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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 km1) 200
miles of coastal line of East Norfth of
Japan mainland (Honshu) facing the
Pacific Ocean.
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Photo credit: National Geographic
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JAPAN TSUNAMI MARINE DEBRIS ("JTMD”)
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An estimated 5 million tonnes of debris was washed away and began
dritfing east across the Pacific Ocean.
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1. Modelling
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2. Surveil ance and Monitoring
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3. Rlsk of Invasive Species
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Model Simulation of
Japan Tsunami Marine Debris (JTMD)
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Inter-comparison of
various models
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GNOME model simulations by NOAA, USA. Colors indicate particle windages



Boat reports =
SCUD

FORA

fluxes, boats/month

2011 2012 2013 2014 2015 2016

HKEHDET L (SCUD, GNOME, SEA-GEARN/MOVE-K7) [CkZEBEMD I IaL—a i RE,
EXBEBRICETH/NERMFEERERRTED L

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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Kyushu University
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Charlie Plybon (Surfrider Foundation OR), Thomas A. Murphy (Oregon State Univ)
and Nir Barnea (NOAA, Marine Debris Program)
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Our strategy Webcam monltorlng

%:\B%-‘Ennvaswe species FEKEEDTHECTLEIIN D LD, location specifications
LRI EFMA TEDLDA ? Py
- E‘J‘i/—.—?&%@, BB CRAETRETSENER

BEREEYOEFRBRERE. AR CEEORIETOF I+ HFEBIHETILT,
%_%_L\h‘%:lid' TIERSE %I BE AN REL-LOJAMSTEC KR, R0
7":7":151£ %it'iﬂ*&r%?(l&/‘ablﬁl /}ll.) E(irlq]EITl)ILEG)*EE_C%é
if:ﬁkrl)ll.‘tiﬁ—cg_‘;—s = %E&ﬁl—r/)mé%*uﬂ_';lﬁl_ #i@n;{ﬁ(i;ﬁblﬂ

1346 A 038107

N . B2k :
swkﬁdﬂak Lﬁ ,34! 5 pdd

= g g e .
2 et TR = Y G
5 : t*."., N ) e -

Combination of simulation and webcam monitoring to evaluate tpe
abundance of JTMD
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interval ¢
9:00~18:00 once at each hour
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winter owing to the coastal downwelling
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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.
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Rule. 2: re-drifting ?
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Model validation with aerial
photography using a Cessna plane

Kataoka et al. (submitted)
IARTBED LRI EHBEZR
BFEESFZEBNELTT HILAERIC
FEELAA ERYOHEE@MELBFE
BDLEZERDHT=, Using the aerial
photographs, we computed the ratio 3
between areas of beach litter and —
beaches e

%) North
F= Pacific

Conclusions

. . * A webcam-based sub-model was combined with a particle tracking model to estimate the
ﬁﬂ] 7T 9 t @ttijz 2014/10/7, 2014/12/3 abundance of 3.11 tsunami debris washed ashore on the US and Canadian beaches.

Model validation with aerial

=87 photography using a Cessna plane « Intotal, 30,000 tons (2%) of debris potentially exist on the beaches at the present time.
ol =91 3 —

5 % s H&: &7 )l monotone=model « The model result states that the invasive spices carried by tsunami debris were unlikely to

{é = ; i 717 —: Z2 iR M4 color=observation wash ashore widely on the entire US and Canadian beaches. They have been washed

3 o] T .

€=18 : ashore on the relatively narrow area (<1000 Km) around the south of BC and the north
w87 of WA, which might act as a “gate” of the invasive spices carried by the tsunami debris.

EXZRYMDSE2%IREN. KEEATFD
EF1000kmEEDEFICEFLTERELL:

ZENTREEEINT=, COBRTEARREDN 4}
KB INSFERINELELIE, FRITELE
TDBAATREEA BN,

® 140°W 135°W 130°W 125°W 120°W.



