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Shoichi Kawano- and Yukio Nagar+: Further Observations on the
Reproductive Biology of Erythronium japonicum (L.) DECNE.
(Liliaceae)™**
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Energy allocation patterns to reproductive struc-
tures in plants have been most extensively investigat-
ed in recent years in both wild and experimental
populations in conjunction with the studies concern-
ing the adaptive strategy and evolution of plants (e.
g, HARPER, 1967; HARPER and OGDEN, 1570;
ABRAHAMSON and GADGIL, 1973; OGDEN, 1974;
GAINES et al,, 1974 : ABRAHAMSON, 1975a, b, 1982;
WHIGHAM, 1974; KAWANOQ and NAGAI, 1975;
KAWANO, 1975, 1981 ; HICKMAN, 1975 ; HICKMAN
and PITELKA, 1975: WILBUR, 1976; GRUBB, 1976;
R0O0S and QUINN, 1977; ABRAHAMSON and HER-
SHEY, 1977; HOLLER and ABRAHAMSON, 1977;
PITELKA, 1977: van ANDEL and VERA, 1977;
BosTOCK and BENTON, 1979 ; ERNST, 1979; JAKSIC
and MONTENEGRO, 1979; BROUILLET and SIMON,
1979 ; KAWANO and MASUDA, 1980 ; THOMPSON and
BEATTIE, 1981; SOULE and WERNER, 1981). In
connection with such studies, information concerning
pollination bioclogy and breeding system of a given
species in study is most essential and important in
order to elucidate its reproductive strategy. In most
of previous studies, however, very little attention has
been paid to such aspects.

We have recently reported in detail on the
various aspects of life history characteristics and
survivorship of Erythronium jeponicum (L.) DECNE,
a liliacecus woodland perennial (KAWANO et al,
1982 ; KAWANO, 1982). This paper is a supplementary
report to the reproductive biology of this typical
spring plant in Japan, Observations and experiments
were conducted in the field in Yatsuo, Toyama
Prefecture during April to May, 1982. The details of
the environmental conditions of the study site are
given in our previous paper (KAWANO et al., 1982).

Results

Breeding Experiments

All the results obtained in the present experi-
ments are summarized in Table 1.
Experiment 1 : Erythronium japonicum always bears
a single scape and flower. Fifty flower buds of
Erythronium japonicum were bagged in the field prior
to flowering in eary April. All bagged flower buds
opened well within each paper bag, but no bagged
flowers produced even a single seed (cf. Table 1).
Experiment 11 : Fifty flower buds were emasculated
prior to flowering and then later cross-pollinated by
hand, among which 29 flowers (58%3) produced seeds.
The mean seed number produced per plant was 25.
44+651 (5.D.), and the seed-setting rate per ovule
was rather high, attaining 84.47% (CV : 20.41%) (Fig.
1).
Experment 1I: Twenty seven open flowers in the
field were further hand-pollinated with pollen grains
of different individuals, among which 20 flowers (74.
079) produced seeds. The average seed number per
plant attained 31.50%6.35, and furthermore the seed-
setting rate showed the highest value among three all
observed experimental populations, i. e., 96.21% (CV':
3.49%) (Fig. 1). This fact indicates that most of the
ovules produced were fertilized and bore viable seeds.
Experiment IV : All twenty three flowers left under
open pollination in the field produced seeds, but the
average seed number per plant was 20.50+11.82, and
the seed-setting rate per ovule showed the lowest
value, 58.49+32,319%. The high CV value of 55.24%
clearly indicates that the number of fertilized ovules
varies considerably under natural field conditions,
possibly due to the extent of pollinator activities (Fig.
1) (cf. KAWANO et al., 1982).
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Table 1. Comparison of reproductive characteristics in Ervthroninm Japonicwm which was
hand-pollinated and left under open pollination in the field.

No. of No, of
plants

lants
P . produced
examined
seeds

Criteria

Experiments plant (Py)

No. of seeds
produced per

RA (%)"

Seed setting
rate per
ovule (%)

log Individuat
biomass-
log Py

log Individual

Cv &%) bicmass-RA

RA-logPy

(1) Population 1
Flower buds
bagged prior to
flowering

(2) Population 2
Emasculated prior
te flowering and 50 29
then cross-pollinat-
ed by hand

{3) Population 3
Open flowers
further cross- 27 20
pellinated by
hand

(4) Population 4
Flowers left
under open
pollination

50 0 -

23 23

25.44% 6.

