
Marine Bioinvas rons
T h ir d  In t e r n a t io n a l  C o n fer en c e  

o n  M a r in e  B io invasio ns

March 16-19, 2003
Convened at Scripps Institution of Oceanography, La Jolla, California

A bstract  B o o k

Sponsored by the California Sea Grant College System and the M IT  Sea Grant College Program





International Conference OnMarine Bioinvasions

T h ir d  In t e r n a t io n a l  C o n fer en c e  

o n  M a r in e  B io invasio ns

March 16-19, 2003
Convened at Scripps Institution of Oceanography, La Jolla, California

A bstract  B o o k

Sponsored by the California Sea Grant College System and the M IT Sea Grant College Program



4



International Conference OnMarine Bioinvasions
March 16, 2003 

Dear Conference Participant:

O n  behalf o f California Sea Grant and M IT Sea Grant, we extend a warm  welcome to 

the Third International Conference on M arine Bioinvasions. We believe you will find 

the conference program most stimulating and your attendance at this conference most 

worthwhile. O f  the many benefits that you will receive from attending this meeting, we 

hope that you will develop a greater awareness o f the recent progress that has been 

made and the challenges we still face with marine and coastal invasions.

Once again, welcome to the Third International Conference on M arine Bioinvasions 

and our best wishes for a stimulating and rewarding experience.

Conference Co-Chairs:

Judith Pederson
Massachusetts Institute ofTechnology Sea Grant

Russell Moll 
California Sea Grant

#□
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CALIFORNIA’S REACTION TO CAULERPA TAXIFOLIA: A  MODEL FOR INVASIVE 
SPECIES RAPID RESPONSE ACTIONS

A n d erson , L. W., USDA-Agricutural Research Service, Davis, USA, lwanderson@ ucdavis.edu

Oral Presentation
10:00 AM , M onday

Federal and state agencies are developing plans to  prevent introductions o f  invasive species. These usually include a “R apid  
R esponse", though details tend to  be scarce. California's very effective reaction to  the discovery o f  the m arine alga, Caulerpa 
taxifolia, is an instructive m odel for rapid response strategies. W ithin  a few weeks following the June 12,2000 discovery o f  C. 
taxifolia in Agua H edionda lagoon near Carlsbad, California, an ad hoc coalition o f  state, federal, local agencies, private 
entities and interested stakeholders form ed the Southern California Caulerpa A ction Team (SCCAT). C ontainm ent and 
chemical treatments began June 29th. Plants were sealed beneath PVC tarps into w hich liquid chlorine was injected. Later, 
solid chlorine tablets were used. (Limited surveys and m onitoring have so far no t revealed any open-coast populations.) 
SCCAT facilitated an effective, proactive campaign resulting in State legislation to ban C. taxifolia and eight o ther species in 
September, 2001. Discovery o f  C. taxifolia at H untington Harbour, SCCAT reacted quickly, using tarping methods appropriate 
to that site. To streamline functions, a “Steering C om m ittee" was form ed, w hich includes representatives from California 
D ept, o f  Food and Agriculture, California Dept, o f  Fish and Game, San D iego R egional W ater Q uality C ontrol Board, US 
D ept, o f  A griculture-A gricultural Research Service, and the N ational M arine Fisheries Service. Several key processes and 
related decisions m ade this “rapid response" successful: (1) Q u ick  confirm ation  o f  species identity; (2) Im m ediate 
com m unication to appropriate agencies; (3) Im m ediate access to  data on impacts, past history elsewhere; (4) Access to 
expertise on the biology o f  C. taxifolia and eradication o f  aquatic plants; (5) Early consensus to eradicate (not “manage"); (6) 
Solution to  regulatory issues; (7) Field crew in place; (8) Access to funds and other resources sufficient to act quickly; and (9) 
Evaluation o f  efficacy. SCCAT's experience reveals w hat works and w hat is essential to thw arting similar invasions.

Contact: Lars W  Anderson, Ph.D..
US Dept, o f  A griculture-A gricultural Research Service 
Exotic/Invasive W eed Research 
O ne Shields Ave.
Davis, CA 95616 USA 
Phone: 530-752-6260 
Fax: 530-752-4604 
lwanderson@ ucdavis.edu
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INVASIVE GREEN MUSSELS, PERNA VIRIDIS, O N  MANGROVES AND OYSTER 
REEFS IN FLORIDA

Baker, P., University o f  Florida, Gainesville, USA, pbaker@ mail.ifas.ufl.edu;
Fajans, J., University o f  Florida, Gainesville, USA, jsfajans@mail.ifas.ufl.edu;
Bergquist, D., University o f  Florida, Gainesville, USA, derk@ ufl.edu

Oral Presentation
8:30 AM , Tuesday

Green mussels, Perna viridis, invaded Tampa Bay, Florida, p rio r to 1999. Initial observations suggested that a biological 
invasion on the scope o f  zebra mussels in  the Great Lakes was underway. O ngoing studies reveal a m ore com plicated picture. 
P rio r to  2002, green mussels were mostly lim ited to  artificial substrata, including bridge piers, navigational aids, and water 
intakes. Mats o f  green mussels also occurred on sediments w ithin a few meters o f  such structures. Qualitative data indicated 
that oyster reefs (Crassostrea virginica) were only lightly infested, and most o f  the oysters were alive. R e d  mangroves (Rhizophora 
mangle), were heavily fouled by o ther species, including native oysters, mussels, and barnacles, and introduced barnacles 
(.Balanus amphitrite), bu t lacked green mussels. There was hope that the green mussel w ould remain essentially urban in its 
habitat.

Surveys in 2002 revealed that the green mussels occupy m ore habitats, through continued recruitm ent and spread. In 
particular, green mussels have becom e far m ore abundant on eastern oyster reefs than previously noted. Densities are very 
high, and green mussels replace the biomass form erly produced by oysters. The oyster reef m atrix and structure remain, but 
over 90% o f  adult oysters are recently dead (shells still articulated by the ligament). O th er species, including native barnacles 
and mussels, have not been displaced, and occur in densities comparable to  uninvaded reefs outside Tampa Bay. This finding 
is correlative only, and does no t dem onstrate cause and effect. O yster reefs dom inated by crested oysters (Ostrea equestris) are 
invaded by green mussels, bu t only at low densities so far. In contrast to oyster reefs, red mangroves remain almost entirely 
free o f  green mussels, and thus remain a refuge for native oysters. These findings were unexpected, based on the literature, 
and illustrate the difficulty in predicting impacts o f  nonindigenous species.

Contact: Patrick Baker
University o f  Florida 
Fisheries and Aquatic Sciences 
7922 N W  71st Street 
Gainesville, FL 32653 USA 
Phone: 352-392-9617 x281 
Fax: 352-392-3672 
pbaker@mail. ifas. uii. edu
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MOLECULAR SYSTEMATICS OF THE INVASIVE CTENOPHORE, MNEMIOPSIS SP.

Bayha, K. M ., University o f  Delaware, Lewes, USA, bayha@ udel.edu;
M cDonald, J. H ., University o f  Delaware, Newark, USA, m cdonald@ udel.edu;
Gaffney, P. M ., University o f  Delaware, Lewes, USA, pgaffney@ udel.edu

P oster P resentation
Tuesday

The ctenophore genus Mnemiopsis currently contains two species (M. leidyi and M . mccradyi), w ith  native ranges from 
Massachusetts to Southern Argentina. O ver the past 20 years, these ctenophores have been introduced to the Black, Azov 
and Caspian Seas. In order to  clarify the taxonom y and population genetics o f  Mnemiopsis, we have collected nuclear and 
m itochondrial sequence data from representatives o f  bo th  putative species. T he nuclear internal transcribed spacer regions 
(ITS) 1 and 2 were sequenced from 63 individuals collected from 22 different geographic regions spanning the ctenophores' 
native and invaded ranges.We found no length variation in  ITS-1 (233 bp) or ITS2 (228 bp). F urtherm ore,percent sequence 
divergence was low  (0-0.9% for bo th  ITS1 and ITS2) and w ithin the range o f  intra-specific divergence found in other 
organisms, suggesting the presence o f  only one species o f  Mnemiopsis in all geographic ranges. Geographic analysis o f  ITS 1/ 
ITS2 composite genotypes indicates that South American Mnemiopsis (Argentina and Brazil) are isolated from N orth  American 
populations (A tlantic/G ulf o f  M exico coasts) and a weak population break exists around Cape Hatteras in N o rth  American 
waters. All invasive Mnemiopsis share genotypes w ith N o rth  A m erican ctenophores, w ith  the largest overlap occurring 
betw een invasive ctenophores and those south o f  Cape Hatteras into the G ulf o f  M exico. Results from ongoing studies o f  
additional nuclear and m itochondrial markers will also be presented.

Contact: Keith M. Bayha
University o f  Delaware 
700 P ilottow n R d.
Smith Lab
Lewes, DE 19958 USA 
Phone: 302-645-4362 
Fax: 302-645-4028 
bayha@ udel.edu
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FLUCTUATIONS OF ZOOPLANKTON ASSEMBLAGES DURING M ID-OCEAN  
EXCHANGE OF BALLAST WATER

Botnen, H ., U N IFO B , Section o f  Applied Environm ental Research, H igh Technology Centre in Bergen, Bergen, Norway, 
Helge.B otnen@ i£in. uib. no ;

G ollasch , S., GoConsult, Ham burg, Germany, sgollasch@aol.com

P oster P resentation
M onday

As a recom m ended but voluntary measure, ballast w ater is exchanged in m id-ocean (BWE) w ith  the hope to  reduce 
introductions o f  exotic species. This investigation o f  BW E efficiency was carried out on a 26 day voyage o f  C /V  Pusan 
Senator en-route from Asia to Europe in the Indian O cean (in the evening) and in the Bay o f  Biscay (in the m orning) in 
M ay/June 1999. B oth BW E experim ents were undertaken at norm al cruising speed (23-24 knots) and in bo th  instances the 
identical ballast tank was em ptied and refilled 3 times. Zooplankton samples were taken using 3 different plankton nets 
before, during and after each BW E. Ballast w ater that was discharged in the Indian O cean was 6 days old, originated from 
Singapore and contained on average 2 taxa and 10 individuals per 10 liters at discharge.The num ber o f  taxa and individuals 
increased during the BW E and 12 hours after the third ballast w ater refill was com pleted the average num ber o f  taxa was 2.6 
w ith  an average num ber o f  individuals o f  27 per 10 liters. Ballast w ater that was discharged in the Bay o f  Biscay was 6 days 
old, originated from the roads o f  Suez and contained on average 4 taxa and 462 individuals per 10 liters. Two hours after the 
third ballast w ater refill the num ber o f  taxa and individuals decreased to  1.9 taxa and 90 individuals per 10 litres. The 
efficiency o f  BW E to reduce the risk o f  future species introductions is discussed.

Contact: Stephan Gollasch, Ph.D..
U N IFO B , Section o f  Applied Environm ental Research, H igh Technology C entre in Bergen
Bahrenfelder Strasse 73 a
H am burg 22765 Germany
Phone: +49 40 390 54 60
Fax: +49 40 360 309 4767
sgollasch@aol. com
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NONINDIGENOUS MARINE SPECIES IN HUM BOLDT BAY, CALIFORNIA

B oyd , M . J., H um boldt State University, Arcata, USA, m jb3@ hum boldt.edu

Oral Presentation
1:30 PM ,W ednesday

D uring 2001 and 2002, 95 species w ith  a high probability o f  being nonindigenous m arine species were collected from 
H um boldt Bay. Species from most m ajor groups o f  organisms were taken, ranging from vascular plants to fish. T he largest 
num ber o f  species were from various invertebrate groups, including polychaetes (24 species), amphipods (20 species), and 
bryozoa (8 species). Previous studies in H um boldt Bay had identified 31 nonindigenous species that w ere reacquired in this 
survey.

Several introduced species have been in H um boldt Bay for a long time, in some cases going back to the first settlem ent o f  the 
region by Europeans in the 1850's. The most abundant plant o f  H um boldt Bay salt marshes was brought into the bay from 
South Am erica, probably as shingle or dry ballast. Intentional introductions have also accounted for a num ber o f  species that 
are numerous in the bay. Japanese oysters were successfully introduced into H um boldt Bay in the 1930 s. A significant 
com mercial aquaculture activity continues around the planting, growth, and harvesting o f  Japanese oysters in the bay. O ne 
species o f  algae previously unreported from H um boldt Bay probably arrived in oyster cultch from Puget Sound. O ther 
examples o f  species introduced intentionally include the Eastern soft shell clam and the Japanese cockle. Included in this 
study were species that are clearly the result o f  introductions and those that have been characterized as cryptogenic. O f  the 
95 species identified as possible introductions to H um boldt Bay, 11 are probably cryptogenic, and an additional 13 species 
may be cryptogenic.

The occurrence o f  nonindigenous species in H um boldt Bay was com pared to  their occurrence in San Francisco Bay to  the 
south and in Coos Bay, O regon to the north. O f  the 95 species in H um boldt Bay, 31 have been reported from all three bays. 
C o-occurrence records suggest that San Francisco Bay is an im portant source area for introductions to H um boldt Bay, a 
finding consistent w ith  ship and small boat traffic m oving betw een these two locations. The num ber o f  species that appear 
to be found only in H um boldt Bay (27) suggests that there may be factors in the nature o f  shipping or o ther hum an 
influences that are unique to the bay.

Contact: M ilton J. Boyd, Ph.D.
H um boldt State University 
D epartm ent o f  Biological Sciences 
Arcata, CA 95521 USA 
Phone: 707-826-3246 
Fax: 707-826-3201 
m jb3@ axe.hum boldt.edu
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CONTEXT-DEPENDENT IMPACTS OF MULTIPLE INVASIVE SPECIES O N  A 
THREATENED NATIVE SPECIES IN A WEST COAST ESTUARY

B u hle, E. R ., University ofW ashington, Seattle, USA, buhle@ u.w ashington.edu;
Ruesink, J. L., University ofW ashington, Seattle, USA, ruesink@ u.washington.edu

Oral Presentation
10:45 AM , M onday

Despite recent efforts to develop consistent m ethods o f  quantifying the ecological impacts o f  invasive species, many challenges 
remain. O ne difficulty is that the impact o f  a given invader may depend on ecological context, so small-scale measurements 
may not be representative o f  impacts th roughout the invader's range. To address this issue, it may be useful to  identify factors, 
such as habitat attributes o r resident com m unity com position, that drive variation in an invader's density or per capita effect. 
We are investigating such factors in the impacts o f  two invasive oyster drills, Ceratostoma inornatum and Urosalpinx cinerea, and 
the introduced oyster, Crassostrea gigas, on the threatened native oyster, Ostreola conchaphila in W illapa Bay, Washington. H igh
drill densities are associated w ith  C. gigas reefs and aquaculture beds. In addition, observations o f  damage to  drill shells and
results from a tethering experim ent indicate that predation by native cancrid crabs may significantly influence drill distribution 
and density. Drills preferentially select C. gigas w hen  presented w ith  bo th  oyster species in feeding trials, suggesting that 
predation impacts on native oysters may depend on the relative abundance o f  alternative prey. An enclosure experim ent 
designed to  test direct and indirect interactions am ong C. inornatum and the two oyster species found that predation rates on 
O. conchaphila decrease w ith  increasing abundance o f  C. gigas, though the effect is statistically nonsignificant. This effect was 
n o t detectable in field measurements o f  O. conchaphila m ortality rates across com m unity types. O u r results to date suggest 
several mechanisms whereby physical habitat factors, native com m unity com position, and interactions am ong invasive species 
could modify bo th  the abundance and per capita impact o f  invaders. M ore w ork will be needed to quantify the relative 
im portance o f  these mechanisms.

Contact: Eric R . Buhle
University ofW ashington 
D epartm ent o f  Zoology, Box 351800 
University ofW ashington 
Seattle,W A 98195 USA 
Phone: (206) 685-6893 
buhle@ u. w ashington.edu
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NOAA’S NICHE IN INVASIVE SPECIES RESEARCH

C arlson, D .W ., N O A A  R esearch/Sea Grant, Silver Spring, USA, dorn.carlson@ noaa.gov

Oral Presentation
10:45 AM , Wednesday

The National Oceanic and A tm ospheric Adm inistration (NOAA) is one o f  the steward for this country's oceanic, coastal and 
Great Lakes natural resources. NOAA's mandate to protect coral reefs, m arine sanctuaries, endangered species, fishery, 
aquaculture, and other resources extends to protection from invasive species threats. Invasive species research conducted in 
N O A A  laboratories o r supported by N O A A  programs continues to figure significantly in the protection o f  these resources.

The talk will describe some o f  NOAA's research programs that address invasive species, and will discuss the various mandates 
w hich direct the course o f  these programs, including the Sea G rant Act, the N ational Invasive Species Act, and the National 
Invasive Species M anagem ent Plan.

The talk will outline ways that N O A A  is w orking to  assure that invasive species research is responsive to state, regional, and 
national invasive species research needs and priorities. Topics will include the Sea Grant Aquatic Nuisance Species Research 
and O utreach Program, NOAA's roles on the Aquatic Nuisance Species Task Force, its regional panels, and its new ly-form ed 
Research Com m ittee. C oordination and planning o f  invasive species programs betw een the Offices o f  N O A A  Research, 
N O A A  Fisheries, and the National O cean Service, and the relationship o f  research programs to  other N O A A  programs that 
deal w ith  invasive species will also be discussed.

Contact: D o rn W  Carlson
N O A A  Research/Sea Grant 
1315 East West Hwy.
Silver Spring, M D  20910 USA 
Phone: 301-713-2435 
Fax: 301-713-0799 
dorn.carlson@ noaa.gov
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CONCEPTUAL MODEL OF BALLAST WATER RISK-REDUCTION

Cass, N ., University o f  Delaware, Graduate College o f  M arine Studies (Graduate Student), N ewark, USA, ncass@ udel.edu; 
C orbett, J. J., University o f  Delaware, Graduate College o f  M arine Studies, Newark, USA, jcorbett@ udel.edu;
Firestone, J., University o f  Delaware, Graduate College o f  M arine Studies, Newark, USA, jf@ udel.edu

Oral Presentation
3:00 PM ,W ednesday

The environm ental, econom ic and hum an health impacts o f  nonindigenous species introductions via ballast w ater are 
im portant problems that must be addressed no t only by scientists, but also by policy analysts. C urren t policy proposals 
prim arily advocate one global standard for ships. Single-solution, one-size-fits-all efforts, however, ignore that risk varies by 
po rt (and trade route) and are therefore likely to  be inefficient. Even if  regulators first set uniform  standards, research is 
needed to develop models that move beyond first generation “solutions."

We develop a risk-based approach to  characterize factors influencing ballast-water species introductions. O u r risk assessment 
includes the type, num ber and orig in  o f  vessels calling on a po rt and environm ental factors (e.g., salinity and temperature). 
The m odel will incorporate current biological understanding as well as perm it the synthesis o f  future insights. O u r goal is 
to produce a m odel o f  potential risk-reduction rather than a descriptive biological model. We utilize biological data to 
perform  an advanced synthesis in conjunction w ith  port, technology, and vessel data to determ ine the risk-reduction 
potential o f  various policy options. It will address no t only transocean shipping as previous research has, bu t also will 
evaluate the risk faced by ports from coastwise and regional p o rt to po rt introductions.

We chose sample ports systems to be representative o f  geographic location, vessel type and cargo volume so that the m odel 
can be applied to ports in all U.S. regions. We apply the m odel to evaluate how  em erging policy can be m ore successful in 
preventing ballast w ater introductions and to generate policy and technology choices that will assist ports in their efforts to 
prevent such introductions. A t this conference, we will present the conceptual framework for the m odel and provide an 
update on the current status o f  the research, including a discussion o f  our efforts to date at the Port o f  H ouston.

Contact: James J. C orbett, Ph.D.
University o f  Delaware
Graduate College o f  M arine Studies
118 R obinson Haii
N ewark, DE 19716-3501 USA
Phone: 302 831-0768
Fax: 302 831-6838
jcorbett@ udel.edu
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WEST COAST BALLAST OUTREACH PROJECT 
http : / /ballast-outreach-ucsgep. ucdavis. edu

Cassell, J., University o f  California Sea Grant Extension, San Bruno, CA, USA, jlcassell@ucdavis.edu;
M cD ow ell, K., West Coast Ballast O utreach Project, Oakland, CA, USA, kdhart@ ucdavis.edu

P oster P resentation
Tuesday

Ballast w ater discharge is recognized as an im portant pathway for introduction o f  nonindigenous species throughout the 
world. In the U nited  States, in recent years, a num ber o f  legal, regulatory, and legislative changes have been im plem ented to 
improve ballast m anagem ent and minimize threats from invasive species. In February 1999, the University o f  California Sea 
G rant Extension Program initiated a m ulti-year effort to  provide outreach to  the shipping industry, governm ent agencies, 
and the general public about ANS and ballast m anagem ent issues relevant to  the U nited  States West Coast and Pacific 
R egion. The main objectives o f  the project are:

1) to provide education and inform ation exchange on ANS and ballast m anagem ent issues for the m aritim e industry, 
resource agencies, and the general public;

2) to  provide outreach to the m aritim e industry on ballast m anagem ent practices and technologies, and to  facilitate improved 
cooperation and com m unication and cooperation betw een the m aritim e industry, regulators, and researchers concerned 
w ith  ballast w ater m anagem ent, and;

3) to facilitate industry interest and participation in the developm ent o f  ballast m anagem ent techniques or technologies.

Specific outcomes o f  this outreach effort include “ Stop Ballast W ater Invasions", an appealing, graphics-oriented w aterproof 
poster distributed to ships w orldwide via project cooperators, a biannual newsletter “ballast exchange" w ith  a current 
mailing list o f  2000 nationw ide and international recipients, and coordination/sponsorship o f  a num ber o f  educational 
workshops focused on specific ballast m anagem ent topics. This poster presentation w ill provide examples o f  these and other 
outreach activities w hich have been developed and im plem ented through this project to-date. We will also provide information 
on audience response, evaluation, and participation in various program  components.

Contact: Karen M cDowell
West Coast Ballast O utreach Project 
c /o  San Francisco Estuary Project 
1515 Clay Street, Suite 1400 
Oakland, CA 94612-1413 USA 
Phone: (510) 622-2398 
kdhart@ ucdavis.edu
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MARINE BIOINVASIONS AND THEIR IMPACTS O N HABITAT RESTORATION  
PROJECTS—  PERSPECTIVES FOR MANAGERS

C ham bers, V. L., N ational M arine Fisheries Service, Long Beach, USA, val.chambers@ noaa.gov

Oral Presentation
3:45 PM , M onday

M arine bioinvasions can pose significant threats to the success o f  m arine fisheries habitat restoration projects undertaken by 
the N ational M arine Fisheries Service in the state o f  California. In addition to  careful planning to prevent accidental 
introductions, m onitoring protocols must be followed and sometimes aggressive measures taken to ensure that project goals 
are met. The presenter will present two case studies—  one in the San Francisco Bay and the other in Southern California, 
and how  invasive species control is being factored into project planning and im plem entation. The presenter will also note 
o ther im portant considerations in managing the threat o f  m arine bioinvasions—  shipping industry and public awareness and 
action, and approaches regulatory agencies are taking to com bat the problem.

Contact: Valerie L. Chambers
N ational M arine Fisheries Service 
501 W  O cean Blvd.
Suite 4200
Long Beach, CA 90803 USA 
Phone: 562-980-4044 
Fax: 562-980-4092 
val.chambers@ noaa.gov
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DIFFERING RESPONSES OF NATIVE AND EXOTIC SPECIES TO INCREASING  
POLLUTION IN AN ESTUARINE FOULING COMMUNITY

C hang, A . L., Smithsonian Environm ental Research C enter,T iburon, CA, USA, changa@ si.edu;
Crooks, J. A .,T ijuana R iver National Estuarine Research Reserve, Imperial Beach, CA, USA, jcrooks@ tijuanaestuary.com; 
R uiz, G. M ., Smithsonian Environm ental Research Center, Edgewater, MD, USA, ruizg@ si.edu

Oral Presentation
8:45 AM , Tuesday

Identifying the factors that contribute to the invasibility o f  com m unities remains one o f  the key questions in invasion 
biology. The preponderance o f  invaders in areas such as vacant lots and roadsides suggests that stressors such as disturbance 
and pollution increase invader representation w ithin communities. However, there have been relatively few manipulative 
experim ents that directly test this stress-invasibility relationship, and this shortage is especially conspicuous in  m arine 
communities. In this presentation we will discuss the results o f  such an experim ent conducted w ith in  the heavily invaded 
waters o f  San Francisco Bay, California.

We tested w hether increasing levels o f  an anthropogenic stressor, exposure to copper, affected the relative representation o f  
exotic and native species in the invertebrate fouling community. We deployed bare fouling panels off a seawall, removing 
them  m onthly and placing them  in buckets w ith  varying levels o f  copper sulfate solution. After seventy-two hours o f  copper 
exposure, plates were returned  to am bient conditions. T he duration o f  the experim ent was tw enty-four weeks.

Species representation on plates confirms that the San Francisco Bay system is heavily invaded. A lthough similar num bers o f  
native and exotic species were encountered on a per plate basis, exotics overwhelmingly dom inated the occupation o f  space. 
The average num ber o f  native species on a plate declined significantly w ith  increasing copper exposure, while exotic species 
did not. This supports the hypothesis that increasing pollution levels disproportionately affect natives, and suggests that 
anthropogenic stressors may be contributing to an increased invasibility o f  ecosystems.

Contact: Andrew  L. Chang
Smithsonian Environm ental Research C enter 
R om berg  T iburon C enter 
3152 Paradise Dr.
Tiburon, CA 94920 USA 
Phone: 415 435 7128 
changa@ si.edu
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DISTRIBUTION PATTERN OF CODIUM  FRAGILE POPULATIONS IN ITS NATIVE 
HABITAT: IS IT SIMILAR TO INVADED HABITATS?

C havanich, S., Chulalongkorn University, Bangkok,Thailand, csuchana@ sc.chula.ac.th;
Harris, L. G., University o f  N ew  Hampshire, D urham , USA, lharris@ christa.unh.edu;
Je ,J ., Korea O cean Research and D evelopm ent Institute, Seoul, R epublic O f  Korea, jgje@ kordi.re.kr;
Kang, R ., Korea O cean Research and D evelopm ent Institute, Seoul, R epublic O f  Korea, rskang@ kordi.re.kr

P oster P resentation
M onday

An Asian green alga Codium Fragile ssp. Tomentosoides native to Japan and Korea, has been established itself as a persist m em ber 
o f  coastal com munities in several places in Europe and N o rth  America. In this study, distribution o f  C. fragile populations 
was investigated in its native habitat (Korea). Field surveys using quadrats and photographic records were conducted at two 
study sites: C heju Island and Tongyong to estimate the densities o f  canopy species and percent coverage o f  understory 
species in the areas. The results showed that at C heju Island, w hich is a reserved area, C. fragile occurred at 9 m  depth and 
below  and can be found as deep as 22 m while C. minus, C. adhaerens, and C. cylindricum were at shallower depths. However, 
the dom inant species were Ecklonia cana, Sargassum filicinum, and S. serratifolium. In Tongyong w here several species o f  algae 
and marine invertebrates have been overexploited, C.fragile and Ulua pertusa were the dom inant species, covering approximately 
90% o f  the area at all depths, and less than 10% o f  the remaining area was covered w ith  red algae. C. fragile was also found 
as a m ajor fouling organism around floating docks and p o rt areas. The distribution pattern  o f  C. fragile in its native habitats 
may be an example o f  how  com m unity disturbance and vacant niche may facilitate the spreading o f  particular species in 
bo th  their native and invaded habitats.

Contact: Suchana Chavanich, Ph.D.
C hulalongkorn University 
D epartm ent o f  M arine Science 
Faculty o f  Science 
Bangkok 10330 Thailand 
Phone: (662)218-5401 
Fax: (662)255-0780 
csuchana@sc. chula, ae. th
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ZOOPLANKTON ARRIVING IN THE SAN FRANCISCO ESTUARY 
IN THE BALLAST WATER OF CONTAINER SHIPS

C h oi, K., San Francisco State U niveristy,Tiburon, USA, khchoi@ sfsu.edu;
Smith, G., Smithsonian Environm ental Research Center, Edgewater, USA, smithgeo@ ic.si.edu ;
Kimmerer, W , San Francisco State University, Tiburon, USA, kimm erer@ sfsu.edu;
R uiz, G. M ., Smithsonian Environm ental Research Center, Edgewater, USA, ruizg@ SI.ED U

P oster P resentation
M onday

The record o f  the introduction o f  non-native Zooplankton species into the San Francisco Estuary dates back to the past 
century. C ontainer ships are considered partly responsible for the in troduction because m ore voyages are taken by this type 
than by other types ofvessel.The purposes o f  this study w ere first to  investigate the types and the abundance o f  Zooplankton 
carried in  ballast w ater o f  container ships, and second to com pare two m ethods o f  sampling Zooplankton in ballast water: net 
tows and light traps. We sampled ballast tanks o f  20 container ships at the Port o f  O akland in July 2002. All o f  the sampled 
ships had exchanged ballast water in m id-ocean before entering the bay, as required by California state law. Salinity determ ined 
from w ater samples was over 30, generally confirm ing the oceanic exchange ofballast water. Despite the exchange processes, 
we found various taxa o f  regional and cosmopolitan Zooplankton (nil to >100 Zooplankton m-3) in the samples, including 
species previously reported to have invaded the bay. There was little difference in the num ber o f  Zooplankton taxa found in 
the samples taken by net tow  vs. those taken by light trap, bu t a noticeable difference in the relative abundance o f  taxa, 
suggesting some taxa may have been selectively attracted by light. The Zooplankton data also suggest that some Zooplankton 
may have been taken in from the ocean during the exchange process. T he presence o f  many nauplii in the samples suggests 
that hydrographic condition in the tanks were no t hostile for the reproduction o f  the Zooplankton. Experim ents are ongoing 
to address the subsequent questions o f  w hat factors may have caused the large variation o f  the Zooplankton abundance 
am ong vessels and as to w hether the exchange process may be an additional source o f  Zooplankton that could potentially be 
transported to o ther estuarine ecosystems.

Contact: K eun-hyung Choi, Ph.D.
San Francisco State Univeristy 
R om berg  T iburon C enter 
3152 Paradise Drive 
Tiburon, CA 94920 USA 
Phone: 415-338-3746 
khchoi@ sfiu.edu
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EXOTIC ORGANISMS IN SOUTHERN CALIFORNIA BAYS AND HARBORS

C oh en , A . N ., San Francisco Estuary Institute, Oakland, USA, acohen@ sfei.org;
Harris, L. H ., Los Angeles C ounty  M useum  o f  N atural History, Los Angeles, CA, USA, lhharris@ bcf.usc.edu;
Bingham, B. L., W estern W ashington University, Bellingham, WA, USA, bingham @ cc.w w u.edu;
C arlton ,J .T.,Williams College-M ystic Seaport M aritim e Studies Program, Mystic, CT, USA, jcarlton@ williams.edu; 
C hapm an,J.W , H atfeldM arine Science C enter-O regon State University,Newport, O R , USA, john.chapman@ hmsc.orst.edu; 
Lambert, C. C., University ofW ashington, Friday Harbor,W A, USA, clam bert@ fullerton.edu;
Lambert, G., University ofW ashington, Friday Harbor,W A, USA, glam bert@ fullerton.edu;
Ljubenkov, J. C., Dancing Coyote R anch  Environmental, PaumaValley, CA, USA, ljubenko@ pacbell.net;
Murray, S. N ., California State University, Fullerton, CA, USA, sm urray@ fullerton.edu;
Rao, L. C., State W ater Resources C ontrol Board, Sacremento, CA, USA, raol@ dwq.swrcb.ca.gov;
R eardon, K., Island Institute, R ockland, M E, USA, kreardon@ wso.williams.edu;
Schwindt, E., Universidad N acional de M ar del Plata, Argentina, schw indt@ m dp.edu.at

Oral Presentation
1:15 PM ,W ednesday

In recent decades, the world has witnessed an array o f  harm ful invasions by exotic m arine organisms. To provide the public 
and policymakers w ith  better inform ation on the status o f  exotic species in Southern California waters, the California 
D epartm ent o f  Fish and Game and the California State W ater Resources C ontrol Board, w ith  supplemental funding from 
the National Fish and W ildlife Foundation, commissioned a R apid  Assessment Survey o f  selected sheltered waters betw een 
San D iego and O xnard in the sum m er o f  2000. The prim ary objective o f  the survey was to assess the status o f  exotic 
invasions w ith in  certain habitat types in the region. Secondary objectives included obtaining data for comparisons between 
habitats and regions and for comparisons w ith  past surveys; obtaining baseline data for future assessments o f  changes in 
invasion status and the effectiveness o f  prevention or control efforts; detecting new  invasions and docum enting significant 
range extensions; and identifying new  species.Twenty-two prim ary sampling sites and three secondary sites were selected to 
represent the three m ajor com mercial po rt areas in southern California, im portant m arina areas and lagoon sites. Sampling 
was prim arily o f  dock fouling along w ith  adjacent soft-bottom  benthos, nearby intertidal sites, and selected subtidal lagoon 
habitats, using a variety o f  manual techniques. Sixty-seven o f  the species collected w ere identified as exotic, w ith  an average 
o f  16.7 exotic species collected at each site. These included representatives from two algal divisions and seven invertebrate 
phyla. Ascidians were especially well-represented (15 exotic species) and widely occurring, and certain polychaetes, bivalves, 
isopods and amphipods also occurred widely.

