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Managing Invasive Marine and 
Estuarine Species

Managing invasive species in 
marine/estuarine systems has changed 
substantially over the past ten years
The focus was entirely on prevention with 
little thought about established invaders
Ships ballast was thought to be the 
primary if not the only important vector 
for coastal invasions



Managing Invasive Marine and 
Estuarine Species

Older view was that eradication is unlikely or 
impossible in estuarine and marine systems
Within in past ten years, several successful 
eradication programs have been conducted, 
three in CA
Many other vectors including hull fouling, live 
bait and seafood, aquaculture may as, if not 
more, important than ballast water



A Summary of Invasions and 
Eradication Attempts

Eradication and other management efforts in 
coastal systems have had been very uneven 
in use of scientific information
The science undertaken in this area has 
rarely considered the information needs of 
resource managers 
Particular need to develop research priorities 
that will inform decisions about eradication of 
invasive marine/estuarine species



Talk the Talk

Discuss past invasions, impacts and 
attempts at eradication
Use two case studies, Caulerpa taxifolia 
(killer algae) in southern CA and hybrid 
Spartina in SF Bay to contrast science input
Discuss the science “needs” expressed by 
coastal resource managers and compare 
these needs with those in terrestrial systems
Outline a new agenda for management 
focused research



Major Functional Groups of Concern



Examples of Economic Impacts
of Marine/Estuarine Invasions



Examples
of Eradication

Attempts in
Marine/Estuarine

Systems



Costs of Successful Eradication

Species Site

Black Striped 
Mussel Australia (NT)

Caulerpa
California (SD, 
OR)

Abalone 
parasite California (MB)

NE seaweed California (SF)

Examples of successful eradication in coastal systems
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Spartina 
Invasion

Spartina alterniflora was introduced 
in 1970s by A.C.E.
Hybridized with native S. foliosa and spread 
throughout central and south SF Bay
Eradication began slowly in 2005, eradication 
could occur within five years (?)
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Spartina Eradication



Significant Role for Science

The eradication program both depended on and 
incorporated input from scientists
Treatment alternatives (herbicides, mechanical 
methods, etc.) were tested and compared
Genetic analysis was key to understanding extent of 
invasion
Impacts of invasion were measured concurrently
Scientific objectives were incorporated into 
eradication procedures



Caulerpa 
Invasion

First found at two southern CA 
sites, Aqua Hedionda and 
Huntington Harbor in 2000
All Caulerpa removed by 2002
Declared eradicated July 2006



Caulerpa Eradication



Limited Role for Science

Eradication methods were undertaken with 
little validation of effectiveness
Access to invasion sites was very limited
Assessment of science needs occurred after 
the fact
Still very few quantitative data regarding 
impacts of Caulerpa
Other eradication methods are untested



Manager’s Perspectives on Scientific 
Contribution to Eradication

What was useful to eradication 
management?
– Access to ecological information
– Access to previous management programs
– Risk assessments, particularly spread and control 

efficacy
– Identification of introduction and taxonomic ID
– Studies of control strategies for local conditions
– Monitoring, including ecosystem function
– Articulate media communications
– Vector analysis



Manager’s Perspectives on Scientific 
Contribution to Eradication

What other information from scientists would be 
useful?
– Research relevant to invaded range (long-term effects, 

restoration possibilities)
– Easier access to data bases (treatment strategies, 

bibliographic, experts)
– Coordinated surveys and mapping
– Earlier results
– Early definition of roles for scientists and managers
– Improved certainty of data
– Better information on invasion threat
– Cost-benefit analysis



Comparison of Research Needs in 
Terrestrial and Marine Systems

Comparably little has been written about the 
research needs regarding invasive species in 
marine/estuarine systems
Compare this with much more coordinated efforts 
with terrestrial plants 

– CA Noxious and Invasive Weed Action Plan (2005, CDFA 
and CALIWAC)

Similar efforts led by the UC was not successful
Compare the similarities and differences



Comparison of Research Needs in 
Terrestrial and Marine Systems

Similarities
– Basic biology and ecology, assement of range of 

impacts
– Control and management options
– Economic costs relative to impacts of invaders
– Developing effective communication strategies 

and convey need for eradication/control
– Methods for early detection and rapid response
– Integrate science into policy development



Comparison of Research Needs in 
Terrestrial and Marine Systems

Differences
– Biological control is currently NOT an option
– Modeling approaches to predict spread
– Identification of resistant habitats
– Identification of impact thresholds
– Ecosystem impacts of different control/eradication 

methods
– Alternative plants to replace invasive ones for 

sale
– Effective pre- and postborder screening methods



Some Differences Between Systems

Options for eradication and control are more limited
– Biological control is not currently acceptable
– NPDES permitting greatly limits use of chemicals for eradication 

and control 
Vectors for spread are less well understood

– Ships (ballast water, hull fouling) are not well quantified
– Most marine/estuarine plants are not for sale, although movement 

of commerical products (e.g. shellfish) may result in spread
Species almost exclusively non-commercial

– Very few species for sale (Caulerpa rare example)
– Dispersal and spread not related to intention planting

Connectivity among populations is poorly understood
– Are bays and estuaries sufficiently isolated to pursue eradication?
– Will eradication be effective at the leading edge of an invasion?



A New Agenda for Management 
Focused Research

Community and ecosystem impacts of 
ecosystem engineers
– Identifying the most important impacts

Trait-based approaches for prevention
– Screening targeted species

Early detection
– Genetic dip sticks, shotgun sequencing for 

screening water column



A New Agenda for Management 
Focused Research

Evolutionary potential
– Rapid evolution, changing invaders

Ecological economics models
– Incorporating non-market impacts

Decision support
– Delivery of information about management 

methods, species biology, etc.



A New Agenda for Management 
Focused Research

Climate change impacts
– Increased temperature, increased CO2 and 

ocean acification
New methods for eradication and control
– Biological control, transgenics approaches, 

pheromonal control
Understanding connectivity
– Prioritize control methods



Conceptual Model to Guide 
Eradication Decisions
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