
Office of Research and Development Office of Research and Development 

Biodiversity entering US ports via ballast 
water discharge 

An analysis using High Throughput Sequencing 
 

John Darling, John Martinson, Yunguo Gong, Sara 
Okum, Erik Pilgrim 

US Environmental Protection Agency 
 

Katrina Lohan and Greg Ruiz 
Smithsonian Environmental Research Center 

 
Yuping Zhang 

University of Michigan 
 

 



Office of Research and Development 

•What can DNA tell us about the biodiversity being 
delivered to US ports in ballast? 

•Can DNA data capture biogeographic signatures 
(e.g. can we identify sources)? 

•How much does management effect biodiversity in 
ballast? 

•What species are being delivered, and are any of 
them troubling? 

 

The Questions 
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DNA Meta-barcoding 
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•Chesapeake: 51 samples sourced 
from 32 ports in 12 countries, 
mostly Europe and North America 

• Texas: 45 samples from 32 ports in 
16 countries, mostly North and 
South America 

•Alaska: 47 samples from 14 ports, 
all in the US 

• Sequence generated from 3 18S loci 
and COI 

The Samples 

Chesapeake 

Bay (CB) 

Galveston, 

Texas (TX) 

Valdez, Alaska 

(AK) 



Office of Research and Development 

EXAMINING THE METHOD 
How much diversity can we see? Which loci work best?  



Office of Research and Development 

Effect of primer on 

community structure 
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SSFU (18S) COI 

Effect of primer on 

community structure 
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COMPARING DIVERSITY ACROSS 

SAMPLES 

What are the drivers of differences in ballast water communities? 
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Effect of source region on 

community structure 

R = 0.4123 

P < 0.001 
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Effect of source region on 

community structure 

P = 0.2533 

P = 0.1428 
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Effect of source region on 

community structure 
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Effect of source region on 

community structure 
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Effect of management on 

community structure 

P < 0.001 
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Effect of management on 

community structure 

R = 0.2086 

P = 0.065 
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Effect of management on 

community structure 

R = 0.8338 

P < 0.001 
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DESCRIBING DIVERSITY 

What’s in the samples? How diverse are they? Are there any invasives? 
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Total biodiversity (by Phylum) 
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Non-native biodiversity 
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Non-native biodiversity 

Alitta succinea 
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Non-native biodiversity 
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Non-native biodiversity 

Martesia striata 
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Non-native biodiversity 

Hediste diversicolor 
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Non-native biodiversity 

Hediste diversicolor 
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Challenges for identifying invasive species 

•How should we interpret differences between loci? 

• Importance of assessing accuracy of taxonomic 
assignment 

•Which reference lists should be used? 

• Should there be a sequence abundance threshold? 
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•Understanding patterns of biotic connectivity 

• Investigating the variables that determine the rate of 
biodiversity accumulation in recipient ports 

•Assessing the effects of ballast water management 
practices (exchange or treatment) 

• Early detection to prioritize future surveillance 
efforts? 

 

Potential Applications of HTS 
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