The Transport of Marine Life Across the Ocean
on Tsunami Marine Debris
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James T. Carlton (Williams College, USA) Williams

John Chapman Oregon State University “SSU

Jonathan Geller Moss Landing Marine Laboratories

Jessica Miller Oregon State University

Gregory Ruiz Smithsonian Environmental Research Center
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Sea urchin :
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Temnotrema !
e NS
seulptum  “geq cucumber

= ‘ Havelockia eastar
f.".." & versicolor Asterir-
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Jingle she
Anomia
Cytaeum
(chinensis)
N
Chiton Clan,
Mopalia i Hiatella orientalis
seta
Snail Mussels:
Mitrella | Mytilus galloprovincialiss ¥
. M. coruscus, M. J
2 o
s 2 oEE) trossulus, Musculus f
cupreus
Limpets:
MOLLUSKS g Lottia sp.;
(12 species) Nipponacmea
: habei

L SIRBEREICHBLTIM: S
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assa marmorata,
Pmpithoe valida,

s nwIvd

~™ibalanus Megabalanus
. rosa

Caprella spp.
.PODS

SRYOZOANS:

Sea anemone
Metridium
senile POLYCHAETE WORMS
(28 species)
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Some of these species were well-known “invasive’ species

| WANTED DEAD OR ALIVE!

s e

WATCH FOR THE INVASIVE KELP
UNDARIA PINNATIFIDA (WAKAME)
This brown seawsed, native to Asia, has spread around the workd

o Australia, New Zealand, Europe, South America
and California’s harbors!

11 you find Ui, tebe a picture and contact:

DESCRIPTION

Caprella mutica

spiny red Caprellid amphipod, skeleton shrimp
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Tsunami-driven rafting: Transoceanic
species dispersal and implications
for marine biogeography

James T, Carlton,"™* John W. Chapman,” Jonathan B. Geller," Jessica A. Miller,”
Deborah A, Carlton,' Megan 1. MeCuller,'f Naney C. Treneman,”
Brian P. Steves,” Gregory M. Ruiz®"

The 2011 East Japan earthquake generated a massive tsunami that launched an
extraordinary transoceanic biological rafting event with no known historical precedent.
We document 289 living Japanese coastal marine species from 16 phyla transported
over 6 years on objects that traveled thousands of kilometers across the Pacific Ocean
to the shores of North America and Hawai'i. Most of this dispersal occurred on
nonbiodegradable objects, resulting in the longest documented transoceanic survival
and dispersal of coastal species by rafting. Expanding shoreline infrastructure has
increased global sources of plastic materials available for biotic colonization and also
interacts with climate change-induced storms of increasing severity to eject debris
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Species and genetic diversity of seaweeds
on Japanese tsunami debris

~4e

Hiroshi Kawai & T. Hanyuda (Kobe University)

Gayle Hansen (Oregon State University)




Diversity of JTMD-Algae (macrophytes)
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Comparisons of specimens from Tohoku region, JTMD and North America
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fasutification guioe oF seaweeds Publication and distribution of identification

on Japanese tsunami debris

e P ot e guide of representative seaweeds on JTMD

Earthquake and Tsunami has been arriving on Northeastem Pucific

ﬂmms. rgn? healthy scnwccucgd(nxnc mncﬁx;:ﬁ;c) werc;‘lm?hnd 0
em, which may become introduced to the western Pacific i

coasts, To date, about 80 species have been identified on debris hased Pyropia yezoens:s Neodilsea yendoana

on morphological characters, and about 50 of the Jarger forms have . . S

been genetic annlyzed for confirmation, Since many of these species K

do noc yet aceur in the NE Pacific, their introduction and dispersal

could causz considerable impacts to the ecosystem. To help prevent the

mtroduction and passible invasion of these species, it is important that

L uny new recruilment of these species is discovered 5o that measures

can be taken to minimize their spread.

Flasting dock from This identification guide provides information for mocphologically

identifying some of the most prominent species of seaweeds found on
AT Faly S 3 benthE: nElE the rrarine debris. s

Photogrsgies by Oregon Slatn Linvarsty.
Representative seaweed apecies found on the Jupanese tsunami debris along the Washington and Oregon coasts and

identified by morphology and genetic analyses, The lpnhs shown in bold are described in this brochn.

