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Background Background 

• Massive tsunami generated by a mega-earthquake hit aMassive tsunami generated by a mega earthquake hit a 
wide area of the Pacific coast of northeast Japan.

• Fisheries are one of the important industries in the coastalFisheries are one of the important industries in the coastal 
area impacted by the tsunami. 

• Rapid assessments are needed to evaluate the effects of theRapid assessments are needed to evaluate the effects of the  
tsunami on coastal ecosystems and populations of fishery 
organisms for the future fishery and stock management.organisms for the future fishery and stock management.

• The abalone Haliotis discus hannai and the sea urchin 
Strongylocentrotus nudus are valuable fisheries resourcesStrongylocentrotus nudus are valuable fisheries resources 
in this area, and also play important roles in the rocky shore 
ecosystem. ecosys e .



Study Aim  Study Aim  
Before the quake, Before the quake, 
quantitative analyses on quantitative analyses on 

OtsuchiOtsuchi the populations of the populations of 
abalone and sea urchin  abalone and sea urchin  

IwaisakiIwaisaki were regularly carried were regularly carried 
out.out.

TomarihamaTomarihama
out. out. 

To assess the impacts ofTo assess the impacts of⊗
Epicenter Epicenter of quakeof quake

To assess the impacts of To assess the impacts of 
the quake and tsunami, the quake and tsunami, 
the survey using thethe survey using the

Fukushima IFukushima I

the survey using the the survey using the 
same method before the same method before the 

t i dt i devent were carried.event were carried.



Main study site: Main study site: TomarihamaTomarihama on on OshikaOshika
Penins la Mi agiPenins la Mi agiPeninsula, Miyagi Peninsula, Miyagi 

•• This study site is This study site is 130 km away from 130 km away from 
h ih ithe epicenter.the epicenter.

•• Run up height of 15 m Run up height of 15 m waves hit waves hit 
d h d id h d i

T ihT ih

around the study site. around the study site. 

TomarihamaTomarihama

⊗
Epicenter of Epicenter of quakequake

Fukushima IFukushima I
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Study site includes three algal Study site includes three algal communitiescommunities

5~7 m5~7 m
Crustose Coralline AlgaeCrustose Coralline Algae

(CCA)(CCA)

AlgalAlgal TurfTurf 4~54~5 mm

LithophylumLithophylum yessoensisyessoensis

Algal Algal TurfTurf
(AT)(AT)

G lidiG lidi ll
2~4 m2~4 m

Gelidium Gelidium eleganselegans

Kelp Kelp BedBed
(KB)(KB)

Eisenia bicyclisEisenia bicyclis

100 m100 m



Changes in algal communities between Changes in algal communities between 
b fb f dd ftft th t ith t ibeforebefore and and afterafter the tsunamithe tsunami

Kelp Beds (KB)Kelp Beds (KB)Kelp Beds (KB)Kelp Beds (KB)

Remaining holdfasts of brownRemaining holdfasts of brownRemaining holdfasts of brown Remaining holdfasts of brown 
algae that lost their fronds were algae that lost their fronds were 
observed (not many)observed (not many)observed (not many).observed (not many).

The biomass of brown algae wasThe biomass of brown algae was1 5 b fb f

JuneJune 20112011

The biomass of  brown algae was The biomass of  brown algae was 
not significantly different.not significantly different.
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Changes in algal communities between Changes in algal communities between beforebefore and and 
afterafter the tsunamithe tsunamiafterafter the tsunamithe tsunami

Algal Turf (AT) and                            
November 2010November 2010 JuneJune 20112011

g ( )
Crustose Coralline  Algae (CCA)

Heavy sedimentation of mud and

beforebefore afterafter

Heavy sedimentation of mud and 
silt covered the bed rocks

Many of the large rocks wereMany of the large rocks were 
cracked and turned over on the 
sea floor.  Urchin density 

t l d d
afterafterbeforebefore

extremely reduced.

Young recruits of large brown 
algae were observed. 

afterafter



Densities of  urchin and abaloneDensities of  urchin and abalone

U hi d b l l d iU hi d b l l d i
MethodsMethods

•• Urchins and abalone were sampled using Urchins and abalone were sampled using 
quantitative quadrats (2 m quantitative quadrats (2 m ×× 2 m2 m).).

CCACCA

•• In each algal community (KB, AT, and 
CCA) 3 li d h h dlCCA), 3 replicate quadrats were haphazardly 
located.ATAT

•• All animals in the quadrats were collected by All animals in the quadrats were collected by 
h dh dhand.hand.

D iti d b tD iti d b t b fb f

KBKB

•• Densities were compared between Densities were compared between before before 
(Jul 2010(Jul 2010--Feb 2011) Feb 2011) and and after (Jun 2011).after (Jun 2011).



Changes in Changes in urchinurchin density between density between beforebefore
andand afterafter the tsunamithe tsunamiand and afterafter the tsunamithe tsunamiCCACCA
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Changes in Changes in urchinurchin density between density between beforebefore
andand afterafter the tsunamithe tsunamiand and afterafter the tsunamithe tsunami

Nov 2010Nov 2010 Jun 2011Jun 2011
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 (pressure of urchins. pressure of urchins. 

After the tsunami, previously After the tsunami, previously 
d d it t fd d it t f 10

Se
a 

ur
ch

inunrecorded recruitment of unrecorded recruitment of 
juvenile juvenile macroalgaemacroalgae were were 
observed on CCA due to largeobserved on CCA due to large--
scale remo al of rchinsscale remo al of rchins

0
KB AT CCA
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Changes in Changes in abaloneabalone density between density between beforebefore
andand afterafter the tsunamithe tsunamiand and afterafter the tsunamithe tsunami
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Changes in size distribution of  
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• The juvenile abalone <50 mm SL
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The juvenile abalone 50 mm SL 
were not collected after the 
tsunami.
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• The juveniles are more 
vulnerable to the impact of the0
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vulnerable to the impact of the 
tsunami than adults.



