2006. Pollen samples for hand-pollination

inflorescences, hermaphrodite:
were corrected from hermaphrodite flowers. The control

was naturally-pollinated inflorescences in the same
individuals. Flower visitors were observed directly (for 3

times, 1 hr 30 min) and also using digital video cameras

(Sony DCR-TRV50, for 5 times, 5 hr 00 min). This
and 3
hermaphrodites. In a trial, flower visitors were observed

observation was conducted for 3 females
within 20 inflorescences in direct observation and within 3

inflorescences in video camera recording. After the
observation, flower visitors were captured and identified in
the laboratory.

The effects of crown openness and sex on size on the
number of inflorescences per individual were analyzed by
two-way ANOVA. The effect of hand-pollination on fruit
setting was analyzed by one-way ANOVA. Percentage of
crown openness and fruit set were arcsin transformed prior
analysis. All statistical analyses

performed using JMP software (Sall et al., 2004).

to statistical were

Results
Floral morphology of S. praecox exhibited female and
hermaphrodite characteristics (Photos la-c). Ovules were

Photo 1. Flowers and visitors of S. praecox. (a) Hermaphrodite inflorescences, (b) female inflorescences, (c) a
hermaphroditic flower (middle left) and female flowers (middle right and upper) within an
inflorescence of a hermaphroditic individual, (d) ovule (white arrow) of a hermaphrodite flower, (e)
visitation by Halictidae sp. Yellow pollen are deposited on the stigma, (f) visitation by Bombylus

major. Yellow pollen are attached to the proboscis.
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Table 1. Sexual differences of S. praecox. Values are mean + SD.

Traits Year Hermaphrodite Female
D10 (mm) 67.6 = 30.4 66.4 = 40.5
Height (cm) 324.2 = 94.0 290.0 + 122.8
Number of individuals surveyed 2005 11 10
2006 3 11
Number of inflorescenecs per individual 2005 561.5 + 483.4 463.1 =+ 483.9
2006 444.2 + 338.2 321.4 £ 399.6
Number of flowers per inflorescence 2005* 19.1+7.2 17.5 = 8.4
2006 * 177 £ 7.4 15.1 = 6.6
Fruit set (%, natural) 2005* 0.0+0.0 36.2 = 28.1
2006* 0.0+00 35.6 = 35.1
Fruit set (%, hand-pollination) 2006% 0.0x0.0 35.0 = 33.9

* significant difference between sexes (one-way ANOVA, P < 0.01)

153

Table 2. The effects of sex and openness on the number of

recognized in all hermaphroditic flowers (Photo 1d). The

inflorescences per individual.

Effects F df SS P
2005
Sex 0.2 1 33047 0.677 contained 8 anthers (n =
Opnenness 0.8 1 141146 0. 394
Sex X openness 3.9 1 721411 0. 066
2006
Sex 0.5 1 74336 0.483
Opnenness 0.0 1 1056 0.933
Sex X openness 1.2 1 174682 0. 286

Table 3. The effects of sex and openness on individual sizes.

number of pollen grains in female flowers was 0.0 = 0.0 (SD,
n = 10), while an anther of hermaphrodite flowers contained
3474 + 1106 (n = 10) pollen grains. Since the all flowers
20), a hermaphrodite flower
produces 27792 pollen grains on average. Sex change was
not observed during the two years. Mean openness of 25
individuals was 375 %= 57%. The number of flowers per
inflorescences exhibited the sexual difference on both years
(ANOVA, F1,620 = 6.8, P = 00096 for 2005; Fy1, ss6s = 275, P
< 00001 for 2006; Table 1). But for the number of
inflorescences per individual, there was no significant effect
both on 2005 and 2006 (Table 2 and Fig. 1). Individual sizes

Effects F df SS P
D10 (D10 and height) were affected only by the interactions
Sex 0.0 1 5 0.947 between sex and openness (Table 3).
Opnenness Lo 1 1079 0.327 Mean fruit set of hermaphrodites was 0.0 = 0.0% in
- Sex x openness 6.6 1 7103 0.018 2005 (only one fruit produced from 356 inflorescences) and
0 + 00% in 2 . .
Sex 0.8 1 6648 0,392 0.0 = 0.0% in (())06. (completely zerolwhﬂeo fe'male fruit set
+ -
Opnenness 31 1 26963 0.093 was 362 = 28.1% in 2005 and 356 = 35.1% in 2006. Hand
Sex X openness 9.6 1 83440  0.006 pollination was not significantly increase the fruit set of
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Fig. 1. Relationships of openness {left) and D10 (right) with the number of inflorescences per individual on 2005
(upper) and 2006 (lower). Circles and solid lines were hermaphrodites; triangles and dashed lines were females.
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either hermaphrodites (0.0 = 0.0%) or females (35.0 = 33.9%,
ANOVA, F1, 308 = 002, P = 0.8746).

