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Location of Hinase and MPA relevant regulations  
(Based on Kaiyo Daicho of Japan Coast Guard 2015)

Seto Inland Sea Natural 
Park (National)

Common Fishery Right 
Area 

(Local: Hinase Fisheries 
Cooperative Association)

No Take Area 
(Prefectural)

Eelgrass restoration in Hinase, Okayama, Japan

Seto Inland Sea



• Loss of eelgrass vegetation became significant after the 
rapid industrialization activities around 1960s .  

• Eelgrass bed restoration activity started in 1985 by local 
fishermen. 

• Hinase area was famous for the fishing by coastal pound 
netting to catch fish and shrimp migrating to eelgrass 
beds, but gradually the fishing had been replaced by 
oyster farming with the massive loss of eelgrass. 

Eelgrass restoration in Hinase, Okayama, Japan

(Cited from: http://www.eic.or.jp/library/bio/case/
c3_3.html)

(Tsurita et al.  2016)

Oyster rafts in Hinase

http://blog-imgs-26.fc2.com/s/s/k/sskj883/20081030000121.jpg


• The fishers conducted eelgrass bed restoration using a 
seeding method for several decades even after the oyster 
farming became the majority, because they already knew 
eelgrass can maintain a better coastal environment for 
oyster farming as well as coastal productivity for fishing. 

• After 30 years, the eelgrass beds are recovering (Tanaka 
2014)
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Year 1940s 1980s 2011
Cover 590ha 12ha 200ha

 Fishermen and  children, collecting 
eelgrass to mature the seeds 

Eelgrass restoration in Hinase, Okayama, Japan



Seagrass recovery in the Seto Inland Sea around 
2010s

(Hori and Tarutani 2015)

Rapid recovery of eelgrass vegetation by 
natural dispersal has been apparent  in all 
regions of the Seto Inland Sea.

Seagrass beds is one of the most important 
coastal habitat with high productivity and 
biodiversity providing various ecosystem 
services. 

10,000 ha



• Did the recovery of eelgrass bed in Hinase come 
about by the restoration activity?  

• How did the seeding activity by fishermen 
(oyster farmers) influence the population-
genetic structure of eelgrass meadows in Hinase 
area?
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We demonstrated the contribution of oyster farmers’ 
long-term activities to eelgrass bed restoration in the 
Hinase area based on a DNA analysis for the eelgrass 
population-genetic structure.

Research Question



Study site

Otabujima

Katakami
Katakami-shita

Genjiwan

Yonago
Genjiwan-

nishi
Nishidomari

Kubikir
i

Mahoroba

2 km

9 sites: 2 sites  are source of seeds for the seeding activity, 
and other 7 sites are the restoration area



1. 20-50 eelgrass (Zostera marina) shoots were randomly 
collected as samples in each site in July 2015. 

2. Genomic DNA was extracted and fragments amplified using 
QIAGEN PLANT MINI KIT 

3. All samples were genotyped for 7 microsatellite loci, which 
were developed by previous studies (Reush et al. 2000, 
Tanaka et al. 2008, Shimabukuro et al. 2012), using 
GeneMapper  

4. Genetic diversity of each population and genetic 
differentiation between populations (Fst) were calculated 
using GenAlEx v6.5 

5. The relationships between genetic distance, geographic 
distance and seeding intensity were statistically analyzed

Methods



Population No. 
sample

No. 
genotype

Clonal  
richness No. allele Allelic 

richness

Observed 
heterozygosity 

(Ho)

Expected 
heterozygosity 

(He)

Inbreedin
g 

coefficien
t

Otabujima 46 45 0.978 8.857 6.701 0.546 0.562 0.062
Nishidomar
i 38 31 0.816 9.571 8.057 0.594 0.599 -0.004

Kubikiri 47 43 0.915 8.714 6.978 0.595 0.582 0.010
Mahoroba 21 20 0.952 6.714 6.714 0.564 0.567 0.006
Katakami 37 36 0.973 10.000 8.326 0.603 0.608 0.018
Katakami-
shita 26 22 0.846 8.286 7.992 0.571 0.604 0.022

Genjiwan 51 47 0.922 9.571 7.165 0.596 0.584 -0.039
Genjiwan-
nishi 40 31 0.775 8.857 7.619 0.577 0.573 -0.001

Yonago 49 45 0.918 10.143 7.580 0.606 0.596 -0.019
Total 355 320 0.901 　 　 　 　 　

Clonal richness = No. genotype／No. sample

25 km

Results: Genetic diversity in each site

Clonal richness was higher in all sites , suggesting that 
each population would be established by generative 
reproduction (most of eelgrass shoots raised from 
seeds) rather than by vegetative reproduction