Contact: Andrew  N. C ohen
San Francisco Estuary Institute 
7770 Pardee Lane 
Oakland, CA 94621 USA 
Phone: 510-746-7367 
Fax: 510-746-7300 
acohen@ sfei.org
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DEVELOPING A RESEARCH-BASED MANAGEMENT PROTOCOL FOR  
THE INVASIVE ALIEN ALGA, KAPPAPHYCUS ALVAREZII, IN HAWAII

C onk lin , E . J., D epartm ent o f  Zoology, University o f  Hawaii, H onolulu, USA, econklin@ hawaii.edu;
Smith, J. E., D epartm ent o f  Botany, University o f  Hawaii, H onolulu, USA, jesm ith@ hawaii.edu;
Hunter, C. L., Waikiki A quarium , University o f  Hawaii, H onolulu, USA, cindyh@ hawaii.edu;
Smith, C. M ., D epartm ent o f  Botany, University o f  Hawaii, H onolulu, USA, celia@hawaii.edu

Oral Presentation
10:00 AM,Tuesday

The alien alga, Kappaphycus alvarezii, was introduced to one isolated coral ree f in the southern  portion  o f  Kaneohe Bay, 
Hawaii in 1974 and has subsequently spread at approximately 260m /yr to coral patch re e f  throughout the bay. K . alvarezii 
presents a serious danger to the re e f  w ithin the bay. Perm anent photoquadrats have established the ability o f  this alga to 
overgrow and kill corals, while benthic surveys have shown that the alga has already overgrown >50% o f  the reef substrate 
in some areas. Because o f  the destructive nature o f  this alga and its continued spread throughout the bay, the developm ent o f  
an efficient and effective m anagem ent plan for this species is imperative. M anual removal o f  algae in  plots has been initiated 
but rapid regrowth has occurred in some cases.The goal o f  this study was to investigate ecological factors that may influence 
the re-establishment o f  this invasive species, specifically addressing the roles o f  herbivory and nu trien t levels. A factorial 
experim ent was conducted com paring the impacts o f  nu trien t addition, herbivorous fish exclusion, and urchin addition on 
the rate at w hich K . alvarezii re-establishes. U rchin additions utilized the native sea urchin, Tripneustes gratilla, as a means o f  
enhancing herbivory. Results dem onstrate that, 1) algae will regrow in plots unless further action is taken, 2) increases in 
nu trient availability lead to increased rates o f  regrowth, and 3) the enhancem ent o f  herbivore densities dramatically decreased 
the rate at w hich regrowth occurred. The results obtained w ith  the urchins in the above experim ent led to the addition o f  
urchins to plots w here K . alvarezii cover was approximately 60%. These plots showed that urchins in high densities could 
reduce invasive algal cover by almost 100% in 2-3 m onths. Research on the culture and deploym ent o f  these urchins as 
biocontrol agents is currently underway.

Contact: Eric J. C onklin
Hawaii Institute o f  M arine Biology
P.O. Box 1346
Kaneohe, HI 96744 USA
Phone: 808-236-7439
Fax: 808-236-7443
econklin@ hawaii.edu
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RECRUITING RECREATIONAL DIVERS TO M ONITOR AQUATIC NUISANCE  
SPECIES (ANS) IN PUGET SOUND

C op p in g , A . E .,W ashington Sea Grant Program, University ofW ashington, Seattle, USA, acopping@ u.w ashington.edu; 
M ark,W . L .,W ashington Sea G rant Program, University ofW ashington, Seattle, USA, w lm ark@ u.w ashington.edu

P oster P resentation
M onday

Recreational divers have the potential to  act as im portant sentinels in the search for introduced m arine and freshwater 
species. As a group divers are enthusiastic learners about the m arine environm ent and its inhabitants, they are frequent 
visitors to the w ater and beaches, and they relish having a task to perform  underwater. Divers tend to  be well-educated 
members o f  the public and are anxious to share their knowledge w ith  family and friends, making them  ideal target audiences 
for spreading the w ord on the presence and impacts o f  aquatic nuisance species.

Investigators at the Washington Sea Grant Program (WSGP), recruited recreational divers from the Puget Sound, Washington, 
area for training in the recognition and reporting o f  non-native species. W orking w ith the largest local dive publication, 
N orthw est Dive News, and several local area dive organizations, interpretive centers and dive clubs, we held a series o f  
workshops in locations throughout Puget Sound. T he workshops introduced divers to the concept o f  native and non-native 
species, described the impacts o f  invasive introductions, and provided them  w ith  materials to aid in the identification o f  
ANS. Through videos, color photographs, scientific drawings and preserved materials the divers are lead through the process 
o f  recognizing non-native species o f  concern in the estuary and taught them  to distinguish them  from similar appearing 
native species. Divers are provided w ith  prin ted  inform ation and identification guides developed by W SG P including a 
w aterproof card that can be used w ith  the divers' slates underwater.

W SG P created an on-line reporting form  to allow divers to  log dives in local waters and to  report sightings o f  possible ANS. 
W SG P staff m onitor the reports and alert state Fish and W ildlife officials o f  sightings so they can follow up the sightings.

Contact: Andrea Copping, Ph.D.
W ashington Sea G rant Program, University ofW ashington
3716 Brooklyn Ave. NE
Seattle,W A 98105 USA
Phone: 206-685-8209
F ax :206-685-0380
acopping@ u. washington.edu
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THE ORIGIN AND CONSEQUENCES OF ZOOPLANKTON ARRIVING IN  
VANCOUVER, CANADA, AND PUGET SOUND, USA

C ordell, J. R ., University ofW ashington, Seattle, USA, jcordell@ u.w ashington.edu;
Levings, C. D., Fisheries and Oceans,Vancouver, Canada, LevingsC@ pac.dfo-mpo.gc.ca;
Herwig, R . P., Univerisity ofW ashington, Seattle, USA, herw ig@ u.w ashington.edu;
O ng, S., Fisheries and Oceans,Vancouver, Canada, ;
Piercey, G. E., Fisheries and Oceans,Vancouver, Canada, PierceyBe@ pac.dfo-mpo.gc.ca;
Perrins, J. C., University ofW ashington, Seattle, USA, perrins@ u.washington.edu

P oster P resentation
M onday

A num ber o f  invasive m arine and estuarine benthic invertebrates have probably been introduced to the west coasts o f  
Canada and the U nited  States via transport o f  their larvae in ship's ballast. In addition, at least eight species o f  Asian 
planktonic copepods have invaded San Francisco Bay, the Colum bia R iver estuary, and other coastal embayments o f  the west 
coast o f  the U nited  States. However, to  date, none o f  these copepod species has becom e established in Puget Sound or in 
Canadian waters. O ne m ethod that may be useful in assessing the colonization risk o f  nonindigenous plankton species is 
determ ining the life-history stages, species, originating locations, and frequency o f  occurrence o f  fauna being brought into 
these regions. We present data from three studies: (1) five m id-ocean ballast-exchange (M OE) experim ents conducted on 
a single ship transporting ballast betw een the northw estern Pacific andVancouver, Canada; (2) enum eration o f  low  and high 
salinity ballast from sixteen ships entering Vancouver from Asia, California, and several o ther regions; and (3) species-level 
enum eration o f  copepods from eleven ships entering Puget Sound from Asian ports. In the exchange experiments, M O E 
appeared to  be quite effective at decreasing coastal taxa, removing betw een 84% (harpacticoid copepods) and 100% (several 
calanoid copepod taxa) o f  dom inant coastal taxa /groups from the ship's ballast. O n  the o ther hand, samples from ships 
entering Vancouver H arbor and Puget Sound had high diversity and abundance and sometimes high percentages o f  coastal 
taxa, in b o th  exchanged and unexchanged vessels. According to ecophysiological data from the literature, some o f  these taxa 
are potential colonizers o f  Canadian and northw estern U nited  States waters. H igh abundances o f  these organisms in ships 
that had undergone M O E  could indicate either that M O E  was ineffective, o r that it had been reported bu t no t actually 
completed.

Contact: Jeffery Cordell
University ofW ashington
School o f  Aquatic and Fishery Sciences
Box 355020
Seattle, WA 98195-5020 USA 
Phone: 206-543-7532 
Fax: 206-685-7471 
j cordell@ u. Washington, edu
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WHAT DO  EXOTICS DO  TO ECOSYSTEMS?

C rooks, J. A .,Tijuana R iver N ational Estuarine Research Reserve, Imperial Beach, CA, USA, jcrooks@ tijuanaestuary.com; 
Chang, A. L., Smithsonian Environm ental Research C enter,T iburon, CA, USA, changa@ si.edu

Oral Presentation
1:30 PM , M onday

Invader-induced alterations o f  ecosystems have a w ide variety o f  cascading effects on resident species, and thus they are 
am ong the most im portant o f  invader impacts. There have been several efforts to classify such ecosystem-level effects, 
although these typically lack generality because they derive from w ork done in terrestrial systems (where animals are never 
dom inant structural elements) and they confound effects on resources w ith  the mechanisms that produce those effects. In 
order to  address this, a new  scheme has been developed that recognizes three prim ary ecosystem-level effects o f  exotics: the 
alteration o f  the flow, availability, o r quality o f  1) nu trien t resources w ithin biogeochem ical cycles, 2) trophic resources 
w ithin food webs, and 3) physical resources such as living space, light, and water. The proximate mechanisms by w hich these 
effects can occur include virtually any interaction betw een one organism and another organism or the physical environm ent, 
including predation, com petition, herbivory, and ecosystem engineering. The latter, w hich represents biotic control over 
habitat structure, is particularly im portant in relation to  the m ediation o f  physical resources. Ecosystem engineers also can 
indirectly affect nu trient and trophic flows.

O f  all the ecosystem-level effects o f  invaders, physical alteration o f  ecosystems may prove to have the most predictable 
outcomes. In general, exotics that increase habitat com plexity facilitate resident species, while those that decrease complexity 
do the reverse (a pattern similar to that found for native species). A lthough there are many possible explanations for this 
relationship, behavioral experiments w ith  shrimp dem onstrate a very strong correlation betw een population density and the 
degree o f  habitat complexity. This demonstrates that species simply choosing com plex habitats over simple ones helps shape 
biotic responses to invader-altered ecosystems.

Contact: Jeffrey A. Crooks, Ph.D.
Tijuana R iver National Estuarine Research Reserve
301 Caspian Way
Imperial Beach, CA 91932 USA
Phone: 619-575-3613
jcrooks@tij uanaestuary. com
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INVASION LIMITATION BY BIOTIC VERSUS PHYSICAL FACTORS: DOES 
CALLINECTES SAPIDUS LIMIT CARCINUS MAENAS POPULATION SIZE AND  

DISTRIBUTION IN EASTERN NO RTH AMERICA?

deR ivera, C. E ., Smithsonian Environm ental Research Center, Edgewater, USA, deriverac@ si.edu;
Jivoff, P. R ., D epartm ent o f  Biology, R id er University, Lawrenceville, USA, pjivoff@ rider.edu;
Elines, A. C., Smithsonian Environm ental Research Center, Edgewater, USA, hinesa@ si.edu;
R uiz, G. M ., Smithsonian Environm ental Research Center, Edgewater, USA, ruizg@ si.edu

Oral Presentation
9:15 AM , Wednesday

The European green crab, Carcinus maenas, is a destructive nonindigenous species com m on in coastal A m erican waters from
M aryland to Nova Scotia and now  also from California to British Columbia. Despite the ecological and econom ic threats
posed by this crab, we do no t yet know  w hat factors lim it its spread and local abundance. This research examines the roles o f  
predation and tem perature in  lim iting the distribution and size o f  green crab populations in their western Atlantic range. 
Using multiple field and laboratory measures, we tested w hether predation by the native blue crab, Callinectes sapidus, can 
limit C. maenas distribution and abundance. O u r field-based surveys, using standardized trapping for bo th  crabs, indicate a 
significant negative correlation in abundance betw een crab species, across bays from M aine to Virginia: C. sapidus declines 
and C. maenas increases in abundance from south to north . A similar negative correlation in abundance is also found w ithin 
some individual bays. Using tethered green crabs as an index o f  predation pressure indicates that (a) predation on green crabs 
increases generally southward and (b) predation is positively correlated w ith  blue crab abundance. In addition, laboratory 
and field experim ents indicate that blue crabs cause significant mortality. These data are consistent w ith  the hypothesis that 
blue crabs impose limits on the distribution and abundance o f  green crabs. We are now  testing w hether temperature, w hich 
also increases from north  to south, may contribute to  the overall pattern  across bays.

Contact: C atherine deRivera, Ph.D.
Smithsonian Environm ental Research C enter 
P O  Box 28
647 Contees W h arf R oad  
Edgewater, M D  21037-0028 USA 
Phone: 443-482-2401 
F ax :443-482-2380 
deriverac@ si.edu

27

mailto:deriverac@si.edu
mailto:pjivoff@rider.edu
mailto:hinesa@si.edu
mailto:ruizg@si.edu
mailto:deriverac@si.edu


ARE INVASIONS PREDICTABLE? AMERICAN SLIPPER LIMPETS (CREPIDULA  
FORNICATA) AND PACIFIC OYSTERS (CRASSOSTREA GIGAS) IN THE N O RTH ­

ERN W ADDEN SEA (NORTH SEA, EUROPE)

D ied er ich , S., Alfred W egener Institute, List, Germany, sdiederich@ awi-brem erhaven.de;
Thieltges, D., Alfred W egener Institute, List, Germany, dthieltges@ awi-brem erhaven.de;
Reise, K ., Alfred W egener Institute, List, Germany, kreise@ awi-bremerhaven.de

Oral Presentation
9:00 AM , Wednesday

O yster culture has a long tradition in the northern  W adden Sea. However, in the early 20th century overexploitation 
resulted in a dramatic decline o f  the native oyster population. To com pensate for the loss o f  the European oyster (Ostrea 
edulis) fisherm en im ported  seed oysters from o ther parts o f  the world, starting w ith  A m erican oysters (Crassostrea virginica). 
These oysters proved to be no t suitable for cultivation in the N o rth  Sea and disappeared shortly after their introduction. 
However, settling on top o f  the oyster shells, the American slipper lim pet (Crepidula fornicata) was unintentionally co­
introduced. Instead o f  vanishing following the extinction o f  their initial oyster substrate, the snail managed to shift from this 
sublitoral substrate to intertidal native mussel beds (M ytilus edulis). Consequently, the species was able to survive and expand 
into a new  habitat due to its flexibility. However, a then predicted population explosion like at other European coasts has not 
occurred probably because o f  a high sensitivity to cold winters.

Since the 1960s Pacific oysters (Crassostreagigas) are regularly im ported into the N o rth  Sea for aquaculture purposes and are 
now  rapidly increasing in abundance and range in their new  environm ent. Even though brought in an area w here the native 
oyster w ent extinct, the exotic oyster did no t move into the vacant niche. As Crassostrea gigas is m uch m ore viable and 
com petitive than the native oyster was, it can occupy a w ider niche and is about to  pose problems to  the native mussel beds 
as well as to  mussel fisheries.

Based on these two case studies we show that the course o f  invasions is hardly predictable but shows unexpected turns. This 
seems to be especially true at local scales.

Contact: Susanne D iederich, Ph.D.
Alfred W egener Institute 
Hafenstr. 43 
List 25992 Germany 
Phone: + + 49  (0) 4651956133 
Fax: ++49 (0) 4651956200 
sdiederich@ awi-brem erhaven.de
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PATHOGENS IN SHIPS’ BALLAST WATER AND SEDIMENT RESIDUALS

D o b b s, F. C., O ld D om inion University, Norfolk,VA, USA, fdobbs@ odu.edu;
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Doblin, M. A., O ld  D om inion University, Norfolk,VA, USA, m doblin@ odu.edu;
Drake, L. A., O ld  D om inion University, Norfolk,VA, USA, ldrake@ odu.edu;
Graczyk,T. K., Johns Hopkins University, Baltimore, MD, USA, tgraczyk@ jhsph.edu;
Jiang, X ., C incinnati Children's Hospital M edical Center, C incinnati, O H , USA, Jason.Jiang@ cchmc.org;
Johengen,T. H ., University o f  M ichigan, A nn Arbor, M I, USA, Johengen@ um ich.edu;
Kampschmidt, L. G., O ld  D om inion University, Norfolk,VA, USA, lball@ odu.edu;
R eid , D. F., N O A A  Great Lakes Environm ental Research Laboratory, A nn Arbor, M I, USA, david.reid@ noaa.gov;
Rublee, P.A., University o f  N o rth  Carolina at Greensboro, Greensboro, N C , USA, rublee@ uncg.edu;
R uizm , G.M ., Smithsonian Environm ental Research Center, Edgewater, MD, USA, ruizg@ si.edu

Oral Presentation
11:45 AM , Wednesday

The microbiology o f  w ater and sediment w ithin ballast tanks is relatively understudied (with the exception o f  dinoflagellates), 
yet there are num erous good reasons to  investigate the presence, dynamics, and survival o f  microorganisms in these 
environments. N o t the least o f  these reasons concerns the docum ented (and potential) dispersal o f  pathogens and their 
genes via ships'ballasting operations. In the course o f  research in the Chesapeake Bay and the Great Lakes, we have collected 
samples o f  w ater and sedim ent residuals from nearly 200 ballast tanks. We report here the rare to  occasional presence in these 
samples o f  viruses, bacteria, and protists pathogenic (or potentially so) to  humans and fish. Using cultural m ethods 
or m olecular probes, we have found: hum an or animal enterovirus (agent o f  gastroenteritis); Vibrio cholerae (bacterial cause 
o f  hum an cholera); Aeromonas spp. (some species are opportunistic bacterial pathogens o f  humans or fish); Cryptosporidium  
parvum, Giardia duodenalis, and Encephalitozoon intestinalis (protozoan parasites o f  hum an intestines); Pfiesteria piscicida and 
P. shumwayae (dinoflagellates associated w ith  fish kills). We have no evidence that hum an caliciviruses (PC R -based detection) 
or enteric bacteria (e.g., E. coli and enterococci; culture-based studies) were present in  these samples. A lthough we 
focus here on w ater and sediments o f  ballast tanks, pathogenic organisms also are present in tank biofilms (see abstract by 
Drake et al.).

We are exploring hypotheses that the presence o f  pathogens is higher in ships sampled during w arm er m onths or in ships 
no t recently having undertaken open-ocean exchange. We also are investigating w hether there is an association betw een 
pathogen load and the ships' last ports-of-call. O u r evidence to date supports none o f  these hypotheses. Instead, the 
occurrence o f  pathogens is distributed w ithout discernible correlation across ships, last port-of-call, and seasons o f  the year. 
We will discuss the m anagem ent and regulatory ramifications o f  these results.

Contact: Fred C. Dobbs, Ph.D.
O ld  D om inion University
Dept, o f  O cean, Earth, and A tm ospheric Sciences
4600 E lkhorn Avenue
N orfolk ,VA 23529-0276 USA
Phone: 757-683-5329
F ax :757-683-5303
fdobbs@ odu.edu
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EFFECTS OF OPEN-OCEAN EXCHANGE O N MICROBIAL 
COMMUNITIES IN SHIPS’ BALLAST TANKS

D o b lin , M . A ., O ld D om inion  University, D epartm ent o f  O cean, E arth and A tm ospheric Sciences, N orfolk, USA, 
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ldrake@ odu.edu;

Bednarski, M ., Smithsonian Environm ental Research Center, Edgewater, USA, bednarskim @ si.edu;
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sheinem a@ odu.edu;
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P oster P resentation
M onday

For several years, we have investigated the effects o f  transoceanic transport and open-ocean exchange on aquatic microbial 
com munities in ballast tanks. O u r goals were to  assess the perform ance o f  exchange as a barrier to  future invasions and to 
collect base-line data w ith  w hich to compare and evaluate com peting treatm ent technologies. To that end, we have quantified 
the concentrations o f  bacteria, virus-like-particles (VLPs), algal pigments (chlorophyll a and phaeopigments), total microbial 
biomass, and examined changes in microbial species com position and diversity w ith in  tanks as a result o f  transport and 
exchange. In sum m er 1999, we rode a coal carrier, Eladera, from Eladera, Israel, to  Baltimore, USA (19-day voyage), and 
perform ed 149% exchange on Day 10. In the sum m er o f  2002, we conducted another experim ent on board an iron-ore 
carrier, Berge N ord, from R otterdam ,T he Netherlands, to Sept lies, Canada (9-day voyage), during w hich 300% exchange 
was perform ed on Day 3. O n  both  voyages, there was a tim e-dependent decrease in the abundance ofVLPs, bacteria, 
microbial biomass and algal pigments in tanks p rio r to exchange, a decrease that continued over tim e in unexchanged, 
control tanks. However, exchange affected various com ponents o f  the microbial com m unity differently, e.g., for the Hadera 
experim ent, VLP abundance decreased, but bacteria abundance, total microbial biomass and chl-a concentrations did not 
change. For the Berge N ord  experiment,VLP abundance decreased following exchange, however bacteria abundance increased. 
W hile these bulk parameters may indicate little o r inconsistent effects o f  exchange on the microbial community, our analyses 
to date show there is a significant change in microbial diversity. O f  the various groups o f  bacteria present in ballast tanks, 
some appear to  dom inate in unexchanged tanks, and others are only present in exchanged tanks. We will discuss the 
operational, managerial, and regulatory considerations o f  ballast-wat er exchange in the context o f  these results.

Contact: M artina A. Doblin, Ph.D.
O ld  D om inion University
D epartm ent o f  O cean, E arth and A tm ospheric Sciences
4600 E lkhorn  Ave
N orfolk ,VA 23529 USA
Phone: (757) 683-4911
Fax: (757) 683-5303
m doblin@ odu.edu
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SHIPS’ SEA CHESTS: THE OVERLOOKED MECHANISM  
FOR SPECIES TRANSFERS?

D o d g sh u n , T. J., C aw thron Institute, Nelson, N ew  Zealand, tim d@ caw thron.org.nz;
Coutts, A. D., C aw thron Institute, Nelson, N ew  Zealand, ashley@ cawthron.org.nz

Oral Presentation
1:30 PM ,Tuesday

Ballast w ater is com m only thought to be the m ajor mechanism responsible for the dispersal o f  nonindigenous marine 
organisms around the world. However, recent studies suggest that hull fouling (both historically and recently) has been 
responsible for m ore shipping introductions than ballast water. The possibility that ships' sea chests (ballast w ater intakes) 
serve as another m ajor dispersal mechanism for m arine organisms has been largely overlooked. Sea chests may well be 
m odern  day equivalents o f  the “galleries" created by shipworms in pre-20th  century w ooden hulled vessels.

Since 1999, C aw thron Institute, N ew  Zealand, has been undertaking a survey o f  vessels (<6,000 DW T) slipped and dry 
docked in  three ports to  determ ine the types o f  organisms being carried in sea chests. Sea chest cavities have been found to 
provide a haven for a w ide range o f  indigenous and nonindigenous sessile and m obile m arine organisms such as amphipods, 
ascidians, barnacles, bivalves, bryozoans, copepods, decapods, fish, gastropods, hydroids and polychaetes.

In particular, tw o live nonindigenous crabs, Charybdis hellerii and Pilumnus minutus (a male and an egg-bearing female) were 
found in the sea chest o f  a foreign fishing vessel and the latter species could have survived in Auckland had they escaped 
there. Such discoveries provide com pelling evidence to  suggest that sea chests are an im portant mechanism for the transfer 
o f  m arine species into N ew  Zealand's coastal waters. In addition to dry dock and slipway inspections, C aw thron Institute 
and Pacifica Shipping (1985) Lim ited are investigating m ethods o f  preventing the infestation o f  sea chests, including assessing 
the efficacy o f  Cathelco®  impressed current cathodic protection systems on three o f  Pacifica's coastal vessels.

Contact: Ashley Coutts
C aw thron Institute 
98 Halifax Street East 
Nelson, N ew  Zealand 
Phone: + 64-3-548 2319 
ashley@ cawthron.org. nz
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THE ROLE OF PORT M ONITORING IN MARINE PEST MANAGEMENT FOR  
AUSTRALIA

Dommisse, M ., D epartm ent o f  Sustainability and the Environm ent, M elbourne, Victoria, Australia, 
michaela.dommisse@ nre.vic.gov.au;

H o u g h , D ., D epartm ent o f  N atural Resources and Environm ent, M elbourne, Victoria, Australia, 
don.hough@ nre.vic.gov.au;

H ew itt, C., M inistry o f  Fisheries, W ellington, N ew  Zealand, chad.hewitt@ sciro.au

Oral Presentation
2:00 PM ,Tuesday

The IM O  com plete guidelines for the control and m anagem ent o f  ships' ballast w ater now  provide clauses that require port 
States to  carry out biological baseline surveys in waters under their jurisdictions and disseminate the results.To date however, 
approaches to  systematically link po rt m onitoring, including po rt baseline surveys, to environm ental policy development 
and the long-term  m anagem ent o f  m arine pests are in their infancy. As a result the utility o f  the data arising from port 
m onitoring in term s o f  policy development, early detection o f  pests, and the population o f  risk evaluation models for vector 
m anagem ent, have yet to be fully realised. This paper discusses the developm ent o f  a conceptual m odel for Australia's m arine 
invasive species m anagem ent. For consistency, the m odel has been fram e-w orked in to  the ISO 14001 Standard for 
environm ental management. Here, we discuss the role o f  p o rt m onitoring as a feedback tool to inform  bo th  ongoing 
developm ent and review o f  the pest m anagem ent model. By linking p o rt m onitoring to a structured m anagem ent m odel we 
are able to examine the cost/benefits o f  port-baseline surveys and ongoing po rt m onitoring in relation to  Australia's resources 
for managing m arine invasive species.

Contact: D on H ough
D epartm ent o f  N atural Resources and Environm ent 
14/8 N icholson St.
East M elbourne,V ictoria 3000 AUSTRA LIA 
Phone: 61 3 9637 8443 
Fax: 61 3 9637 8117 
don.hough@ nre.vic.gov.au
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ENTRAINM ENT OF THE NO RTH PACIFIC SEASTAR, ASTERIAS AMURENSIS, IN  
NON-BALLAST VECTORS: SHIPS HULLS, AQUACULTURE AND FISHING GEAR

Dommisse, M ., D epartm ent o f  N atural Resources and the Environm ent, M elbourne, Australia, 
michaela.dommisse@ nre.vic.gov.au;

H o u g h , D ., D epartm ent o f  N atural Resources and the Environm ent, M elbourne, Australia, don.hough@ nre.vic.gov.au

P oster P resentation
Tuesday

The N o rth ern  Pacific seastar, Asterias amurensis, is a voracious predator that threatens 1000's kilometres ofAustralia's southern 
waters to a depth o f  at least 100m. O nce established, eradication o f  the seastar is not practical. Australia has developed a 
comprehensive N ational C ontrol Plan to minimise the spread o f  the seastar and reduce its impacts on Australia's marine 
biodiversity and industries. This study focuses on identifying the epidemiological characteristics o f  A. amurensis w ithin three 
broad vector types: ship hulls, fishing gear and aquaculture gear.This data will augm ent a growing database on the infection 
rates o f  A. amurensis to  various vectors so that potential m anagem ent interventions can be prioritized. Inform ation for this 
study has been collected through a desk-based review, expert judgm ent and targeted surveys. Results to  date suggest that 
fishing gear and aquaculture may be significant vectors for A. amurensis. Snapper fishermen in Port Phillip Bay for example, 
report 100% losses o fb a it to A. amurensis on a single deploym ent (up to 200 hooks).Tasmanian shellfish farmers routinely 
report heavy losses o f  juvenile stock to settling A. amurensis that grow up to three times the rate o f  o ther (native) predators. 
In contrast, there have been no A. amurensis sightings on vessel hulls, although it is possible that small juveniles, sheltering in 
heavily fouled areas, may have been overlooked.There have been isolated cases o f  A. amurensis found in  areas associated w ith 
the hull (e.g. sea chests) bu t the infrequency o f  these sightings suggests that such occurrences are rare. T he next step is to 
reference these observations to vector activities, nodes and pathways in southern Australia so that the potential for transporting
A. amurensis from current sites o f  infection can be determ ined. This inform ation will then be used to populate a risk 
assessment m odel for determ ining the most robust means o f  managing the threat posed by the seastar.

Contact: D on H ough
D epartm ent o f  N atural Resources and Environm ent 
14/8 N icholson St.
East M elbourne,V ictoria 3000 AUSTRA LIA 
Phone: 61 3 9637 8443 
Fax: 61 3 9637 8117 
don.hough@ nre.vic.gov.au
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AQUATIC NONINDIGENOUS SPECIES IN THE CHANGING  
LOWER COLUMBIA RIVER ESTUARY, USA

D rah eim , R . C., Portland State University, Portland, USA, draheim @ pdx.edi;
Cordell, J. R ., University ofW ashington, Seattle, USA, jcordell@ u.w ashington.edu;
Sytsma, M. D., Portland State University, Portland, USA, sytsmam@ pdx.edu;
Chapm an, J. W , O regon State University, N ew port, USA, john.chapm an@ hm sc.orst.edu

Oral Presentation
2:30 PM ,W ednesday

The lower Colum bia R iver Estuary is extensively altered by upstream dam ming and hydroelectric projects, loss o f  wetlands, 
reduced freshwater flow oscillations, altered shipping, fishing, and land use practices, by regional climate changes ranging 
from el N iño  events to  global w arm ing and by introductions o f  aquatic nonindigenous species (ANS). O u r literature review, 
and 2002 field sampling indicate that the increasing rate o f  new  introductions, their increasing likely impacts, and the 
mechanisms bringing these introductions are in com m on w ith o ther eastern Pacific estuaries. However, the relatively high 
sum m er freshwater flows o f  the Colum bia R iver estuary create unique assemblages o f  introduced species. We did not find 
some widespread ANS we expected, such as the sm ooth cordgrass, Spartina alterniflora, and the European green crab, Carcinus 
maenas, and we were unable to confirm  num erous sightings o f  the m itten crab Eriocheir sinensis in  the Colum bia River. Large 
alterations o f  the estuary discovered in the survey include: the replacement o f  the previously dom inant Pseudodiaptomus 
inopinus by the introduced Pseudodiaptomus forbesi, P  forbesi is now  being dom inant, and its range extended no rth  from San 
Francisco Bay, California; a new  and unidentified gam m aridean am phipod, Monoporeia that appeared in the estuary in the last 
few years and; extensive, populations o f  the N ew  Zealand m ud snail, Potamopyrgus antipodarum.

Contact: R obyn  C. Draheim
Portland State University 
E S R
P O  Box 751
Portland, O R  97215-0751 USA 
Phone: 503-725-4994 
Fax: 503-725-3834 
draheim @ pdx.edu
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POTENTIAL INVASION OF MICROORGANISMS AND PATHOGENS VIA  
‘INTERIOR HULL FOULING’: BIOFILMS INSIDE BALLAST-WATER TANKS
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P oster P resentation
M onday

Aquatic nuisance species (ANS) have the potential to effect great ecological and econom ic change, and a prim ary vector for 
global transport o f  ANS is ballast w ater discharged from ships. Research on ballast-water introductions has emphasized the 
role o f  metazoans, w ith  good reason (e.g., the invasion o f  the zebra mussel to the N o rth  Am erican Great Fakes), yet 
microorganisms are indisputably the most abundant aquatic organisms, and, therefore, species most likely to be transported 
in ballast water. W hile studies o f  microorganisms in ballast tanks have focused on w hole-wat er samples, scant inform ation 
exists concerning the biofilms that cover internal tank and hold surfaces.

Surfaces subm erged in an aquatic milieu are covered to  some degree w ith biofilms -  organic matrices that can contain 
bacteria, microalgae, and protozoans -  that sometimes include disease-causing forms. O ne unquantified risk o f  m arine 
invasion is the potential for biofilms w ithin ballast-water tanks and holds to  harbor pathogens, and, in turn, seed other waters. 
In order to  evaluate this vector, we are collecting biofilm samples from ballast-water tanks in ships, and we are deploying 
controlled-surface sampling units w ith in  ships' ballast-water tanks. We then quantify a variety o f  microbial metrics w ithin 
the biofilms, including the presence o f  specific pathogens.

