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On March 11, 2011, a devastating 9.0 moment magnitude earthquake 
struck Japan and a 38.38 m tsunami followed 

 
The disaster claimed nearly 16,000 lives and injured 6,000 



Newport, Oregon -  June 5-6, 2012 

451 d at sea 



Carlton et al. 2017 

289 species  



Miller et al., 2018a; Miller et al. 2018b 

Transoceanic dispersal of the mussel Mytilus galloprovincialis on 
 Japanese tsunami marine debris:  

An approach for evaluating rafting of a coastal species at sea 

Trait-based characterization of species transported on Japanese tsunami 
marine debris: Effect of prior invasion history on trait distribution 



Transoceanic dispersal of the mussel Mytilus galloprovincialis: 
Methods 

 
• Genetic species confirmation (n = 600 mussels) 

 mitochondrial cytochrome c oxidase subunit III  
 

• Reproductive state (Biofouling (BF) items, n ≥ 3) 
 

• Size and growth (32 BF items) 
 

• Structural and chemical shell analysis for growth and transport (17 BF items) 
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JTMD-BF Number 
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Shell Chemistry : Barium/Calcium 



Coastal growth prior to landing – coastal interception 
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Trait-based characterization of species transported on Japanese tsunami 
marine debris: Effect of prior invasion history on trait distribution 

Miller et al. Marine Pollution Bulletin.  

 
Distributional, environmental, and life history traits for 92 JTMD species 

 
Compare 30 species with and 62 species without invasion history 

Non-metric Multi-Dimensional Scaling  

Multi-Response Permutation Procedure (group effect) 

Indicator “Species” Analysis  (ID traits) 

 



Phylogenetic Representation 



Stress = 11.6 
89.8% of variance 

 
 

MRPP 
A = 0.03, P < 0.01 

 



 
JTMD species with prior invasion history were more 

common: 
 

• On artificial and hardpan substrates 
• In fouling, flotsam & temperate reef ecosystems 

• Tolerant of wider range of salinities 
• In subtropical & tropical temperatures 

 
Identified 35 (of 62) species with no invasion history that 

overlapped with those species with invasion history 
 



Mytilus galloprovincialis settled pre- and post-tsunami , grew 
relatively rapidly, arrived capable of reproduction 

 
Key traits differentiated JTMD species with and without known 

invasion history  
 

A quantitative trait analysis for prioritization of species with no 
invasion history (35 out of 62 species) 

 
Working hypothesis regarding traits that may increase the 

propensity for rafting coastal invertebrates to invade novel regions  
 

Contributes to our understanding of marine debris  
as a transport vector 

 



Collaborators & Acknowledgements  

• Gayle Hansen, Ralph Breitenstein, Nancy Treneman, and Thomas Murphy (OSU), Allen 
Pleus and Jesse Schultz (Washington Department of Fisheries and Wildlife). 

• Many, many volunteers in Washington, Oregon, and Hawaiʻi assisted with field 
collections. 

• A fleet of 80 systematists from 13 countries assisted in species identifications.  
• We thank J. Anderson, R. Barnard, C. Berg, C. Braby, T. Campbell, A. Chang, D. and D. 

Bilderback, D. J. Courts, F. Custer, R. DiMaria, S. Fradkin, S. Godwin, S. Gorgula, S. Groth, 
G. Hansen,  L. Harris, S. Holland, M. Lamson, B. J. Lee, R. Lewis, K. Lohan, C. Moore, C. 
Morishige, K. Moy, B. Neilson, K. Newcomer, M. Reaves, K. Robison, S. Rumrill, E. 
Sanford, A. Sherwood, J. Sones, M. Volkoff, H. Whalen, M. Wheelock, and R. Yender for 
laboratory and field support.  

• Many additional correspondents and collectors from Alaska to California and in Hawai‘i 
provided samples from JTMD objects.  

 
• Financial support was provided by Oregon Sea Grant, the National Science Foundation 

(Division of Ocean Science, Biological Oceanography), NSF-OCE-1266417, 1266234, 
1266397, 1266406, and the Ministry of the Environment of Japan through the North 
Pacific Marine Science Organization (PICES).  



Comments or Questions? 
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