
1

Effects of population size and Effects of population size and 
metapopulation structure on sexual metapopulation structure on sexual 

reproduction and genetic variation in local reproduction and genetic variation in local 
populations of an endangered tree species, populations of an endangered tree species, 

Magnolia stellataMagnolia stellata
Suzuki SETSUKOSuzuki SETSUKO11, Ichiro TAMAKI, Ichiro TAMAKI22, Kiyoshi ISHIDA, Kiyoshi ISHIDA33, , 

Kimiko HIRAYAMAKimiko HIRAYAMA44, Nobuhiro TOMARU, Nobuhiro TOMARU22

11Forestry and Forest Products Research Institute, Ibaraki, Japan, Forestry and Forest Products Research Institute, Ibaraki, Japan, 22Graduate School Graduate School 
of Bioagricultural Sciences, Nagoya University, Nagoya, Japan, of Bioagricultural Sciences, Nagoya University, Nagoya, Japan, 33Faculty of Agriculture Faculty of Agriculture 

and Life Science, Hirosaki University, Aomori, Japan, and Life Science, Hirosaki University, Aomori, Japan, 44Graduate School of Life and Graduate School of Life and 
Environmental Sciences, Kyoto Prefectural University, Kyoto, JapanEnvironmental Sciences, Kyoto Prefectural University, Kyoto, Japan



2

IntroductionIntroduction
Decline of population sizeDecline of population size

Population isolationPopulation isolation

Decrease the Decrease the 
reproductive successreproductive success

• Shortage of mating partner 
and pollinators

• Inbreeding depression

• Increase the effect of genetic drift
• Decrease the inter-population 

gene flow

Lose the evolutionary potential of speciesLose the evolutionary potential of species
Fragile to environmental variationFragile to environmental variation

Decrease the Decrease the 
genetic variationgenetic variation
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Natural distribution of Natural distribution of Magnolia stellataMagnolia stellata

50 km0

Aichi Pref.

Mie Pref.

Gifu Pref.

Endemic to the area around Ise Bay in Japan, 'near threatened' Endemic to the area around Ise Bay in Japan, 'near threatened' (the Japanese red list)(the Japanese red list)

Most habitat is small marshMost habitat is small marsh
→→Population sizes are usually smallPopulation sizes are usually small
Metapopulation structureMetapopulation structure

Nagoya
Kaisho Forest

Ise Bay
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Magnolia stellataMagnolia stellata

Spruting

Layering

Fruits

Protogynous flower

Seed disperserPollinators
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ContentsContents

Effects of population size and population Effects of population size and population 
isolationisolation on … on …

within-population genetic variationwithin-population genetic variation

reproductive successreproductive success
Early-stage & late-stage inbreeding depressionEarly-stage & late-stage inbreeding depression

inter-population pollen flowinter-population pollen flow
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Effects of population size and population Effects of population size and population 
isolationisolation on within-population genetic variation on within-population genetic variation

Gray area: Distribution of M. stellata

20 natural populations across the 
species range

Population size, population isolationPopulation size, population isolation

Genetic variationGenetic variation
Allelic richness, Gene diversity(H

E
)...nuclear SSR
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Results: Effects of population size and population isolation on within-population genetic variationResults: Effects of population size and population isolation on within-population genetic variation

Allelic richness: No. of alleles standardized to the same sample size
Gene diversity (H

E
): Expected heterozygosity
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Large populations and Large populations and 
high numbers of high numbers of 
surrounding populations surrounding populations 
tend to have high levels tend to have high levels 
of genetic variationof genetic variation

GLMMs
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Artificial pollination at large Artificial pollination at large 
and small populationand small population
Cross pollination, self pollination, 
open pollination

Population sizePopulation size
& Female reproductive success& Female reproductive success

                  Early-stage inbreeding depressionEarly-stage inbreeding depression
                  Pollen shortagePollen shortage

Large Pop.Large Pop.
No. Flowering 
Individual = 245

Small Pop.Small Pop.
No. Flowering 
Individual = 29

Effects of population sizeEffects of population size on female reproductive  on female reproductive 
success and success and early-stageearly-stage inbreeding depression inbreeding depression

From embryo to seed
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Results: Effects of population size on female reproductive success and early-stage inbreeding depressionResults: Effects of population size on female reproductive success and early-stage inbreeding depression

Large Pop.Small Pop. Large Pop.Small Pop.Large Pop.Small Pop.

Reproductive successReproductive success

          Cross > Self > Natural, Cross > Self > Natural, Large Pop. > Small Pop.Large Pop. > Small Pop.