Green algue: Alidingia minioo, Bryopsis plumss, Cha e livan, Cleadophisea albida, Cleadoph
Caodium fragile, Uiva compressa. Ulva lactuca, Ulva linza, bln pertiesa (=U. amrnﬂ!) Ulva prol(ﬂm Uha xlupla
Brown algse: Aloria crusn/ulul Analipuss fupesicis, Costaric cosiata, I icx japranica, E

itchelline, Kuckickia spinosa. Mutimo eyltnlricns,
I’emeuaj.uua. I‘cmlmua soxterifolia, Petroderma maculiforme, Punctaria latifolia, Saccharina japonica. Scytosiphon
gracilis, Soylosiphon lomenzaria, Sphaocelarl vigidul, Undaria pinnatifide
Rd lme' Bangia fuscopurparea complex, Ceramiwm cimbricurn, Chondras giganteus. Chondrus yendol, Colaconema -~
ruprochilana, Grateloupio livida, Grateloupla tmriuris, N Patmaria palmaa auct,

ppon I'o{m[n‘mma Aoreanu, Polveiphonta morrowii, hmpll Yezoensis. Scivizymenta dubyi. Tsunamia transpacifica.

Neodilsea yendoana is a large % R
annual red alga that is ovate o Grateloupia livida
oboviate in shape with a
wesdge-shaped basul portion. The
thalli are yellowish 1o dirk red in
color, undulated and easily
disintegrate. The species has not
been reported from eastern Pacific

Mutime r\lmdrlcu.\ has hnmhml tecete thalli. They form male and female
gametangia in sori 8s pln:hcs on scpnmn: lhalh Gametangia are plurilocular
with The species hus been

Ulva pertusa (=U. australis)

.“:L":‘;:d :,..?uh:' 2,','; b::“:‘;?;cm 3 “1'::_:(“: o I mgm Sie coasts. Externally the species
) s €, Fernal i
situchres [piuloculsr gametengia. arrow) and asamistory flaments. resembles some forms of

Northeastern Pacific Grareloupla
etk e s €, e doryphora bat he thalli of
snction of thattus. Neodilsea are somewhat bultare and

Ulva pertusa (=U; s di b Undaria % innatifida not smooth us in Gratelowpia.
thallus. The species mﬁunbla U, lactuca, but tends to have ¢
:r};(;t rxzfmu;(mndh thallus, %s;ni.l’:lhsmhﬂmll I?;;ge of wattached w the
specics is Northwestern Pacific 1 the species has been 51'» and
introduced fo wide ranges in the Pacific and Atlantic coasts, Chondrus yendo, s has a
Recently the species was suggested to be synonymous to U. 2 - B mmlngmui
australiy by genetic analysis. Mary layer are
erwined
teally, the
ne Northeastern
. n 3 ecies, The
Seviosiphon gmuilu forms gregarious, linear saccate stuced 1o man:
thalli. The species resembles Seyiasiphon lic and Attantic
lomeniaria. but diffess in having more flattened ific, it has been
thalli without und forming plurilocul. wit it is not
ia lackin; ysts). The ther north.
thalli are bumnllygho!hw but mnv becum: partly
solid. The ongimal distributional range of the specics
is Northwestern Pacific Ocean, bm':ﬁ species has
heen introduced to Bajn California and Chile

&, Habt of froa" thallus. b, Crass section of
thallus

8, Habit of fresh thatus b,
Crozs sacticn of Maiws

Grareloupia lvida is a red algn having
branched strap-shaped thalli with acute
apices. The thalll are simple w one o
Two times branched, but highly variable
in the exiernul motphalogy . The thallus
frequently forms adventitious brunched
on the edges, The inner medullary layer
is filled with relatively densely.

Chondras yendoi has glegzmnus tough. simple or
wregularly hmnched thally. The upright thalti

annual, but the basal system is pervenial. The species

resembles some forms of Mazzaella parksii, a species
ounded that occurs in the high intertidal of OR and WA, but it

. Slades. u about twice the size. ln Alaska, it resembles severa! intertwined filaments. The species is
- pecies. including Mazzaella phyllocarpa. The species
Undarie pianaiifida (waknme) is an annoal kelp having E )m not yet been sepxkll from p'ﬂ«.w'ﬁ'fm MPE"-' mmbﬂm& ".mm::.m