Field experiments and sampling showed a num ber o f  potential pathogens in biofilms. For example, we detected Pseudomonas 
putrefaciens and Vibrio alginolyticus, bacteria that can becom e pathogenic under certain conditions. We also detected the 
bacterium  Vibrio cholerae in biofilms and ballast water, although two subsequent analytical techniques revealed neither o f  the 
hum an-cholera serogroups (O l and 013 9 ). Finally, we recovered dinoflagellate cysts from biofilm samples, and they later 
germ inated to swimming cells. We continue to collect biofilm samples from ships, conduct field experim ents, and perform  
laboratory ‘seeding' experim ents -  these data, w hich will allow a better estimation o f  bioinvasive risk, will be discussed.

Contact: Fisa A. Drake, Ph.D.
O ld  D om inion University
D epartm ent o f  O cean, Earth and A tm ospheric Sciences
4600 E lkhorn Avenue
N orfolk,VA 23529 USA
Phone: 757-683-5060
F ax :757-683-5303
ldrake@ odu.edu
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FORAGING BEHAVIOR OF TWO CRAB SPECIES O N NATIVE AND  
NONINDIGENOUS BIVALVES IN COASTAL BRITISH COLUMBIA

D u d as, S. E ., University ofVictoria,V ictoria, Canada, sdudas@ uvic.ca;
McGaw, I. J., University o f  Nevada Las Vegas, Las Vegas, USA, imcgaw@ ccmail.nevada.edu;
Dower,J. F., University ofVictoria,V ictoria, Canada, dower@ uvic.ca

Oral Presentation
3:45 PM ,Tuesday

Experim ents were conducted to determ ine i f  two sizes o f  cancrid crabs (Dungeness crab, Cancer magister; red rock crab, 
Cancer productus) prefer native littleneck (Protothaca spp.) bivalves to the varnish clam (Nuttallia obscurata) , a recently introduced 
species from Japan. Prey preference, handling tim e and consum ption rates were investigated for bo th  clam species. Results 
showed that cancrid crabs preferred varnish clams over the native species. This may be attributable to the lower handling 
tim e the crabs required to consume the varnish clam due to  its th inner shell. Handling tim e appears to be a factor no t only 
in species preference, but also in the degree o f  preference, w ith  shorter varnish clam handling times corresponding to 
stronger preference values.

B oth native and introduced bivalves burrow  into the substrate, w ith  the varnish clam burrow ing to greater depths. To 
investigate burial depth as a refuge from predation, equal num bers o f  each clam species were allowed to bury i n ‘lim ited' (5 
cm) a n d ‘unlim ited' (15 cm) substrate, before exposure to  crab predation. In lim ited substrate bo th  crab species preferred the 
varnish clam. In the unlim ited substrate trials the Dungeness crabs preferred the varnish clam while the red rock crab 
showed preference for the native littleneck. This is likely due to the significantly deeper burial o f  the varnish clam, making 
it less accessible.These results demonstrate how  interactions between native predators and habitat characteristics (e.g. substrate) 
can be im portant in determ ining how  successful an invader will be.

Contact: Sarah E. Dudas
University ofVictoria 
P O  Box 3020 STN  CSC 
Victoria, B C  V 8W  3N 5 Canada 
Phone: 250-472-5098 
Fax: 250-721-7120 
sdudas@uvic.ca
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DETERM INATION OF BALLAST WATER ORIGIN BY ITS SPECTRAL PROPERTIES

E ngeb retson , D. S., Dakota Technologies, Inc., Fargo, USA, dengebretson@ dakotatechnologies.com

P oster P resentation
Tuesday

Based on prelim inary experim ents and literature reports Dakota Technologies, Inc. has begun to develop a small, simple to 
use probe, that can be deployed into ship's ballast tanks to  determ ine if  the ballast w ater is o f  oceanic or coastal origin. The 
probe will measure bo th  the salinity and near ultraviolet induced fluorescence o f  the ballast water. We have collected water 
samples from num erous ports and coastal areas in the U nited  States and have obtained several oceanic samples. We report 
here early findings on the ability to use spectral properties to  determ ine if  w ater is o f  coastal or oceanic origin.

Contact: Daniel S. Engebretson, Ph.D.
Dakota Technologies, Inc.
2201-A  12th Street N orth
Fargo, N D  58102 USA
Phone: (701) 237-4908
Fax: (701) 237-4926
dengebretson@ dakotatechnologies.com
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INTERACTIONS BETWEEN THE ASIAN SHORE CRAB (HEMIGRAPSUS 
SANGUINEUS) AND THE COMMON MUD CRAB (PANOPEUS HERBSTII): 

LARVAL SUPPLY VS. POST-SETTLEMENT COMPETITION

E p ifanio , C. E ., University o f  Delaware, Lewes, USA, epi@ udel.edu;
Park, S., University o f  Delaware, Lewes, USA, spark@ udel.edu;
Grey, E. K., University o f  Delware, Lewes, USA, egrey@ udel.edu;
Waidner, L. A., University o f  Delaware, Lewes, USA, lwaidner@ udel.edu

P oster P resentation
Tuesday

The Asian shore crab (Hemigrapsus sanguineus) is a recent invader o f  rocky intertidal habitat along the M iddle Atlantic and 
N ortheast coasts o f  the USA. As consequence o f  this invasion, Lí. sanguineus appears to be displacing native species o f  crabs. 
A t present the mechanisms by w hich this displacement is occurring are poorly understood. In this investigation we compared 
the m agnitude o f  settlem ent o f  H . sanguineus larvae w ith  that o f  a co-occurring  native crab (Panopeus herbstii) in rocky 
intertidal habitat near the m outh  o f  Delaware Bay (approximately 38.5o N, 75.0oW ). M easurements made during the 
sum m er o f 2001 indicated that settlem ent o f  P  herbstii larvae was approximately 2 orders o f  m agnitude greater than settlement 
o f  H . sanguineus during this period. However, collections made at the same location during the autum n o f  2001 showed 
clear num erical dom inance o f  H . sanguineus in all post-larval size classes, from the smallest juveniles to  m ature adults. Thus, 
we conclude that displacement o f  P. herbstii in this habitat by H . sanguineus is no t a function o f  differential larval supply, but 
rather is related to some aspect o f  post-larval com petition betw een the 2 species.

Contact: Charles Epifanio
University o f  Delaware 
College o f  M arine Studies 
700 P ilottow n R oad  
Lewes, DE 19958 USA 
Phone: 302-645-4272 
F ax :302-645-4007 
epi@ udel.edu
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EMPLOYING A BACIPS EXPERIMENTAL DESIGN TO EXAMINE THE EFFECTS OF 
AN INTRODUCED CRAB O N  SHOREBIRDS AND THEIR PREY

E ste lle ,V. B ., Colorado State University, Fort Collins, USA, restelle@ lamar.colostate.edu

Oral Presentation
4:15 PM ,Tuesday

Historically, studies in invasion ecology have focused prim arily on the docum entation o f  introductions and their spread. 
M ore recently, scientists have been seeking m ethods to evaluate and predict the effects o f  invasions on ecosystems, biodiversity, 
and even on other organisms w ith in  a habitat. In this study I applied a rigorous statistical design, Before-A fter-C ontrol- 
Intervention-Paired Sampling or BACIPS design, to  evaluate the effect o f  an introduced m arine crab on native invertebrates 
and post-m igratory shorebirds. The basic BACI design, w ithout paired sampling, is com m only used in environm ental 
impact studies because it controls for tem poral heterogeneity. By pairing samples in addition to the BACI approach one may 
also control for spatial heterogeneity, w hich can be an especially confounding factor w hen  w orking w ith  invertebrates 
distributed in patches. I w ill discuss the BACIPS experim ental design and novel experim ental techniques as I have applied 
them  in a m arine system w ith  bo th  invertebrate and vertebrate organisms at risk o f  im pact from an introduced crab.

Contact: Veronica B. Estelle
Colorado State University
D epartm ent o f  Fishery and W ildlife Biology
Fort Collins, C O  80523 USA
Phone: 970-491-2303
Fax: 970-491-5091
restelle@ lamar.colostate.edu
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FISH AS POLLUTANTS: LIMITATIONS OF AND CROSSCURRENTS 
IN LAW, SCIENCE, MANAGEMENT, AND POLICY

F irestone, J., University o f  Delaware, Newark, USA, jf@ udel.edu;
Barber, R ., University o f  Delaware, Lewes, USA, rbarber@ U D el.Edu

Oral Presentation
9:30 AM , Tuesday

W hen we think o f  pollutants, we either consciously o r unconsciously construct a dichotomy o f  factors that affect environmental 
quality and draw a bright line betw een pollutants and w hat m ight be called “natural." In this dichotom y o f  thought, a given 
factor cannot exist on bo th  sides o f  the divide. That w hich is natural cannot be a pollutant; that w hich is a pollutant cannot 
be natural. Fish are natural and either affect w ater quality positively or function as a benign barom eter o f  the effects o f  
pollutants, whereas noxious chemicals such as dioxins are pollutants and can only negatively affect w ater quality. It seems 
odd to  speak o f  live fish as pollutants, as odd as it w ould be to  speak o f  dioxins as natural. Nevertheless, the traditional 
definition offish as natural may be fading as our awareness increases o f  how  accidental o r poorly planned fish introductions 
can adversely affect the environm ent. Along these lines, in a lawsuit, a federal magistrate recently found that non-native 
Atlantic Salmon raised o ff the coast o f  M aine that escape from their pens are “pollutants" w ith in  the m eaning o f  the Clean 
W ater Act. Because w ild Atlantic Salmon is listed as an Endangered Species, Salmon m ariculture provides a particularly 
stark example o f  w hen society m ight aptly consider “fish" that escape to com prise a b iointroduced if  not a bioinvasive stock, 
and hence “pollutants." Drawing on the co-authors backgrounds in law, policy and biology, the paper considers the biological, 
legal, and philosophical implications o f  this no tion  for m ariculture as well as for traditional fish stocking and managem ent 
and the w ider concern over m arine bioinvasions.

Contact: Jeremy M . Firestone, Ph.D.
University o f  Delaware
Graduate College o f  M arine Studies
212 R obinson Flail
N ewark, DE 19716 USA
Phone: 302 831-0228
Fax: 302 831-6838
jf@ udel.edu
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DETERMINING THE RISK POSED BY INTERNATIONAL PLEASURE CRAFT AS A 
TRANSPORT VECTOR FOR NONINDIGENOUS MARINE SPECIES

Floerl, O., N ational Institute ofW ater and A tm ospheric Research Ltd, Christchurch, N ew  Zealand, o.floerl@ niwa.co.nz; 
Inglis, G .J. , N ational Institute ofW ater and A tm ospheric Research Ltd, Christchurch, N ew  Zealand, g.inglis@niwa. co.nz; 
Hayden, B. J., N ational Institute ofW ater and Atmospheric Research Ltd, Christchurch, N ew  Zealand, b. hay den@ niwa.co.nz; 
Kennett, K., M inistry o f  A griculture and Forestry Q uarantine Service, Christchurch, N ew  Zealand, kennettk@ m af.govt.nz

P oster P resentation
M onday

Fouling on the hulls o f  private pleasure craft has been implicated as a likely means o f  transportation o f  nonindigenous 
aquatic species in many areas o f  the world. N ew  Zealand is a popular destination for ocean cruising yachts and other private 
boats, and is visited by 400 to 500 overseas yachts per year. To estimate the risk that these craft pose to N ew  Zealand's marine 
biosecurity, the N ational Institute ofW ater and A tm ospheric Research (NIWA) has com m enced a research project that aims 
to determine: (1) risk factors for the presence and abundance o f  fouling organisms on the hulls o f  overseas yachts, and (2) the 
num bers o f  boats that are high risk vectors. The identification o f  risk factors is contingent on obtaining a representative 
sample o f  overseas boats. A reporting system was developed that allowed G overnm ent quarantine officials to  make an 
assessment o f  visible fouling on the hulls o f  vessels arriving from overseas during their routine quarantine clearance o f  the 
boat. Inspectors score the fouling visible at the waterline on a rank scale o f  abundance (from 0 to  5), and obtain details from 
the ow ner o f  the recent travel and hull maintenance history o f  the boat. In 2002, this inform ation was collected on >70 % 
(350) o f  all overseas yachts that entered N ew  Zealand waters. NIW A scientists calibrated the ordinal fouling ranks by 
sampling the abundance and diversity o f  different fouling taxa on the hulls o f  95 vessels that had recently arrived in the 
country and were ranked using the scale. This inform ation is currently being used to  identify risk factors and to  develop 
predictive models for the presence and abundance o f  fouling organisms on international boat hulls. Such models will be 
useful for identifying high risk vessels as they arrive in N ew  Zealand.

Contact: Graeme J. Inglis, Ph.D.
N ational Institute ofW ater and A tm ospheric Research Ltd.
P O  Box 8602
C hristchurch 8002 N ew  Zealand 
Phone: +64 3 3488987 
g.inglis@ niwa.co.nz
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IN SHIPS O R O N SHIPS? - UNRAVELLING THE RELATIVE CONTRIBUTION OF 
BALLAST TANKS VS. HULL FOULING TO SHIP-MEDIATED INVASIONS OF 

NO RTH AMERICA BY MARINE SPECIES

F o fo n o ff, P. F., Smithsonian Environm ental Research Center, Edgewater, USA, fofonoftp@ si.edu;
Steves, B., Smithsonian Environm ental Research Center, Edgewater, USA, stevesb@ si.edu;
Miller,W. A., Smithsonian Environm ental Research Center, Edgewater, USA, m illerw@ si.edu;
R uiz, C., Smithsonian Environm ental Research Center, Edgewater, USA, ruizg@ si.edu;
Carlton, J., Williams College -  Mystic Seaport, Mystic, USA, jcarlton@ williams.edu

Oral Presentation
2:45 PM ,Tuesday

Since the beginning o f  navigation, shipping has been a m ajor factor altering the biogeography o f  m arine biota. Elistorically, 
estuarine organisms were transported to new  coasts on the hulls o f  ships, in solid ballast, and occasionally in cargo or deck 
debris. The use o fw a te r  as ballast, beginning in the late 19th century, led to the global transport o f  many organisms not 
adapted to  earlier modes o f  shipping transport. However, the relative im portance o f  different subcom ponents o f  shipping, 
especially ballast w ater versus hull fouling to contem porary invasions, is poorly resolved. Using our comprehensive database 
on estuarine invasions o f  N orth  America, containing inform ation on life history and invasion history for know n nonindigenous 
species established in our coastal waters, we estimated the contribution o f  each subcom ponent o f  shipping to  invasions for 
N o rth  America. We used details o f  life history and invasion history o f  each organism to identify the possible modes o f  
shipping transport, estimating their relative contribution by coast and through time.

O f  316 invertebrate and algal nonindigenous introduced to m arine and estuarine waters o f  N o rth  America, we estimated 
that 163 (52%) were introduced by shipping, and another 88 (28%) included shipping as a possible vector. After 1900, the 
num bers o fnew ly established nonindigenous attributed to shipping greatly increased,from 25 (pre 1900) to 142 (post 1900). 
This vast increase reflects, in  part, increased scrutiny by m arine biologists. Changes in the characteristics o f  m arine 
nonindigenous, w ith  increasing proportions o f  mobile species, and species w ith  planktonic larvae, indicate the increasing 
im portance o f  ballast w ater as a m ode o f  transport. Importantly, num erous new  introductions are sessile organisms, w hich 
have short planktonic life-stages, indicating the continuing im portance o f  hull fouling. W hile ballast w ater receives well- 
deserved attention from scientists and policy-makers, it often remains difficult to attribute ship-m ediated invasions to either 
ballast w ater or hull fouling.

Contact: Paul Fofonoff, Ph.D.
Smithsonian Environm ental Research C enter 
P.O. Box 28
Edgewater, M D  21037 USA 
Phone: 443-482-2337 
F ax :443-482-2380 
fofonoffp@si. edu
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COMPARISONS OF DEMOGRAPHIC FEATURES OF AN INVASIVE 
SPECIES, OCINEBRELLUS INORNATUS, VERSUS AN INDIGENOUS SPECIES, 

OCENEBRA ERINACEA

G arcia-M eunier, P., University o f  La Rochelle, La Rochelle, France, pgarciam@univ-lr.fi';
M artel, C., University o f  La Rochelle, La Rochelle, , cmartel@univ-lr.fir;
Trichet, C., University o f  La Rochelle, La Rochelle, , ctrichet@ univ-lr.ff

P oster P resentation
Tuesday

Because the introduction o f  foreign species may cause m ajor ecological and socio-econom ical problems, it is o f  prim ary 
im portance to  study and m onitor the evolutionary processes associated w ith  biological invasions. The timing, patterns, and 
origin o f  invasions across multiple species and com m unities are central themes in invasion ecology. O ne bridge betw een the 
short-term  ecological and long term  evolutionary aspects o f  invasion biology is the study o f  dem ographic or life history 
traits, geographical and tem poral structure o f  invasions populations. It has frequently been assumed for example, that successful 
invasive species will have traits as rapid growth to reproductive age, high offspring production, and potential long distance- 
dispersal ofpropagules because life-history features that lead to  faster population grow th (e.g. fecundity ...).

The Asian drill, Ocinebrellus inornatus (Recluz, 1851), norm ally dwells along Sakhalin and Kurile Islands up to Japan and from 
N o rth  o f  China to Korea. D uring the 20th century, it was accidentally introduced in two distinct geographic areas. It was 
first observed along the Pacific coasts o f  N o rth  America: in the Puget Sound (Washington, 1924), in British Colum bia 
(1931), in O regon (1930-1934) and in California (1941). M ore recently, its presence was reported on the French Atlantic 
coast (bay ofM arennes-O léron, 1995). As a predator o f  native and cultivated mollusks (i.e. oysters, blue mussels, scallops) and 
because o f  the presence o f  a closely related native species (Ocenebra erinacea), O. inornatus could have im portant consequences 
on the regional econom y and on species conservation. Studies that examine the biology o f  invasive species in bo th  their 
native and introduced range are surprisingly rare, despite the potential insights that can be gained from such comparisons. 
We thus compare post-establishment range expansion patterns com paring body sizes and patterns o f  growth o f  an indigenous 
(O. erinacea) and o f  an invasive (O. inornatus) drilling species and patterns o f  reproduction and o f  predation.

Contact: Pascale G arcia-M eunier
University o f  La R ochelle 
Institut de la M er et du Littoral 
Avenue Lazaret, Port des M inimes 
La R ochelle 17000 France 
Phone: 33 546 50 02 90 
pascale.garcia-meunier@ univ-lr.fr
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IDENTIFYING OCEAN REGIONS SUITABLE FOR BALLAST EXCHANGE FOR  
VESSELS EN ROUTE TO NEW ZEALAND

Gibbs, M ., Caw thron Institute, N elson, N ew  Zealand;
Hobday, A., C SIR O  M arine Research, C entre for Research on Introduced M arine Pests,Tasmania, Australia;
H ew itt, C., M inistry o f  Fisheries, W ellington, N ew  Zealand, chad.hewitt@ sciro.au;
Sanderson, B., Environm ental M odelling Solutions, NSW, Australia;
Taylor, M ., Caw thron Institue, Nelson, N ew  Zealand

P oster P resentation
Tuesday

M id-ocean ballast w ater exchange (BWE) remains the only practical internationally accepted m ethod o f  reducing the risk 
o f  introducing unw anted m arine organisms via ballast discharge and is m andatory for all international vessels carrying ballast 
w ater destined for discharge in N ew  Zealand (NZ) waters.

The N Z  M inistry o f  Fisheries therefore initiated research aim ed at identifying high seas regions suitable for BW E for 
visiting vessels. The research involved determ ining the m axim um  offshore extent o f  the coastal zone around N Z  and off 
source po rt locations worldwide. This was achieved by analysing remotely sensed ocean colour and turbidity data via 
SeaWIFS. Offshore areas outside these coastal zones were deem ed to  be suitable for BW E, however national, international, 
legislative and treaty issues must also be taken into consideration before particular areas are delineated.

Contact: Ashley Coutts
C aw thron Institute 
98 Halifax Street East 
N elson N ew  Zealand 
Phone: + 64-3-548 2319 
ashley@ cawthron.org. nz
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HULL FOULING AS A PATHWAY FOR MARINE INVASIONS TO HAWAII: 
ANANLYSIS OF VECTORS AND DEVELOPING MANAGEMENT STRATEGIES

G od w in , L. S., B. E Bishop M useum , H onolulu, USA, sgodwin@ bishopm useum .org

Oral Presentation
2:30 PM ,Tuesday

Biological invasions brought about by anthropogenic influences have occurred throughout the world through a variety o f  
mechanisms including m aritim e shipping, live seafood and bait shipments, aquaculture, shipments o f  com mercial and 
institutional aquarium  species, and the activities o f  education and research institutions. The prim ary pathway identified for 
m arine nonindigenous introductions has been m aritim e vessel traffic to ports around the w orld through ballast water 
discharge but there are other pathways associated w ith  m aritim e vessel activity that can be responsible for introductions.

The Hawaiian Islands are one o f  the most isolated areas in the world and native plants and animals exist because o f  pioneering 
species. In the advent o f  m odern  history has created new  hum an-m ediated or anthropogenic invasions o f  alien species 
through non-native mechanisms. M arine biological invasions brought about by anthropogenic influences have occurred 
throughout the world. The prim ary pathway identified for m arine alien species introductions has been m aritim e vessel 
traffic to ports around the w orld through ballast w ater discharge. M aritim e vessel activity as a vector for m arine alien species 
is a com plex issue involving m ore than just ballast water. O cean going vessels can be thought o f  as “biological islands" for 
species that dwell in harbors and estuaries. These vessels provide substrate for the settlem ent o f  species associated w ith  
fouling com munities, protected recesses that can be occupied by both  sessile and m obile fauna. R ecen t compilations o f  
m arine alien species in Hawaii include some 343 species— 287 invertebrates, 24 algae, 20 fish, and 12 flowering plants; o f  
these 212 or 90% are thought to have arrived through hull fouling.

H ull fouling is another pathway associated w ith m aritim e vessels that has the potential to transport organisms outside o f  
their native ranges. In the case o f  ballast water, there have been extensive efforts to  docum ent its role as an alien species 
transport mechanism and create strategies for management. Such efforts have no t been focused on hull fouling. Presently, in 
the state o f  Hawaii, efforts have begun to  analyze the various m aritim e activities that serve as hull fouling vectors and to 
create a draft m anagem ent strategy for dealing w ith  hull fouling, ballast w ater and ballast sediments.

Contact: Scott Godw in
B. P. Bishop M useum  
1525 Bernice St.
H onolulu, HI 96817-2704 USA 
Phone: 808-848-4156 
F ax :808-847-8252 
sgodwin@ bishopm useum .org
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PREDICTING EUROPEAN GREEN CRAB, CARCINUS MAENAS, 
INVASION IN ALASKA

Gray H itch co ck , N ., Smithsonian Environm ental Research Center, Edgewater, USA, grayn@ si.edu;
Teck, S., Smithsonian Environm ental Research Center, Edgewater, USA, tecks@ si.edu;
Lipski, D., San D iego State University, San Diego, USA, lipski@ rohan.sdsu.edu;
Steves, B., Smithsonian Environm ental Research Center, Edgewater, USA, stevesb@ si.edu; 
deRivera, C., Smithsonian Environm ental Research Center, Edgewater, USA, deriverac@ si.edu;
R uiz, C., Smithsonian Environm ental Research Center, Edgewater, USA, ruizg@ si.edu

Oral Presentation
9:30 AM , Wednesday

Carcinus maenas is a euryhaline, coldwater portun id  that has invaded multiple locations across the globe. M ost recently, in 
1989, C. maenas was introduced to the California coast and since has spread north  to  British Colum bia and south to 
Monterey. I f  it continues its spread north  to Alaska, C. maenas may have significant impacts on the ecology and economics 
o f  the region, based on its predation on com mercial and non-com m ercial invertebrate species, com petition for space and 
habitat disturbance already docum ented in  California. In this study, we examine the environm ental constraints to C. maenas 
distribution, exploring w hether C. maenas larvae can develop successfully in Alaskan waters.

In the laboratory, we measured developm ent rates and survivorship o f  larvae held at constant temperatures ranging from 10 
to 30°C  in 30ppt water. D evelopm ent was also examined in  variable temperatures starting at 7 .5°C  and m oving up 2.5°C 
every 15 days up to  17.5°C. D evelopm ent times under these conditions, converted to  day-degrees, were used to  estimate a 
m inim um  threshold necessary for larvae to develop successfully to the first juvenile crab stage (C l).T h is data indicates that 
developm ent and survivorship is best betw een 15 and 17.5°C yet larvae were able to develop to  C l stage in temperatures 
betw een 10 and 22.5°C. D evelopm ent rate for larvae raised at variable temperatures fell betw een those raised in constant 
temperatures 7.5 and 10°C. This suggests that rate o f  developm ent may be determ ined by tem perature experienced in the 
first 30 days o f  life.

Based on N O S  buoy data, at least 4 Alaskan sites have day-degree and salinity conditions above the threshold for development 
to C l therefore allowing C. maenas to  possibly invade Alaska. Using this approach, we will discuss our current w ork to 
estimate the potential range o f  C. maenas in N o rth  A m erica and elsewhere in the world.

Contact: Natasha Gray H itchcock
Smithsonian Environm ental Research C enter
M arine Invasions Research Laboratory
647 Contees W harf R d
Edgewater, M D  21037 USA
Phone: 443-482-2458
F ax :443-482-2380
grayn@ si.edu
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STATUS AND IMPACTS OF MARINE ALIEN SPECIES IN SOUTH AFRICA

G riffiths, C. L., University o f  Cape Town, Cape Town, South Africa, clgriff@ pop.uct.ac.za;
R obinson, T. B., University o f  Cape Town, Cape Town, South Africa, trobins@ botzoo.uct.ae.za

Oral Presentation
12:00 PM , Tuesday

Five marine molluscs have been deliberately introduced into South Africa for aquaculture purposes, while some 18 invertebrates 
and one seaweed species are know n, or suspected, to have been accidentally introduced. M ost o f  these species have either 
failed to establish naturalised populations, or remain restricted to one or a few harbours and lagoon systems. However, a few 
-  notably the w helk, Bedeva paivae, (East London harbour), the periw inkle, Littorina saxatilis, and the anemone, Sagartia ornata, 
(both Langebaan Lagoon) -  occur in dense populations in these sites.

O nly four introduced species are thought to  have significant environm ental o r econom ic impacts. The ascidian, Ciona 
intestinalis, is a pest o f  mussel culture rafts in Saldanda Bay, sm othering mussels on the culture ropes. T he oyster, Crassostrea 
gigas, has recently established significant w ild populations in several southern  Cape estuaries, w hich could be harvested. The 
European shore crab, Carcinus maenas, has spread up to 100 km  from its in troduction to Cape Town H arbour in about 1983, 
but remains mainly restricted to sheltered sites.There is concern it may invade the Saldanha Bay system, w hich contains large 
areas o f  ideal habitat, is a centre for m ariculture and also a m ajor m arine N ational Park. T he M editerranean mussel, M ytilus 
galloprovincialis, has becom e the dom inant intertidal organism along m ore than 1 500 km  o f  coastline from Nam ibia to the 
Eastern Cape since its introduction in the late 1970's and appears to be continuing to spread eastwards. It outcompetes 
indigenous mussels and limpets for prim ary rock space, provides enhanced habitat for infaunal species and has greatly 
increased the availability o f  mussels to predators, including bo th  seabirds and humans. A lthough it has radically altered the 
appearance and com m unity structure o f  rocky shores in the region it is no t thought to have eliminated any indigenous 
species. It forms the basis o f  the South African m ariculture industry and the large intertidal stocks also have potential for 
small-scale commercial exploitation.

Contact: Charles Griffiths, Ph.D.
University o f  Cape Town 
R ondebosch
Cape Town 7700 South Africa 
Phone: +21 650 3610 
Fax: +21 650 3301 
clgrifF@pop.uct. ae. za
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REDUCING THE RISK OF INTRO DUCTIO N AND DAMAGE OF AQUATIC 
NONINDIGENOUS SPECIES THROUGH OUTREACH AND EDUCATION

G rosholz, E . D ., University o f  California, Davis, Davis, CA, USA, tedgrosholz@ ucdavis.edu;
Williams, E., University o f  California, Davis, Davis, CA, USA, emwilliams@ ucdavis.edu

P oster P resentation
M onday

Introduced non-native species in coastal habitats cost the U nited  States billions o f  dollars every year. T he most effective 
strategy, either from the po in t o f  view  o f  m inim izing costs or maximizing ecosystem health is to prevent new  introductions. 
It is this goal, preventing future introductions o f  aquatic non-native species in California's San Francisco Bay-Delta that is at 
the heart o f  the “R educing the Introduction and Damage ofAquatic N onindigenous Species" (RIDN IS) project. O ne part 
o f  our project is to  facilitate com m unication and education am ong industry members, agencies and academia about the 
current damage by aquatic non-native invasive species in the San Francisco Bay-Delta as well as future risks associated w ith  
the im portation, sale, and distribution o f  live exotic plants and animals. Target industries include aquarium  and pet dealers, 
aquatic plant dealers, landscape and “aquascape" contractors, nursery owners, live seafood importers, aquaculturists, live bait 
dealers and others involved in the im portation, sales, and distribution o f  live plants and animals. These industries deal w ith 
num erous non-native species that have the potential to becom e pest species in the Bay-Delta ecosystem. A second part o f  
our project is to educate the consumers o f  live plants and animals about the risks posed by introduced aquatic species. To 
reach consumers we need industry cooperation to distribute educational materials concerning the disposal o f  unw anted 
plants o r animals. Project outcomes include 1) hosting workshops in the region to gather industry input in the development 
o f  new  m ethods to reduce introductions; 2) a full-color brochure highlighting pest species o f  concern, impacts o f  these non ­
native species on native taxa, pathways o f  dispersal, and m ethods for preventing dispersal; 3) a video to provide inform ation 
about the mechanisms o f  aquatic non-native species introductions as well as m anagem ent solutions specific to  the target 
industries; and 4) a project website (h ttp://w w w .ridnis.ucdavis.edu) highlighting non-native invasive species in the San 
Francisco Bay-Delta, pathways o f  potential introduction, and tips for preventing new  introductions. The R ID N IS  project 
is funded by the CAFFED Bay-Delta program.

Contact: Edw in Grosholz, Ph.D.
University o f  California, Davis
D epartm ent o f  Environm ental Science and Policy
O ne Shields Ave.
Davis, CA  95616 USA 
Phone: 530-752-9151 
Fax: 530-752-3350 
tedgrosholz@ ucdavis.edu

48

mailto:tedgrosholz@ucdavis.edu
mailto:emwilliams@ucdavis.edu
http://www.ridnis.ucdavis.edu
mailto:tedgrosholz@ucdavis.edu


FACILITATING INVADERS AND THE CONSEQUENCES OF THE SPARTINA 
INVASION IN SAN FRANCISCO BAY, CA

G rosholz, E . D ., University o f  California, Davis, Davis, USA, tedgrosholz@ ucdavis.edu;
Levin, L.A ., Scripps Institution o f  Oceanography, Lajolla, CA, USA, llevin@ coast.ucsd.edu;
Neira, C., Scripps Institution o f  Oceanography, Lajolla, CA, , cneira@ coast.ucsd.edu

Oral Presentation
10:00 AM , Wednesday

W hat makes com munities m ore or less invasible has been the focus o f  m uch speculation. Traditional ecological theory 
suggests that systems w ith  higher diversity are less susceptible to  invasion by nonnative species than lower diversity systems. 
A lthough we now  know  there are many exceptions to this pattern, w hen  often don?t know  w hat the mechanisms are 
behind these exceptions. O ne idea is that certain invaders that act as foundation species may facilitate the subsequent 
invasion o f  o ther non-natives species independent o f  the background native diversity. O u r data suggests that this occurs in 
San Francisco Bay, CA as the result o f  the Spartina hybrid invasion. Spartina alters light levels, w ater flow and sedimentary 
processes and creates a structural refuge in an otherwise unvegetated habitat. T he Spartina invasion has resulted in decreased 
biomass and diversity o f  native infaunal species, while it has facilitated an increase in the relative abundance o f  certain exotic 
species. T he mechanisms behind these changes are taxa specific.