Frequent flower visitors were flies and bees (Table 4,
Photo le, ). Social bees such as bumblebee and honeybee
were not observed.

Discussion

Despite no pollen limitation for fruit set, hermaphroditic
flowers produced almost no fruits. So, hermaphroditic
flowers of S. praecox are likely to be on the way of losing
female functions rather than becoming completely male. As
the germinability of seeds produced by the hermaphroditic
flowers was not tested in this study, it is unclear that the
hermaphroditic flowers can contribute to the next
generation through female functions. However, ovules in
hermaphroditic flowers suggest that S. praecox is
gynodioecy. In addition, the rare existence of polymorphic
flowers within an inflorescence (Photo lc, this plant is out of
surveyed population) suggests that the separation of sexes
has not been complete yet in S. praecox. Evolutionary
pathway to dioecy generally goes through gynodioecy or
androdioecy from ancestral hermaphrodite (Charlesworth
and Charlesworth, 1978). As a result, floral organ of non-
functional sex is remaining in some plants of cryptic dioecy
(Mayer and Charlesworth, 1991). Even if all seeds from
hermaphroditic flowers have already lost germinability (if
so, S. praecox would be cryptic dioecy), the characteristics of
remaining ovules and fruit production imply that it is not
long since their sexual function was separate.

In dioecious and subdioecious plants, there are many
sexual differences derived from sexual allocation strategy
(Geber et al., 1999). Smaller inflorescence size in female S.
praecox may be a trade-off of female reproductive cost of
fruit production (Bell, 1985). On the other hand, sexual
difference in

individual size and the number of

inflorescences per individual was not so clear probably

because the bush including S. praecox in forest edges along
the road was cut down at some intervals. The relationships
of size and the number of inflorescences with openness
seemed to be differed between sexes; females did not
change or decreased the size and the number of
inflorescences with openness while hermaphrodite increased
them. This could be growth handicap in females after
cutting because of high cost of fruit production. However,
further study on S. praecox population is needed to clarify
the sexual difference in individual size and the number of
inflorescences per individual.

Flower visitors of S. praecox were predominantly
hoverflies and small solitary bees. The bell shape of the
flowers suggests that small sized bees that could enter the
flower (Photo le) or long-proboscis insects such as Bombylus
(Diptera) (Photo 1f)
(Lepidoptera) would be effective pollinators.

major and Polygonia c-aureum

Diurnal
visitation rate seems adequate and pollen limitation for fruit
set could not be detected in the surveyed populations. Thus,
these diverse generalist visitors probably contribute to the
effective  pollination of S. praecox. Pollination by
opportunistic generalist insects is a syndrome of dioecious
shrubs (Thomson & Brunet, 1990). Since these visitors found
in early spring tend to assemble in open sunny sites, forest
edges seem to be reasonable as a habitat of S. preacox.
Another reasonable trait for this habitat is also known in

the germination characteristics (Abe & Matsunaga, 2007).

Acknowledgements
The author thanks Takayuki Kawahara for his helpful
research advices.

References
Abe, T. and Matsunaga, M. (2007) Germination characteristics
of a pioneer shrub, Stachyurus praecox (Stachyuraceae).
BulLFFPRI, 6, 145-149.

Table 4. Flower visitors of S. praecox.

Handling time per  Percentage of visited flowers

Species Order N flower (sec.) within an inflorescenes (%)
Chrysomelidae sp. Coleoptera 1 115 6.3
Bombylus major Diptera 8 13 19.4
Eristalis cerealis Diptera 1 1 10.0
Eupeodes ferquens Diptera 2 74 8.3
Sphaerophoria macrogaster Diptera 4 14 13.4
Syrphus ribesii Diptera 6 31 9.7
Muscidae sp. 1 Diptera 18 7 17.4
Muscidae sp. 2 Diptera 4 13 23.1
Tipulidae sp. Diptera 2 70 10.1
Halictidae sp. Hymenoptera 3 25 13.0
Megachilidae sp. Hymenoptera 1 12 10.0
Polygonia c-aureum Lepidoptera 1 132 5.9

FHB AT e e 45 6% 3%, 2007



Sex expression and reproductive biology of Stachyurus praecox (Stachyuraceae) 1565

Ashman, T. -L. (2002) The role of herbivores in the evolution
of separate sexes from hermaphroditism. Ecology, 83,
1175-1184.