Early-stage inbreeding depressionEarly-stage inbreeding depression  ( (δδ ) )
        Large Pop.: 0.700 ± 0.085 > Small Pop.: 0.592 ± 0.221Large Pop.: 0.700 ± 0.085 > Small Pop.: 0.592 ± 0.221

Ovule mortality rate due to pollen shortage Ovule mortality rate due to pollen shortage ((uu))
Large Pop.: 0.833 ± 0.064 < Small Pop.: 0.947 ± 0.019Large Pop.: 0.833 ± 0.064 < Small Pop.: 0.947 ± 0.019

Cross

Self

Natural

Purge of deleterious alleles?
Genetic deterioration by genetic drift?

Severe pollen shortage 
in small population
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Population size, population isolationPopulation size, population isolation
& Inbreeding (Inbreeding coefficient)& Inbreeding (Inbreeding coefficient)
      Inbreeding depression (Inbreeding depression (δδ))

Effects of population sizeEffects of population size and population  and population 
isolation on isolation on late-stagelate-stage inbreeding depression inbreeding depression

From seed to adults

10 natural populations 
across the species range
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Results: Effects of population size and population isolation on late-stage inbreeding depressionResults: Effects of population size and population isolation on late-stage inbreeding depression

　Inbreeding tend to be greater in small populations
   Inbreeding depression did not significantly correlated with population size

δ = 1 - [(1 - FS) FA / FS (1 - FA)]
Ritland (1990)

F
A
: Adult stage inbreeding coefficient

F
S
: Seed stage inbreeding coefficient
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Maternal tree = 17
No. offspring = 167

Maternal tree = 4
No. offspring = 29

Maternal tree =  14
No. offspring = 134

Maternal tree = 7
No. offspring = 60

Maternal tree = 7
No. offspring = 68

Effects of population size and population isolationEffects of population size and population isolation  
on on inter-population pollen flowinter-population pollen flow

Paternity analysisPaternity analysis of  of 
seeds collected from 5 seeds collected from 5 
local population, differ in local population, differ in 
sizesize

Population size, Population size, 
population isolationpopulation isolation
& Inter-population pollen flow& Inter-population pollen flow

Immigrant pollen flowImmigrant pollen flow
Pollen which flow in from outside the local Pollen which flow in from outside the local 
populationpopulation

Emigrant pollen flowEmigrant pollen flow
Pollen which flow out to outside the local Pollen which flow out to outside the local 
populationpopulation
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r = -0.736
P < 0.01

Pairwise geographical distance
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Results: Effects of population size and population isolation on inter-population pollen flowResults: Effects of population size and population isolation on inter-population pollen flow

r = 0.535
P < 0.01

r = 0.332
P = 0.073

  Sink population size    Source population size  

Inter-population pollen flow 

decreases by population isolation
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Large populations 
contribute as both 
source and sink of 
pollen

(Marginally significant)
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ConclusionConclusion
Decline of population size and population isolation...Decline of population size and population isolation...

Pollen shortage

Increase the frequency 
of  inbreeding

Increase the genetic drift

Decrease the 
reproductive success

Decrease the inter-
population pollen flow

Decrease the 
genetic variation



Early-stage inbreeding depressionEarly-stage inbreeding depression  ( (δδ ) )

Ovule mortality rate due to pollen shortage Ovule mortality rate due to pollen shortage ((uu))

Population size and early-stage inbreeding depression and pollen shortagePopulation size and early-stage inbreeding depression and pollen shortage

v = (1 - u) (1 - g) (1 - r)
　v: Ovule survival rate of natural pollination
　u: Ovule mortality rate due to natural pollination
　g: Ovule mortality rate due to self pollianation

　　　g = δ [(1 – tm) / (1 – tmδ e )] 
　r: Ovule mortality rate due to natural cross pollination

δ = 1 – (Ovule survival rate of self pollination / Ovule survival 
rate of cross pollination)



Inter-population pollen flowInter-population pollen flow
Effects of population size and population isolation on inter-population pollen flowEffects of population size and population isolation on inter-population pollen flow

Source

Sink

（Pollen Flow Rate %）

Among population 
pollen flow
0 – 6.7 ％



Inter-population pollen flowInter-population pollen flow
Effects of population size and population isolation on inter-population pollen flowEffects of population size and population isolation on inter-population pollen flow

Source

Sink

（Pollen Flow Rate %）

Immigrant from A to T
Emigrant from T to A

Immigrant from T to A
Emigrant from A to T

Among population 
pollen flow
0 – 6.7 ％
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