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GREAT EAST JAPAN EARTHQUAKE AND TSUNAMI
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On March 11, 2011, a great
earthquake with a magnitude of 9.0
hit the country of Japan and triggered
a tsunami with waves up to max. 39
meters (130 feets) over (360 km) 200
miles of coastal line of East North of
Japan mainland (Honshu) facing the
Pacific Ocean.

Photo credit: National Geographic
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JAPAN TSUNAMI MARINE DEBRIS (“JTMD”)
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An estimated 5 milion tonnes of debris was washed away and began
drifting east across the Pacific Ocean.

Photo credit: Bloomberg
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Model Simulation of
Japan Tsunami Marine Debris (JTMD)

sEdth Br3C Masa Kamachi
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Inter-comparison of
various models

SCUD ETJL(/\JAKIPRC) SCUD model simulations by Hawaii Univ., IPRC

MOVE/K-7/SEA-GEARN €7 JL(BAX&RF—L) MOVE/K-7/SEA-GEARN model simulations (Japan)
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GNOME model simulations by NOAA, USA. Colors indicate particle windages
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JTMD boat observations (black line) and scaled model fluxes on the North America west coast

for multi-windage approximation with windage distribution.

Lines present timelines, smoothed with a Gaussian filter of 1.5-month half-width.

Grey background shows unsmoothed scaled SCUD solution at optimal windage.

Vertical dashed gray line marks the moment of the tsunami. Units are number of boats per a month.
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Webcam monitoring of landed marine debris
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Our strategy
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Combination of simulation and webcam monitoring to evaluate the

abundance of JTMD E_f%@@iNOAQ)
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Summary of webcam monitoring -
Kako et al.. (submitted) (Rule.1) Seasonal increase from summer to
aKo et al., (submitte winter owing to the coastal downwelling
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A simplified model based on the two
rules well reproduces the debris
abundance on the Newport beach

(Rule.2) Rapid decrease owing to the wind setup (at
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Newport,

OR

interval .
9:00~18:00 once at each hour

resolution .
1920 X 1080 pixels

period :
2015/Apr~on-going
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spring tides) during the westerly (onshore-ward) winds ¥

When intense onshore-ward winds (>

average + SDV) occurred at Spring tides (i.e.,

the occurrence of the wind setup), all debris
“littered” on land cells returns to the oceanic cells.

Rule. 2: re-drifting ?
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Model validation with aerial
photography using a Cessna plane

Kataoka et al. (submitted)
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photographs, we computed the ratio
between areas of beach litter and
beaches
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Model validation with aerial
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Conclusions

» A webcam-based sub-model was combined with a particle tracking model to estimate the

abundance of 3.11 tsunami debris washed ashore on the US and Canadian beaches.

« Intotal, 30,000 tons (2%) of debris potentially exist on the beaches at the present time.

» The model result states that the invasive spices carried by tsunami debris were unlikely to

wash ashore widely on the entire US and Canadian beaches. They have been washed

ashore on the relatively narrow area (<1000 Km) around the south of BC and the north
of WA, which might act as a “gate” of the invasive spices carried by the tsunami debris.
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The Transport of Marine Life Across the Ocean
on Tsunami Marine Debris
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Mediterranean mussel
Mytilus galloprovincialis

10s of 1000s of mussels

THA Wakame
Undaria pinnatifida

dense layers of seaweed

Examples of coastal organisms on “Misawa 1”: Landed Agate Beach, Oregon, June 4, 2012
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128 different species of Japanese

aces

assa marmorata,
\mpithoe valida,

animals and plants crossed the CaprellaspP.
ocean to North America
on "Misawa 1”  SRYOZOANS:

Tricellaria,

I Cryptosula
Spp.,

Mussels: - Watersipora
Mytilus galloprovincialis,
M. coruscus, M.
trossulus, Musculus
cupreus
Sea anemone Polynoidae Syllidae

Metridium
senile

Inside the dock: the Japanese seastar (starfish)

BAETERT Asterias amurensis

#BE Seaweed
Undaria pinnatifida

H447 = ? Shore Crab
Hemigrapsus
sanguineus

ErT Seastar
Asterias amurensis

JTLAZ Skeleton Shrimp
Caprella mutica
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Species and genetic diversity of seaweeds
on Japanese tsunami debris
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Hiroshi Kawai & T. Hanyuda (Kobe University)
Gayle Hansen (Oregon State University)



Diversity of JTMD-Algae (macrophytes)

Non-native species in west coast
of North America

Non-
native
species
In west
coast
of North
America
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o Origin of an anonymous boat
carrying yellowtail jacks and
banded knifejaw fish was
confirmed to be originated
from Tohoku region by the

O genetic type of the associated

Ulva species.

Haplotypes based on mitochondrial
atpl-H & cob-cox3 gene DNA sequence
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Publication and distribution of identification
guide of representative seaweeds on JTMD



Species Risk Assessment
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So for Japanese Tsunami Debris
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Fouled debris landing in NA and
Hawaii
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Many of these are already present
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Canadian Marine Invasive Screening Tool (CMIST)
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Screening tool that evaluates risk based on invasion likelihood and
impacts
« 17EDERT=ERREICSU V617217,
17 Questions scored from low (1) to high risk (3):
IRFEDIKR Present status in the area
BASNBE|SEE Rate of introduction
47 Survival
A B DFEL Establishment
$ii K Spread
o 2% |mpact
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* Captures assessor uncertainty
« ERMICROM o132 BN EEHEMIC OV TFHEZHA1-
We applied to 132 invertebrates on debris

AR (Ta)—230) B0 XY
Risk by Ecoregion
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VECTOR RISK ASSESSMENT: HOW

DOES TSUNAMI DEBRIS COMPARE?

Dr. Cathryn Clarke Murray
PICES Project Scientist (presently, DFO)
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MORE THAN 200 SPECIES HAVE ALREADY BEEN
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However... potential to introduce high risk species will require monitoring
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OUTCOMES AND LEGACY PRODUCTS

* Hawailan Islands Marine Debris Aerial Imagery Surveys (2015-2016)
« Webcam monitoring of marine/tsunami debris (2014-2017)

* Development of life history database for Japanese Tsunami Marine
Debris (JTMD) biota (2015-2016)

« Japan Tsunami Debiris species database (2012-2017)
* British Columbia (BC) Coast Marine Debris Aerial Imagery Surveys
» Special Issues of ‘Aguatic Invasions’ and ‘Marine Pollution Bulleﬂ*’gir__)__f -
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