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(Ricciardi, NOAA) 

Nonindigenous species  

in the Laurentian Great Lakes 
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Annual cost of GL ship- 

borne invasions: 

$100-800M (Rothlisberger et al. 2012) 

Good news: few  

additions in last decade  



Dreissenid mussels 



Global air traffic network 

photo: Sean MacEntee 



Global shipping network 

Photo: D. Ramirez 



More drops in the global invasion bucket . . . 



Aggregate costs of invasive species 

 Annual damages ($B 2015): US $146; Canada $31; 

 Sweden $1; EU $19; China $14; SE Asia $34 

 Challenges: exponential increase, apparently irreversible 

 Typical policy approach: external costs not internalized; 

 suffer, react, adapt;  

 Solutions: innovative policy, science, technology 
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(Lodge 1993 in Kareiva et al.) 

In the beginning (of the modern era of invasion 

biology) . . . Impacts and Mechanisms  

1993 1958 



1993 1996 



Shifting funding imperatives:  

NSF’s 1997 “Broader Impacts” 

1997 - March 28: New merit review 

criteria are approved by the National 

Science Board for proposals to NSF. 

Representing the first change in 16 years, 

the new criteria balance intellectual merit 

with concerns for broader impacts 



(Sakai et al. 2001 ARES) 

(Kolar & Lodge 2001) 

2001 
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Policy (often a prerequisite to action)—examples: 

 

Lacey Act (1950)--Injurious Wildlife provisions 

 

Non-indigenous Aquatic Nuisance Prevention and Control Act 

of 1990 (NANPCA) 

 

Executive Order 13112 (1999), amended by Ex. Order 13751 

(2016) 
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Forecasting spread and bioeconomic impacts of aquatic invasive 

species from multiple pathways to improve management and 

policy in the Great Lakes 
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• 8 state agencies 

• 5 US agencies 

• Binational orgs 

• Non-profits 

• DFO Canada 

• Ontario 



(Lodge et al. 2016 ARER) 



(Lodge et al. 2016 ARER) 



Prevent invasions: Trait-based Risk Assessment 

Distinguish 

harmful from 

benign 

Statistical 

modeling 

Photo: V. Litvinov  Photo: USFWS 
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qwertzy2 

Royal Plec 
Panaque nigrolineatus 

Photo: K. Jakubec 

Photo: National Park Service Photo: F. Slattery 

Photo: Marine Discovery 

Photo: D. Vereeken 

Photo: D. Vereeken 

Photo: N. Monks 

Silver Arowana 
Osteoglossum bicirrhosum 

Red Shiner 
Cyprinella lutrensis 

Zebra Tilapia 
Tilapia buttikoferi 

Oscar 
Astronotus ocellatus 

Siamese Fighting Fish 

Betta splendens 

Arctic Grayling 
Thymallus arcticus 

Westslope Cutthroat Trout 
Oncorhynchus clarkii 

Florida Gar 
Lepisosteus platyrhincus 

Red Bellied Piranha 
Pygocentrus nattereri 

(Howeth et al. 2016 ) 



Species profiling: benefits > costs 

Australian Weed 

Risk Assessment 

(actual policy) 
(Keller, Lodge Finnoff 2007) 

USA reptile risk 

assessment 
(Springborn, Romagosa, 

Keller 2011) 

USA mollusc risk 

assessment 
(Keller et al. 2007) 

Great Lakes 

aquatic plant risk 

assessment 
(Gantz et al. 2015) 

Crayfish risk 

assessment 
(Zeng et al. 2015) 



(Lodge et al. 2016 ARER) 



Asian carps: imminent threat to Great Lakes . . . 





Sampling eDNA in Ports  



Chicago 

Churchill 

Singapore/Singapore 

Adelaide 

(Grey et al. in review) 

Multivariate clustering of OTUs 







(Lodge et al. 2016 ARER) 



US NSF Coastal SEES program, 

5 yr, biologists, computer 

scientists, economists, policy 

analyst at four universities 

Forecasting spread in global shipping 



Forecasting Spread & Larval Settlement:  

Location of Deballasting 

(Beletsky et al. 2017 JGLR) 



Golden Mussel N Snakehead 

(Drake 2015 J R Soc Interface; 

Kramer et al. 2016 Ecosphere) 

Improved Species Distribution Modeling:  

Range-Bagging and Accounting for Habitat 



Voyage-specific Risk Assessments for  

Arctic Shipping 

(Xu, Chawla et al. in review) 



(Lodge et al. 2016 ARER) 



Eradication (not just for islands) 

Rat 
Rat Island, AK 

Feral Pig 
Santa Cruz Island, CA 

Sandspur 
Laysan 

Caulerpa 
San Diego, CA 

Caulerpa 
Port-Cros Marine Park, France 

Feral Cat 
Ascension Island 

Anopheles gambiae 
Brazil 

Black Striped Mussel 
Darwin, Australia 

Karroo Thorn 
Western Australia 

Pampas grass 
New Zealand 

White-spotted  
tussock moth 
New Zealand 

Witchweed 
Carolinas, USA 

Giant African Land Snail 
Miami, FL 

Photo: cdc.gov 
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Photo: M Newton 



Control 

Sea lamprey 

Johnson grass 
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