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Effects of the 2011

on marine life and residents

» Rapid impacts by liquefaction and
tsunamis

* Short and Long-term effects by land
subsidence and uplift

» Effects of man-made structures
» Concept of tsunami disaster prevention
in Japan and in the world



The 2011 Great East Japan Earthquake

March 11th 2011
Magnitude 9.0
Huge tsunamis

short-term effects :
liquefaction and tsunamis

long-term effects :
land subsidence and uplift
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Maps showing the location of the study area in Sendai Bay, Japan, and the

locations of (A) Mangoku-ura Lagoon, (B) Matsushima Bay and (C) Matsukawa-ura
| acoon



The 2011 Great East Japan Earthquake

Impact of the earthquake (time series)

N

Land subsidence and uplift ( )
Artificial construction ( )
l Tsunamis (Phase 2)

Earthquake & liquefaction (Phase 1)



Sanbanze tidal flat in Tokyo Bay in Apr 2011

Cracks in the ground Sand boils that erupted in tidal flat
caused by liquefaction

Liquefaction induced by earthquake
shaking occurred just after the
earthquake

before arrival of the first tsunami
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Tidal flats before the tsunami was coming

It 1s likely that these
bivalves were pushed out
from the deep sediments
by these jets of water,
leaving many of the
bivalves that live
submerged in the
sediments exposed on the

fidal fl.at SHEtACe! prior to. This figure was made on the basis
the arrival of the tsunamis. ¢ ¢he testimony of witnesses




Phase 2: subsequent tsunamis

gy

A number of infaunal organisms that were left ‘ Aoy
exposed on the tidal flat surface by ‘

liquefaction are likely to be by l

strong tsunami stream This strong stream also : ' '

'dug up the bottom sand with many
underground organisms




Dispersion of benthic organisms

Earthquakes with tsunamis
have occurred in ~500 year
cycles along the Pacific coast
of northern Japan (Okoshi
2015) and may have
contributed to the creation of
new habitats for sessile

organisms such as the oyster
(Okoshi 2016).

Okoshi K. 2015. Impact of repeating massive earthquakes on intertidal
mollusk community in Japan. In: Ceccaldi H-J, Hénocque Y, Koike Y,
Komatsu T, Stora G, Tusseau-Vuillemin M-H (Eds). Marine Productivity:
Perturbations and Resilience of Socio-ecosystems. Springer, pp 55—62.
ISBN 978-3-319-13877-0, ISBN 978-3-319-13878-7 (eBook)

DOI 10.1007/978-3-319-13878-7_6

Before tsunami (2009)
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Work to remove the oyster that has spread to the clam fishery field (Aug 2014)




Bivalves damaged in Matsukawa-ura tidal flats from the 2011 earthquake, where
oyancy caused by soil liquefaction pushed up many underground organisms includin
Mva arenaria oonogai eand Macoma contaculatae

6 April, 2011 in MatsUkawa-ura Inlet, Fukushim



Differences in the recovery process

<Dig out mollusks that lived in deep >

Mya arenaria oonogai
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Macoma contacrata

No juvenile recruitment



Differences in the recovery process

<Dig out mollusks that lived in deep >

Mya arenaria oonogai Macoma contacrata

Annual juvenile recruitment  No juvenile recruitment

Life .
cycle Annual spawning The spawning once every few

(Kinoshita 2002) yeaI’S (Tanabe & Arimura 1987)

Macoma contaculata haven’t recovered since the
tsunami

We can not be grasped in a few years to recover
post-quake situation!




Species richness
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Changes in the number of species observed

after the tsunami
The cumulative number of
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Changes in community structure after the tsunami
Subsidence (Mangoku)

NMDS analysis
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Mangoku-ura Lagoon Before subsidence (2009)
80cm subsidence

All pictures taken at the
time of maximum low tide
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Changes in habitat
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Effect by land subsidence

Short-term effect- Migration of
mollusks

Parts of mollusks are moving at place that
was “land” before, due to seawater level
rose as land subsidence (changing habitat )

Lomg-term effect -
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Fig. Population density of Pirenela pupiformis from May 2011 to Nov. 2016 in

Mangoku-ura



Mangoku-ura Lagoon
80cm subsidence

Arcuatula senhousia




hanges in bottom sediment due to subsidence in Mangoku-ura

<Composition of silt contents >
. O 88 - &f -
‘ Arcuatula senhousia B oo g

2009 .‘
Opportunistic species, High density, 1
covered bottom with byssal mats. 2011 .