Contact: Edw in D. Grosholz, Ph.D.
University o f  California, Davis
D epartm ent o f  Environm ental Science and Policy
O ne Shields Ave.
Davis, CA 95616 USA 
Phone: 530-752-9151 
Fax: 530-752-3350 
tedgrosholz@ ucdavis.edu
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DEVELOPMENT OF AN EDUCATION AND TRAINING PROGRAM FOR  
COMMUNITY GROUPS IN ALIEN SEAWEED ERADICATION AND M ONITORING

G ulko, D. A ., Hawaii D epartm ent o f  Land & N atural Resources, H onolulu, USA, david_a_gulko@ exec.state.hi.us; 
H unter, C .,W aikiki A quarium , H onolulu, USA, hunter@ w aquarium .org;
Smith, C., University o f  Hawaii Botany D epartm ent, H onolulu, USA, celia@hawaii.edu

P oster P resentation
M onday

Approximately 85% o f  all U. S. coral ree f areas occur w ithin the Hawaiian Archipelago. M any o f  the corals and native algae 
that make up these re e f  are endemic (found now here else in  the world), there is no replacement pool to  com pensate for the 
loss o f  these unique species. Some o f  the most biodiverse and im portant (both economically and recreationally) re e f  in the 
main Hawaiian Islands are found in K ane‘ohe Bay on the island o f  0 ‘ahu and along the South M aui coastline. B oth o f  these 
areas have been im pacted by blooms o f  alien algae w hich have started to result in “phase shifts", w here com plex coral reef 
habitat has been replaced by monospecific stands o f  alien seaweed. At this time, the only control mechanism available is 
labor intensive hand removal o f  these destructive seaweeds in such a way as to 1) no t damage native algae and corals, and 2) 
no t result in fragments w hich may spread these destructive seaweeds to new  settlem ent sites. Lacking w ell-trained m anpower 
in either area, we have developed a form al educational and training program for recognized local volunteer groups in the 
affected com munities in order to develop a long-term  eradication program  that meets the above two conditions. The 
program  makes use o f  training manuals and seminars followed by a supervised field program. O utreach and educational 
com ponents also include an airport inform ational display, pamphlets and an exhibit at the Waikiki Aquarium.

Contact: Dave Gulko
Hawaii D epartm ent o f  Land & N atural Resources
Division o f  Aquatic Resources
1151 Punchbow l Street, R o o m  330
H onolulu, HI 96813 USA
Phone: (808) 587-0318
Fax: (808) 587-0115
david_a_gulko@ exec. state, hi. us
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ALIENS O N THE REEF: CHALLANGES TO MANAGMENT OF ALIEN SPECIES ON  
HAWAII’S CORAL REEFS

G ulko, D. A ., Hawaii D epartm ent o f  Land & N atural Resources, H onolulu, USA, david_a_gulko@ exec.state.hi.us

Oral Presentation
3:00 PM , M onday

Aquatic Nuisance Species (ANS) often have life history characteristics w hich prom ote rapid spread and rapid growth. 
Successful ANS tend to be extremely tolerant o f  a w ide range o f  physiological/environm ental conditions, and often tend to 
be competitively superior at capturing food or nutrients. All o f  these features make such aliens on coral reefs difficult to 
control. W hile ballast w ater and hull fouling ANS vectors are com m only know n for tem perate and sub-tropical systems, 
coral reef ecosystems exposed to  ANS have to deal w ith  a suite o f  additional mechanisms w hich pose a significant risk to 
these fragile environments. In Hawaii, at least four out o f  the five alien seaweeds know n to be causing serious problems on 
the reefs were introduced through research and aquaculture activities. The m arine ornam ental trade and travel-oriented 
m arine tourism  create a new  range o f  ANS challenges and impacts. The vector ecologies involved are quite different from 
those being dealt w ith  outside o f  the tropics, and the m anagem ent concerns and responses vary significantly. Solutions may 
need to include stronger control and oversight o f  research and aquaculture activities to  minim ize accidental introductions, 
greater support for broad public educational campaigns and targeted efforts at specific m arine resource user groups. W hile 
m ore focused research into life history characteristics o f  coral reef aliens and innovative mechanisms o f  control is desired, 
there is a strong need for an im m ediate and actively-supported program for direct control o f  those aliens causing com plete 
phase shifts on coral reefs. For many coral reef islands, direct involvement o f  local com m unities and the m arine tourism  
industry may provide for the strongest and most effective control mechanisms.

Contact: Dave Gulko
Hawaii D epartm ent o f  Land & N atural Resources
Division o f  Aquatic Resources
1151 Punchbow l St., R o o m  330
H onolulu, HI 96813 USA
Phone: (808) 587-0318
david_a_gulko@ exec. state, hi. us
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ESTABLISHING THE IDENTITY, STATUS AND RISK POSED BY AN INTRODUCED  
PORTUNID CRAB IN NEW ZEALAND

Gust, N ., N ational Institute ofW ater and A tm ospheric Research Ltd, Christchurch, N ew  Zealand, n.gust@ niwa.co.nz; 
Inglis, G .J. , N ational Institute ofW ater and A tm ospheric Research Ltd, Christchurch, N ew  Zealand, g.inglis@ niwa.co.nz; 
Smith, P., National Institute ofW ater and Atm ospheric Research Ltd, W ellington, N ew  Zealand, p.sm ith@ niwa.co.nz; 
Webber, R . ,Te PapaTongawera,W ellington, N ew  Zealand, r.webber@ tepapa.govt.nz

P oster P resentation
M onday

To respond to  the incursion o f  an exotic organism its identity, current status and likely threat must be assessed so that 
appropriate m anagem ent actions can be devised. We describe studies that facilitate this process following the discovery o f  an 
exotic portun id  sw im m er crab in northern  N ew  Zealand in Septem ber 2000. M orphological and D N A  analyses were used 
to establish the crab's identity. Field surveys were undertaken to determ ine the distribution and relative abundance o f  the 
invader in the region w here it was first captured by com mercial fishers. Pilot experim ents were conducted to  determ ine the 
m ost efficient sampling m ethods to detect the crab, and a broad-scale trapping survey was developed adaptively to determ ine 
the current limits o f  its distribution.

By com paring partial cytochrom e oxidase I (COI) gene sequences and the m orphology o f  the crab w ith  eight species o f  
Charybdis, we identified it as Charybdis japonica, a species whose native range stretches from northern  China to Malaysia. 
Trapping surveys at the likely po in t o f  introduction showed that C. japonica is abundant in a range o f  habitats in Auckland's 
W aitemata Harbour. A lthough the vector o f  introduction is unknow n, ballast w ater transport to Auckland, N ew  Zealand's 
busiest port, seems probable. Subsequent surveys indicate the crab is currently restricted to estuarine environm ents and does 
no t seem to have spread m ore than 30 km  no rth  or south ofW aitem ata Harbour. This large crab (up to  12cm carapace 
width) is know n to be an opportunistic predator o f  bivalves, fish, cephalopods and other benthic invertebrates and may have 
a significant im pact on the native benthic fauna o f  N ew  Zealand estuaries. M anagem ent responses to  reduce its spread by 
hum an vectors are currently being developed by the N ew  Zealand M inistry o f  Fisheries.

Contact: Graeme J. Inglis, Ph.D.
N ational Institute ofW ater and A tm ospheric Research Ltd.
P O  Box 8602
C hristchurch 8002 N ew  Zealand 
Phone: +64 3 3488987 
g.inglis@ niwa.co.nz
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RAPA WHELKS (RAPANA VENOSA) AS PREY ITEMS FOR CHESAPEAKE BAY 
FAUNA: NATURAL CONTROLS FOR AN INVASIVE SPECIES?

H a rd in g , J. M ., V irginia Institu te o f  M arine  S cience/C ollege o f  W illiam  and Mary, G loucester Point, VA, USA, 
j harding@ vims. e du ;

M ann, R .,Virginia Institute o f  M arine Science/College ofW illiam  and Mary, G loucester Point,VA, USA, rm ann@ vim s.edu

Oral Presentation
4:30 PM ,Tuesday

Since the discovery o f  veined rapa whelks (Rapana venosa) in Chesapeake Bay, USA in 1998, over 4000 live rapa whelks have 
been collected. The Chesapeake Bay rapa w helk population is reproductively active and recruitm ent to the population by 
smaller individuals is apparent in observed population demographics. R apa whelks > 80 m m  shell length (SL) probably 
reach a size refuge from predation by local fauna given the size and strength o f  the w helks' shell. A series o f  predator-prey 
experim ents using cultured rapa whelks (SL < 80 mm) as prey items for eleven species o f  benthic predators including blue 
crabs (Callinectes sapidus), m ud crabs (Eurypanopeus sp.), oyster toadfish (Opsanus tau), and Atlantic croaker (Micropongonias 
undulatus) were conducted in 2001 and 2002. Rapa w helk shell lengths (SL) ranged from 1 5 - 6 5  mm. Blue crabs, m ud 
crabs, and spider crabs (Libinia emarginata) consum ed rapa whelks. Blue crabs > 40 m m  carapace w idth  (CW) were voracious 
rapa w helk predators consum ing 73% o f  rapa whelks offered. Feeding rates o f  as many as 9 rapa whelks (SL 30-45 mm) per 
blue crab per day were observed w ith  an average feeding rate o f  3 . 1 +  0.29 rapa whelks per blue crab per day). Differences 
in attack m ethods were observed for blue crabs o f  different sizes (< 80 m m , 80-120 m m , and > 120 m m  CW ). Given the 
probable habitat overlap betw een juvenile blue crabs and rapa whelks in Chesapeake Bay, predation by blue crabs on 
epifaunal rapa whelks may be a natural control mechanism for the invasive rapa whelks in Chesapeake Bay and other 
estuarine habitats.

Contact: Juliana M . Harding, Ph.D.
Virginia Institute o f  M arine Science/College ofW illiam  and M ary 
Dept, o f  Fisheries Science 
P.O. Box 1346
G loucester Point,VA 23062 USA 
Phone: 804 684 7302 
Fax: 804 684 7045 
jharding@ vim s.edu
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CHANGING DISTRIBUTION PATTERNS IN THE INVASIVE ALGA 
CODIUM  FRAGILE SSP. TOM ENTOSOIDES: INTERPLAY OF HERBIVORES 

AND HYDROGRAPHIC CONDITIONS IN THE GULF OF MAINE

H arris, L. G., University o f  N ew  Hampshire, D urham , N H , USA, lharris@ christa.unh.edu;
Jones, A. C., University o f  N o rth  Carolina at W ilm ington, W ilm ington, N C , USA,

Oral Presentation
9:30 AM , M onday

The invasive canopy alga, Codium Fragile ssp. Tomentosoides, first observed at the Isles o f  Shoals in 1983, has becom e the 
dom inant canopy species to  8 m  throughout the islands. Codium  populations are replacing themselves in w hat appears to be 
the new  climax species at some sites. However, Codium  has declined in densities in the protected Gosport H arbor area 
w here it first becam e established and has only slowly increased its presence in subtidal habitats in the adjacent nearshore 
coastal zone. R ecen t studies suggest a com bination o f  factors influencing the relative success o f  populations between 
habitats. T he herbivore, Placida dendritica, may be reducing populations in protected areas in spite o f  predators such as the 
green crab, Carcinus maenas, while surge may inhibit herbivore buildup in exposed areas. Temperature instability due to 
localized, w ind driven upwelling may be slowing the buildup o f  subtidal Codium  populations in nearshore sites. The results 
will be discussed in the context o f  w hat appears to be a still evolving new  com m unity state for the G ulf o f  Maine.

Contact: Larry G. Harris, Ph.D.
University o f  N ew  Hampshire 
Zoology D epartm ent 
D urham , N H  03824 USA 
Phone: 603-862-3897 
F ax :603-862-3784 
lharris@ christa.unh.edu
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BALLAST WATER MANAGEMENT IN AUSTRALIA

H atch ,T. L., Australian Shipowners Association
H o u g h , D ., D epartm ent o f  N atural Resources and Environm ent, East M elbourne, V ictoria, Australia, 

don.hough@ nre.vic.gov.au

P oster P resentation
Tuesday

Vessels providing Australia's international and domestic trade operate out o f  m ore that sixty ports along Australia's 37,000 
km  coastline, and m aritim e quarantine, natural resource and environm ental regulation is a shared responsibility between 
Australia's federal and seven state governments.

Although, Australia's federal governm ent regulated the discharge o f  internationally sourced ballast w ater in July 2001, the 
discharge o f  domestically sourced ballast w ithin Australian waters is currently unregulated. This is despite domestically 
sourced ballast w ater posing risks o f  introductions that are equivalent to  ballast w ater o f  international origin. M oreover 
ballast w ater from bo th  sources can be discharged from different vessels visiting the same po rt and in some instances 
discharged from the same vessel.

To manage the risks posed by bo th  sources o f  ballast w ater a regulatory and administrative m odel has been trialed at the Port 
o f  Hastings, in southeastern Australia. T he trial used all vessel movements to  the port in the 18 m onths to 31 D ecem ber 
2002 to assess the physical im plem entation and environm ental effectiveness o f  the m odel p rio r to its intended Australia w ide 
application.

The trial and the subsequent refinem ent o f  the m odel provides a framework for considering issues facing the global community 
in responding to ballast water. This paper addresses tw o such issues. First, the implications o f  shared regulatory responsibility 
w ithin nation-states. Second, ballast w ater m anagem ent options for short voyages that are com m on, but no t lim ited, to 
domestic voyages.

Contact: D on H ough
D epartm ent o f  N atural Resources and Environm ent 
14/8 N icholson St.
East M elbourne,V ictoria 3000 Australia 
Phone: 61 3 9637 8443 
Fax: 61 3 9637 8117 
don.hough@ nre.vic.gov.au
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CRASSOSTREA GIGAS AS A VECTOR FOR ALIEN SPECIES INTRODUCTIONS IN  
NORTHW EST EUROPEAN COASTAL WATERS

Haydar, D ., Dept, o f  M arine Biology, University o f  Groningen, Haren, Netherlands, d.haydar@ biol.rug.nl;
Wolff, W. J., Dept, o f  M arine Biology, University o f  Groningen, Haren, Netherlands, w.j.wolff@ biol.rug.nl

P oster P resentation
M onday

The Japanese oyster Crassostrea gigas has been introduced repeatedly and on a large scale to northw est Europe since 1964. 
The oysters were im ported from Japan and the Pacific coast o f  N o rth  America. At present the Japanese oyster has established 
w ild populations in northw est Europe.T he oyster transports have provided a pathway for o ther exotic species; in the N orth  
Sea oyster transports are the most im portant vector for the introduction o f  non-native species. T he aim o f  this study is to 
reconstruct the im ports o f  oysters from Japan and N o rth  Am erica to  northw est Europe. Inform ation from various national 
resources will be integrated to develop a unified picture. Based on this we will analyze the distribution in tim e o f  introductions 
o f  Japanese and East-Asian species in northw est Europe.

Contact: D eniz Haydar M.S.
Dept, o f  M arine Biology, University o f  Groningen 
P O  Box 14
Haren 9750 AA Netherlands 
Phone: (+31) (50) 363 2079 
Fax: (+31) (50) 363 2261 
d.haydar@ biol.rug.nl
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RANKING POTENTIAL NEXT PESTS

H ayes, K. R ., C SIR O  M arine Research, Hobart, Australia, keith.hayes@ csiro.au;
McEnnulty, F., C SIR O  M arine Research, Hobart, Australia, felicity.mcennulty@ csiro.au;
Sliwa, K., C SIR O  M arine Research, H obart, Australia, cath.sliwa@csiro.au

Oral Presentation
11:00 AM , Wednesday

This paper presents a hazard ranking protocol for potential m arine pests. The protocol is simple, does not require large 
am ounts o f  data, and is capable o f  grouping hazardous species in to  high, m edium  and low priority. Hazard priority  is 
determ ined by the invasion potential and im pact potential o f  the species. Invasion potential is expressed as the w eighted 
sum o f  all vessel movements betw een the recipient nation and infected bioregions around the world. Impact potential is 
estimated using a web-based questionnaire.

In 2001, approximately 40% o f  com mercial and recreational vessels movements in Australian waters started their journey in 
a domestic port. A further 32% started their voyage in just 10 international bioregions. T he likelihood o f  new  ship-m ediated 
invasions in Australian waters is therefore critically determ ined by the distribution o f  potential m arine pests w ithin these ten 
bioregions.

The potential impacts o f  an invasive species are dependant on num erous factors and are in terpreted very differently by stake 
holders and interest groups. It is therefore extremely difficult to predict these impacts. In these circumstances it is essential 
that the degree o f  uncertainty associated w ith  measurements or estimates o f  im pact is captured and m aintained through the 
analysis. In this analysis we use interval arithm etic to  capture the uncertainty surrounding impact estimates because it is 
simple, intuitive and sufficiently robust in data poo r situations.

The hazard ranking procedure developed here is applied to 33 hazardous species, chosen because inter alia they are demonstrably 
capable o f  ship-m ediated invasion. It is im portant to recognise, however, that the procedure does not rely on p rio r invasion 
history. Indeed it can be applied to any species so long as its w orld-w ide distribution is know n and it potential impacts 
(human, ecological and economic) can be estimated.

Contact: Keith R . Hayes, Ph.D.
C SIR O  M arine Research 
G PO  Box 1538
H obart, Tasmania 7001 Australia 
Phone: +61 3 6232 5260 
Fax: +61 3 6232 5485 
keith.hayes@csiro.au
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FROM HEADWATERS TO OCEAN: BUILDING THE CAPACITY OF COASTAL 
WATERSHED COUNCILS TO ADDRESS AQUATIC INVASIVE SPECIES

H e im o w itz , P. J., O regon State University Extension Sea Grant, O regon City, O R , USA, paul.heim ow itz@ orst.edu; 
Jauron-M ills, L., O regon State University, Corvallis, O R , USA, jauronm i@ ohsu.edu;
Hillman, L., O regon State University, Corvallis, O R , USA, lhillman@ coas.oregonstate.edu

Oral Presentation
2:15 PM ,W ednesday

Successful coastal w ater quality m anagem ent programs recognize the im portance o f  adopting a watershed perspective that 
integrates pollution sources throughout a river basin, its estuary, and the coastal zone. Invaders such as the Chinese m itten 
crab (Eriocheir sinensis), w ith  its catadramous life history, highlight the need for a similar strategy in addressing “biological" 
pollution that affects coastal ecosystems. W atershed councils have surfaced as a m ajor grassroots force in coastal watershed 
restoration efforts -  nearly 500 watershed groups operate just in California, O regon, and Washington. These grassroots, 
volunteer-based organizations play a key role in the assessment, m onitoring, and enhancem ent o f  river basins and estuaries. 
However, w atershed groups typically have no t focused their energy toward aquatic invasive species. Incorporating this issue 
into watershed assessments and long-term  m onitoring conducted by watershed councils can greatly expand a region's 
capacity to  detect new  invasions. Similarly, watershed restoration and m anagem ent plans that include local m ethods for 
restricting pathways o f  introduction can fill in the gaps no t addressed by state, tribal, and federal programs.

A m ulti-state collaborative effort led by O regon State University and O regon Sea G rant has begun to assess how  to increase 
the capacity o f  watershed groups regarding aquatic invasive species m anagem ent and outreach. Initial investigations reveal 
that state and regional guidelines for watershed councils are often silent about this issue, focusing prim arily on physical 
habitat enhancem ent and conventional pollutants, and aiming watershed councils in those same directions. Additional 
guidance and training is needed to help watershed groups understand how  aquatic invasive species can directly affect (and 
sometimes even unravel) restoration o f  freshwater and estuarine habitats in a river basin. Given the full plates and lim ited 
resources faced by most local watershed groups, effective education and involvement o f  this audience depends on integrating 
simple, low-cost m ethods into their existing watershed m onitoring and restoration programs.

Contact: Paul J. H eim owitz
O regon State University Extension Sea Grant
200 W arner-M ilne R oad
O regon City, O R  97045 USA
Phone: 503-722-6718
F ax :503-655-8636
paul.heim ow itz@ orst.edu
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“THE CASE OF THE WET INVADERS” -  AN AQUATIC INVASION 
INVESTIGATION KIT FOR THE WEST COAST

H e im o w itz , P. J., O regon State University Extension Sea Grant, O regon City, O R , USA, paul.heim ow itz@ orst.edu; 
Mahafiy, M ., U.S. Fish andW ildlife Service, Lacey,WA, USA, M ary_M ahaffy@ rl.fws.gov;
Copping, A. E .,W ashington Sea Grant, Seattle,WA, USA, acopping@ u.w ashington.edu;
Cassell,J., California Sea Grant, San Bruno, CA, USA, jlcassell@ucdavis.edu

P oster P resentation
M onday

From Asian copepods to zebra mussels, aquatic invasive species pose significant threats to  ecological and econom ic resources 
in along the West Coast. Education is critical to preventing new  introductions and improving early detection and control 
capabilities. Based on the successful “Aquatic Exotics" education m odule and the “Zebra Mussel M ania Traveling Trunk" 
developed in the Great Lakes, regional educators recognized the educational benefits that w ould result from a similar 
portable teaching kit focused on West Coast species and issues. W ith  funding from the N ational Sea G rant College Program, 
O regon Sea G rant has joined forces w ith  the U.S. Fish andW ildlife Service and California and W ashington Sea Grant to 
produce such a product.

M odeled after the Great Lakes tools, “T he Case o f  the W et Invaders" will facilitate widespread learning about freshwater, 
estuarine, and m arine invasions to  youth and adult audiences. As the title suggests, the contents are organized around the 
them e o f  a “w hodunit" mystery, com posed o f  the following “Case Files":

“Scene o f  the C rim e": Introduces the audience to the topic, describing the history o f  aquatic invasions w ith  an emphasis on 
the West Coast.

“T he Line U p": Challenges the audience to identify individual species like the European green crab, and provokes critical 
thinking about definitions such as “alien" or “exotic".

“G athering Evidence": Provides opportunities for evaluating ecological, social, and econom ic impacts.

“Profiler": Engages the audience in the difficult task o f  predicting w hen  non-native species introductions will lead to 
problems, and explains com m on traits o f  invaders.

“Setting U p Roadblocks": Emphasizes the benefits o f  preventing invasions and illustrates the variety o f  pathways that lead 
to introductions.

“Crackdow n": Involves the audience in  tough choices about dealing w ith  existing aquatic invasive species populations, and 
presents inform ation about various control methods.

Contact: Paul J. H eim owitz
O regon State University Extension Sea Grant
200 W arner-M ilne R oad
O regon City, O R  97045 USA
Phone: 503-722-6718
F ax :503-655-8636
paul.heim ow itz@ orst.edu
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PLASM ID-BORNE ANTIBIOTIC RESISTANCE IN VIBRIO CHOLERAE  ISOLATED 
FROM SHIPS’ BALLAST WATER

H ein em an n , S. A ., O ld D om inion University, N ofoIk,VA, USA, sheinem a@ odu.edu;
Thom son, III, F. K., O ld  D om inion University, N orfolk,VA, USA, fthom son@ odu.edu;
Hynes,W. L., O ld  D om inion University, N orfolk,VA, USA, w hynes@ odu.edu;
Dobbs, F. C., O ld  D om inion University, N orfolk,VA, USA, fdobbs@ odu.edu

P oster P resentation
M onday

Resistance to antibiotics is com m on in Vibrio cholerae (the causative agent o f  hum an cholera) isolated from ships' ballast tanks. 
The genes encoding antibiotic resistance may reside on plasmids, small extra-chrom osom al D N A  molecules that can be 
transferred betw een bacterial cells. Plasmids were extracted from V  cholerae isolated from ballast tanks, then characterized 
based on their size using gel electrophoresis. A restriction map will be generated to further elucidate the genetic structures 
o f  these plasmids. Polymerase Chain R eaction  (PC R) will be used to  determ ine the location o f  the genes responsible for 
antibiotic resistance. The identification and characterization o f  plasmids found in bacteria in ballast tanks will help assess the 
potential for nonindigenous, possibly invasive genotypes to affect native populations.

Contact: Stefan A. H einem ann
O ld  D om inion University
O ld  D om inion U niversity/O cean Earth Atmos. Sei.
4600 E lkhorn  Ave
N orfolk ,VA 23529-4600 USA
Phone: 757-683-5989
F ax :757-683-5303
sheinem a@ odu.edu
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THE SPREAD OF THE CHINESE MITTEN CRAB (ERIOCHEIR SINENSIS) 
IN EUROPE: DOES THE PAST EXPLAIN THE PRESENT?

H erb org, L. M ., School o f  M arine Science &Technology; University o f  Newcastle, Newcastle upon Tyne, U nited Kingdom, 
Leif-M atthias.Herborg@ ncl.ac.uk;

R ushton, S. P., C entre for Life Science M odelling, School o f  Biology, University o f  Newcastle-upon-Tyne, Newcastle upon 
Tyne, U nited  Kingdom , S teven.R ushton@ ncl.ac.uk;

Clare, A. S., School o f  M arine Science & Technology; University o f  Newcastle, Newcastle upon Tyne, U nited  Kingdom, 
a.s.clare@ ncl.ac.uk;

Bentley,M . C., School o f  M arine Science &Technology; University ofN ew castle, Newcastle upon Tyne, U nited  Kingdom, 
m .g.bentley@ ncl.ac.uk

Oral Presentation
11:30 AM , Tuesday

The Chinese m itten crab, Eriocheir sinensis, is an invasive species that lives predom inantly in freshwater but migrates seawards 
to breed. It has spread via ballast w ater an d /o r  intentional in troduction to  Continental Europe, Southern France, USA (San 
Francisco Bay) and the U nited  Kingdom. Analysis o f  detailed historical data from the outbreak in Europe was digitized and 
analyzed using Geographical Inform ation Software.This revealed that there were two separate invasions in N o rth ern  Europe 
and Southern France, w ith  an increase in the average total distance o f  upstream m igration during the peak period by 1028 
km /year during 1928-1938 (N orthern  Europe) and 443 km /year (1954-1960) in Southern France. Beside the spread inland 
via rivers and canals, the rate o f  coastal spread has been assessed as an average o f  540km /year for 1926-35 and 346 km /year 
for 1942-1954.T he current expansion in the Great Britain follows a similar pattern. The rate ofrange expansion along the 
coast is one order o f  m agnitude higher than that observed for Carcinus maenas on the east o r west coast o f  N o rth  Am erica or 
in South Africa.

Further analysis o f  the historical size class distribution data from lower estuary o f  the R iver Elbe (Germany) illustrates 
m igration patterns to and from the estuary over the year. M arking experiments determ ined that the mean rate o f  downstream 
m igration for adults was 11.5 km/day, up to a m axim um  o f  18.1 km/day. T he peak period for upstream m igration was 
M arch to July, followed by the downstream season from July to September. This data set, extracted from historical references, 
represents one o f  the most com plete pictures o f  the life cycle and spreading behaviour o f  this alien invader.

Contact: Leif-Matthias H erborg
School o f  M arine Science & Technology; University ofN ew castle 
R idley Building 
C larem ont R oad
Newcastle upon Tyne, NE1 7R U  U nited  K ingdom  
Phone: +44 191 222 5091 
Fax: +44 191 222 7891 
Leif-M atthias.Herborg@ ncl.ac.uk
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INVASIVE SPECIES MONITORING: APPROACHES FOR VOLUNTEER PROGRAMS

H erron , E ., U R I Cooperative Extension, Kingston, USA, em h@ uri.edu

P oster P resentation
M onday

Extensive research conducted on the subject o f  controlling invasive species suggests that prevention and early detection is 
the most effective approach, economically and practically. Training volunteers to  m onitor for invasive species can significantly 
enhance bo th  prevention and early detection. Clearly, having m ore eyes in m ore places watching for potential invasive 
species will greatly improve the possibility o f  identifying a new  invasion quickly, maybe at a po in t w hen  eradication is more 
feasible. In addition, volunteer m onitoring efforts can help assess the consequences o f  bioinvasions. The frequently more 
comprehensive, long-term  m onitoring data gathered by volunteer programs can be used to identify changes in ecological 
conditions. W ith  proper training, and good timing, volunteers can also provide baseline data on relevant species, as well as 
assess impacts once a bioinvasion has occurred. Perhaps m ore im portant is the role volunteer m onitoring plays in  preventing 
the spread o f  invasive species through education, and the developm ent o f  an inform ed com m unity and local stewardship.

M onitoring  for invasive species, o r baseline com m unity assessments can occur as a stand-alone program, or as part o f  a larger 
w ater quality m onitoring effort. Various approaches will be presented, w ith  existing programs highlighted. Particularly 
useful websites and program contacts will also be provided to help you develop your strategy for m onitoring invasive aquatic 
species w ith  the help o f  volunteers.

Contact: Elizabeth H erron
U R I Cooperative Extension
R m  105, CIK
O ne Greenhouse R d.
Kingston, R I 02881 USA 
Phone: 401/874-4552 
F ax :401/874-4561 
em h@ uri.edu
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BALLAST WATER TREATMENT EXPERIMENTS W ITH O ZONE O N BOARD THE 
OIL TANKER S /T  TONSINA

H erw ig , R . P., University ofW ashington, School o f  Aquatic and Fishery Sciences, Seattle, WA, USA, 
herw ig@ u. washington.edu;

Perrins,J. C., University ofW ashington, School ofA quatic and Fishery Sciences, Seattle,WA, USA, 
perrins@ u. Washington. e du ;

Cordell,J. R ., University ofW ashington, School ofA quatic and Fishery Sciences, Seattle,WA, USA, 
cordell@ u. washington.edu;

Dinnel, P. A., W estern W ashington University, Shannon Point M arine C enter for M arine Science, Anacortes,W A, USA, 
padinnel@ aol.com ;

Gensemer, R . W., E N S R  International, Fort Collins, CO, USA, rgensem er@ EN SR .com ;
Dethloff, G. M ., E N S R  International, Fort Collins, CO, USA, gdetthloff@ EN SR .com ;
R uiz, G. M ., Smithsonian Environm ental Reserach Center, Edgewater, MD, USA, ruiz@ serc.si.edu;
Cooper, W  J., University o f  N o rth  Carolina at W ilm ington, D epartm ent o f  Chem istry and C enter for M arine Science, 

W ilm ington, N C , USA,

P oster P resentation
Tuesday

Ballast w ater has been suggested as a m ajor vector for the in troduction o f  aquatic nuisance organisms around the world. 
Several treatm ent technologies are proposed for removing or inactivating organisms present in ballast water. A multidisciplinary 
research team  examined the efficacy o f  a prototype ozone treatm ent system installed on the com mercial oil tanker S /T  
Tonsina for inactivating microorganisms, phytoplankton, and Zooplankton present in ballast water. O zone was generated on 
board the ship, distributed by stainless steel tubing, and bubbled into a ballast tank through diffusers. Shipboard experiments 
using Puget Sound seawater were conducted. W ater samples were collected from experim ental and control tanks using 
N iskin oceanographic samplers and by a installed tubing system. Z ooplankton samples were collected by perform ing 
vertical plankton tows. Four species o f  bioassay organisms (sheepshead minnow, mysid shrimp, shore crab, amphipod) were 
suspended in experim ental and control ballast tanks. W hole effluent toxicity (W ET) tests were perform ed. T he prim ary 
objective o f  the shipboard experim ents was to  evaluate the chemistry and biology o f  ballast w ater treated w ith  ozone versus 
the properties o f  a control ballast tank. In addition, a m id oceanic exchange was conducted. The first phase o f  the research 
determ ined if  ozone treatm ent was effective and comparable to  ballast w ater exchange. In the second phase, latent toxicity 
o f  ozone and its by-products were exam ined in shipboard and laboratory mesocosm experiments. The goal o f  the second 
phase was to  reduce the am ount o f  ozone required to inactivate organisms. Results o f  the shipboard experiments showed 
that ozone treatment was extremely effective against microbial populations, including heterotrophic bacteria and phytoplankton. 
Zooplankton in the ballast w ater were also largely inactivated. Perform ance o f  the prototype system was promising, but our 
results suggest that additional research and engineering design changes should be considered.