517 17.75% 6.03

31.50+ 6.35

20.50+11.82

12.06= 5.56

15.83:£6.82

84.47£17.23

96.21+ 3.37 3.49

58.49:+32.31

20.41 —0.7348** 0.6384* —0.2493%

—{Q.5370* 0.4569° —0.4329%

55.24 —0,2325M 0.2081% 0.6484"*

1} Relative partitioning of dry matter into total reproductive argans (i. e., seed, capsule and scape) at the fruiting stage.

2} Mean:S.D.; **P<0.01; ***P<0,001; NS, non-significant
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Fig.1. Diagram illustrating the relationships
between the seed-setting rate per ovule and its
CV (horizontal axis) and number of seeds
produced per plant (vertical axis). Open
symbols denote CV, and fiiled ones the seed-
setting rate per ovule. Bars show standard
deviations, P-2, Population 2 ; P-3, Population
3, P-4, Population 4

Reproductive Characteristics
Relationships  between individual biomass and re-
productive allocation (RA):

The patterns of repoductive aliocation (RA), i, e.,
dry matter partitioning into total reproductive organs
(seed+capsule+scape), showed no significant-differ-
ence among the three populations examined, ranging
from 12,06 to 17.75% (cf. Table 1).

Two hand-pollinated populations (Populations 2
and 3) exhibited rather clear negative correlations
(r=—0.7349, P <0.001 and r=—0.5370, P<(0.05) in the
relationships between individual biomass and re-
productive allocation, i. e., the rate of energy alloca-
tion to total reproductive structures clearly decreased
in response to the increase in individual biomass:
whereas no conspicuous trend (r=—0.2325, NS) was
found in those left under open pollination (Population
4).
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Relationships between individual biomass and seed
outpul (Py):

Somewhat similar tendencies were recognized in
the relationships between individual biomass and
number of seeds produced per plant. In two hand-
pollinated populations (Populations 2 and 3), larger
individuals produced more numerous propagules per
plant than smaller ones, This is a quite expected
result, since larger individuals usually produce more
ovules in number (r=0.7505, °<0.001) (Fig.2), and
thus in those hand-pollinated plants the rate of
fertilized ovules definitely increases (cf, Table 1). On
the other hand, no conspicucus correlation (r=0.2981,
NS) was found in the Population 4, all individuals of
which were left under open pollination, This is again
possibly due to seasonal differences in specific
pollinator activities during the flowering period of
this species {cf. KAWANO et al., 1982).

Relationships between reproductive aliocation (RA) and
seed output (Py):

Finally, the relationships between RA and the
number of propagules borne per plant (Pn) were
examined in the same experimental populations. As
was reported in a previous paper (KAWANO et al.,
1982), there is a gradual increasing trend in the
number of seeds produced per plant in response to the
increase in RA in the populations which were left
under open pollination in the field (r=0.6484, P<0.01
in Population 4), However, in those which had high
fecundity in hand-pollinated populations (Populations
2 and 3), this trend became obscure, possibly due to
the increase in the fertilization level of ovules by
hand pollination, thus attaining a saturation, This is
clearly shown by the results of Experiments 1I and 1L
Poliination Biology

Tn Table 2, all collected insects visiting Erythro-
niwm flowers in Yatsuo, Toyama Prefecture, are
listed. This list was provided by the courtesy of Dr.
Kunio SUZUKI, an entomologist in our Department.

E. japonicum has a large violet-purple flower
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Fig. 2. Diagram illustrating the relationship between individual biomass (g dry weight) and number of ovules

produced per plant. ***P<0.001
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Table. 2. A list of pollinators of Erpthronium japowicum observed in Yatsuo, Toyama
Prefecture, Honshu {(after Suzuki, K., unpublished).