FST values between sites and the significance
Otabujima Nishidoma

ri Kubikiri Mahoroba Katakami Katakami-
shita Genjiwan Genjiwan-

nishi Yonago

0.470 0.084 0.478 0.001 0.024 0.382 0.094 0.219   Otabujima
0.007 0.078 0.383 0.027 0.151 0.527 0.539 0.590   Nishidomari
0.008 0.010 0.319 0.002 0.010 0.026 0.024 0.144   Kubikiri
0.009 0.011 0.010 0.523 0.256 0.300 0.444 0.374        Mahoroba
0.013 0.012 0.013 0.010 0.904 0.009 0.374 0.005   Katakami

0.014 0.013 0.016 0.015 0.007 0.057 0.265 0.060   Katakami-
shita

0.006 0.007 0.009 0.010 0.011 0.013 0.560 0.594   Genjiwan

0.010 0.008 0.011 0.011 0.008 0.012 0.006 0.068   Genjiwan-
nishi

0.007 0.006 0.007 0.010 0.011 0.013 0.005 0.010   Yonago

Results: Genetic differentiation between 
sites

PCoA plot



The record of No. seeds sown in each year

Using this data, we calculated 
the seeding intensity as the 
number of seeds totally sowed 
in each restoration area 

Results: Seeding intensity

(provided from Okayama prefecture)



Otabujim
a Nishidomari Mahorob

a Kubikiri Katakami Kataka
mi-shita Genjiwan Genjiwan-

nishi Yonago 　

0.000 Otabujima

450.472 0.000 Nishidomar
i

320.472 0.000 0.000 Mahoroba
450.472 0.000 0.000 0.000 Kubikiri
0.000 279.214 279.214 279.214 0.000 Katakami

0.000 0.000 0.000 0.000 0.000 0.000 Katakami-
shita

603.917 167.714 92.714 167.714 120.343 0.000 0.000 Genjiwan

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Genjiwan-
nishi

1284.417 205.000 0.000 205.000 907.843 0.000 120.343 0.000 0.000 Yonago

Seeding intensity as the number of seeds 
totally sowed from  the two source sites 
(Otabujima or Katakami) by fishermen

Results: Seeding intensity



Natural dispersal was calculated as a 
geographical distance: the effective 
distance (m) between sites

Results: Contribution of seeding activity
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All parameters were standardized for the 
analysis

The data set  was analyzed using Mantel’s 
multiple regression matrix with 
randomization
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Results: Contribution of seeding activity

Although the natural dispersal seems to 
be the main factor of the eelgrass 
increase, eelgrass bed restoration 
activity have enhanced further to 
recover the eelgrass.



Discussion & Conclusion

Our DNA analysis suggested that; 
 Genetic structure of the recovered seagrass meadows in the 
restoration area would be mainly derived from natural dispersal 

 The fishermen‘s  seeding activity  significantly  shortened the genetic 
distance between the populations with natural dispersal.

They  helped  eelgrass natural dispersal, suggesting that Their seeding 
activity did not make artificial eelgrass beds but facilitated natural 
recovery of eelgrass beds. 

The eelgrass-oyster farmer relationship in Hinase would be a good practice 
as an ideal ecosystem restoration.

Question1: Did the recovery of eelgrass bed in Hinase come about 
by the restoration activity? 

Yes, but the farmers’ seeding activity did not disturb the genetic 
structure by natural eelgrass dispersal 

Question2: How did the seeding activity by fishermen influence the 
population-genetic structure of eelgrass meadows in Hinase area?



⾃自然状態では、マガキとアマモは同じ浅海海
砂泥泥の潮間帯と潮下帯にrespectively分布
し、密接な相互関係を構築していたはずで
ある。昨今の沿岸域は浅場そのものが埋⽴立・
護岸で失われてしまったこと、カキ養殖が
⼤大量量効率⽣生産のために地播き式から筏式へ
と変遷していったことなどが原因となり、
この本来の相互関係が⽣生かされていない状
態になっている。多様な環境と多様な景観
を作り出すことことになり、その結果とし
て⽣生物多様性も増加し、⽣生態系機能とサー
ビスの増加・安定化が⽣生じるはずである。
三陸はその実践を⾏行行ってきた海海域。ぜひ震
災復復興後も、その伝統知を守っていってほ
しい。適度なSeagrass beds would be 
function as a stabilizer with nutrient 
cycling and fixidization , prevent 
resuspension.

Merci de votre attention!

Miyajima world heritage near FRA, Hiroshima