4 distinct midrib and lobed membranous blade. When
Sm'rlmnnn Japonica (makonbu) is a bosically bignnial — manyre, sori are formed along the side of stipe and the
kelp that may exceed several meters in bength. The portion becomes ruffled. The blade has gland cell and
biades have undulations when young, but later becomes figir conceptacles on the surface. This is an economically

Pacific.

smooth, This is an economcally important species in iy nt species in Northeastern Asia wikel: nmdmml n,c:mmum

NE Asi and widely cultvatod n Japan, Korea ind. Gl 1 . Kores-and China. The spoces hss i St Gy s (1w
China. Extermally, lhc young thalli resemble S latixsima,  been mntrodyced worldwide incloding California, but has & {amon).

Dt when malure.the Stipes are shorier and the blade. ot been reported from rionh of Oregon. Sehizymania dubyi bears a short stipe and an avate to broadly lanceolate foliose thallus that can be deeply split. The
&:‘fm.‘n“::;‘:;g'm“ :"ung ,,;E:;q?p.:;ﬁc:mc "*‘ #'m:fu "\“Nﬁ b, Hatit of fertia thals forming <o thallus is soft and slippery when young, but ater becomes somewhni Iemhez The inner medullary fayer is filled
Species has not been reported from eastem Pacific m Tao) b the corset iy d“a“‘;ﬂmg“m"‘ f;‘“ with Joosely nunv.m:d filaments. Characteristic gland cells are formed in the cortical layer. The Species has a
Cousts, Tt concaplatie (amow). fe history alt g between an upright ga and a crustose sporophyte. In female thalli,

are thickly die in the suby mvmgl}wir!dlumnnlzdnmm:em es has a
relatively broad dmnbnnoml range. However, in the Nartheastern Pacific, it has only been found in ( nh{ormn

This prejact wis suppdrted by the research grant of the Japanesy Ministry of the Enviconment through the North Pacific
Maring Science Organization (PICES) 1o Hroshi Kawal, Takeaki Hanyda (Kobe University) and Gayle Hansen (Oregoen Stale
Universdy). and Oragon Sea Grant to B H. We thank Masahio Suzuk| for cellection of a part of the specimans . Copynght of
photographs (excl. those of Misawa fioaling dock) belongs jo Hitoshi Kawa: (kawai@kobe-u ac jp}

Published by the Kobe L y Center for Inland Seas, Rokkodal, Kobe, 667-8601, Japan




Species Risk Assessment
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Thomas W. Therriault!, Jocelyn C. Nelson?, James T. Carlton3,
Michio Otani? Gregory M. Ruiz?, and Cathryn Clarke Murray?

1 Department of Fisheries & Oceans Canada
2 North Pacific Marine Science Organization (PICES)
3 Williams College - Mystic Seaport
4 Osaka Museum of Natural History

> Smithsonian Environmental Research Center
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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)
- BATREMETOREICETZYRIFHAEDT-HDRZY—IL

Screening tool that evaluates risk based on invasion likelihood and
impacts
- 17EDERT=EREISS I 1TEITI,
17 Questions scored from low (1) to high risk (3):
« IRTFEDIKR Present status in the area
BASINBEIS EE Rate of introduction
47 Survival
A EDHEL Establishment
YK Spread
2 |mpact
° n:]:1ﬁ%[ J:éTEE%'ISEjén:HﬁTé

 Captures assessor uncertainty
« BERYICER O 1320 EEHBMIC OV TFHEiZER A 1=
We applied to 132 invertebrates on debris
ARERXSS (Ta)—230) B0 RV
Risk by Ecoregion

Gulf of
Alaska

3 Northern
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" Northern
Callfomla
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VECTOR RISK ASSESSMENT: HOW
DOES TSUNAMI DEBRIS COMPARE?

Dr. Cathryn Clarke Murray VA
PICES Project Scientist (presently, DFO)




200FEL_ LD REITDREATTAIC K VBAINTNDS, % AEE  THE INVASION PROCESS
MORE THAN 200 SPECIES HAVE ALREADY BEEN
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OUTCOMES AND LEGACY PRODUCTS

- Hawaiian 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 Debris species database (2012-2017)
» British Columbia (BC) Coast Marine Delris Aerial Imagery Surveys
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