Lepidoptera :
Papilionidae 7 ¥ F 3 7§
Pieridae > o¥ = 7§
Lycaenidae ¢ 323w
Colenplera :
QOedemeridae # 5% UE F &%
Chrysomelidae /A4 %

Hemiptera:
Homoptera-Tettigellidae ##4 3 a4 &}
Heteroptera,Coreidae ~U & 2 AV F

% * Lughdorfic japonica LEECH 75 a7
* Pieris melete MENETRIES AV 2 usaw
* Celastrina argialus ladonides del'ORGA AV ¥ %

Qedemeronia lucidicollis MOTSHULSKY T®EZF rHEIFVER$
Gonioctena (Bradyphytodecia) rubripennis BALY 7 ¥ Ay
Guallerucida bifasciala nigromaculata BALY 4% FUNAY
Nonarithra cyanenm BALY N YN LY

Demoting fasciculata BALY #¥1F140y

Bothrogonia japonica ISHIHARA V< oIas4
Riplortus clavatus THUNBERG HY~U b A4

Diptera
Bombyliidae Y 77&
Syrphidae »37 7El

% Bombylus major L. Eo—rFw Y77
* Tubifera virgatus COQUILLETT 7 &7 3477

* Eristalis cerealls FABRICIUS S end 77
* Eumerus {idai SHIRAKI

Trypetidae 3/¢xf}
Hymenoptera
Apidae & W/tF§

1 sp. unknown

* % % Xylocopa appendiculate circumvolans SMITH 7 ~3F

* * & Telralonic nipponensis PEREZ =y B2 b F - HnFot5
* % % Nomada sp. ¥ ¥ o1 +77D 1§k
* % Bombus sp. <A FAFD 10

Andrenidae E A/FovFFR
Halictidae I/vFr¢58l

* & * Andrena sp. & ANFFD 1H
* ¥ % Lasioglossum sp. INFNF0O 15

CH. Asterisks denotes the degree of efficiency as a poliinator for Erpfhronium japonicum i * % %, most effective pollinators; * %,

effective; and *, occasionally visiting ; others, rarely visiting

with highly UV absorbent perianth segment and very
large nectary in the auricles at the base of the inner
perianths (UTECH and KAWANO, 1975), and attracts
large Hymenopteran insects, such as Xylocopa
appendiculala civcumuolans (Fig. 3-A, photo), Tetra-
lonia  mipponensis, species of Nomada, Bombus,
Andrena, and Lasioglossum, etc. Some other insects
belonging to Diptera and Lepidoptera are also
observed, frequently visiting Enthronium flowers,
among which Luehdorfia japonica (Fig.3-B, photo)
represents an important pollinator for E. japonicim,
although evidently much less effective as compared
with the above-mentioned large social bees.

Discussion
We have pointed out in our previous papers
{UTECH and KAWANO, 1975; KAWANO et al, 1982)
important
characteristics of a typical outbreeder; that is, this

that E. japonicum possesses several

species not only possesses weakly protandrous

flowers with exserted styles, thus functioning to
exclude their own pollen and ensure outbreeding, but
also has a relatively high pollen: ovule ratio of 4800
1, which is a good feature of outbreeding system
{Cruden, 1977).
pollinator specificity and constancy in Ervthronium

In addition, the high degree of

flowers in conjunction with its floral characteristics
also appear to play a role in securing this xenoga-
mous system most effective,

It was fully confirmed in the present breeding
experiments that this species is doubtlessly a typical
outbreeder, and that, contrary to our previous
assumption, acutually no inbreeding occurs in this
species (cf. Table 1, Experiment 1). A comparison of
seed-setting rates between the plants of E. japonicum
which were outcrossed by hand and those left under
open poliination in the field (cf. Table 1} clearly
reveals that pollinator limitation is a most significant
factor for determining the reproductive effort in such
spring woodland herbs as E. japonicum. The mean
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Fig. 3. Representative pollinators of FE. japonicum. A, Xvylocopa
appendiculata  circumuvolans ; B, Luehdorfia japonica. Photographs
taken in April, 1981 in Yatsuo, Toyama Prefecture

Japonicum was only 58.49%, ranging
from 7.50 to 100% (CV: 55.24%)
(Fig.1); on the contrary, in the
flowers outcrossed by hand, the
rates attained 84.47%, ranging from
4167 to 100% (CV: 20.41%) in
Population 2, and 96.21%, ranging
from 96.21 to 100% (CV : 3.49%) in
Population 3, respectively (cf. Table
1: Fig.1).

SCHEMSKE et al. (1978) noted
that only 33% of naturally pollinat-
ed flowers of Ervthronium albidum
set seed, compared with 78% of
flowers outcrossed by hand. Similar
data were also available for Phlox
divaricata (WILLSON et al., 1979),
Brassavola nodosa, a Central
American orchid (SCHEMSKE, 1980),
Lithospermum caroliniense (WELL-
ER, 1980), and Encyclia cordigera
(JANZEN et al., 1980).