Contact: Russell Herwig, Ph.D.
University ofW ashington
School ofA quatic and Fishery Sciences
Box 355020
Seattle,W A 98195-5020 USA 
Phone: 206 685-2163 
Fax: 206 685-7471 
herw ig@ u. washington.edu
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BIOPROVINCES AS SURROGATES OF ‘TARGET’ SPECIES FOR IDENTIFYING  
INVASION HAZARD

H ew itt, C. L., C SIR O  M arine Research CRIM P,W embley, Australia, chad.hewitt@ csiro.au;
Hayes, K. R ., C SIR O  M arine Research CRIM P, Hobart, Australia, keith.hayes@ csiro.au;
Hobday, A. J., C SIR O  M arine Research, H obart, Australia, alistair.hobday@csiro.au

Oral Presentation
11:15 AM , Tuesday

Risk assessment has proven a useful tool to management, however environmental risk assessment has proven elusive. Nonetheless, 
risk assessment m ethods are being applied to discrete elements o f  the ballast w ater cycle (uptake, transit survival, and 
discharge). Several countries have adopted a ‘target' species approach to assessing risks, however, our ability to identify the 
current extent o f  invasions in m arine environm ents is poo r due to lim ited taxonom ic knowledge and sampling effort. These 
issues com bined w ith  the risks posed by ‘non-target' organisms has led some groups to an alternative approach -  environmental 
m atching, w hich seeks to use the environm ental similarity betw een two regions (e.g. betw een the donor and recipient ports) 
as a surrogate measure o f  bio-invasion risk. Such risk assessments avoid the question; “w hich species will be the next invader" 
but assume that the likelihood o f  invasion is directly proportional to  the biophysical similarity betw een donor and recipient 
environments. This assumption is unlikely to  encompass the true risks since the organisms contribute little inform ation to 
the assessment. H ere we evaluate the utility o f  biological provinces as a non-target specific means o f  determ ining invasion 
risk. Species w ith docum ented invasion histories were assessed, comparing: 1) individual species' physiological tolerances 
versus their native provincial distribution's environm ental extremes to dem onstrate the representative nature o f  provinces; 
and 2) for each species, their native provincial distribution's environm ental extremes versus the environm ental extremes o f  
their invaded bioregions. W ith  few exceptions, the environm ental extremes o f  the biological provinces were conservative 
predictors o f  species' physiological tolerances, and o f  the successfully invaded bioregions.

Contact: C had L. H ew itt, Ph.D.
C S IR O  M arine Research C R IM P  
Private Bag N o  5
Wembley, W estern Australia 6913 Australia 
Phone: +61 8 9333 6530 
Fax: +61 8 9333 6555 
chad. hewitt@ csiro. au
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IDENTIFICATION OF COASTAL ZONES USING SATELLITE-DERIVED 
OCEAN COLOR AND TURBIDITY: IMPLICATIONS FOR BALLAST WATER 

EXCHANGE ZONES

Hobday, A. J., C SIR O  M arine Research, H obart, Australia, alistair.hobday@csiro.au;
H ew itt, C ., M inistry o f  Fisheries, W ellington, N ew  Zealand, chad.hewitt@ csiro.au

P oster P resentation
M onday

Ballast w ater is well recognized as a principal vector for the introduction o f  m arine species and m anagem ent o f  ballast 
exchange is receiving increased attention around the world. The w ater adjacent to the coast (and hence ports) is often 
referred to as the coastal zone. The coastal zone is a high-risk area for the discharge o f  ballast water, as many organisms can 
settle in o r arrive at the coast from these waters. Oceanic waters are found beyond the temporally and spatially fluctuating 
coastal zone. Ballasting activities that occur seaward o f  the coastal zone are expected to reduce the risk o f  establishment or 
transfer o f  m arine pests. D eterm ining the extent o f  the coastal zone around a country or p o rt will allow waters suitable for 
the exchange o f  ballast w ater to be identified.

We estimated the boundary betw een coastal and oceanic w ater around Australia using historical data from the SeaWiFS 
satellite sensors. These data com prise (i) color, used as a proxy for chlorophyll a, and (ii) diffuse attenuation coefficient, used 
as a proxy for turbidity. The coastal zone is high w ith  regard to these variables, and the edge o f  the coastal zone is identified 
by declines in the values in an offshore direction for each satellite image. T he distances from the coast (and from an example 
set o f  44 Australian ports) are used to com pare a range o f  different probability baselines. The distance o f  baselines from the 
coast increases w ith  decreased probability (i.e. lower risk probability baselines are further offshore).

These baselines could be applied to m anagem ent o f  ballasting activities for coastal short-duration domestic and to  long- 
duration international shipping; however, in some regions o f  Australia the baselines are significant distances offshore and in 
such regions may no t provide an effective m anagem ent solution for coastal shipping.

Contact: C had H ew itt, Ph.D.
M instry O f  Fisheries 
M arine Biosecurity 
W ellington 7001 N ew  Zealand 
Phone: 61-02-6232-5310 
chad. hewitt@sciro. au
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MARITIME MAMMALS: INTRODUCED TERRESTRIAL MAMMALS 
AS PREDATORS IN MARINE INTERTIDAL COMMUNITIES

H od d er, J., O regon Institute o f  M arine Biology, University o f  O regon, P.O Box 5389, Charleston, O R  97420, USA, 
jhodder@ darkw ing.uoregon.edu;

Carlton, J .T.,Williams College, M aritim e Studies Program  , P. O. Box 6000, Mystic, C T  06355, USA, 
j carlton@ williams. edu

Oral Presentation
9:45 AM,Tuesday

M aritim e mammals are coastal terrestrial mammalian predators that consume living intertidal organisms, transferring these 
resources (as energy subsidies) to  the land. We asked if  introduced mammals prey in the intertidal zone, and, if  so, w hat their 
prey and biogeographical distribution are. Introduced populations o f  17 species o f  mammals (in four orders, Lagomorpha, 
R odentia , Carnivora, and Artiodactyla) have been reported as m aritim e predators from all oceans (N orth  and South Pacific, 
N o rth  and South Atlantic, and the Indian Ocean). Fifteen o f  these species are recorded solely or in part on islands, w here 
endemic mammals are absent o r rare (perhaps making predation m ore obvious). A w ide variety o f  prey are taken (sponges, 
mollusks, crustaceans, echinoderm s, polychaetes, fish, and algae). Three m aritim e mammals utilize, in part, in troduced prey. 
The native false w ater rat in Australia, the native raccoon in California, and the native m ink in M aine all prey on introduced 
populations o f  the European crab, Carcinus maenas, while native raccoons on the Pacific A m erican coast prey on introduced 
clams. In only one instance is there a record (from O regon) o f  an introduced mammal (pigs) preying upon introduced prey 
(the Atlantic clam, M ya arenaria). Overall, 45 species o f  m aritim e mammals are now  know n, and thus com prise a large and 
largely overlooked guild o f  intertidal predators. We suggest research programs based upon quantitative data collection and 
experim ental studies in order to  assess the potential im portance o f  mammalian intertidal predation on altering the abundance, 
distribution, and diversity o f  their prey.

Contact: Janet Hodder, Ph.D.
O regon Institute o f  M arine Biology 
University o f  O regon 
P.O. Box 5389
Charleston, O R  97420 USA 
Phone: 541-888-2581 ext:215 
Fax: 541-888-3250 
jhodder@ darkw ing.uoregon.edu
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AN  INVASIVE CRAB IN THE SOUTH ATLANTIC BIGHT: FRIEND O R FOE?

H o lleb o n e , A . L., Georgia Institute o f  Technology, Atlanta, USA, gte276s@ prism .gatech.edu;
Hay, M . E., G eorgia Institute o f  Technology, Atlanta, USA, mark.hay@ biology.gatech.edu

P oster P resentation
Tuesday

Biological invasions can threaten natural com m unities by altering the forces determ ining ecosystem structure and function. 
The green porcelain crab, Petrolisthes armatus, recently invaded oyster reefs o f  the South Atlantic Bight in densities o f  up to 
several thousand crabs/m 2, but the effects o f  this invasion remain undeterm ined. Therefore, the focus o f  our research 
addresses the ecological implications o f  this invasion. In order to perform  experim ents relative to our concerns at the local, 
regional, and com m unity-w ide scales, we “recreated" oyster reefs in independently treated and replicated baskets w ith in  ten 
flow -through mesocosm tanks at the Skidaway Institute o f  Oceanography, Savannah, GA. T he treatments included oysters 
from w hich all organisms were removed and com binations o f  locally dom inant crab species at realistic densities. The 
com binations were: (1) no crabs, (2) m ud crabs (Panopeus herbstii), (3) m ean June density o f  porcelain crabs + m ud crabs, and 
(4) 3x mean June density o f  porcelain crabs + m ud crabs. These “com m unities" were m aintained for several m onths. The 
sediments and growth on the oysters were m onitored over time, and at com pletion all organisms were docum ented, assessed 
for grow th and survivorship, physical and reproductive condition, and recruitm ent success. Preliminary data suggest that 
oyster settlem ent was m ore successful w hen there were no crabs and that m ud crabs caused considerable damage to oysters 
and mussels w hen no porcelain crabs were available as an alternate food source.

Contact: Amanda L. H ollebone
Georgia Institute ofTechnology 
Skidaway Institute o f  Oceanography 
10 O cean Science Circle 
Savannah, GA 31411 USA 
Phone: 912-598-3327 
Fax: 912-598-2310 
gte276s@ prism .gatech.edu
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BUILDING COMMUNITY AWARENESS AND INVOLVEMENT 
IN ALIEN SPECIES ERADICATION

H unter, C. L., University o f  Hawaii, H onolulu, USA, cindyh@ hawaii.edu;
Co, D. E .,The N ature Conservancy, H onolulu, USA, eco@ tnc.org;
Smith, C. M ., University o f  Hawaii, H onolulu, USA, celia@ hawaii.edu;
Smith, J. E., University o f  Hawaii, H onolulu, USA, jesm ith@ hawaii.edu;
Atkinson, S.A., University o f  Hawaii, H onolulu, USA, satkinson@ tnc.org;
H onebrink, R . R ., D epartm ent o f  Land and N atural Resources, H onolulu, USA, R andy_R_H onebrink@ exec.state, hi.us; 
M arkrich, M ., D epartm ent o f  Land and N atural Resources, H onolulu, USA, M ike_M arkrich@ exec.state.hi.us

Oral Presentation
12:15 PM , M onday

An alliance o f  federally-funded researchers (Hawaii Coral R e e f  Initiative Research Program ), state resource managers (Hawaii 
D epartm ent o f  Land and N atural Resources), non-governm ental agencies (The N ature Conservancy and R e e f  Check), 
com m unity volunteers (canoe clubs, campus clubs, and individuals) and private sector entrepreneurs (green-waste recycling, 
dive tour, and restaurant businesses) collaboratively organized to involve com m unity volunteers in an educational and 
environm entally effective effort to  remove alien algae from a state M arine Life Conservation D istrict (MLCD) in Waikiki, 
Hawaii. O ver the past 25+ years, the ree f area w ith in  the M LC D  has been increasingly overgrown by the alien alga, Gracilaria 
salicornia, introduced for aquaculture research in the 1970's. This reef once evidenced over 60 species o f  macroalgae w ith  up 
to 7 kg o f  w et w eight biomass per m 2. O nly 29 macroalgal species were recorded in the same area in  2002, w ith G. salicornia 
alone accounting for over 10 kg o f  the w et w eight biomass per m 2. Sum m er swells dislodge large am ounts o f  this biomass 
from its attachm ent on the reef, producing asexually viable, rafting propagules and form ing extensive wash-ups on Waikiki 
Beach.

Volunteer divers, snorkelers, beach toters, weighers, algal sorters, and recorders have been organized to  focus on removal o f 
the alien algae during w eekend mornings. The algae is transported to  a green-waste recycling company w hich uses it to 
produce com posting tea; local gardeners and farmers are also experim enting w ith  com posting and nu trien t-enrichm ent uses 
for the alien seaweed. Preparation o f  an educational brochure and press releases to prim e media coverage have contributed 
to the one o f  the most im portant outcom es o f  the effort: an increased public and political awareness o f  the ecological threat 
o f  alien algae to  Hawaiian reefi. O ver 10 tons o f  alien algae have been removed from the M LC D  in three m orning efforts 
involving 200+ com m unity volunteers.

Contact: Cynthia L. Hunter, Ph.D.
University o f  Hawaii 
Waikiki A quarium  
2777 Kalakaua Avenue 
H onolulu, HI 96815 USA 
Phone: 808-440-9005 
cindyh@hawaii. edu
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DESIGN AND EFFECTIVENESS OF MARINE PEST SURVEILLANCE 
IN NEW ZEALAND

Inglis, G. J., N ational Institute ofW ater and A tm ospheric Research, Christchurch, N ew  Zealand, g.inglis@ niwa.co.nz; 
O 'B rien , C., M inistry o f  Fisheries, W ellington, N ew  Zealand, Chris.O brien@ fish.govt.nz;
Hayden, B., N ational Institute ofW ater and A tm ospheric Research, Christchurch, N ew  Zealand, b.hayden@ niwa.co.nz; 
O ldm an, J., National Institute ofW ater and A tm ospheric Research, H am ilton, N ew  Zealand, j.oldman@ niwa.co.nz

Oral Presentation
11:15 AM , Wednesday

The chances o f  controlling or eradicating an outbreak by an exotic species are greatest i f  the interloper is detected early, 
before it has the opportunity  to  spread widely and becom e abundant. Surveillance m onitoring is widely used for the early 
detection and containm ent o f  agricultural pests, but has received little consideration in the m anagem ent o f  m arine pests. 
The N ew  Zealand M inistry o f  Fisheries has identified seven species that pose a significant risk to  native m arine resources 
should they becom e established in the country. In this paper, we describe the process undertaken to  design a national 
surveillance program m e for these pests and ways to  evaluate its effectiveness. R isk  profiling o f  shipping movements was used 
to identify eight high-risk points o f  entry into the country for the pests. In each o f  these locations, hydrodynamic models 
and predictive habitat modelling are being used concurrently to  direct field sampling to areas w here the chances o f  early 
detection are greatest. Hydrodynam ic models are used to simulate the likely m ovem ent o f  discharged ballast w ater and the 
larvae o f  pest species from potential release points in the harbours. These simulations are then overlaid onto spatially explicit 
models o f  the preferred habitats and environm ental tolerances o f  each o f  the target species. We discuss approaches to 
sampling and ways in w hich appropriate sampling effort and confidence o f  detection can be estimated for the target species.

Contact: Graeme J. Inglis, Ph.D.
N ational Institute ofW ater & Atm ospheric Research Ltd 
P O  Box 8602
C hristchurch 8002 N ew  Zealand 
Phone: +64 3 3488987 
g.inglis@ niwa.co.nz
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CARTOGRAPHY AND RISK ASSESSMENT OF THE DEVELOPMENT OF THE 
ALGA CAULERPA TAXIFOLIA IN THE NORTHW EST M EDITERRANEAN

Jaubert, J. M ., Université de N ice, N ice, FR A N C E , Jean.Jaubert@ unice.fr;
M inghelli, A., Observatoire O céanologique Européen, M onaco, M O N A C O , , am ingh@ club-internet.fr;
Chisholm , J. R ., Observatoire O céanologique Européen, M onaco, M O N A C O , j.chisholm@ libertysurf.fi';
M archioretti, M ., Observatoire O céanologique Européen, M onaco, M O N A C O , m .m archioretti@ ffee.fr;
M orrow ,J., B iospherical Instruments, San Diego, USA, m orrow @ biospherical.com ;
Ripley, H ., Elyperspectral Data International, Elalifax, CANADA, herb.ripley@ hdi.ns.ca

P oster P resentation
Tuesday

From 1997 to 2000, we m apped 44% o f  the total area reportedly colonized by Caulerpa taxifolia, to a depth o f  20 m  on the 
south coast o f  France, by com bining airborne multispectral imaging w ith  underw ater survey. Fligh-resolution images o f  
shallow m arine habitats (<20 m) were obtained under optim um  m eteorological conditions using a com pact airborne 
spectrographic imager (casi). Images were acquired in autum n to coincide w ith  the maximal annual abundance o f  Caulerpa 
taxifolia. U nderw ater surveys and measurements o f  the optical properties o fw ate r were carried out concom itantly by divers 
so as to  provide data for casi image processing and production o f  them atic maps. All o f  the data were geo-positioned on the 
Universal Transverse M ercator w ith an accuracy o f  + 3.6 m. Data collected w ith  the casi were positioned using a differential 
geographic positioning system and data collected underw ater using an acoustic interferometer. The them atic maps were 
validated using direct underw ater observations o f  selected stations. Results o f  these surveys show that com bining high- 
resolution multispectral images w ith data collected concom itantly underw ater can produce extremely accurate maps o f  
shallow m arine habitats. They confound existing claims regarding b o th  the cover o f  Caulerpa taxifolia and the alga's capacity 
to overgrow the native seagrass, Posidonia oceanica. Significant developm ent o f  the alga is confined to  substrata that appear to 
be contam inated by anthropogenic waste in marinas and a lim ited num ber o f  localities in the vicinity o f  urban sewage 
outfalls and storm  w ater drains. Caulerpa taxifolia principally occupies partially vacant niches in stressed environments; thus 
the risk to  most endemic species, i f  any, should be considerably lower than form erly predicted.

Contact: Jean Jaubert, Ph.D.
Université de N ice
Parc Corom andel (Emeraude B)
18, avenue Gravier 
N ice 06100 France 
Phone: +33 493 52 45 49 
Fax: +33 493 52 45 49 
Jean.Jaubert@ unice.fr
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INTRODUCTION, SPREAD AND POTENTIAL IMPACT OF THE RECENTLY IN ­
TRODUCED RED KING CRAB, PARALITHODES CAMTSCHATICUS, IN COASTAL 

SUBARCTIC NORWAY

Jorgensen , L. L., N orw egian College o f  Fishery Science, University o f  Tromsoe, Tromsoe, Norway, lisj@ nfh.uit.no; 
Sundet, J. H ., N orw egian Institute o f  Fisheries and Aquaculture, Tromsoe, Norway, jan-h.sundet@ fiskforsk.norut.no

Oral Presentation
4:00 PM ,Tuesday

In the 1960s the red king crab, Paralithodes camtschaticus, was intentionally released in the Russian Barents Sea to  create a new  
and valuable fishing resource in the region. A bout 30 years later it becam e abundant in N orw egian part o f  the Sea. Today the 
king crab is know n to hatch at several places in N orw egian waters w ith  frequent abundant year-classes, and the steadily 
increasing num bers o f  crabs are invading new  coastal areas.

In the crabs' native area, the Bering and northern  Pacific Seas, specimens w ith  a w eight o f  12 kg and ages up to 25 years has 
been recorded. In this area the crab occupy depths betw een 4 and 300m  and a habitat tem perature betw een -1.7 and 11 
degrees Centigrade. The crab perform s extensive annual migrations from deep waters in the w in ter months, to  shallow 
waters in  the spring. In shallow waters they aggregate in large groups, mate, breed and molt. A fter the mating and breeding 
the king crab feed most intensively. T he king crab predates on several groups o f  bo ttom  animals and is questioned to have a 
significant impact on the benthic fauna, b u t this influence has yet been poorly docum ented.

The spread o f  the king crab to new  areas provides a rare opportunity  to  observe in progress a biological invasion o f  benthic 
com munities and to observe any com m unity-level alternations as they occur. To predict the impact o f  this non-native 
species, putative im pacted and randomly selected control locations are followed using long-term  m onitoring. Experim ental 
studies in the laboratory and the field is carried out in order to reveal the mechanisms by w hich this introduced species may 
alter and influence com m unity structure.

Contact: Lis L.Joergensen, Ph.D.
N orw egian College o f  Fishery Science, University ofTrom soe 
Breivika
Tromsoe N -9037 Norway 
Phone: +47 77 64 45 30 
Fax: +47 77 64 60 20 
lisj @ nfh.uit.no
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A PREDATION SIGNATURE-BASED KEY TO ATTRIBUTE PREDATION U PO N  
BIVALVES TO NATIVE VERSUS INVASIVE GASTROPODS

K in gsley -S m ith , P. R .,Virginia Institute o f  M arine Science, G loucester Point, USA, peterks@ vim s.edu;
M ann, R .,Virginia Institute o f  M arine Science, G loucester Point, USA, rm ann@ vim s.edu;
Harding, J., Virginia Institute o f  M arine Science, G loucester Point, USA, jharding@ vims.edu

P oster P resentation
Tuesday

In the Chesapeake Bay region, small ( < 7 0  mm, SL) non-native Rapana penosa are generalist gastropod predators in shallow 
hard substratum environments, w hilst larger individuals occupy an infaunal soft sedim ent niche in deeper water. As such R . 
penosa has ecological and econom ic implications for bo th  epifaunal and infaunal bivalve species in the Bay area. Spatial 
separation o f  size classes, rapid grow th rates, cryptic colouration, nocturnal activity, and the size-selective nature o f  fishing 
gear, determ ine that small Rapana penosa are rarely collected as a by-catch o f  com mercial fishing activity. A n indirect m ethod 
o f  detection, therefore, may provide an earlier indication o f  this invader.

A predation signature based key, capable o f  differentiating betw een predator species, w ould be one such m ethod. A range o f  
bivalve species were recovered from experiments involving Rapana penosa and native gastropods, Urosalpinx cinerea and 
Eupleura caudata, and exam ined for predation signatures. Rapana penosa < 20 m m  SL produced drill holes in the valves o f  
oysters, however, R . penosa > 40 m m  SL rarely produced unam biguous signatures in oysters and clams. Predation signatures 
from Rapana penosa were never found for Geukensia demissa. In contrast, all instances o f  predation involving Urosalpinx cinerea 
and Eupleura caudata consum ing Crassostrea pirginica, Geukensia demissa, and Mercenaria mercenaria resulted in characteristic drill 
holes in the prey valves.

The absence o f  Rapana penosa predation signatures in a high proportion  o f  prey exam ined is problem atic in term s o f  
distinguishing betw een sources o f  m ortality in the field. D evelopm ent o f  a predation signature key involving m orphological 
characters o f  drill holes produced by small Rapana penosa, Urosalpinx cinerea, and Eupleura caudata, however, may allow the 
detection o f  recently recruited Rapana penosa from shell valves collected in the field. Such inform ation has valuable applications 
to ongoing research into oyster reef restoration and the m onitoring o f  the spread o f  Rapana penosa.

Contact: Peter R . Kingsley-Smith, Ph.D.
Virginia Institute if  M arine Science 
D epartm ent o f  Fisheries 
R o u te  1208/G reate R oad, PO  B O X  1346 
Gloucester Point,VA 23062-1346 USA 
Phone: 804-684-7305 
peterks@ vims.edu
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SECONDARY INVASIONS OF MARINE PESTS - ANALYSING DOMESTIC TRANS­
PORT VECTORS IN THE AUSTRALIAN MARINE ENVIRONM ENT

K in loch , M. A ., Bureau o f  R ural Sciences, Canberra, Australia, m artine.kinloch@ brs.gov.au;
Summerson, R ., Bureau o f  R ural Sciences, Canberra, Australia, m artine.kinloch@ brs.gov.au

Oral Presentation
11:30 AM , Wednesday

Recently, attention has been focussed on the translocation o f  m arine organisms across international frontiers, prim arily via 
the m edium  o f  ballast w ater carried by global com mercial shipping. In contrast, the subsequent dispersal o f  introduced pests 
through domestic territorial waters has been som ewhat overlooked, despite the enorm ous potential for escalating impacts 
on inshore m arine ecosystems that support productive fisheries and aquaculture industries. In a num ber o f  high-profile 
cases in Australia, it has been docum ented that hum an-m ediated agents such as yachts and com mercial fishing boats have 
been responsible for spreading pest species beyond their initial po in t o f  entry and prom pt action to control the movements 
o f  such vessels has resulted in at least one successful eradication o f  the introduced black-striped mussel in Darwin. In order 
to address this issue o f  domestic translocation o f  introduced m arine pests, we compiled, analysed and m apped data relating 
to the movements o f  anthropogenic vectors in Australian waters w ithin a geographic inform ation system (GIS). The GIS 
contains spatially explicit inform ation on the frequency, volume, direction, range and promiscuity o f  a diverse array o f  
vectors such as m erchant shipping, recreational and com mercial fishing vessels, pleasure craft, oil rigs, and cruising yachts as 
well as the ‘nodes' from w hich they operate (marinas, boat ramps, moorings). This is the first step towards developing a 
spatial decision support system (DSS) that can be applied both  as a strategic planning and emergency response tool. Information 
on vector pathways will be com bined w ith  data on entrainm ent probabilities being gathered from other studies to  assess the 
relative risks o f  translocation o f  different species from a particular po in t o f  infection by various vectors and determ ine w hich 
vectors present the greatest hazard in a given situation. This knowledge can be used either in scenario planning exercises or 
to guide action in the event o f  detection o f  a new  pest incursion.

Contact: M artine A. Kinloch
Bureau o f  R ural Sciences 
P.O. Box E l l
Kingston A C T 2604 Australia 
Phone: (+61-2) 6272 4163 
m artine.kinloch@ brs.gov.au
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EFFECTS OF THE INTRODUCED POLYCHAETE (MARENZELLERIA VIRIDIS) ON  
THE SIMPLE ECOSYSTEM OF THE NORTHERN BALTIC SEA

K otta, J., Estonian M arine Institute,Tallinn. Estonia, jonne@ klab.envir.ee;
O rav-Kotta, H ., Estonian M arine Institute,Tallinn, Estonia, helen@ klab.envir.ee;
Kotta, I., Estonian M arine Institute,Tallinn, Estonia, ilmar@klab.envir.ee

Oral Presentation
4:30 PM , M onday

O w ing to isolation, short developing time, low salinity and large fluctuations in tem perature only a lim ited num ber o f  
species have been adapted to the conditions o f  the Baltic Sea. Low species diversity together w ith  the extensive anthropogenic 
impact make the region potentially invasion prone. A num ber o f  benthic animals presently living in the Baltic have only 
recently invaded the area, some only in the last decades or years.

The N orth-A m erican polychaete (Marenzelleria viridis) was introduced to Europe at the beginning o f  the 1980s.The polychaete 
has quickly spread to  most parts o f  the N o rth  and Baltic seas.The species prevails in many coastal areas o f  the northern  Baltic 
Sea. The establishment o f  M . viridis has been m ore successful either in m ore eutrophicated regions or in  m ore uniform  
biotopes.

C oncurren t w ith  this invasion the densities o f  the amphipods (Corophium volutator and Monoporeia affinis), the polychaete 
(.Nereis diversicolor) have dropped considerably. M . viridis has becom e an im portant food item  for some benthophagous fishes.

Field experiments com bining natural densities o f  native macrofauna and the introduced polychaete showed that the effects 
o f  M . viridis on the sublittoral com m unity ecology were many and varied. T he presence o f  M . viridis increased benthic 
production. M . viridis reduced the grow th and survival o f  N. diversicolor and M . affinis.This effect decreased w ith  the increasing 
density o f  adult specimens o f  the bivalve Macoma balthica. Com petitive interactions betw een M . viridis and M . balthica appear 
a key factor lim iting the distribution o f  M . viridis in the northern  Baltic Sea. Com petitive superiority o f  M . balthica over M . 
viridis is likely due to m ore efficient feeding regim e o f  the bivalve.To conclude, owing to its unprecedented invasion success, 
dom inance in many biotopes and effects on the native fauna the polychaete may be ranked am ong the most influential 
exotics in the northern  Baltic Sea.

Contact: Jonne Kotta, Ph.D.
Estonian M arine Institute 
M aija 4 d
Tallinn 10617 Estonia 
Phone: +3726112949 
Fax: +3726112934 
j onne@ klab. envir.ee
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PUBLIC PERCEPTIONS OF INVASIVE SPECIES: 
MEDIA TRENDS IN NEWSPAPER ARTICLES, 1992-2002

K ravitz, A . R ., C enter for Bioenvironm ental Research atTulane and Xavier Universities, N ew  Orleans, USA, 
akravitz@tulane. edu;

Campanella, R ., C enter for B ioenvironm ental Research atTulane and Xavier Universities, N ew  Orleans, USA, 
rcampane@ tulane.edu

Oral Presentation
3:45 PM ,W ednesday

Since the re-em ergence o f  the environm ental m ovem ent in the late 1980s, invasive species have received increasing attention 
from bo th  the scientific com m unity and popular press. There is a lack o f  consensus, however, in the term inology describing 
this ecological threat. Some popular term s are “exotic," “alien," and “invasive." Frequently, these terms are com bined (e.g. 
“exotic alien species") and are used interchangeably despite the fact that a species can be nonnative w ithout being harmful. 
The variety o f  monikers can distract from the underlying issues and can create confusion am ong policymakers and the 
general public.

This study investigates trends in newspaper coverage o f  invasive species by analyzing term inology used by the media to 
describe this phenom enon. Lexus-Nexus databases were searched for newspaper articles containing the terms “exotic species," 
“invasive species," “alien species," “nonnative species" and “non-native species," “nonindigenous species," “nuisance species," 
“introduced species," and “foreign species." Each article was examined to determ ine if  the subject was truly relevant to 
invasive species issues. For example, if  the term  “exotic species" was used to describe animals in a zoo, the article was 
excluded.

Initial results indicate that invasive species are getting m ore media attention, bu t term inology trends are changing. R eporters 
are m oving away from “exotic species" as the prim ary term  and are increasingly using “invasive species." There is also a 
decline, though no t as dramatic, in the use o f  “foreign species," while “introduced species" is increasing slightly. Usage o f  the 
o ther terms has rem ained fairly constant over the last decade.

Future analyses will include Lexus-Nexus searches for articles on specific invasives to  determ ine variations in species coverage, 
their geographical patterns, and trends through time. T he ultimate goal is to assist scientists and managers in speaking w ith 
a unified voice while conveying invasive species issues to the public.

Contact: Alysia R . Kravitz
C enter for Bioenvironm ental Research
202 Alcee Fortier Flail
Tulane University
N ew  Orleans, LA 70118 USA
Phone: (504) 862-8441
Fax: (504) 862-8455
akravitz@tulane. edu
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HOST SPECIFICITY: AN EXPERIMENTAL EVALUATION FOR A 
PARASITIC CASTRATOR, SACCULINA CARCINI, AND AN INAPPROPRIATE  

HOST CRAB, PACHYGRAPSUS MARMORATUS

K uris, A . M ., University o f  California, Santa Barbara, USA, kuris@ lifesci.ucsb.edu;
Goddard, J., University o f  California, Santa Barbara, USA, goddard@ lifesci.ucsb.edu;
Torchin, M. E., University o f  California, Santa Barbara, USA, torchin@ lifesci.ucsb.edu;
M urphy, N ., C SIR O  M arine Division, H obart, Australia, nicole.m urphy@ csiro.au;
Gurney, R ., C SIR O  M arine Division, Hobart, Australia, robert.gurney@ csiro.au;
Lafferty, K. D., U.S. Geological Survey,W estern Ecological Research Center, Santa Barbara, USA,

Oral Presentation
4:15 PM ,W ednesday

In the context o f  safety tests for the rhizocephalan parasitic castrator, Sacculina carcini, as a natural enemy o f  introduced 
popualtions o f  the green crab, Carcinus maenas, we were able to  infect several species o f  native California crabs. These 
exeriments intentionally w edged open the encounter filter and m aximized chances for infection in small volumes o f  water 
w ith  its natural host present,presum ably providing chemical cues. A lthough these California crabs were readily infected, the 
rhizocephalan could not develop normally in those crabs. All infected California crabs died w ithout producing the reproductive 
externa o f  the parasite, often showing severe neurological sequelae shortly before death. This prom pted us to examine the 
ability o f  S. carcini to  infect an inappropriate host from its native Europe, Pachygrapsus marmoratus, under experim ental 
circumstances identical to those used to  infect California crabs. Pachygrapsus marmoratus is closely related (congeneric) to 
one o f  the California species, P  crassipes, that died following infection by S. carcini. Pachygrapsus marmoratus was readily settled 
upon by S. carcini cyprids. However, the internas did no t develop. In the thoracic ganglion, the site o f  early developm ent o f  
the parasite, we could only detect small melanized spots. Since the abundance o f  these spots was proportional to  the 
abundance o f  attached cyprids and since a m olecular probe detected the presence o f  S. carcini D N A  in these crabs, we 
in terpreted the spots to  be early infections that were always successfully killed by the host response melanization o f  P. 
marmoratus. Hence, the com patibility filter for S. carcini was closed in P  marmoratus.

We then used this response as an assay for the frequency o f  attack by S. carcini on P. marmoratus. In o ther words, we were able 
to get a direct estimate o f  the im portance o f  the encounter filter for this host by examining the ffequnecy o f  melanized spots 
in the thoracic ganglion o f  P  marmoratus in the M ira R iver estuary in Portugal. Here, green crabs are heavily infected (~50% 
prevalence). B oth P. marmoratus and C. maenas are com m on, and are often found under the same rock. For a control 
population, we used an outer coast location, Sao Torpes, 20 km  north  o f  the M ira R iver estuary, w hich lacked green crabs 
(the M ira R iver is the closest green crab population). A control is necessary because any foreign body can elicit a melanization 
response. We could find no evidence o f  attack by S. carcini on P  marmoratus in the M ira river estuary. The Sao Torpes crabs 
had a slightly higher m elanization frequency than did the M ira river estuary popualtion. Consequently, we conclude that 
the encounter filter for S. carcini locating P  marmoratus is also enclosed. This is the first direct estimate o f  attack rates by a 
rhizocephalan on a non-host and one o f  the few such quantitative observations for any parasite on any host. This demonstration 
o f  the role o f  the encounter filter for host specificity o f  S. carcini shows that the host location must be analyzed to  effectively 
evaluate the safety o f  natural enemies as biological control agents.