(Yamamuro et al. 2000; Buschbaum et al. 2009) -
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Changes in community structure in Mangoku

./ Stress=0.06
Dissimilarity:

0.3

May 2011

Species composition and abundance of
bivalves changed every year, indicating that
the bivalve community was compositionally

6 =

Changed to silty and
muddy

The dominant species has
been changed from species
that prefer sandy bottom
environments (R.
philippinarum) to those
prefer muddy bottom
systems (M. incongrua and C.
angustus) owing to the
increase in the silt content of
the sediment.




" We kept observing
- TR ¥
- o~ = the rock from 201
N " ,u"' 4 & .
) until now

Pl

~ From
| Okoshi(2016)

K. Okoshi. 2016. The Effects of Liquefaction, Tsunami, and Land Subsidence on Intertidal
Mollusks Following the Great East Japan Earthquake. In: J. Urabe & T. Nakashizuka (Eds).
Ecological impacts of tsunamis on coastal ecosystems: Lessons from the Great East Japan

Earthquake. Springer pp.165-178.
DOI 10.1007/978-4-431-56448-5. ISBN 978-4-431-56446-1. ISBN 978-4-431-56448-5 (eBook
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Effect by uplift?

Lomg-term effect -Change from
subsidence to uplift

A gradual community change



Effects of the 2011

on marine life and residents

 Effects of man-made structures



Destruction by the tsunami 80cm subsidence after the earthquake

Construction of new and higher seawalls and
artificial tidal flats



A&B: Artificial tidal flats made by mountain sediment in
Mangoku-ura Inlet. C: Turbidity appear when stir the sand




New recruitment of juvenile after the summer . .
in 2014 Start sand putting in

First fishery of clams after the earthquake i 2013
March 201
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Tsunami seawall with a
trapezoidal section

Decrease of tidal area
and change of bottom
diment

The tideland area was landfilled with a width
of 30 m
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The 2011 Great East Japan Earthquake

Research of mega earthquake (time series)

‘ Land subsidence and uplift ( )

Artificial construction ( )

Tsunamis (Phase 2)
Short-term effect

KEarthquake & liquefaction (Phase 1) /




Conclusion in marine life

We have to clarify - - -

(2) long-term effect which may
explain continuous changes in

population with land subsidence, uplift

and-artificial structure

~
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Effects of the 2011

on residents

» Concept of tsunami disaster prevention
in Japan and in the world
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Historical tsunami in the
Azores archipelago
(Portugal)

C. Andrade a, P. Borges b, M.C. Freitas a

a Centro e Departamento de Geologia da Universidade de Lisboa,
Bloco C-6 3° Piso, Campo Grande, 1749-016 Lisboa, Portugal

b Departamento de Geociéncias da Universidade dos Acores, Rua da
Mae de Deus, Apartado 1422, 9501-801 Ponta Delgada, Portugal
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morphology and plate-tectonics setting, the Azores
Archipelago is highly vulnerable to tsunami hazards
associated with landslides and seismic or volcanic
triggers, local or distal. Critical examination of
available data - written accounts and geologic evidence
- indicates that, since the settlement of the archipelago
in the 15th century, at least 23 tsunami have struck
Azorean coastal zones. Most of the recorded tsunami
are generated by earthquakes. The highest known run-
up (11-15 m) was recorded on 1 November 1
Terceira Island
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Ponta Delgada, Azores
in Portugal, July 2013




Fig.3 Mapof Arcachon, France
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Okoshi et al. 1987. Characteristics of shell chamber formation

between the two local races in the Japanese oyster,

Crassostrea gigas
Aquaculture 67, 313-320.

Okoshi et al. 1992. Proceedings of the Tecno-Ocean'92
International Symposium pp. 727-734.
Okoshi. 1992. Observations concernant la coexistence

d'activites diverses sur le bassin d'Arcachon. Colloque
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http://www.club-t.com/hokkaido/special/island/

Do you know the difference?
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Coastline of Okushiri Island, Hokkaido Japan. A: Natural coast. Coastal vegetation is
continuous until the beach. B: Coast which are divided by the tsunami seawalls with
some vegetation on the shore. C: Huge seawalls. There is nho vegetation at all on the

The magnitude 7.7 earthquake A
occurred in 1993 near the

Okushiri Island in southwest-

off Hokkaido, northern Japan
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Impact of repeating massive earthquakes on
coastal marine life in Asia

unami Biology

Key areas for collaboration
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Liquefaction induced by earthquake shaking occurred just after
the earthquake before arrival of the first tsunami
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Liquefaction is a phenomenon in which the strength and stiffness of a soil is reduced
by earthquake shaking. The water spurted from the cracks, which looked like a jet
of water. (just after the earthquake, March 11, 2011)
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Tidal flat area was greatly
reduced due to the influence o

land subsidence and tsunami
seawall construction




Tsunami & Marine Life in Asia

http://www.ngdc.noaa.gov/spotlight/tsunami/image/
pmelmaxcomputedamplitude.gif
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