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Teble 1. Number of seedlings emerged in current autumn and
following spring from seeds dispersed in 1989 and 1990,
respectively.

Grouping was made by the germination date(see text).
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Tabel 2. Survival rate at the end of first growing season
of autumn germinator and spring germinator derived from
seeds of two years(1989 and 1990).Survival rate during
winter season were also described for autumn germinator.

Seedling survival (%)

year of

Seedling type seed o end of the first
source during inter ggg\év(;:g
1989 75.8 32.7
autumn 1990 28.6 12.7
germinator
1989 64.5
spring erminator 1990 74.9
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Fig.5 Seasonal change of autumn germination ratio during
seed dispersal period.
Autumn germination ratio is calculated as
AG/(AG+SG),where AG and SG represent the
number of seedlings germinate in autumn and
spring respectively in each collected seed balk. Thus,
if this ratio equals to 1.0 that means all seeds
germinate in current autumn, whereas all
germinate in following spring when this ratio equals
to 0.0. Three different lines represent different

80 individuals of seed source.
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Fig.6 Effects of temperature on final germination percentage of seeds.
Seeds were collected on three different days during seed dispersal period (on August 13, September 1 and
October 1).Closed circles and open circles represent seeds with without chilling treatment, respectively.
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Fig.8 Developmental process of catkins of Betula platphylla
var. japonica. A green catkin in its initiation and immature phase
turns to brown at mature phase just before its inside seeds are
dispersed. The development speed varies among catkins within a
mother tree.
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Fig.9 Assumptions of mathematics model in relation to the optimal
ration of autumn versus spring germination.
Consider an perennial plant that produces a fixed number of seeds, S
with a fraction of g germinates in current autumn (thus the rest fraction
of (1-g) germinates in spring).Successful offspring assumes to be nil
unless regeneration site is provided by large scale disturbance.
Substantial success is expected in the year when the regeneration site is
created. However, only autumn germinator can survive in good year (the
probability is p)and only the spring ones can survive in bad year(1-p).
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Fig.10 The relationship between probability of good year (p)
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Fig.11 The relationship between probability of good year (p)
and optimal fraction of autumn germinator among
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Summary

Seedling emergence phenology and seed germination responses to temperatures were investigated on
Japanese white birch (Betula platyphylla var. japonica) , a typical pioneer tree in northeast Asia. Field
observation revealed that two discrete cohorts emerged in different seasons of the year ( e.g. in autumn
and spring). Seed dispersal date affected whether a seed should germinate in autumn or in spring, |. €.
seed dispersed earlier (before mid-September) germinated immediately in current autumn, while those
dispersed later than that time did not germinate until next spring. This trend was explained by the fact that
seeds were conditionally dormant. Matured and  conditionally dormant seeds germinated only at  summer
and early autumn conditions (>18 In temperature) . Thus seeds dispersed during this period could
germinate immediately in autumn. On the other hand, seeds dispersed in late autumn, since surrounding
temperatures were usually below 18 , did not geminate and spend a winter. Conditional dormancy was
removed by chilling effect beneath snow cover, and seeds become germinable at lower temperatures (>
8 ) innextspring. Ecological significance of this pioneer species showing such discontinuous emergence
patterns were interpreted as "bet-hedging strategy” which may increase probability that at least some of
seedlings can establish and survive in temporally varying habitats where this species regenerate. To
evaluate the optimal ratio of seeds to be autumn germinator, mathematical model was constructed. This
model demonstrated that , for some perennial plants ; short lived and pioneer trees such as birch; bet
hedging strategy with discontinuous germination pattern could evolve in environmentally variable habitats.
Furthermore, the model predicted the geographical variation in proportion of autumn germinator among
seed population, which was verified by germination experiment of seeds collected from five deferent sites
in Hokkaido. Finally, regeneration traits of Betula platyphllyla as life historical strategy were discussed.

Keywords: Betula platyphylla var. japonica, seedling emergence, germination requirement, conditional
dormancy, bet-hedging strategy.
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