Contact: A rm and Kuris, Ph.D.
University o f  California
D ept o f  Ecology, Evolution and M arine Biology
Santa Barbara, CA 93106 USA
Phone: 805 893-3998
Fax: 805 893-4724
kuris@ lifesci.ucsb.edu
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EELGRASS HABITAT STRUCTURE AND THE DENSITY-DEPENDENT  
MORTALITY OF AN INVASIVE BIVALVE

Kushner, R . B ., San D iego State University, San Diego, CA, USA, mollusc33@ hotmail.com

P oster P resentation
Tuesday

Eelgrass (Zostera marina) habitat structure often strongly influences predator-prey dynamics in shallow coastal waters. We 
investigated the impact o f  eelgrass habitat structure (= shoot density) on proportional m ortality in the exotic mussel, 
Musculista senhousia, w hich reaches extremely high densities in eelgrass habitat in Mission Bay, San Diego. In a fully factorial 
design, mussels (40, 80,160, 320, 640, and 1280/m 2) were exposed to predators in 0.05 m2 artificial seagrass plots o f  four 
different shoot densities (0 ,300,600, and 1800 shoots/m2) in replicate 2 d trials in the sum m er o f 2002. Mussel proportional 
m ortality was inversely density-dependent in all shoot density treatments. O ver 90% o f  m ortality was due to a gastropod 
predator Pteropurpura festiva. These snails exhibited a hyperbolic aggregative response to mussels, resulting in fewer predators 
per mussel at high mussel densities. The predatory snail was so abundant at our site however, that mussels exposed for 7 d all 
were consum ed regardless o f  mussel density. H igh snail abundance may have been due to a nearby rock jetty that served as 
a source o f  snails to eelgrass beds. Predatory snails are less abundant and M . senhousia m ore abundant in areas o f  Mission Bay 
w ithout rocks. Musculista senhousia may find a refuge from predators by living in high densities w ith in  eelgrass habitat, 
except w here prem ium  habitat exists for its chief predators.

Contact: R achel B. Kushner
San D iego State University
San D iego State University, D ept o f  Biology
5500 Campanile Dr.
San Diego, CA 92182 USA 
Phone: (619) 594-5645 
mollusc33@ hotm ail.com
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FECAMPIA ERYTHROCEPHALA, A PARASITOID NATURAL ENEMY OF 
THE EUROPEAN GREEN CRAB, CARCINUS MAENAS

Lafferty, K. D . , U.S. Geological Survey,Western Ecological Research Center, Santa Barbara, USA, lafferty@ lifesci.ucsb.edu; 
Torchin, M. E., University o f  California, Santa Barbara, USA, torchin@ lifesci.ucsb.edu;
Kuris, A. M ., University o f  California, Santa Barbara, USA, kuris21ifesci.ucsb.edu

Oral Presentation
5:00 PM ,W ednesday

Fecampia erythrocephala is a flatworm (Class Fecampiida) that infects Carcinus maenas and Cancer pagurus on the Isle o f  M an 
and near P lym outh, England. It has a direct life cycle and adults secrete coccoons on the underside o f  rocks. B oth infected 
crabs and coccoons are most com m on in the knotted  w rack (Ascophyllum) and serrated fucus (Fucus serratus) zones. Fecampia 
erythrocephala did no t infect crabs greater than 11 m m  carapace w idth and prevalence decreased w ith  crab size. Prevalences 
reached 11% in areas w here coccoons were abundant. The large size o f  these w orm s, declining prevalence w ith  size and 
observations on em ergence indicate that these worm s are parasitoids. Infection invariably leads to death o f  the host. 
C occoon abundance is often locally high and size-prevalence data suggest that worm s m ature rapidly in these crabs. This 
implies that F. erythrocephala is an im portant contributor to green crab m ortality and to the ecology o f  shore crabs at some 
sites. Com parison w ith insect parasitoid models indicates that F. erythrocephala has potential as an natural enemy for biological 
control o f  green crabs. However, its habitat specialization will lim it its use to only a subset o f  green crab habitats. Because 
it is locally com m on, and can probably be readily cultured, studies o f  its biology, most particularly its host specificity, are 
likely tractable and fruitful. Its safety as a natural enemy o f  exotic green crab populations will depend on its host specificity, 
and on its encounter rates w ith  young green crabs versus non-target native crabs.

Contact: Kevin Lafferty, Ph.D.
U.S. Geological Survey,W estern Ecological Research C enter
M arine Science Institue
University o f  California
Santa Barbara, CA 93106 USA
Phone: 805 893-8778
Fax: 805 893-8062
lafferty @lifesci. ucsb. edu
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TRANS-HEMISPHERE INVASION OF THE SOUTH-TEMPERATE AND  
SUBANTARCTIC ASCIDIAN CORELLA EUMYOTA TRAUSTEDT, 1882, 

INTO TWO HARBORS IN BRITTANY, FRANCE

L am bert, G., Univ. ofW ashington Friday H arbor Laboratories, Friday Harbor, USA, glam bert@ fullerton.edu;
M onniot, C., Mus. Nat. d'Hist. N at., Biologie des Invertebres marins, Paris, France, m onniot@ cim rsl.m nhn.fi' ;
M onniot, F., Mus. Nat. d'Hist. N at., Biologie des Invertebres marins, Paris, France, m onnio t@ cim rsl.m nhn.ff ;
Lambert, C. C., Univ. ofW ashington Friday H arbor Laboratories, Friday Harbor, USA, clam bert@ fullerton.edu

Oral Presentation
9:45 AM , Wednesday

Corella parallelogramma is the only Corella species recorded from the English Channel region o f  France. However, during July 
and August 2002 we found num erous large clumps o f  C. eumyota on ropes and floats at the marinas at Perros Guirec and 
Cam aret-sur-M er in western Brittany on the English Channel. O u r identifications are based on a careful com parison w ith 
specimens from southern  N ew  Zealand and South Africa o f  the adult and egg morphology, and the fact that it is a brooder. 
Several thousand embryos are ovulated directly into the peribranchial cavity w here they stick together in a cohesive gelatinous 
mass.The tadpoles are retained for several hours after hatching and are no t released until they are com petent to settle. Larval 
life outside the adult is therefore very short, perhaps only a few minutes; as a result the larvae settle near or on the adults and 
large heavy clumps result. T he individuals are very tightly cem ented together and often impossible to separate w ithout 
tearing the tunics. C. eumyota's previously know n range has been lim ited to the southern hemisphere, w here it is abundant 
and widespread in  south temperate, subantarctic, and Antarctic waters: South Africa, S. America, south Australia, Tasmania, 
and N ew  Zealand from Aukland to  the south tip o f  the south island. This species was no t present 5 years ago (our last visit 
to Brittany) at the 2 marinas w here we found it abundantly this year. It has the potential to becom e a serious pest for the 
mussel culture industry in Norm andy. We do no t know  how  widespread it is in Europe but colleagues in the U K  have not 
seen it. This may be the first record o f  a southern  to no rthern  hem isphere range extension for an ascidian, although several 
species are know n to have been transported from Europe to  the southern hemisphere.

Contact: G retchen Lam bert
Univ. ofW ashington Friday H arbor Laboratories 
12001 11th Ave. N W  
Seattle,W A 98177 USA 
Phone: 206-365-3734 
glam bert@ fullerton.edu
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HOW INVADED IS INVADED?

Lee II, H ., U. S. EPA, N ew port, USA, lee.henry@ epa.gov;
Thom pson, B., San Francisco Estuary Inst., Oakland, USA, brucet@ sfei.org

Oral Presentation
2:00 PM ,W ednesday

O ne thrust o f  invasion biology has been to  compare the extent o f  invasion am ong com m unities and biogeographic regions. 
A problem  w ith  such comparisons has been the plethora o f  metrics used and the lack o f  standardization as to  w hat data are 
incorporated into the metrics. O ne source o f  variation is w hether the cryptogenic species, the species o f  unknow n origin, 
are included in the counts o f  non  native species. A nother source o f  variation is the indeterm inate taxa, the taxa no t identified 
w ith  sufficient taxonom ic resolution to classify them  as native or nonindigenous. Indeterm inate species can constitute a 
sizable proportion  o f  the individuals and taxa in  benthic studies, and thus impact metrics based on percentages. Yet another 
source o f  variation is the spatial scales over w hich the metrics are calculated, w hich can range from measures on individual 
samples to entire biogeographic regions.To explore the variation these different approaches introduce, we calculated a suite 
o f  metrics for bo th  highly invaded soft bo ttom  com m unities (San Francisco Estuary) and for low  to moderately invaded 
systems (EMAP survey o f  the small Pacific coast estuaries). These results suggest that differences am ong the approaches can 
equal or exceed differences expected am ong estuaries. For example, the percentage abundance o f  non native species in the 
EM AP survey ranged from 6.5% to 28.7% depending on how  the value was calculated. T he effect o f  spatial scale on species 
richness is dem onstrated by the decrease in the percentage o f  the species com posed o f  nonindigenous species from 42% at 
the grab scale to 11% at the estuary scale in the San Francisco Estuary. Because o f  these sources o f  variation, it is critical for 
researchers to  report exactly how  their estimates o f  the extent o f  invasion were calculated and to compare only metrics 
calculated in the same m anner and over the same spatial scale.

Contact: H enry  Lee II, Ph.D.
U. S. EPA
Coastal Ecology Branch 
2111 SE M arine Science Drive 
N ew port, O R  97365 USA 
Phone: 541-867-5001 
F ax :541-867-4049 
lee.henry@ epa.gov
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REGIONAL ASSESSMENT OF THE INVASIVE MACROBENTHOS IN THE SMALL 
WEST COAST ESTUARIES

Lee II, H ., U. S. EPA, N ew port, USA, lee.henry@ epa.gov;
Nelson, W., U. S. EPA, N ew port, USA, nelson.walt@ epa.gov;
Lamberson, J., U. S. EPA, N ew port, USA, lam berson.janet@ epa.gov;
Reusser, D., U. S. G. S., Battle G round, USA, dreusser@usgs.gov

P oster P resentation
M onday

In 1999, U.S. Environm ental Protection Agency's (EPA) Environm ental M onitoring Assessment Program  (EMAP) surveyed 
the soft bo ttom  benthic com m unities in the estuaries o f  California, O regon, and W ashington exclusive o f  the large systems 
(i.e., Puget Sound, Colum bia River, and San Francisco Bay w hich w ere sampled in 2000). O u t o f  a total o f  677 benthic 
species, 43 were nonindigenous and 88 were cryptogenic. The polychaetes, Pseudopolydora paucibranchiata and Hobsonia florida, 
and the amphipods, Grandidierella japonica and Corophium acherusicum, were the most abundant nonindigenous species in 
these small West coast estuaries.The polychaetes, Streblospio benedicti and Pygospio elegans, w ere  the most abundant cryptogenic 
species. In contrast to the im portance o f  polychaetes am ong the nonindigenous and cryptogenic species, amphipods were 
the num erical dominants am ong the native species, in particular two species o f  C orophium .The  EM AP probabilistic survey 
design allowed statistically unbiased estimates o f  the area invaded as measured by different metrics. N o  nonindigenous 
species were collected in approximately 30% o f  the estuarine area. In contrast, nonindigenous species constituted >=50%  o f 
the individuals in 2.5% o f  the area. I f  the cryptogenic species w ere included, non  native species were the num erical 
dominants in 18% o f  the area. As measured by the percentage o f  the species per sample, nonindigenous species were the 
m ajor com ponent o f  species richness in 7.5% o f  the area o f  these estuaries. This estimate increased to 25% o f  the area if  the 
cryptogenic species were included. These results provide the first regional-scale evaluation o f  the nature and extent o f  
invasion o f  the estuaries on the West coast.

Contact: H enry  Lee II, Ph.D.
U. S. EPA
Coastal Ecology Branch 
2111 SE M arine Science Drive 
N ew port, O R  97365 USA 
Phone: 541-867-5001 
F ax :541-867-4049 
lee.henry@ epa.gov
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CHANGES IN WETLAND FOOD WEBS ASSOCIATED W ITH PLANT INVASION: 
USE OF STABLE ISOTOPIC ENRICHM ENT EXPERIMENTS

Levin, L. A ., Scripps Institution o f  Oceanography, Lajolla, USA, llevin@ ucsd.edu;
Neira, C., Scripps Institution o f  Oceanography, Lajolla, USA, cneira@ coast.ucsd.edu;
Grosholz,T., University o f  California, Davis, Davis, USA, tedgrosholz@ ucdavis.edu;
M endoza, C., Scripps Institution o f  Oceanography, Lajolla, USA, gm endoza@ coast.ucsd.edu

Oral Presentation
2:45 PM , M onday

Vascular plant invasion o f  unvegetated m arine sediments typically leads to alteration o f  food available to  m arine benthos. 
Effects are direct, through increased supply o f  plant detritus to sediments, and indirect, through modification o f  environmental 
factors (e.g., light, flow, moisture) that regulate availability o f  other prim ary producers such as phytoplankton and benthic 
algae. Invasion o f  south San Francisco Bay tidal flats by a Spartina alterniflora /foliosa hybrid has led to a reduction in  some 
benthic taxa and increased dominance by in others. By introducing 15N-labeled Spartina detritus and 13C-labeled microalgae 
into marsh and mudflat sediments, we have been able to  determ ine, in com bination w ith  natural abundance stable isotopic 
com position, w hich benthic taxa consume different food sources. Isotopic data suggest that subsurface, burrow ing deposit 
feeders (capitellid polychaetes and tubificid oligochaetes) in this system can utilize Spartina detritus most readily; these are 
also the taxa that assume greater im portance in  invaded patches. Selected surface-feeding taxa whose abundance typically 
declines during Spartina invasion appear m ore reliant on microalgal production for nutrition. These observations suggest that 
bo ttom -up  processes can contribute strongly to  benthic com m unity shifts following marsh plant invasion.Trophic succession 
appears to provide a useful m odel for understanding ecosystem-level consequences o f  plant invasion and restoration.

Contact: Lisa Levin, Ph.D.
Scripps Institution o f  Oceanography 
9500 Gilman Dr.
Lajolla, California CA 92093-0218 USA 
Phone: 858-534-3579 
llevin@ucsd. edu
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AN INTEGRATED RESPONSE TO A NEW COASTAL INVASION: M ONITORING  
AND MANAGING UNDARIA PINNATIFIDA IN M ONTEREY BAY

L onhart, S. I., M onterey Bay National M arine Sanctuary, M onterey, USA, Steve.Lonhart@ noaa.gov

Oral Presentation
9:15 AM , M onday

The Asian kelp, Undaria pinnatifida, recognized as a m arine threat because o f  its record o f  rapid spread and high abundance in 
invaded regions elsewhere, was first reported in 2001 from a site in the M onterey Bay region, California. Already widespread 
in o ther parts o f  the world, U. pinnatifida has recently appeared in  various southern California harbors from Los Angeles to 
Santa Barbara. Because o f  its rapid population growth, high density, canopy-form ing growth form  and potential availability 
as a source o f  food and habitat for invertebrates, U. pinnatifida could have profound influences on the structure and function 
o f  our highly productive and species-rich coastal reef ecosystems. T he population reported from M onterey H arbor is the 
northern-m ost know n occurrence o f  the alga along coastal California. R egional agencies and researchers are collaborating 
to study: 1) the spatial extent o f  the invasion, 2) habitat associations, 3) seasonal dynamics o f  growth and reproduction, and 
4) the costs/benefits o f  different potential eradication methods. This effort is also being used to  create a regional management 
structure and decision-m aking process for rapid response to  future coastal invasions.

Because the distribution o f  U. pinnatifida in central California is unknow n, we are surveying in situ the four harbors in the 
M onterey Bay region and various adjacent natural sites along the open coast. To determ ine the phenology o f  the alga in its 
new  environm ent (which can vary regionally), we use stratified random  sampling to encompass all habitat types w ith in  each 
study site and across all seasons. A lthough eradication efforts rarely succeed, we will experimentally evaluate different 
methods o f  removal w ithin the harbor. C oncurren t w ith  measuring the response o f  U. pinnatifida to  eradication efforts, we 
will m onitor com m unity com position in each o f  the treatments, employing multivariate analysis to assess com m unity-w ide 
impacts o f  the eradication m ethods and the presence/absence o f  U. pinnatifida in experim ental plots.

Contact: Steve I. Lonhart, Ph.D.
M onterey Bay N ational M arine Sanctuary
299 Foam Street
Monterey, CA 93940 USA
Phone: 831-647-4222
Fax: 831-647-4250
Steve.Lonhart@ noaa.gov
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ECONOMIC IMPACTS OF INVASIVE NONINDIGENOUS SPECIES IN CANADA: 
A CASE STUDY APPROACH

M acisaac, H . J., Great Lakes Institute for Environm ental Research, W indsor, Canada, hughm @ uw indsor.ca;
Bailey, S.A., Great Lakes Institute for Environm ental Research, W indsor, Canada, sarahbailey@ canada.com;
Colautti, R ., Great Lakes Institute for Environm ental Research, W indsor, Canada, rob_colautti@ yahoo.com ; 
van Overdijk, C. D., Great Lakes Institute for Environm ental Research,W indsor, Canada, vanlp@ uw indsor.ca;
Amundsen, K., Great Lakes Institute for Environm ental Research,W indsor, Canada,

Oral Presentation
12:15 PM , Wednesday

Introduction o f  invasive nonindigenous species is a leading cause o f  biodiversity change globally, and is a particularly acute 
problem  in aquatic ecosystems. N onindigenous species also pose risks to  hum an health and to  Canada's economy. In this 
report we detail the estimated econom ic cost o f  invasive nonindigenous species to  the Canadian econom y w ith case studies 
from three key sectors: agriculture, forestry and aquatic and coastal m arine ecosystems. Econom ic damage associated w ith 
invasive nonindigenous species is widespread in each o f  these sectors, and affects virtually all regions o f  the country. Costs 
to Canadian agriculture for 6 selected invasive nonindigenous species am ount to nearly $273 million, though potential 
damage and control could range from $5.3 to  $14.0 billion per annum . Annual potential damage and control costs in 
forestry am ount to betw een $7.7 and $20.1 billion, while those in aquatic systems are from $299 and $776 million per 
annum  from 8 and 4 surveyed invasive nonindigenous species, respectively. Some em ergent sectors (e.g. aquaculture) have 
been harm ed significantly by introduction o f  invasive nonindigenous species, while in other cases (e.g. zebra mussel infestations) 
costs are disseminated across a host o f  industries and resource users. As a resource-based economy, Canada can and is being 
significantly harm ed by invasive nonindigenous species. fLowever, in most cases it is virtually impossible to accurately 
determ ine direct o r indirect damage caused by, or control costs associated w ith, invasive nonindigenous species. Lack o f  
detailed studies has rendered difficult a comprehensive assessment o f  overall costs o f  invasive nonindigenous species to the 
country. Greater global trade, conducted w ith an increasing num ber o f  countries, will enhance opportunities for additional 
invasive nonindigenous species to invade the country and cause further damage to each o f  the sectors surveyed. A t present, 
Canadian Food Inspection Agency surveillance programs examine only a small fraction (<2%) o f  products inbound to 
Canada for nonindigenous species. Furtherm ore, scant resources are presently dedicated to assessing threats posed by, and 
im plem entation o f  policies to prevent establishment of, new  invasive nonindigenous species to  Canada's forests, agricultural 
systems and Great Lakes and m arine habitats. We propose that a national program is required to adequately identify and 
manage risks associated w ith  undesirable nonindigenous species.

Contact: H ugh Macisaac, Ph.D.
Great Lakes Institute for Environm ental Research
University o f  W indsor
W indsor, O N  N9B 3P4 Canada
Phone: 519-253-3000 ext. 3754
Fax: 519-971-3616
hughm @ uwindsor.ca
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COMPLEX LIFE HISTORY AND THE DYNAMICS OF RANGE EXTENSION IN A 
NOVEL ENVIRONMENT: LESSONS FROM 5 YEARS OF OBSERVATIONS OF THE 

INVADING GASTROPOD RAPANA VENOSA

M ann, R .,Virginia Institute o f  M arine Science/College ofW illiam  and Mary, G loucester Point,VA, USA, 
rm ann@ vim s .edu;

Harding,J. M .,V irginia Institute o f  M arine Science/College ofW illiam  and Mary, G loucester Point,VA, USA, 
jharding@ vim s.edu

Oral Presentation
11:45 AM , Tuesday

Biological invasions often offer unique opportunities to  examine fundam ental paradigms in  ecology. An example is the role 
o f  pelagic larvae in the maintenance o f  population structure o f  sessile invertebrates. Pelagic larvae offer sessile species the 
opportunity  to  exploit distant habitats and thereby insure species survival in the face o f  local extinction events. Exam ination 
o f  dispersal from a po in t source on a single generation basis in endemic species is confounded in that bo th  im m igration and 
em igration occur simultaneously. Further, in contiguous populations the effective distance over w hich genetic dispersal 
occurs generally cannot be discerned w ithout extensive knowledge o f  the underlying genetic structure w ithin the population. 
By contrast range expansion o f  an invading species in a novel receptor environm ent illustrates larval dispersal as a series o f  
sequential emigrations in the absence o f  im m igration. The end point o f  these emigrations is an expanding “front" o f  
subsequent generations o f  adults. A tim e series o f  collections o f  the invading predatory gastropod, Rapana penosa, in the 
southern Chesapeake Bay is described for the period  1998-2002, that is the period since the initial report o f  the invasion. 
O ver 4300 individual specimens, obtained predom inantly from a fishery bounty  program w ith  over 100 active commercial 
participants, are described w ith  respect to demographics by year and geographical source. Despite extensive larval culture 
data suggesting a capability for rapid range expansion and establishment th roughout the low er Chesapeake Bay, the 
demographics indicate multiple size class (which we consider as multiple year classes and / or generations although precise age 
determ ination is a subject o f  continuing work) establishment w ithin the 1998 range o f  collection, but only marginal range 
expansion since that time. These observations will be discussed in term s o f  possible spatial and tem poral biases associated 
w ith  fishery based bounty  programs, estimated carrying capacity for the invading population w ith in  the described range o f  
establishment, and knowledge o f  local circulation patterns w ith  respect to larval dispersal.

Contact: R oger M ann, Ph.D.
Virginia Institute o f  M arine Science/College ofW illiam  and M ary 
D epartm ent o f  Fisheries Science 
P.O. Box 1346
G loucester Point,VA 23062 USA 
Phone: 804 684 7360 
Fax: 804 684 7045 
rm ann@ vim s. edu
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THE USE OF M ITOCHONDRIAL D N A T O  INFER SCENARII ABOUT  
THE ORIGIN OF THE RECENT INVASION BY OCINEBRELLUS INORNATUS  

(RECLUZ 1851) IN FRANCE

M artel, C ., University o f  La Rochelle, La Rochelle, France, cmartel@univ-lr.fi';
Viard, F., Station biologique de Roscoff, Roscoff, France, viard@ sb-roscoff.fr;
Garcia-M eunier, P., University o f  La Rochelle, La Rochelle, France, pgarciam@ univ-lr.ff

Oral Presentation
1:45 PM , M onday

Since the beginning o f  the 20th century, the rate o f  introduction o f  foreign species has increased in the m arine environm ent. 
M olecular genetics offers powerful tools to  analyse the patterns and the processes associated w ith  biological invasions. The 
Asian oyster drill, Ocinebrellus inornatus, is a m arine gastropod recently introduced from Asia into bo th  western America 
(around the 1920's) and France (around the 1990's). We addressed the question o f  w hether o r n o t genetics relationships exist 
betw een the O. inornatus populations from these two invaded regions w ith the native Asian population. A total o f  78 
individuals were collected from the south coast o f  Korea (native range), the Pacific coast o f  the U nited  States (Samish Bay) 
and the French Atlantic coast (M arennes-Oléron Bay). Three m itochondrial D N A  fragments (12S, 16S and C O I) were 
sequenced for com parison. O u r results showed a significant genetic differentiation exists betw een the Korean population 
and both  the French and the A m erican populations. A m oderate decrease o f  the genetic diversity w ith in  the introduced 
populations, w hen com pared to the diversity in the native population, conform ed only slightly to the theoretical expectations. 
M oreover, no strong deviations from the equilibrium  models were noted. These observations suggest that a large num ber o f  
individuals from one or several sources were initially introduced into France. A strong genetic hom ogeneity was observed 
betw een the French and the A m erican samples although a population structure was revealed in the French population from 
M arennes-O léron Bay. B oth our results and the dates o f  the first occurrence o f  the drills in France and in the U nited  States 
suggest that the A m erican population acted as one o f  the sources to France. Testing the hypothesis o f  a second introduction 
from Asia will require a m ore extensive study o f  drill populations from their native region.

Contact: C orine M artel
University o f  La R ochelle 
Institut de la M er et du Littoral 
Avenue Lazaret, Port des M inimes 
La R ochelle 17000 France 
Phone: 33 546 50 02 92 
cm artel@ univ-lr. fir
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THE ECOLOGY OF OVIGEROUS EUROPEAN GREEN CRAB, 
CARCINUS MAENAS (L.), AND IMPLICATIONS FOR CONTROL EFFORTS 

IN THE NORTHEASTERN PACIFIC

M cD on ald , P. S., University ofW ashington, School ofAquatic and Fishery Sciences, Seattle, USA, psean@ u.W ashington.edu; 
Jensen, G. C., University ofW ashington, School ofA quatic and Fishery Sciences, Seattle, USA, gjensen@ u.W ashington.edu; 
Armstrong, D.A., University ofWashington, School ofAquatic and Fishery Sciences, Seattle, USA, davearm@ u.washington.edu

P oster P resentation
M onday

Efforts to  eradicate nonindigenous species or control their spread may fail i f  m anagem ent plans do no t specifically focus on 
critical o r susceptible life history stages o f  the target organism. The case o f  European green crab, Carcinus maenas, in the 
northeastern Pacific provides one such example. C urren t control strategies rely on baited traps w hich prim arily capture 
male crabs, possibly because ovigerous (egg-bearing) females are less m obile and unresponsive to bait.Yet removing males is 
o f  little consequence in lim iting populations since one male can mate w ith multiple females w ithin a season and sperm 
storage by the latter may allow them  to fertilize many broods from a single encounter. The targeted removal o f  ovigerous C. 
maenas may be an effective m ethod for reducing propagule pressure but the lack o f  inform ation regarding habitat use and 
behavior o f  female crabs has hindered efforts. We conducted intertidal surveys o f  ovigerous C. maenas in Tómales Bay, 
California, USA, in M ay/June 2001, and subsequent experim ents were undertaken at Bodega M arine Laboratory, Bodega 
Bay, California, to investigate substrate preference and habitat com petition w ith  native brown rock crab, Cancer antennarius. 
Survey observations suggest that aggregations o f  ovigerous C. maenas occur under boulders o r other epibenthic structure at 
+0.16 to +0.24 m  MLLW Ovigerous crabs also preferentially bury in sand substrate in the field and under laboratory 
conditions. Results o f  a habitat com petition experim ent and nighttim e video observations indicate that C. antennarius may 
affect the distribution and habitat utilization o f  ovigerous C. maenas in some areas. Implications for m onitoring and control 
efforts are discussed, as well as recom m endations for future work.

Contact: Patrick S. M cD onald
University ofW ashington, School ofA quatic and Fishery Sciences 
University ofW ashington, Fishery Sciences Building 
Box 355020
Seattle,W A 98105 USA 
Phone: 206.221.5456 
psean@ u. Washington, edu
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AN EVALUATION OF THE IMPACTS OF THE CHINESE MITTEN CRAB O N THE  
BENTHIC COMMUNITY IN THE SACRAMENTO-SAN JOAQUIN DELTA

M esser, C. M ., California D epartm ent ofW ater Resources, Sacramento, USA, cmesser@water.ca.gov

Oral Presentation
12:00 PM , M onday

The Chinese M itten  crab, Eriocheir sinensis, is am ong the m ore recent invaders to the San Francisco Estuary. Ecological 
impacts associated w ith  this introduced species as well as basic biological inform ation, are no t well understood. T he main 
objective o f  this study is to  examine changes in invertebrate abundance and species com position in the benthic com m unity 
as a result o f  predation by m itten crabs. To examine changes in the benthos an enclosure study was conducted from May to 
N ovem ber 2001 and from June to Septem ber 2002.

The enclosure study consisted o f  three treatm ent types; (1) enclosures; (2) exclosures; and (3) non-treatm ent areas. Each 
m onth, six enclosures and six accompanying exclosures were paired and randomly placed w ithin each study site. Each 
enclosure was stocked w ith  2 m itten crabs, predom inantly juveniles m easuring 25 to 45 m m  C W  Each m onthly trial lasted 
from 10 to 14 days. To measure differences in invertebrate abundance and com position betw een treatments a steel corer was 
used to collect samples. C ore samples were taken from each enclosure, exclosure and from six randomly selected (“non­
treatm ent") areas located in close proxim ity to the enclosures. All benthic invertebrates collected in the corer were identified 
to lowest possible taxon and enum erated. Juvenile crabs placed into the enclosures were retrieved at the end o f  each trial 
and frozen for later analysis o f  stomach contents. Analysis o f  stomach contents from retrieved crabs will be analyzed for 
frequency o f  animal and plant tissues present. To detect the quantity o f  submerged aquatic vegetation consum ed by crabs in 
the enclosures an estimation o f  the canopy cover o f  aquatic vegetation present in the enclosures and exclosures was made 
before and after each trial period.

Contact: C indy M. Messer
California D epartm ent ofW ater Resources 
3251 S Street
Sacramento, CA 95816 USA 
Phone: (916) 227-7545 
Fax: (916) 227-7554 
cmesser@water.ca.gov
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WESTWARD H O ’: ZEBRA MUSSELS O N THE MOVE

M esser, C. M ., CA  D epartm ent ofW ater Resources, Sacramento, USA, cmesser@ water.ca.gov;
Veldhuizen,T. C., CA D epartm ent ofW ater Resources, Sacramento, USA, tanyav@ water.ca.gov

P oster P resentation
M onday

This poster presentation is an introduction to the CA D epartm ent ofW ater R esources/CA LFED  Zebra Mussel D etection 
and O utreach Program. Inform ation provided by this poster presentation includes a summary o f  the Program s goals, basic 
background inform ation about zebra mussels, Dreissena polymorpha, and a description o f  the volunteer m onitoring program 
for early detection o f  mussels in California.

The Zebra Mussel D etection and O utreach Program is a m ulti-year project funded by D W R  and CALFED. The goals o f  this 
program  are to establish a means to: 1) educate the general public about zebra mussels, 2) conduct early detection m onitoring 
in the field, 3) set-up a centralized reporting system by w hich detection o f  zebra mussels can be reported and conveyed to 
all interested parties, 4) conduct a risk assessment o f  waterbodies in the central valley watershed, and 5) establish a rapid 
response plan for zebra mussel introduction in California. The objective o f  this poster presentation is to provide inform ation 
about zebra mussels that is relevant to the scientific com m unity as well as the general public o f  California. This presentation 
includes basic inform ation on zebra mussel biology, origins, means by w hich these mussels spread from one w ater body to 
another and m ethods for preventing the spread o f  mussels by recreational vessels. Impacts to the aquatic ecosystem, w ater 
conveyance and treatm ent facilities and recreational activities are also discussed. Lastly, we provide a description o f  the 
volunteer m onitoring program  that will be developed and used for the early detection o f  zebra mussels in California. 
Agency contact inform ation is provided for persons interested in becom ing volunteer m onitors.

Contact: C indy M. Messer
California D epartm ent ofW ater Resources 
3251 S Street
Sacramento, CA 95816 USA 
Phone: (916) 227-7545 
Fax: (916) 227-7554 
cmesser@water.ca.gov
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SUB-LETHAL FISH PREDATION O N ONE NATIVE AND  
TWO NON-NATIVE BIVALVES

M eyer, J. J., University o f  N ew  Hampshire, D urham , USA, jjm eyer@ cisunix.unh.edu

P oster P resentation
M onday

Predation may help regulate the distribution o f  non-native species. I exam ined the predatory habits o f  a siphon-nipping fish 
(.Leptocottus armatus, the Pacific staghorn sculpin) on one native bivalve (Protothaca staminea) and two non-native bivalve 
species (Venerupis phillippinarum, Nuttallia obscurata) found in the intertidal zone o f  the San Juan Islands,WA, USA. I collected 
fish in a field survey and examined their stomach contents to ensure this type o f  predation occurs locally. Bivalve siphons 
were found in 25-31% o f  inspected stomachs, accounting for 1-2% o f  total stomach content weight. Siphons were in 
various states o f  digestion, therefore I was unable to positively identify clam species.