BIERZYCHUDEK (1981) lately

seed-setting rate (percentage of viable seeds produced reported a very similar example in Arisaema tri-
per ovule) of naturally pollinated flowers of E. Pphyllum, a North American species of Jack-in-the-

:“ é ac-_gzj@}‘_'o‘. *g}

Fig. 4. Photographs showing the insect visitors to Ewythronium flowers (see Table 2).
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Pulpit.
between hand-pollinated and natural seed production
Hand-pollinated plants
produced over an order of magnitude more seeds than

According to her results, the difference

was remarkably large.

did controls of similar size, i.e., hand-pollinated
plants set 43.2 seeds per plant, whereas naturatly
crossed ones produced only one seed per plant (both
means). Furthermore, what was discovered in A.
triphyllum is that there was no relationship between
the size of a plant and the number of seeds it
produced when naturally pollinated (r=0.11, NS), but
this same relationship was. significant for hand-
pollinated plants (r=0.81, P<0.01). Based on this
datum, she pointed out that only the hand-pollinated
individuals were resource limited.

Although fixed abortion of fertilized ovules is
also known in some wild and cultivated crop species
(LEVIN, 1968; ORNDUFF, 1976; SCHLISING, 1980 ;
GABRIEL, 1967; CASPER and WIENS, 1981; SATO,
1956 ; LINCK, 1961), the cases mentioned in this paper
are distinct from such postfertilization abortion
systems, which are evidently due to either ambient
environmental conditions or genetic control (CASPER
and WIENS, l.c. ).

As pointed out above, pollination limitation of
reproductive output-in Erythronium japonicum is very
evident. Only individuals outcrossed by hand (Popu-
lations 2 and 3 -see Table 1) showed significant
correlations in the log individual biomass—log Py
relationship, thus indicating a similar situation like-
wise occurring in this species, just as was found in
Avrisaema triphyllum. Most of the previous studies
performed regarding energy allocation to reproduc-
tive structures of plants have ignored the possible
influence of pollinator limitation (exceptions. are
those by van ANDEL and VERA, 1977; BIERZY-
CHUDEK, 1981 ; KAWANO et al., 19082) and also breed-
ing system of that particular species in question;
especially in obligate or facultative outbreeders, we
need more accurate information concerning the
extent or efficiency of cross breeding actually
occurring in the wild populations in order to elucidate
the relationships between the patterns of resource
allocation and reproductive capacity. In this connec-
tion, we have argued recently that the life history
strategy of a given species must be considered
carefully not only in the light of the mechanisms
determining reproductive output but also the patterns

of energy allocation to reproductive structures, and
furthermore in relation to their interrelationships
(KAwANO and MASUDA, 1980; KAWANO, 1981;
KAWANO et al, 1982; KAWANO and MIYAKE, in
press). As was pointed out by BIERZYCHUDEK (1981),
pollinator-limited individuals probably translocate
less resources to propagules than they would because
of the increase in number of unfertilized ovules and
thus, instead, of the decrease of further energy
translocation into reproductive structures, In any
case, all these facts indicate that we must pay special
caution when taking the measurements of resource
allocation to reproduction or reproductive output of
plants in either natural or artificial experimental
populations.
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T HREEE (RS & UEERYE) ~0x A
FHEEELGEECBL TR, N0 ELEBES LD
WRERESNTEL, TOFELLTH, BEotkE

(biomass) x¥ 5 HIEHD L { REHEBELEA~D
EHATEERD, TORNRLEET IHESAVSR
T&7. —7, SALISBURY (1942) »Etd -BresL -k
Dz, BEY D OLEEERMES (EFH—clutch size)
EFMBC M, L DERNCEOEGOEREI RS T
ETbH5, Ldl, FARETTE W TEZE®WZED
THERZYHE, SYNEROTCEEBELTWEI S,
BEEBELEEADOI AL F—RRE VR ERELE (re
productive effort) ZHHL TH2E#EOLREME T
Likths HETH S,

EEEE, MW BT 5 EHEBRKE (reproductive
strategy) @b 2O EBHELShET L HO—H
DFEREFLTHOHOFERLERALTELH, 20
—DIT, WIEREADIANF B L EEREERD
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