Impact of tsunami on survival of 0Impact of tsunami on survival of 0--1 year1 year--old old 
juvenilesjuveniles MethodsMethodsjuveniles juveniles --MethodsMethods--

•• Continuous monitoring of juvenile Continuous monitoring of juvenile g jg j
densities have been carried out since densities have been carried out since 
2009.2009.2009.2009.

•• Density of juveniles was difficult to Density of juveniles was difficult to 
estimate by quadrat (patchy and cryptic)estimate by quadrat (patchy and cryptic)estimate by quadrat (patchy and cryptic). estimate by quadrat (patchy and cryptic). 
The abundance was monitored by The abundance was monitored by 
intensive visual searchingintensive visual searchingintensive visual searching.intensive visual searching.

•• The relative abundance was expressed as The relative abundance was expressed as 
t h it ff t (CPUE) tit h it ff t (CPUE) ticatch per unit effort (CPUE) accounting catch per unit effort (CPUE) accounting 

for the number of collected juveniles per for the number of collected juveniles per 
hi i i hhi i i hsearching time in hours.searching time in hours.



2009 2010 2011

Seasonal changes in CPUE of 0-1 year-old abalone
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next year class occurred in 
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2009 2010 2011

Impact of the tsunami on 0-1 year-old abalone 
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Dramatic reduction of 2010 YC after the tsunami was caused by catastrophic wave action.
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New recruit after the tsunami (2011 YC) was negatively affected by the sedimentation 
covering their nursery ground, CCA.



Impacts of  the tsunami on rocky shore Impacts of  the tsunami on rocky shore 
ecosystem at three sites onecosystem at three sites on SanrikuSanriku coastcoast

Kelp Density CPUE of Density

ecosystem at three sites on ecosystem at three sites on SanrikuSanriku coastcoast
Kelp 
biomass

Density
of adult 
abalone

CPUE of 
juvenile 
abalone

Density 
of sea 
urchin

Not 
significant

Not 
significant

Significant SignificantOtsuchi
Dec.2010 vs
Jul 2011

Not Not Significant Significant

Jul 2011

significant significant
Iwaisaki
Feb 2011 vs
Jun 2011

Not 
significant

Significant Significant Significant
Jun 2011 

Tomarihama
Feb 2011 vs Jun 2011



Th i f i f d i AT d CCATh i f i f d i AT d CCA
Conclusion 1 Conclusion 1 

•• The impact of tsunami was more profound in AT and CCA The impact of tsunami was more profound in AT and CCA 
than in KB.than in KB. In KB, the turbulent flow induced by the tsunami In KB, the turbulent flow induced by the tsunami 

i ht h b tt t d b th f th l li ht h b tt t d b th f th l lmight have been attenuated by the presence of the algal canopy.might have been attenuated by the presence of the algal canopy.
Deeper Shallower

CCACCA ATAT KBKB

Large reduction of juvenile 
abalone and sea urchin

Adult abalone 
survived

Kelp biomass 
did not change



Conclusion 2 Conclusion 2 
•• Juvenile abalone and sea urchins largely decreased after the Juvenile abalone and sea urchins largely decreased after the 

tsunami.tsunami. Most of these animals inhabited AT and CCA. Most of these animals inhabited AT and CCA. 

CCACCA ATAT KBKB

Large reduction of juvenile 
abalone and sea urchin

Adult abalone 
survived

Kelp biomass 
did not change



Conclusion 3 Conclusion 3 
•• Juvenile Juvenile macroalgaemacroalgae were observed in CCA after the were observed in CCA after the 

tsunami. tsunami. Decreased grazing pressure by largeDecreased grazing pressure by large--scale removal of sea scale removal of sea 
urchins. urchins. Tsunami affects the succession of algal species indirectly 
through the changes in the grazing pressure of herbivores.

CCACCA ATAT KBKB

Large reduction of urchin and 
dense recruit of macroalgae

Adult abalone 
survivedg

Kelp biomass 
did not change



Conclusion 4 Conclusion 4 
h l f b l i lh l f b l i l•• The youngest year class of abalone was seriously The youngest year class of abalone was seriously 

damaged by the tsunami. damaged by the tsunami. Since the age at first capture of Since the age at first capture of 
abalone is 4 to 5 year olds, the future commercial catch may decrease abalone is 4 to 5 year olds, the future commercial catch may decrease 
at least after 3 to 4 years from the tsunami. at least after 3 to 4 years from the tsunami. 

CCACCA ATAT KBKB

R it t f il f j il Ad lt b lRecruitment failure of juveniles
Disturbance by catastrophic wave action 

Adult abalone 
survived

Sedimentation covering nursery ground, CCA
Kelp biomass 

t h dnot changed



Further studiesFurther studies
di i d d d h i f h h didi i d d d h i f h h ditto dig into deeper to understand the impacts of the huge disastero dig into deeper to understand the impacts of the huge disaster

• Conducting the continuous monitoring to• Conducting the continuous monitoring to 
understand the recovering process of abalone 
and urchin populationsand urchin populations.

• Analyzing the data of before/ after• Analyzing the data of before/ after 
comparisons of other benthic organisms to 
fully understand the effects on rocky shorefully understand the effects on rocky shore 
ecosystems. 
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