To determ ine if  L. armatus exhibits a preference for one species o f  clam over another, I conducted a prey choice experim ent 
in the laboratory. T he results allowed me to  quantify the num ber o f  clams preyed upon, compare the frequency o f  predation 
betw een clam species, and examine clam burial depth as a defense mechanism. Results showed that L. armatus includes all 
clams as prey and exhibits no preference for one species over another (P. staminea: 10% o f  clams exposed were nipped, V. 
phillippinarum: 12%, N . obscurata: 13%). Burial depth betw een species was significantly different (P. staminea: 3.85cm  +1.7, V. 
phillippinarum: 0.98cm +0.92, N. obscurata: 5.59cm +1.8). However, because predation rates were identical, burial depth 
apparently has little influence on siphon-nipping.

Despite equal fish selectivity in the lab, N. obscurata in practice likely enjoys reduced predation rates in the field com pared to 
P  staminea and V. phillippinarum. Specifically, N. obscurata occupies a higher zone in the intertidal (+1.5m  MLLW) than P. 
staminea and V.phillippinarum (+1. 0m MLLW) and therefore is exposed less to fish predators that are physiologically constrained 
by the tide. N . obscuratus deeper burial depth w ould seemingly allow it to avoid excavating crab predators m ore effectively 
as well. These factors may contribute to N. obscurata’s overall success in the intertidal.

Contact: John M eyer
University o f  N ew  Hampshire 
D epartm ent o f  Zoology 
46 College R oad  
D urham , N H  03824 USA 
Phone: 603 969 9299 
jjm eyer@ cisunix.unh.edu
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INVASION MODELS AND APPROACHES: PREDICTING INVASION SUCCESS OF 
MARINE SPECIES

M iller, A . W., Smithsonian Environm ental Research Center, Edgewater, USA, m illerw@ si.edu;
A m brose, R . F., E nv ironm ental Science and E n g ineering  P rogram , U niversity  o f  C alifornia, Los A ngeles, USA, 

ram brose@ ucla.edu;
Chang, A. L., Smithsonian Environm ental Research Center, Edgewater, USA, changa@ si.edu;
R uiz, G. M ., Smithsonian Environm ental Research Center, Edgewater, USA, ruizg@ si.edu

Oral Presentation
8:45 AM , Wednesday

The historic, mass transport o f  the eastern oyster (Crassostrea virginica) from the Atlantic coast to San Francisco Bay and other 
West Coast embayments provides a rare opportunity  to explore and predict characteristics associated w ith  invasion success 
o f  m arine species. Organisms transferred w ith  oysters com prise a well-defined species pool emanating from a single source 
region and arriving to a single recipient region. By employing key characteristics o f  molluscan oyster-associates (e.g., 
biogeography, life history, and habitat attributes) we discriminated statistically betw een successful and failed invaders. Linear 
discriminant analysis identifies some species that cluster tightly w ith  successful invaders in our m odel, but w hich have failed 
to invade themselves. Should these species be considered incipient invaders? A t least two such species (Littorina saxatilis and 
Littorina littorea) have invaded San Francisco Bay recently, probably w ith  the brown alga (Ascophyllum nodosum) that is used to 
pack live lobsters and bait worm s from N ew  England. The discovery o f  thriving Ascophyllum nodosum colonies in San 
Francisco Bay in 2002 indicates that the vector itself has becom e an invader. Algal packing materials and oysters are analogous 
vectors -  bo th  are transfers o f  com plex habitats and associated biota. A lthough smaller in scale, habitat transfers operate more 
efficiently than shipping related vectors (i.e. ballast w ater or hull fouling) for three reasons. First, success in  locating an 
appropriate habitat is not an issue. Second, post-larval forms are delivered (per shipment) to the same locality and may 
remain in close proximity. This may serve to reduce dispersion, prom oting a critical population size that facilitates mate 
location and successful reproduction. Third, for oysters and algal packing material, transport conditions are designed to 
maximize survivorship o f  target species and confer high survivorship to associated species. Habitat transfer vectors are 
excellent systems to investigate invasion processes bu t should also be am ong the easiest vectors to  manage.

Contact: A. W hitm an Miller, Ph.D.
Smithsonian Environm ental Research C enter
647 Contees W h arf R oad
Edgewater, M D  21037 USA
Phone: 443-482-2439
F ax :443-482-2380
m illerw@ si.edu
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ASSESSMENT OF INVASIVE SPECIES IN DELAWARE’S INLAND BAYS AND  
MARYLAND’S COASTAL BAYS

M iller, D. C., University o f  Delaware, Lewes, DE, USA, dm iller@ udel.edu;
Richards, B. A., C enter for the Inland Bays, Lewes, DE, USA, brichard@ udel.edu

P oster P resentation
Tuesday

Using rapid survey techniques, we have initiated an assessment o f  the invasive species in the coastal bays along the Atlantic 
coastline o f  Delaware and M aryland, from R ehobo th  Bay south to Chincoteague Bay. These back-barrier bays share many 
com m on characteristics such as shallow depth, sandy to m uddy bottom s, little natural hard substrate, and fringing salt marsh. 
Threats to  ecosystem health include: nu trien t enrichm ent and eutrophication, low oxygen events, harm ful algal blooms, 
high sum m ertim e visitor usage, and shoreline development. Despite the know n presence o f  several invasive species (e.g., 
Asian shore crab, green crab and green fleece seaweed), there has been no comprehensive survey o f  the type necessary to 
form  the scientific basis for invasive species m anagem ent plans. We anticipate that these bays form  a continuum  in water 
quality, watershed characteristics, and hum an im pact and disturbance that may be related to their susceptibility to  invasions. 
This presentation will summarize the results o f  our survey and assessment at m id-project.

Contact: Douglas C. Miller, Ph.D.
University o f  Delaware 
Graduate College o f  M arine Studies 
700 P ilottow n R oad  
Lewes, DE 19958 USA 
Phone: 302-645-4277 
F ax :302-645-4007 
dmiller@ udel. edu
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DEVELOPING STRATEGIES TO MANAGE AQUATIC INVASIVE SPECIES

M oser, F. C., M aryland Sea Grant, College Park, USA, m oser@ m dsg.um d.edu;
Leffler, M ., M aryland Sea Grant, College Park, USA, leffler@ mdsg.umd.edu;
Egge, M ., Chesapeake Research Consortium , Annapolis, USA, egge.tilly@ epa.gov

Oral Presentation
2:45 PM ,W ednesday

A complex system o f  local, state and federal jurisdictions govern w ithin the Chesapeake Bay drainage basin.These jurisdictions 
cooperate on efforts to restore and protect the Chesapeake Bay through a regional partnership. The most recent agreem ent 
by these partners, Chesapeake 2000, calls for the developm ent and im plem entation o f  m anagem ent plans for invasive species 
deem ed problematic to  the Bay's ecosystem. In response to this agreem ent, the Chesapeake Bay jurisdictions identified six 
species (Phragmites australis; Lythrum salicaria; Trapa natans; Cygnus olor; Myocastor coypus; Dreissena polymorpha) that cause, or 
have the potential to cause, significant degradation to  the Bay's aquatic ecosystem. A workshop held in May, 2002 produced 
consensus frameworks that will be used to  develop m anagem ent plans for the six species. This talk will highlight im portant 
aspects o f  the w orkshop and the consensus frameworks.

Past attempts at designing m anagem ent plans involved lim ited num bers o f  stakeholders and generally considered single 
species.This w orkshop brought together participants w ho represented regional jurisdictions and varied interests to discuss 
concurrently the developm ent o f  m anagem ent plans for multiple aquatic invasive species. The strength o f  such an approach 
is that it brings together a variety o f  specialists and provides an opportunity  for discussions -  across disciplines, jurisdictions 
and agencies — on ways to m ore optimally share lim ited resources for managing various invasive species w ith in  a large 
watershed.

The workshop com pleted m anagem ent frameworks for each o f  the six species and identified areas o f  m anagem ent overlap. 
R ecurring  managem ent themes included the necessity o f  increasing public awareness, strengthening m onitoring and building 
strong public-industry-governm ent partnerships. T he ultimate success o f  the workshop will now  depend on the actions 
taken to finalize and im plem ent these consensus frameworks for developing species m anagem ent plans. The workshop 
design and the jurisdictions' im plem entation strategy provide a valuable m odel for developing future regional strategies to 
manage multiple aquatic invasive species.

Contact: Fredrika C. Moser, Ph.D.
M aryland Sea Grant 
4321 H artw ick R oad  
Suite 300
College Park, M D  20740 USA 
Phone: 301-403-4220 x 16 
Fax: 301-403-4255 
moser@ mdsg. umd. edu
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MANUAL REMOVAL AND RE-GROWTH OF THE ALIEN INVASIVE ALGA 
(GRACILARIA SALICORNIA), O N VARIOUS REEF SUBSTRATES IN WAIKIKI, OAHU

M ost, R . J., W aikiki Aquarium , H onolulu, USA, rm ost@ hawaii.edu;
Sauvage,T. M .,Waikiki A quarium , H onolulu, USA, thomas.sauvage@ caramail.com

P oster P resentation
Tuesday

The tropical red alga (Gracilaria salicornia) was introduced to reefi fronting Waikiki, Hawaii in 1971 for experimental aquaculture 
and has since becom e invasive. G. salicornia has now  spread throughout m uch ofW aikiki and adjacent reef areas w here it is 
now  an ecological dom inant. Because G. salicornia appears to  be displacing native species, state and federal managers have 
generated an interest in developing m itigation strategies to  control its abundance. The goals o f  this study were to assess the 
feasibility o f  manual removal by determ ining the m an-hours required to clear plots o f  differing cover and habitat type. R e ­
growth o f  the invader was m onitored in perm anently established plots for 4 m onths following removal to determ ine the 
effectiveness o f  clearing.

Initial percent cover, manual removal tim e and biomass (wet weights) were recorded for fifteen 14 m2 plots along three 30 m 
transects. R e e f  substrate types were categorized and com pared w ith  m an-hours required for removal and biomass collected. 
R e-g row th  was determ ined by surveying cleared plots after removal and then m onthly for 4 m onths. Average percent cover 
o f  G. salicornia before removal was 47.2% (+ 20.6% SD). Average m an-hours for removal were 3.75 hours/quadrat (+ 2.25 
h /q  SD). M ean biomass collected was 5385.6 g /m 2 (+ 3408.0 g /m 2 SD). Plots w ith  higher biodiversity and rubble type 
substrates required the most m an-hours for removal. R e-g row th  data showed that G. salicornia returned to 64.9% o f  its initial 
percent cover 4 m onths following removal.

Data obtained in this study indicates that large-scale manual removal o f  G. salicornia w ould require imm ense resources in 
term s o f  m an-hours and econom ic investments. Future research should investigate o ther options for control such as 
enhancem ent o f  native herbivore populations.

Contact: R ebecca J. M ost
Waikiki A quarium  
66-074 Keiki PI.
Haleiwa, HI 96712 USA 
Phone: (808)741-4584 
rmost@ hawaii. edu
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STATE OF HAWAII-BALLAST WATER AND HULL FOULING ALIEN AQUATIC 
ORGANISM MANAGEMENT PROGRAM

M urakawa, P. Y., State o f  Hawaii, D epartm ent o f  Land and N atural Resources, Division ofA quatic Resources, H onolulu, 
USA, paul_y_murakawa@ exec.state.hi.us;

Kushim a,J. N ., State o f  Hawaii, D epartm ent o f  Land and N atural Resources, Division ofA quatic Resources, H onolulu, 
U  SA, j o-anne_n_kushim a@ exec. state, hi. us ;

Yamamoto, M . N ., State o f  Hawaii, D epartm ent o f  Land and N atural Resources, Division ofA quatic Resources, H onolulu, 
USA, mike_n_yamamoto@ exec.state.hi.us

Oral Presentation
2:15 PM ,Tuesday

The State o f  Hawaii is developing a m anagem ent program  for preventing the in troduction o f  alien aquatic organisms via 
ballast w ater discharge and sediment, and hull fouling. In 2000, the State legislature designated the D epartm ent o f  Land and 
N atural Resources (DLNR) the lead agency in the prevention and carrying out the destruction o f  the alien aquatic organisms 
com ing to Hawaiian waters via these vectors.

There are 4 com ponents for this m anagem ent program. They are:

1) An interagency task force,
2) D evelopm ent o f  H igh R isk Vessels (HRV) protocols and procedures,
3) A rapid response team,
4) D evelopm ent o f  outreach material.

An interagency task force has been established from State and Federal agencies, the shipping industry, and the scientific 
community. T heir purpose is as an advisory group and focus on the issues, problems, and concerns o f  ballast w ater exchange, 
ballast sediment, and hull fouling, and then provide a list o f  recom m endations to D L N R , for their consideration for the 
developm ent o f  this m anagem ent program.

The next com ponent is the development o f  high-risk vessels (HRV) protocols and procedures to notify the D L N R  w henever 
a HRV comes into Hawaiian waters. A HRV can be any recreational and com mercial vessel, and floating structures, such as 
barges, dry docks, drilling rigs, and cranes, w hich have spent extended periods o f  tim e tied up in out-of-state ports.

A nother com ponent in this program  to resolve the HRV issue is a rapid response team made up ofTask Force members that 
w ould be called in emergencies to investigate any HRV that enters into Hawaiian waters. This team w ould then determ ine 
if  the HRV is allowed to  p o rt in Hawaiian waters.

The final com ponent in the m anagem ent program is the creation o f  outreach m aterial to  educate the general public on the 
impacts o f  alien aquatic organisms and the vectors that spread these organisms.

Contact: PaulY. M urakawa
State o f  Hawaii, D epartm ent o f  Land and N atural Resources, Division ofA quatic Resources
1151 Punchbow l Street, R o o m  330
H onolulu, HI 96813 USA
Phone: (808) 587-5404
Fax: (808) 587-0115
paul_y_murakawa@ exec.state.hi.us
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CAULERPA TAXIFOLIA IN AUSTRALIA: A GROWING PROBLEM

M urphy, N . E ., C SIR O  Division o f  M arine Research, Perth, Australia, nicole.m urphy@ csiro.au;
Schaffelke, B., Great B arrier R e e f  M arine Park Authority, Townsville, Australia, b.schaffelke@gbrmpa.gov.au

Oral Presentation
9:45 AM , M onday

Caulerpa taxifolia is a high profile introduction to the M editerranean Sea and California. It is native to  sub-tropical regions 
o f  Australia, however, during 200-01 six locations w ith  abundant C. taxifolia were discovered in tem perate waters around 
Sydney. In 2002, two new  incursions o f  C. taxifolia have been found in South Australia.

Introductions to N ew  South Wales and South Australia are not considered likely to be natural range expansions as southern 
distribution limits for C. taxifolia are recorded at M oreton Bay, southern Q ueensland and Lord Howe Island.
M anagem ent o f  these introductions is com plex as the aquarium -M editerranean strain o f  C. taxifolia is included on the 
in terim  species list that will trigger a m arine pest incursion em ergency response in Australia. This determ ines access to 
C om m onw ealth and state governm ent funds for eradication. As Caulerpa is native to  Australia, it is essential to identify new  
incursions as a domestic translocation or an introduction o f  the aquarium -M editerranean strain from overseas.

W ith  the discovery o f  new  incursions in South Australia the ability to identify C. taxifolia and assign source locations to 
incursions quickly, is essential for a managem ent response to this invasive algae. We provide an overview o f  strain identification 
using m orphology and m olecular techniques. We also discuss a decision response framework for managing future incursions.

Contact: N icole E. M urphy
C S IR O  Division o f  M arine Research
Private Bag No. 5
W embley
Perth 6913 Australia 
Phone: 61 8 9333 6533 
Fax: 61 8 9333 6555 
nicole.murphy@ csiro.au
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DINOFLAGELLATES AS BIOMONITORS OF BALLAST WATER 
TREATMENT EFFICIENCY

M ylvaganam , T. S, Institute o f  Environm ental Science and Engineering, , Singapore, M Tsam @ ntu.edu.sg;
M atheickal, J.T., Institute o f  Environm ental Science and Engineering, , Singapore, JT M ath@ ntu .edu .sg;
Ching Thin, L., Institute o f  Environm ental Science and Engineering, , Singapore, CTLoke@ ntu.edu.sg;
Elolmes, M .,Tropical M arine Institu te ,, Singapore, dbshmj@ nus.edu.sg

Oral Presentation
5:30 PM , M onday

Since international research efforts are focused on developm ent o f  a variety o f  ballast w ater treatm ent techniques, it is vital 
to evaluate the efficiency o f  the treatm ent in term s o f  removal and / o r inactivation o f  organisms in seawater. A lthough it is 
a difficult task to  select one specific organism as a surrogate to  study the efficiency o f  treatment, this research focused on the 
dinoflagellate species, Scrippsiella sp., as a surrogate. This paper discusses the selection process o f  the dinoflagellate as surrogate 
organism and its application in evaluating the efficiency o f  ballast w ater treatment. Also, the paper discusses in detail the 
m icrobiological techniques involved in culturing o f  Scrippsiella sp., cyst form ation (Hyponozygote) and regeneration o f  the 
cyst into a cell, w hich could possibly be applied in the evaluation o f  ballast w ater secondary treatm ent. All the culture studies 
were carried out in a tem perature-light intensity controlled room. The room  tem perature was m aintained at 26°C and the 
upper lim it cu toff was installed and set at 30°C  to switch off the lights if  the tem perature in the room  significantly exceeded 
the set tem perature o f  26°C. A tim er controlled all lights on a 12-12 hou r light-dark cycle. T he microspic study and manual 
counting were used to study the m orphology and the num ber o f  cells an d /o r  cysts o f  the dinoflagellate. The grow th rate o f  
Scrippsiella sp. is 0.18 — 0.24 divisions per day-1 and its cyst form ation rate is 0.05 cysts per day-1.

C orrespond ing  author: te lephone : 65 6794 3711; Fax: 65 6792 1291; M tsam @ ntu.edu.sg

Contact: T. Sam Mylvaganam
Institute o f  Environm ental Science and Engineering
Nanyang Technological University, Innovation Centre Block 2, U n it 237
18 Nanyang Drive
637723 Singapore
Phone: 65 6794 3711
Fax: 65 6792 1291
M Tsam @ ntu.edu.sg
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MODIFICATION OF TIDAL FLAT AND SALICORNIA  MARSH ANIMAL 
COMMUNITIES BY INVASION OF A SPARTINA HYBRID IN SAN FRANCISCO BAY

N eira , C., Scripps Institution o f  Oceanography, Lajolla, USA, cneira@ coast.ucsd.edu;
Levin, L., Scripps Institution o f  Oceanography, Lajolla, USA, llevin@ ucsd.edu;
Grosholz, E., University o f  California Davis, Davis, USA, tedgrosholz@ ucdavis.edu;
M endoza, C., Scripps Institution o f  Oceanography, Lajolla, USA, guillm endoza@ hotm ail.com

Oral Presentation
11:15 AM , M onday

Cordgrasses can be highly aggressive invaders that significantly alter bo th  the physical structure and biological com position 
o f  tidal marshes, mudflats, and creeks. In San Francisco Bay, Spartina alterniflora has hybridized extensively w ith the Pacific 
native S. foliosa', the result is a m ore vigorous plant able to  invade open tidal flats as well as environm ents naturally dom inated 
by Salicornia virginica. Little is know n about the extent to w hich the replacem ent o f  open tidal flats and Salicornia-dom.ma.ted 
habitats by the Spartina hybrid affects sedim ent properties and benthic animal communities. Using a mensurative approach, 
we com pared environm ental conditions and biota in  Spartina hybrid-invaded and uninvaded patches in three wetland 
habitats o f  San Francisco bay: San M ateo, San Lorenzo and Alameda (Elsie R oem er). O u r null hypothesis was that the 
Spartina hybrid invasion has similar consequences for benthic com m unity and ecosystem structure in different systems. In 
San M ateo, w here the hybrid is invading Salicornia habitat, the effects are lim ited, probably because o f  a m ore com plex 
interplay betw een plant interactions (competition) and physical conditions. In San Lorenzo and Alameda (Elsie Roem er) 
w here the hybrid is invading tidal flat habitat, m odification o f  physical conditions is greater and the biotic consequences are 
stronger. Transplant experiments that moved infauna from tidal flat to  hybrid-vegetated habitats suggests that dom ination by 
subsurface-deposit feeders in invaded patches may be related to superior survival. T here was reduced survival o f  selected 
tidal flat species such as clams and amphipods. Overall, these studies docum ent that the invasion by the Spartina hybrid can 
alter the face o f  benthic com munities in central San Francisco Bay bu t the nature and extent will vary am ong local systems.

Contact: Carlos Neira, Ph.D.
Scripps Institution o f  Oceanography 
9500 Gilman Drive 
Lajolla, CA 92093-0218 USA 
Phone: 858-434-3579 
F ax :858-822-0562 
cneira@ coast. ucsd. edu
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EXOTIC SPECIES INTRO DUCTIO N CONCERNS IN ARCTIC WATERS

N iim i, A . J., D epartm ent o f  Fisheries and Oceans, Burlington, O N , Canada, niim ia@ dfo-mpo.gc.ca

P oster P resentation
Tuesday

Various reports have indicated a num ber o f  physical and biological changes in  Arctic waters that may be associated w ith  
global warming. Exotic species have no t been an im portant issue in this region because the probably for introduction is low, 
and the receiving environm ent is hostile. Except for Port Valdez, AK, few i f  any surveys have been made to identify species 
exotic to this region. This task is made even m ore difficult because o f  lim ited Zoogeographie inform ation o f  the species 
present. Increased annual mean temperatures have raised the risk o f  exotic species introduction to eastern Canadian Arctic 
waters because o f  increasing vessel traffic. A recent U.S. Navy Study suggested shipping in this region could sharply increase 
w ithin 10-20 years. T he Port o f  Churchill, on H udson Bay, has been a seasonal p o rt for a num ber o f  years w ith  a navigation 
season o f  about 2 m onths. This route is m ore cost effective in shipping bulk goods from w estern and central Canada, than 
the usually route through the Great Lakes. It is highly probable that this will becom e a m ajor deepwater p o rt for bulk goods 
over the next several decades because the length o f  the navigation season continues to increase, and port storage and docking 
facilities, and rail transit to the po rt have recently be upgraded. Historical inform ation has indicated nearly all vessels enter 
the po rt in ballast, and depart loaded o f  cargo. The likely shift o f  shipping bulk goods through Churchill rather than the 
traditional route through the Great Lakes — St. Lawrence Seaway may substantially increase the risk o f  exotic species 
introductions to Arctic waters.

Contact: A rthur J. N iim i
D epartm ent o f  Fisheries and Oceans 
Canada C entre for Inland Waters 
867 Lakeshore R oad  
Burlington, O N  L 7R  4A6 Canada 
Phone: 905-336-4868 
Fax: 905-336-6437 
niim ia@ dfo-mpo.gc.ca
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SPECIES CHARACTERS - ARE THERE ANY GENERAL PATTERNS IN SUCCESS­
FULLY ESTABLISHED MARINE MACRO ALGAL INTRODUCTIONS?

N y b erg , C. D ., Dep. o f  M arine Ecology, M arine Botany; G öteborg University, SE 405 30 Göteborg, Sweden, 
Cecilia.N yberg@ m arbot.gu.se;

Wallentinus, I., Dep. o f  M arine Ecology, M arine Botany; G öteborg University, SE 405 30 G öteborg, Sweden, 
Inger.W allentinus@ marbot.gu.se

P oster P resentation
M onday

W ith in  the new  Swedish research program m e AquAliens, financed by the Swedish EPA, we will, amongst others, analyse 
patterns o f  species characters for various types o f  introduced organisms having established successfully. W henever possible 
also species having failed to  establish will be scrutinized, if  it is no t obviously due to climatic factors o r salinity differences. 
O u r project focuses on m arine macroalgae.

Data on a range o f  species characters for the slightly m ore than 100 m arine macroalgae introduced in Europe have been 
collected from a w ide source o f  literature. Special emphasis has been given to searching for patterns in successfully established 
macroalgae for:

1) characters o f  im portance for dispersal (e.g. floating, entangling, grow th on secondary substrate),
2) life history strategies, size and fecundity,
3) habitat occupied (inch tolerance to pollution),
4) vegetative dispersal and grow th o f  loose-lying individuals,
5) ranges o f  abiotic factors tolerated (above all salinity, temperature, desiccation, darkness),
6) grazer resistance and secondary metabolites.

Data on quantitative ranking o f  such characters will be presented and com pared to  reports o f  species' invasiveness. These 
results w ill later constitute a basis for estimates o f  impact on biodiversity and ecosystem functions, as well as for the type o f  
coastal waters most likely affected.

Contact: Inger Wallentinus
Dep. o f  M arine ecology, M arine botany; G öteborg university 
P.O. Box 461
Göteborg, SE 405 30 Sweden 
Phone: +46-31 773 2702 
Fax: +46-31 773 2727 
Inger.W allentinus@ marbot.gu.se
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POPULATION DYNAMICS AND ECOLOGICAL IMPACTS OF THE  
PO NTO-CASPIAN PREDATORY CLADOCERAN (CERCOPAGIS PENGOI) 

IN THE BALTIC SEA

Ojaveer, H ., Estonian M arine Institute, University o f  Tartu, Tallinn, Estonia, henn@ sea.ee;
Simm, M ., Estonian M arine Institute, University o f  Tartu, Tallinn, Estonia, m art@ klab.envir.ee;
Lankov, A., Estonian M arine Institute, University o f  Tartu, Tallinn, Estonia, ain_parnu@ hotm ail.com

Oral Presentation
4:45 PM , M onday

Population dynamics o f  Cercopagis pengoi (Ostroum ov 1891) has been studied in the long-term  Zooplankton m onitoring 
station in the G u lf o f  R iga (NE Baltic Sea) on weekly basis during the ice-fi'ee period  since the invasion in 1992. Density o f  
Cercopagis population has increased exponentially during the first ten years o f  invasion. The seasonal population developm ent 
followed the course o f  w ater tem perature; the highest population abundance was recorded in the first w eek o f  August. The 
duration o f  presence o f  Cercopagis in the Zooplankton com m unity tended to increase over the years. This was achieved by 
shifting its population developm ent to  earlier time, similar to  the pattern  observed for the probable prey o f  Cercopagis in 
spring and early sum m er -  Eurytemora. After the invasion o f  Cercopagis, the annual mean abundance o f  Bosmina was significantly 
low er than during  the pre-invasion tim e, probably due to  direct predation. A lthough population  densities o f  o ther 
mesozooplankton taxa did not follow this pattern  at the m ulti-annual scale, developm ent o f  some o f  them  (e.g., copepod 
nauplii and Acartia) has substantially changed at the seasonal scale. The annual m ean share o f  Cercopagis rem ained low in the 
diet o f  most abundant planktivorous fish species. However, the fish may rely up to 100% on the alien species as an energy 
source in the w arm  season. T he Cercopagis invasion has increased species diversity o f  the pelagic fauna and, consequently, the 
overall stability o f  the ecosystem by incorporating an additional elem ent to  the trophic link o f  carnivores in the pelagic 
food-web. This invasion has additionally resulted in the enhancem ent o f  relative im portance o f  the w arm -wat er planktonic 
invertebrates in the energy flow to cold-water bentho-pelagic fish com munities.This study suggests that invasion o f  Cercopagis 
has substantially changed dynamics o f  o ther Zooplankton taxa, the species is utilised by higher trophic levels and dietary 
overlap betw een Cercopagis and fish larvae and planktivorous fish (especially for copepod nauplii, Eurytemora and Acartia) may 
occur.

Contact: H enn Ojaveer, Ph.D.
Estonian M arine Institute, University ofTartu
Maealuse 10a
Tallinn 12618 Estonia
Phone: +372 6 529 714
henn@ sea.ee

101

mailto:henn@sea.ee
mailto:mart@klab.envir.ee
mailto:ain_parnu@hotmail.com
mailto:henn@sea.ee


STUDY OF INTERACTIONS BETWEEN AN INTRODUCED SNAPPER  
AND NATIVE SNAPPERS IN A HAWAIIAN FISHERY

Parrish , J. D ., U.S. Geological Survey, University o f  Hawaii, H onolulu, HI, USA, parrishj@ hawaii.edu;
Aeby, G. S., University o f  Hawaii, H onolulu, HI, USA, greta@ hawaii.edu;
Conklin, E .J., University o f  Hawaii, H onolulu, HI, USA, econklin@ hawaii.edu;
Ivey, G. L., University o f  Hawaii, H onolulu, HI, USA, givey@hawaii.edu

Oral Presentation
9:15 AM , Tuesday

We perform ed a study in  deep waters o ff the coasts o f  Hawaii to  search for evidence o f  interactions betw een native deep- 
w ater snappers and the blueline snapper or taape (Lutjanus kasmira), w hich was intentionally introduced to  Hawaii from 
French Polynesia in the 1950s.The taape had quickly produced large populations and expanded throughout the archipelago. 
C oncern  had been expressed that it m ight be producing negative effects on populations o f  native deep-w ater snappers in the 
valuable handline fishery.

We collected specimens o f  the taape and all the m ajor native fishery species using commercial methods, and collected data 
on catch, effort, and characteristics o f  the fishing process, and we exam ined gut contents for evidence o f  predation or diet 
overlap am ong the snappers. Fish density and habitat use were studied on dives w ith a m anned submersible and remotely 
operated vehicle. Existing records from previous deep dives and research catch and effort were examined.

Taape were caught in  shallower w ater depths (<150 m) than all native species except one, and on different diel feeding 
schedules.They fed lower in the w ater colum n than the two native species w ith  most similar ranges o f  w ater depths, and had 
very different diets from those species. T heir diets were also readily separated by overlap analysis from the other, bo ttom - 
living native snappers. N o  clear evidence was found o f  predation either by taape on native species o r vice versa. U nderw ater 
observations confirmed m inim um  spatial (especially depth) overlap o f  taape w ith native snappers and no evidence o f  aggression. 
Overall, the results do no t imply strong negative effects o f  taape on adults o f  native fishery species in these habitats.The study 
does not address the potential for interactions o f  taape w ith  young stages o f  the native snappers or w ith  native species in 
shallow-water coastal habitats.

Contact: James D. Parrish, Ph.D.
U.S. Geological Survey, University o f  Hawaii
2538 The Mali
University o f  Hawaii
H onolulu, HI 96822 USA
Phone: 808-956-8350
Fax: 808-956-4238
parrishj@ hawaii.edu

102

mailto:parrishj@hawaii.edu
mailto:greta@hawaii.edu
mailto:econklin@hawaii.edu
mailto:givey@hawaii.edu
mailto:parrishj@hawaii.edu


MOLECULAR DETECTION TECHNIQUES FOR M ONITORING THREE KEY PEST  
SPECIES IN BALLAST WATER SAMPLES

Patil, J. G., C SIR O  M arine Research, Hobart, Tasmania, Australia, jawahar.patil@csiro.au;
Deagle, B. E., C SIR O  M arine research, Hobart,Tasmania, AUSTRALIA, bruce.deagle@ csiro.au;
Gunasekera, R . M ., C SIR O  M arine research, Hobart,Tasmania, AUSTRALIA, rasanthi.gunasekera@ csiro.au;
Bax, N .J., C SIR O  M arine research, Hobart,Tasm ania,A USTRA LIA , nic.bax@ csiro.au;
H ew itt, C. L., C SIR O  M arine Research,W embley,W A, Australia, chad.hewitt@ csiro.au

Oral Presentation
2:30 PM , M onday

At any poin t in tim e there are an estimated 10,000 m arine species being transported around the world in ballast water. 
Num erous nonindigenous pest species have apparently been established through this transport.The seastar, Asterias amurensis, 
the Pacific oyster, Crassostrea gigas, and the dinoflagellate, Gymnodinium catenatum, are three such species, that have been 
categorized as am ong the top 12 introduced m arine pests into Australian waters, that pose the risk o f  spreading to  non­
invaded po rts / locations through ballast transport. Identification o f  planktonic forms by m orphological exam ination is not 
practical, but unequivocal identification is critical to understand their distribution, ecology, transport and the risks posed to 
non-invaded environments. To this end, and to assist in routine and reliable m onitoring o f  ships ballast, we have developed 
specific nested P C R -based tests for detection o f  the three species in environm ental and ballast w ater samples. C urrently the 
probes are being used to validate type II errors associated w ith  a decision support system (DSS) being trialed as part o f 
national dem onstration project involving po rt o f  Hasting in southeast Australia.