Bawa, K. S. (1980} Evolution of dioecy in flowering plants.
AnnRev.EcolSyst, 11, 15-39.

Bell, G. (1985) On the function of flowers. ProcR.Soc.Lond.B,
224, 223-265.

Charlesworth, D. and Charlesworth, B. (1978) A model for
the evolution of dicecy and gynodioecy. Am.Nat, 112,
975-997.

Charnov, E. L. (1979) Simultaneous hermaphroditism and
sexual selection. Proc.Natl.Acad.SciUSA, 76, 2480-2484.

Collin, C. L. and Shykoff, J. A. (2003) Outcrossing rates in the
gynomonoecious-gynodioecious species Dianthus
sylvestris (Caryophyllaceae). Am.J.Bot., 90, 579-585.

Darwin, C. (1877) The different forms of flowers on plants of
the same species. Murray, London.

Dorken, M. E, Friedman, J. and Barrett, S. C. H. (2002) The
evolution and maintenance of monoecy and dioecy in
Sagittaria latifolia (Alismataceae). Evolution, 56, 31-41.

Geber, M. A., Dawson, T. E. and Delph, L. F. (1999) Gender
and  sexual dimorphism in  flowering  planis.
Springerverlag, Berlin.

Glaettli, M. and Goudet, J. (2006) Inbreeding effects on
progeny sex ratio and gender variation in the

{ Bulletin of FFPRI, Vol.6, No.3, 2007

gynodioecious Silene wvulgaris (Caryophyllaceae). New
Phytol, 172, 763-773.

Li, H. -L. (1943) The genus Stachyurus. Bull Torrey Bot.Club,
70, 615-628.

Mayer, S. S. and Charlesworth, D. (1991) Cryptic dioecy in
flowering plants. TREE, 6, 320-325.

Ohba, H. (1989) Stachyuraceae . In: Satake, Y., Hara, H.,
Watari, S. and Tominari, T. (eds.), Wild flowers of Japan:
woody plants. Heibonsha Ltd., Publishers, Tokyo, Japan,
92-93.

Ohba, H. (1999) Stachyuraceae. In: Iwatsuki, K., Boufford, D.
E. and Ohba, H. (eds), Floral of Japan, Volume Ilc
Angiospermae, Dicotyledoneae, Archichlamydeae (c).
Kodansha Ltd., Tokyo, 191-192.

Proctor, M., Yeo, P. and Lack, A. (1996) The natural history
of pollination. Timber Press, Portland, Oregon, USA.
Sall, J, Creighton, L. and Lehman, A. (2004) JMP start
statistics, 3™ edition. SAS Institute, Cary, North

Carolina.

Thomson, J. D. and Brunet, ]J. (1990) Hypotheses for the
evolution of dioecy in seed plants. TREE, 5, 11-16.

Wolfe, L. M. and Shmida, A. (1997) The ecology of sex
expression in a gynodioecious Israeli desert shrub
(Ochradenus baccatus). Ecology, 78, 101-110.



156 ABET.

F7 (708 OMERECEERFE

wE A

®E

BHFEOXE, L, F7YOUERBRIIEERRAED S I EIRBENTWED, B THFT L OlER%Y
BUETERBIZOWTIEEIN-FiEA S NE W, F2C, I 7VOEOMER, H2E, SR, FHRE=E
ZRIBEILNOMBEAEC2EMAE L. EOBERPEBE B ER) oFE, SERRIIFT VI
MR EMERRTHH Z EWRB SN, WEIEF L) OB TEREICA R, BEEFHETERI
B oo FRUACITEBREN R ol HERICEESHRES L5000, HEEEECH (3120.0%)
ThHh, BEZHEBLTLOEELEr o 20720, F7VOMBMAIZIZEAEHE LTEBEELTEY,
AR T IIMHERAR TH A EEZ N, $7-, —DODOIEFEHNICTE & LRI T AEF 250
EEEBEATIEAERINAZZEDS, FTVOURHEIREL TV RWEOLEbh s, —F, M
TE &L BBBREORERETH )., BIZHTLREREENEZ 2o 22 2 LTEBHIBEREZ o Thin
LEZON, SBERRRINTEPCEMENFAFHIRLTH Y, BEOHRBRETINS OERBRENE
BICHRBE L T/,

FoU—F T MR, WE MRW. KD A —

¥ FWR SRR ZEHE  T305—-8687 KEEDO CIEHHBOE 1 e-mail: tetsuabe@fipriaffrc.gop
1) FMARATFEAT B AT 72 58

BRRATEIIEHE %6% 3%, 2007


http://www.tcpdf.org

