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The Great East Japan Earthquake
HEARER

March 11, 2011: Wave Heights

Wave height estimated at
40.5m

(133 feet)
in Miyako







Sank down to the seabed

Were carried back to shore

Went to sea



Sank down to the seabed
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Went to sea



on a vast amount of floating debris
from an exact known origin
with an exact known sea-entry time

over multiple years



Off Sitka, Alaska
Middleton Island, Alaska: Crewless Ship
Soccer ball

Ryou-un Maru

Graham Island, Canada:

Harley-Davidson Motorcycle

Theoretical position of
object field June 2012

In March-April 2012
Japanese Tsunami Marine Debris (JTMD)
begins appearing
in Alaska and Canada



And then...

On the morning of Tuesday, June 5, 2012

451 days (14.5 months) later ...

Morning beach walkers reported
that a “large dock” had floated
ashore just north of

Newport, Oregon






7,000 km journey
across the
Pacific Ocean



Port of Misawa,
built 2008






Mediterranean mussel
Mytilus galloprovincialis:
A well-known invasive species

Japanese kelp (seaweed, algae)

Undaria pinnatifida:
A well-known invasive species
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Over the ensuing months,
many objects began to come
ashore on the Pacific coast and in
the Hawaiian Islands ....



Sample acquisition: Since 2012

Established extensive network of local, state, provincial,

and federal officials, private citizens, environmental groups, in
Alaska,
British Columbia, Washington, Oregon, California, and Hawaii

Established protocols — as best as possible, feasible, and

practical — for real-time communication, notification, collections,
photography

Preserved biological samples sent to laboratories at

Williams-Mystic (Carlton), Oregon State University
(Miller/Chapman),
Moss Landing (Geller) and Smithsonian (Ruiz)




Formal identification

Registration numbers or other identification, and then
traced by Consulate to the tsunami

Known Japanese manufactory / origin

Unique Japanese construction (buoys, lumber)

Bioforensics: source region biohomogeneity fingerprint

Biota typical of Honshu tsunami epicenter

Pulse event timing

A sui generis debris pulse from the Western Pacific



Examples of Sample Analyses

Chemical & Growth History: Mussels

BF1: >39 mm (n =13) Biodiversity Assessment
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Population Characteristics:
Mussels and Arthropods

Genetic Barcoding and
Metagenomics




Japanese Tsunami Marine Debris
(JTMD):

We analyzed

(docks, boats, floats, buoys, post-and-beam wood, et al.)
landing in AK, BC, WA, OR, CA, and HI

generated by the 2011 Tohoku Tsunami
and with
Japanese species aboard



JTMD Diversity

372 Japanese species:

Invertebrates 290
Fish 2
Algae 80



Already present
(35%) due to
presumed natural
distribution or
(for only 7 species)
prior introduction



85% of
taxa

Already present
(35%) due to
presumed natural
distribution or
(for only 7 species)
prior introduction



Cumulative species
richness
by date and
object type

Had not yet
leveled off by
2017
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Our study provides only a
minimal estimate of
JTMD biodiversity:

more than 50% of all taxa
were detected only once
(and new species
continued to arrive)






Remarkable At Sea Long-Term Longevity

Living Japanese species continued to arrive after more than
6 years at sea -- 4 or more years longer than previously
documented instances of the survival of coastal species

rafting in the ocean.

(1) multiyear growth, aging, and unexpectedly long survival of
original 2011 individuals

(2) self-recruitment (via non-planktonic propagules) maintaining
multiple generations

Our knowledge is strikingly limited of the physiological processes
involved in long-term survival of coastal species in the open ocean



Living Species Continue to Arrive

A buoy used in southern Hokkaido or northern Honshu
landed February 28, 2018 on Long Beach, Washington
with living Japanese bivalve mollusks

Pododesmus macrochisma

First JTMD record



How does modern rafting of marine objects
differ from “natural rafting” ?

Historic Rafting: Modern Rafting:
wood adds
(trees, branches, anthropogenic

root masses) materials



Wood = building wood and

trees — was largely gone by
2014 — perhaps mostly
consumed by shipworms
... leaving plastic and
fiberglass objects as the
persistent ocean rafts




How does modern rafting of marine objects
differ from “natural rafting” ?

Historic Rafting: Modern Rafting:
wood adds
(trees, branches, anthropogenic
root masses) materials

Marine debris (marine litter):
largely non-biodegradable material:
long-lasting plastic, fiberglass, and other substrates




\ Thus, the previously unknown capacity l

of coastal species for extended
long-term survival on a transoceanic
journey was revealed by
plastic persistence:

Anthropogenic materials have critically
extended the potential for long-term
and long-distance transport of
non-native species
in the. _arting




Tsunamis in Northeastern Honshu

hionsiu What about historic tsunamis

in Japan?



Earthquakes and Resulting Tsunamis in

Northeastern Honshu
(Tohoku region: Sanriku coast)




Japanese Tsunamis in Northeastern Honshu:

1933 vs. 2011

Aomori and Iwate

Prefectures

SN /

1933 tsunami
(magnitude 8.4 /29 m)

2011 tsunami
(magnitude 9.0 / 30 m)

What was the scale of coastal infrastructure in 19337



1933 Sanriku Earthquake and Tsunami
[TOhoku region]
Undersea earthquake, 290 km east of the coast

Aomori Prefecture:
Misawa:
in 1933 the airfield was a
gravel runway on the beach

Today, Misawa hosts a large
U.S. Air Force base




1933 Sanriku Earthquake and Tsunami
[TOhoku region]
Undersea earthquake, 290 km east of the coast

Aomori P







Miami Beach, Florida






“In the absence of strong reductions in
greenhouse gas emissions ... (there will

be) substantially larger increases in
tropical cyclone intensities.”
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“In the absence of strong reductions in
greenhouse gas emissions ... (there will
be) substantially larger increases in
tropical cyclone intensities.”

“Our results strongly suggest that future
emission scenarios will result in more
frequent tropical cyclone impacts on the
.... northeastern United States.”
















Marine biofouling on plastics
Invasions. A growing vector for species invasions

Origin. Biofouling may provide critical data on the source
of marine debris, which can strongly inform focused
management efforts.

Biofouling may alter drift modeling. Biofouling loading
and drag may critically impact models seeking to predict
the longevity and fate of drifting debris

Biofouling increases plastic life-at-sea? Does biofouling
extend the life of plastics at sea (via protecting from UV
exposure [decrease in UV transmittance] and reduced
degradation)?



400 Oral Presentations
170 Poster Presentations

The number of papers on non-microbial marine life
present on or transported by debris:



400 Oral Presentations
170 Poster Presentations

The number of papers on non-microbial marine life
present on or transported by debris:

3



With the vast amount of debris
being collected, handled, and
processed, there thus appears to
be opportunity to now
infuse bioforensics as a novel
new direction for

marine debris science












	�Megarafting: The Role of Marine Debris in the� Transoceanic Transport of Marine Life  �Sixth International Marine Debris Conference�San Diego, March 2018�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	How do we know �that a given object was lost in Japan on March 11, 2011?�______________________________________________�
	Examples of Sample Analyses
	Slide Number 20
	JTMD Diversity��372 Japanese species:�
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54