Contact: Jawahar G. Patil, Ph.D.
C SIR O  M arine research 
G PO  B O X  1538 
H obart TAS 7001 Australia 
Phone: 61-3-62325206 
jawahar.patil@csiro.au
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EFFECT OF ULTRAVIOLET LIGHT TREATMENT O N HETEROTROPHIC MARINE 
BACTERIA FROM PUGET SOUND, WASHINGTON

Paulson,B. A., University ofWashington, School ofAquatic and Fishery Sciences, Seattle,WA, USA,billie36@u.washington.edu; 
Blatchley III, E. R ., Purdue University, School o f  Civil Engineering, West Lafeyette, IN , USA, blatch@ ecn.purdue.edu; 
H erw ig, R . R, University ofWashington, School ofAquatic and Fishery Sciences, Seattle,WA, USA, herwig@ u.washington.edu

P oster P resentation
Tuesday

Investigators are proposing and testing several technologies that could be used to inactivate organisms present in ballast 
water. O ne o f  the proposed technologies is ultraviolet light (UV). To test the effectiveness o f  UV, w e conducted small- 
scale experim ents using Puget Sound w ater at the USGS M arine Laboratory at M arrowstone, W ashington. These experi­
ments were done using two systems, a capillary flow reactor and a collimated beam apparatus. B oth systems provide a 
uniform  dose o f  UV  radiation to the sample. D uring these tests, we were able to determ ine no t only how  different levels 
o f  UV dosage initially affected a sample o f  heterotrophic m arine bacteria, but also how  well the treated bacteria were able 
to grow  following a 48-hour incubation period. Results from these experim ents showed a 10,000-fold reduction in 
culturable bacteria following a UV radiation dose o f  75 m j cm -2. This indicated either com plete inactivation ofbacterial 
reproductive ability, o r at least a significant period  during w hich D N A  damage inhibited reproductive function. H ow ­
ever, a 100 to  1,000-fold rise in culturable bacteria was observed following the 48-hour incubation (grow back) period, 
showing the ability o f  some bacteria to reproduce. Using fatty acid analysis we determ ined the relatedness am ong 
bacterial strains isolated from these experiments. In addition, we established UV dose response curves for three o f  the 
more UV radiation resistant bacterial isolates. These curves indicated that survival o f  bacteria following treatm ent may 
depend m ore on extraneous factors than resistance to  UV light itself. T he genes for the 16S l'R N A  o f  these three isolates 
was sequenced to  compare the phylogenetics o f  these isolates to  know n species. W hile UV radiation appears effective in 
lowering the population o f  culturable m arine bacteria in seawater, the issues ofbacteria l growth following treatm ent and 
the possible selection o f  UV-resistant microorganisms needs to  be addressed.

Contact: Russell P. Herwig, Ph.D.
University ofW ashington- School ofA quatic and Fishery Sciences 
1122 N E Boat St.
Seattle,W A 98195 USA 
Phone: 2066852163 
F ax :2066857471 
herw ig@ u. washington.edu
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O ZONE TREATMENT OF SEAWATER MESOCOSM EXPERIMENTS: 
BACTERIAL COMMUNITY ENUMERATION W ITH FLOW CYTOMETRY

Perrins, J. C., University ofW ashington, Seattle, USA, perrins@ u.w ashington.edu;
Herwig, R . P., University ofW ashington, Seattle, USA, herw ig@ u.washington.edu

P oster P resentation
Tuesday

O zone has been used as a treatm ent for the inactivation and removal o f  small organisms, such as bacteria, in freshwater and 
seawater. Some o f  the current and potential uses o f  ozone in seawater include aquaculture, w ater purification, particle 
reduction, and the treatm ent o f  ballast water. Analyses o f  such treatments require quantification o f  reduction o f  microbial 
populations, including bacteria and phytoplankton. Cultural methods, such as inoculating agar plate media w ith environmental 
samples, do no t provide the total num ber o f  organisms present in a community. M icrobial populations may also exist in a 
viable bu t nonculturable state. Flow cytom etry m ethod (FCM) is an enum eration technique, w hich increases the precision 
o f  total bacterial counts com pared to cultural methods, and is a faster analysis that has less enum eration bias com pared to 
epifluorescent microscopy. M esocosm experiments were conducted at the USGS M arine Laboratory at M arrow stone 
Island,Washington. Seawater mesocosms were created to determ ine the concentration o f  ozone and its by-products necessary 
for removal o f  organisms equal to o r greater than reported ballast w ater exchange. O u r FC M  protocols included fixing the 
sample w ith 1% paraformaldehyde for 15 m in w ith  storage at -20°C . SYBR. II (M olecular Probes Inc.) dye was used to stain 
microorganisms at a 1:1000 concentration. Samples were analyzed by a FacScan cytom eter for one-m inute intervals that 
represented a 60ul aliquot. A suspension o f  0.93um  red fluorescent microspheres were added for an additional internal 
reference and size verification. A typical 60ul sample o f  seawater showed initial counts well above 3,000 for high D N A  
(HDNA) density particles and over 1,000 for low D N A  (LDNA) density particles. O zonation  o f  seawater can be assessed by 
m easuring the total residual oxidants (TR O ). W hen  concentrations o f  T R O  were as low  as 1.0 m g/L  the levels o f  
microorganisms, as determ ined by using heterotrophic plate count and FCM , were reduced by over 99.9%.

Contact: Jake C. Perrins
University ofW ashington 
1122 Boat St N.E.
Seattle,W A 98195 USA 
Phone: (206) 367-9411 
Fax: (206) 685-7471 
perrins@ u. Washington. e du
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INTERJURISDICTIONAL RESPONSES TO AQUATIC NUISANCE SPECIES 
IN THE PACIFIC NORTHW EST

Phillips, S. H . , Pacific States M arine Fisheries Com mission , Gladstone, O regon, USA, stephen_phillips@ psmfc.org; 
Sytsma, M . D., Portland State University, Portland, O regon, USA, sytsmam@ pdx.edu

Oral Presentation
4:00 PM , M onday

A uthorized by Congress in 1947, the Pacific States M arine Fisheries Com mission (PSMFC) is dedicated to  resolving fishery 
issues. R epresenting California, O regon, W ashington, Idaho, and Alaska. T he PSM FC works closely w ith  the C enter for 
Lakes and Reservoirs (CLR) at Portland State University on aquatic nuisance species (ANS) management.

The objective o f  the PSM FC ANS Program is to  prevent harm  from ANS species to im portant com mercial and recreational 
fisheries and the ecosystems upon w hich these fish depend. Program emphasis is on outreach and education to appropriate 
user groups, assisting states in the region develop ANS m anagem ent plans, and funding and coordinating m onitoring o f  
species o f  concern.

Currently, the PSM FC program  funds are directed at four species: Zebra mussel (Dreissena polymorpha), Atlantic salmon 
(Salmo salar), European green crab (Carcinus maenas) and M itten  crab (Eriocheir spp).The C L R  program  includes research on 
these species and on freshwater aquatic weeds, ANS surveys, m anagem ent planning for Spartina in O regon estuaries, research 
on ballast w ater introductions o f  ANS, and im plem entation o f  the O regon Aquatic Nuisance Species M anagem ent Plan.

The debate about aquaculture in the nearshore m arine environm ent on the West Coast has mostly focused on Atlantic 
salmon. C oncerns regarding Atlantic salmon on w ild salmon stocks include disease transfer, pollution from net pen facilities, 
and ecological impacts from escaped salmon. The Alaska D epartm ent o f  Fish and Game and W ashington D epartm ent o f  Fish 
and W ildlife will be using program  funds in 2003 to  m onitor for presence/absence o f  Atlantic salmon in streams.

PSM FC is funding research to determ ine abundance and distribution o f  European green crab and m itten crab in selected 
West Coast locations, and to  develop a m odel that will provide a basis to predict the potential range and population size for 
m itten crabs in these specific estuaries.

Contact: Stephen FI. Phillips
Pacific States M arine Fisheries Com mission 
45 SE 82nd Drive 
Suite 100
Gladstone, O R  97027 USA 
Phone: 503-650-5400 
F ax :503-650-5426 
stephen_phillips@psmfc. org
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USE OF INCUBATOR-EMERGENCE TRAPS FOR HATCHING STUDIES 
IN BALLAST TANKS

R eid , D . F., N O A A /G L E R L , A nn Arbor, USA, david.reid@ noaa.gov;
Bailey, S.A., G LIER /U niversity  ofW indsor, W indsor, Canada, bandoni@ uw indsor.ca;
Johengen,T. H ., C IL E R /U niversity  o f  M ichigan, A nn Arbor, USA, johengen@ um ich.edu;
Constant, S.A., C IL E R /U niversity  o f  M ichigan, A nn Arbor, USA, steve.constant@ noaa.gov;
Jenkins, P.T., Philip T. Jenkins and Associates Ltd., Fonthill, Canada, seafarerl@ sprint.ca; 
van Overdijk, C. D., G LIE R /U niversity  ofW indsor,W indsor, Canada, vanlp@ uw indsor.ca;
Duggan, I. C., G LIER /U niversity  ofW indsor,W indsor, Canada, iduggan@ uwindsor.ca;
Maclsaac, EI. J., G LIER /U niversity  ofW indsor,W indsor, Canada, hughm @ uwindsor.ca

Oral Presentation
12:00 PM , Wednesday

Sediments that accumulate in ballast tanks o f  transoceanic vessels have been shown to contain varying concentrations o f  
resting stages (eggs, cysts, spores) o f  invertebrates and phytoplankton. Laboratory experiments have been successful in 
stimulating hatching under w ell-controlled optim ized conditions, indicating a potential risk for invasion by these dorm ant 
stages. W hether such hatching takes place in ballast tanks under regular operating conditions is an im portant question, but 
n o t easily determ ined. Ballast tanks are no t routinely or readily accessible, and sampling is usually restricted to one or two 
m anhole hatches, o r vent pipes, bo th  o f  w hich are problematic for experim ental purposes. Identifying organisms that may 
have hatched in situ against the background o f  organisms brought in w ith ballast water can be particularly difficult. Emergence 
traps have been routinely and successfully used in biological studies in many aquatic environments. A simple and low-cost 
incubator-em ergence trap has been designed to  conduct hatching experiments in operating ballast tanks on commercial 
vessels. Several experim ental designs are possible w ith  these traps. O ne field test was conducted during 2002 and several 
m ore are planned during 2003.

Contact: David F. R eid , Ph.D.
Great Lakes Environm ental Research Laboratory (GLERL)
N ational Oceanic & A tm ospheric Administration 
2205 C om m onw ealth Blvd.
A nn Arbor, M I 48105-2945 USA 
Phone: 734-741-2019 
Fax: 734-741-2055 
david.reid@ noaa.gov
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DATABASE OF THE NONINDIGENOUS SPECIES IN THE ESTUARIES 
OF CALIFORNIA, OREGON, AND WASHINGTON

R eusser, D ., U. S. G. S., N ew port, USA, dreusser@usgs.gov;
Lee II, H ., U. S. EPA, N ew port, USA, lee.henry@ epa.gov

P oster P resentation
Tuesday

The num ber and composition o f  the native and nonindigenous species is a key com ponent in establishing baselines, conducting 
invasive species risk assessments, and setting regional prioritizations. T he problem  for bo th  managers and researchers is that 
this inform ation is scattered in the peer reviewed literature, gray literature, and various databases. W ith  support from the 
W estern R egional Panel o f  the Aquatic Nuisance Species Task Force (ANSTF), we have initiated a project to summarize 
inform ation on species com position o f  the estuaries o f  California, O regon, and Washington. Because o f  the potential transport 
o f  nonindigenous species w ithin a w ater body, estuarine systems are classified as “independent", those w ith  a self contained 
w ater mass and a direct connection to  the ocean, or “em bedded" w hich are sub-estuaries o r tributaries contained w ithin a 
larger w ater body. In the three states, 135 independent estuaries and 271 em bedded estuaries have been categorized and 
georeferenced.These estuaries range in size from 0.0142 km 2 to over 6000 km 2 for Puget Sound.W hen biological inform ation 
is available for an estuary, we are compiling a species list as well as classifying the species as native, nonindigenous, cryptogenic, 
or indeterm inate based on the literature. T he prim ary focus will be on benthic invertebrates and fishes. Various physical 
attributes are also being summarized, including estuarine area, watershed locale, latitude/longitude, climate, and salinity 
w hen georeferenced data are available. T he inform ation will be captured in a stand alone Access database, w hich will present 
the results in standardized forms as well as allowing custom queries and reports. A prototype o f  the database has been 
developed using the 1999 EM AP survey o f  Pacific coast estuaries and contains inform ation on 867 benthic species from 90 
estuaries. To add to the database, the authors are seeking sources listing species com position in Pacific coast estuaries, 
particularly in the smaller systems.

Contact: D eborah A. Reusser
U. S. C. S.
28004 N .E . 155th Ave.
Battle G round,W A  98604 USA 
Phone: 360-666-5563 
F ax :360-687-8487 
dreusser@usgs.gov
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TROPHIC ECOLOGY OF THE CHINESE MITTEN CRAB IN THE SAN FRANCISCO  
ESTUARY: IMPLICATIONS FOR AQUATIC FOOD WEBS

R u d n ick , D. A ., University o f  California at Berkeley, Berkeley, USA, drudnick@ nature.berkeley.edu;
Resh,V. H ., University o f  California at Berkeley, Berkeley, USA, drudnick@ nature.berkeley.edu

Oral Presentation
11:45 AM , M onday

W ithin  the past decade, the non-native Chinese m itten crab has becom e firmly established in the San Francisco Estuary. The 
crab's com plex life cycle includes m igration over several kilom eters o f  freshwater and estuarine systems, generating concern 
for its impacts over a w ide variety o f  aquatic habitats. The m itten  crab is know n to be omnivorous, but its trophic ecology in 
the context o f  its new  environm ent is poorly understood. Little is know n about how  impacts vary w ith  habitat and the crab's 
development. We are using three com plem entary techniques to  study the trophic ecology o f  the m itten crab: 1) gut content 
analyses; 2) controlled mesocosm experiments; and 3) carbon and nitrogen stable isotope analyses. Each o f  these techniques 
provides insights to the trophic ecology o f  this non-native species. G ut content analyses support the idea that this crab is 
omnivorous, feeding on a w ide variety o f  detrital, algal and invertebrate matter, and also suggest dietary differences am ong 
populations o f  the crab th roughout the Estuary. In mesocosm experim ents, the crab decreased the abundance o f  a wide 
variety o f  prey items including the invasive clam (Corbicula) and other slow-moving invertebrates as well as macrophytes, 
algae and detritus. Stable isotope results suggest that, while the crab may be omnivorous, some plant materials including 
algae and detritus may not be as energetically im portant for the crab. The benthic impacts o f  this species were also com pared 
and contrasted w ith  those o f  the co-occurring, non-native freshwater crayfish (Procambarus clarkii) .T h ese  results support the 
concern that the Chinese m itten crab is negatively impacting the estuarine and freshwater food webs o f  the San Francisco 
Estuary.

Contact: D eborah A. R udn ick
University o f  California at Berkeley 
Division o f  Insect Biology 
201 Wellman Haii 
Berkeley, CA 93720 USA 
Phone: 559-433-0130 
drudnick@ nature.berkeley.edu
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HINDCASTING INVASION IMPACT BASED O N SPECIES DEMOGRAPHY

R uesin k , J. L., University ofW ashington, Seattle, USA, ruesink@ u.w ashington.edu;
McCoy, L., University ofW ashington, Seattle, USA, leem ccoy@ u.w ashington.edu;
Buhle, E. R ., University ofW ashington, Seattle, USA, buhle@ u.washington.edu

Oral Presentation
11:00 AM , M onday

Invasion theory suggests that the risk o f  successful, high-im pact invasion is likely to increase w ith a species' intrinsic population 
growth rate. We tested this theory by com paring demographic parameters o f  two introduced oyster drills (predatory gastropods) 
that vary in their docum ented impacts. Urosalpinx cinerea was im ported  to  W illapa Bay, W ashington w ith  Virginia oysters 
before 1920 and remains generally restricted to southern parts o f  the bay. Ceratostoma (Ocinebrina) inornatum arrived w ith 
oyster seed from Japan about 1960 and has since required expensive manual control and caused abandonm ent o f  some oyster 
growing areas. B oth drills undergo direct developm ent and therefore spread slowly on their own, b u t they readily hitchhike 
on oysters transferred w ith in  the bay. We used laboratory observations and field m ark-recapture techniques to  determ ine 
growth, survival, and fecundity o f  each species. B oth species suffered high m ortality rates (to 20% /m o in summer) even at 
adult sizes. However, C. inornatum grew  larger, had an earlier reproductive season, and produced m ore conchs per capsule 
than U. cinerea. In this case, the species w ith  higher population growth rate also had higher reported econom ic impacts.This 
pattern may exist because o f  the overlap betw een the distribution o f  C. inornatum and current aquaculture locations. From 
parallel studies on density and per capita impact (feeding rate), we expect bo th  species to have high ecological impacts 
w ithin the areas w here they have becom e abundant. Indeed, the local ecological impacts o f  these introduced drills are likely 
to be m ore similar than either dem ography or current m anagem ent responses w ould suggest.

Contact: Jennifer L. R uesink
University ofW ashington 
D epartm ent o f  Zoology 
Box 351800
Seattle,W A 98195-1800 USA 
Phone: 206-543-7095 
Fax: 206-543-3041 
ruesink@ u. w ashington.edu
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DAYTIME HABITAT USE PATTERNS AND THE SPECTRE OF COMPETITION  
FOR SPACE AMONG DEMERSAL REEF FISHES

S chum acher, B . D ., University o f  Hawaii at M anoa/D ept. o f  Z oology - Hawaii Cooperative Fishery Research Unit, 
H onolulu, USA, schum ach@ hawaii.edu;

Parrish, J. D., University o f  Hawaii at M anoa/D ept. o f  Zoology - Hawaii Cooperative Fishery Research U nit, H onolulu, 
USA, parrishj@ hawaii.edu

P oster P resentation
Tuesday

Betw een 1955 and 1961, approximately 3,200 bluestripe snapper (Lutjanus kasmira, Family: Lutjanidae) were introduced to 
O ahu, Hawaii from French Polynesia. These fish adapted well to  their new  ecosystem and becam e abundant th roughout the 
Hawaiian Archipelago. Despite their abundance and availability to  fishers, initial hopes that L. kasmira w ould becom e a 
valuable food resource species have not been realized. Also, it has been suggested that these fish may adversely impact 
populations o f  native fishery species through com petition for spatial o r dietary resources, or through predation on young fish 
by adult snappers. We are conducting a series o f  investigations to  assess w hether such ecological relationships are likely to 
exist and im pact populations o f  native fishery species. The current stage o f  our investigation addresses habitat overlap and 
spatial com petition betw een L. kasmira and shallow-water reef fish. Researchers have gathered data on the habitat use 
patterns o f  L. kasmira and several reef fish species by conducting transect surveys on and off the reef. We found that the 
habitat use patterns o f  L. kasmira and the yellowtail goatfish (Mulloidichthys vanicolensis, Family: Mullidae) were most similar. 
B oth species were prim arily found low  in the w ater colum n and were closely associated w ith  areas o f  vertical relief. To m ore 
closely investigate this similarity, divers recorded the height above the substrate o f  individual L. kasmira and M . vanicolensis in 
the presence and absence o f  each other. Analysis o f  these data indicated that M . vanicolensis was found further from the 
substrate w hen L. kasmira was present, bu t that L. kasmira was no t similarly affected by M . vanicolensis. This finding may 
indicate asymmetrical com petition for sheltering space on the reef, in w hich the dom inant L. kasmira displaces M . vanicolensis 
into the w ater colum n and away from the relative protection o f  the reef, w hich potentially increases its vulnerability to 
predators and fishers.

Contact: Brett D. Schumacher
University o f  Hawaii at M anoa/D ept. o f  Zoology -  Hawaii Cooperative Fishery Research U nit
Dept, o f  Zoology
Edm ondson 152
H onolulu, HI 96822 USA
Phone: (808) 956-8350
Fax: (808) 956-4238
schumach@ hawaii.edu
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THE IMPACT OF INVASIVE ALGAE O N BIODIVERSITY AND  
CORAL COVER IN HAWAII

S m ith , J. E ., University o f  Hawaii, H onolulu, USA, jesm ith@ hawaii.edu;
Conklin, E .J., University o f  Hawaii, H onolulu, USA, econklin@ hawaii.edu;
H unter, C. L .,Waikiki A quarium , H onolulu, USA, cindyh@ hawaii.edu;
Smith, C. M ., University o f  Hawaii, H onolulu, USA, celia@hawaii.edu

Oral Presentation
9:00 AM , Tuesday

The introduction o f  invasive species is often considered to be one the largest threats to  global biodiversity in bo th  terrestrial 
and m arine ecosystems. However, remarkably few examples exist w here invaders have been shown to cause significant 
negative impacts in tropical coral reef ecosystems. In the Hawaiian Islands, several species o f  macroalgae have been introduced 
(both intentionally and un-intentionally) since the m id 1950's. C urrently  five o f  these species have becom e ecological 
dominants in various habitats and appear to be displacing native flora and fauna. In particular, two m at-form ing red algae 
(Gracilaria salicornia and Kappaphycus alvarezii), introduced to W aikiki and K ane'ohe Bay for experim ental aquaculture in the 
1970's, appear to be causing reductions in diversity and coral death.

In this study, extensive surveys were conducted in Waikiki for G. salicornia and in K ane'ohe Bay for K . alvarezii to examine 
potential patterns betw een invasion success and species diversity. A n extensive historical dataset from W aikiki p rio r to  the 
introduction o f  G. salicornia (late 1960's -m id  1970's) was used to assess changes in com m unity structure and diversity since 
the arrival o f  the invader. The abundance o f  bo th  invasive species is negatively correlated w ith  species diversity, and significant 
differences were found in bo th  species num ber and evenness w hen the invaders were present. Perm anent photoquadrats 
were used to determ ine m onthly changes in percent cover o f  the invaders and to  determ ine rates o f  coral overgrowth and 
death. B oth invaders can rapidly grow over and m onopolize benthic substrates including live coral. In particular K . alvarezii 
is able to overgrow and displace reef-building corals at a rate o f  10% increase p er m onth. These results dem onstrate significant 
negative impacts caused by invasive m arine algae on coral reefs and suggest that the invasive species should be added to the 
list o f  factors leading to ree f degradation worldwide.

Contact: Jennifer E. Smith
Dept, o f  Botany 
University o f  Hawaii 
3190 Matie Way 
H onolulu, HI 96822 USA 
Phone: 808-956-3943 
Fax: 808-956-3923 
jesmith@ hawaii.edu
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BIOGEOGRAPHIC VARIATION IN CLAW SIZE AND PERFORMANCE IN AN  
INTRODUCED CRAB PREDATOR: EVIDENCE OF AN EMERGING ARMS RACE?

S m ith , L. D ., Smith College, N ortham pton, USA, ldsm ith@ sm ith.edu;
Thomas, E. K., Smith College, N ortham pton , USA, ethom as@ sm ith.edu

Oral Presentation
4:00 PM ,W ednesday

Biological invasions provide outstanding opportunities to study nascent arms races as introduced predators and native prey 
com e in contact. G reater understanding o f  the processes involved in an arms race, in turn , will perm it better predictions o f  
an invasion's outcome(s).To date, most research in m arine systems has focused on com m unity (or species) responses to an 
invader. Because perform ance often correlates w ith form , key unanswered questions are: to w hat extent can the invader 
respond m orphologically and functionally to its new  environm ent and are the responses inducible (i.e., occurring w ith in  vs. 
across generations)? As a first step, we have looked for evidence o f  latitudinal differences in claw size and perform ance in the 
introduced green crab (Carcinus maenas) on bo th  Atlantic and Pacific coasts o f  the U nited  States. O n  the Atlantic coast, 
m orphom etric analyses indicate that populations o f  green crabs in Massachusetts have larger m ajor (crusher) claws than 
populations in northern  M aine. In laboratory perform ance tests, Massachusetts's crabs were also able to crush larger snail 
prey than their no rthern  counterparts. These patterns correlate positively w ith  geographic differences in shell thickness o f  
at least one species o f  rocky intertidal snail prey and suggest a developing arms race in the G ulf o f  M aine. Latitudinal 
differences in  claw size were also detected in the m ore recent Pacific coast green crab invasion, but only for the m inor 
(cutter) claw. T he different spatial patterns in claw size may relate to  differences in the duration o f  each invasion, substratum 
(and thus prey) type, o r tem perature regimes betw een the tw o coasts.

Contact: David Smith, Ph.D.
Smith College
D epartm ent o f  Biological Sciences 
N ortham pton , M A  01063 USA 
Phone: 413-585-3828 
F ax :413-585-6076 
ldsm ith@ sm ith.edu
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IDENTIFYING POTENTIAL INVADERS AMONG IMPORTED MARINE SPECIES

S m ith , L. D ., Smith College, N ortham pton, USA, ldsm ith@ sm ith.edu;
Thomas, E. K., Smith College, N ortham pton , USA, ethom as@ sm ith.edu;
Hornby, K. M ., Smith College, N ortham pton, USA, khornby@ sm ith.edu;
Weigle, S. W., Massachusetts Bay National Estuary Program, Boston, USA, shannon.weigle@ state.m a.us;
Pederson, J., M IT  Sea G rant College Program, Cambridge, USA, jpederso@ m it.edu;
Carlton, J. T.,Williams College-M ystic Seaport, Mystic, USA, jcarlton@ williams.edu

P oster P resentation
M onday

As a m ajor center o f  com merce and research, N ew  England im ports large quantities and a high diversity o f  live m arine 
species through different pathways. M any o f  these organisms have the potential to establish if  they are released in N ew  
England waters. To minimize the risk o f  unw anted introductions, inform ation is needed about: (1) w hich species are being 
im ported, (2) the likelihood o f  their establishing in the region's waters, and (3) their potential for causing harm ful ecological, 
economic, o r health effects. To date, we have identified a num ber o f  im ported species from questionnaires administered to 
N ew  England organizations (e.g., seafood companies, bait shops, pet aquarium  dealers, researchers) and from regulatory 
agency databases and websites. As a first cut, we have classified those species likely to  survive in the annual range o f  
temperatures found in N ew  England estuarine and coastal waters. For each species m eeting this criterion, we are creating 
a database using library and website resources that includes inform ation on: geographic origin, general habitat requirements, 
life history characteristics and dispersal strategy, trophic interactions and diet, associated parasites and diseases, and history o f  
invasions and impacts in other regions. A m ajor problem  in assembling a comprehensive database is inadequate and uneven 
reporting o f  species by almost all pathways surveyed. For example, species names were provided by 64% o f  researchers in our 
questionnaires, bu t by none o f  the seafood respondents. Databases m aintained by regulatory agencies also vary in taxonom ic 
specificity for most imports. Clearly, greater taxonom ic resolution is needed i f  we are to begin to  develop predictive models 
o f  invasion risk for N ew  England or for o ther regions.

Contact: David Smith, Ph.D.
Smith College
D epartm ent o f  Biological Sciences 
N ortham pton, M A  01063 USA 
Phone: 413-585-3828 
F ax :413-585-6076 
ldsmith@ smith.edu
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A N  INTRO DUCTIO N TO INVASIVE ALIEN ALGAE IN HAWAII: 
ECOLOGICAL A ND ECONOMIC IMPACTS

Squair, C. A ., University o f  Hawaii, H onolulu, USA, squair@ hawaii.edu;
Smith, J. E., University o f  Hawaii, H onolulu, USA, jesm ith@ hawaii.edu;
Hunter, C. L., Waikiki A quarium , H onolulu, USA, cindyh@ hawaii.edu;
Smith, C. M ., University o f  Hawaii, H onolulu, USA, celia@hawaii.edu

P oster P resentation
Tuesday

Several species o f  red algae, including Kappaphycus spp., Hypnea musciformis, and Gracilaria salicornia were introduced to 
Hawaii's reefs in the early 1970s to  study their feasibility for aquaculture. W hen  experim ental trials were com pleted, the 
plantings were abandoned. Thirty  years later, all three o f  these species are proving to  have significant negative impacts on reef 
ecosystems. Kappaphycus spp. was introduced to  Kaneohe Bay on O ahu in 1974. Initial studies based on reproductive 
character determ ined that it w ould no t be able to spread from the site o f  introduction. Today, Kappaphycus spp. is found 
throughout Kaneohe Bay and com m only overgrows and smothers corals. It reproduces readily by fragmentation and spore 
production. Hypnea musciformis was introduced to O ahu in  1974 as well. Since that time, it has spread to all o f  the m ajor 
Hawaiian Islands, except Hawaii. It forms blooms that generate new  biomass o f  up to 9000kg/w k, m uch o f  w hich subsequently 
washes up on West M aui beaches.The large piles o f  decom posing biomass draw complaints from residents and drive tourists 
away. A recent study has confirm ed significant econom ic im pact o f  this nuisance species (up to  $30 m illion/yr) in the form  
o f  lower property values and lost tourist revenue. Gracilaria salicornia was introduced to  W aikiki and Kaneohe Bay, O ahu in 
1971. Despite a long lag phase, it is now  the dom inant alga on the reefs fronting W aikiki Beach, w ith  large (100m2) patches 
reaching up to 100% cover. After large south swells, this alga also washes up on beaches in huge quantities and prevents 
utilization o f  these areas. Given the docum ented econom ic im pact to  M aui, the spread o f  Gracilaria salicornia and other alien 
algae poses a serious threat to  the econom ic health ofW aikiki businesses. In summary, alien and invasive algae in Hawaii pose 
im m inent ecological and econom ic threats to  the State o f  Hawaii.

Contact: Cheryl A. Squair
University o f  Hawaii 
D epartm ent o f  Botany 
3190 Matie Way 
H onolulu, HI 96822 USA 
Phone: 808-956-3944 
Fax: 808-956-3923 
squair@ hawaii.edu
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GENETIC INVESTIGATIONS OF SOURCE AREAS, SPREAD PATTERNS, 
AND CHANGES OVER THE TIME COURSE OF EXOTIC INVASIONS

Stepien, C. A ., Cleveland State University/ Great Lakes Environmental Genetics Lab, Cleveland, USA, c.stepien@ csuohio.edu; 
Tumeo, M. A., Cleveland State University, Cleveland, USA, m .tum eo@ csuohio.edu

Oral Presentation
2:15 PM , M onday

D N A  data and risk analysis offer im portant diagnostic and m onitoring tools for evaluating the success, spread patterns, and 
population interactions o f  exotic species invasions. R isk  assessment may allow us to  predict the num ber o f  introductions and 
founding individuals that characterize successful nonindigenous species invasions, as well as likely founding source pathways. 
Exotic invaders have becom e m ore com m on in the Great Lakes, presumably due to high shipping traffic, faster vessels, and 
a history o f  ecological disturbance. The round goby and a close relative o f  the quagga mussel are saline tolerant and are likely 
to spread to m arine and estuarine habitats. T he present study compares the levels and distributions o f  genetic variability in 
N o rth  American and putative Eurasian source populations for invasions o f  dreissenid mussels, ruffe fish, and gobies in the 
Great Lakes and explores its applications to risk assessment. Objectives are to: (1) evaluate the possible num ber and Eurasian 
source locations for introductions using D N A  data, (2) analyze levels and patterns o f  genetic variation w ith in  and am ong 
native and introduced population sites, (3) test for founder effects and possible m ixing from several founding sources, and (4) 
examine population changes over the tim e courses o f  the invasions. Results show that populations o f  dreissenid mussels and 
round gobies have surprisingly high levels o f  genetic variability, suggesting large numbers o f  founding individuals and 
consistent w ith  multiple colonizations — both  o f  w hich may be predictive o f  establishment risk. Slower spread o f  the ruffe 
and tubenose goby populations may be related to  lower overall genetic variability and the likelihood o f  single founding 
events/sources. In conclusion, high genetic variability, large numbers o f  founders, and multiple founding sources likely 
significantly contribute to  the risk o f  an exotic species introduction's success and persistence.

Contact: Carol A. Stepien, Ph.D.
Cleveland State University
Great Lakes Environm ental Genetics Lab
M C  219,2121 Euclid Ave.
Cleveland, O H  44115 USA 
Phone: 216-523-7311 
c.stepien@ csuohio.edu
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THE ATLANTIC SALMON WATCH PROGRAM, 
A STUDY OF THE FIRST TEN YEARS 1991 - 2001

T h o m so n , A . J., Fisheries and Oceans Canada, Nanaimo, Canada, thom sonan@ dfo-m po.gc.ca

Oral Presentation
3:00 PM ,Tuesday

The Atlantic Salmon W atch Program (ASWP) was initiated in 1991 as a joint research program  betw een Fisheries and 
Oceans Canada and the British Colum bia M inistry o f  Agriculture, Fisheries and Food to study the occurrence o f  Atlantic 
salmon (Salmo salar) in British Colum bia (B C ).W hat was initially a passive data gathering program  has evolved into a 
m ultifaceted study o f  the exotic in troduction ofAtlantic salmon in the N o rth  Pacific. From 1991 to  2001, a total of413,027 
Atlantic salmon have been reported escaped from m arine aquaculture facilities in BC. The continued loss o f  this exotic 
species has becom e a focal po in t o f  the polarized debate over salmon aquaculture in BC. T he ASW P now  encompasses a 
w ide ranging mandate o f  public relations, training programs, stream surveys, eradication programs, applied biological research 
as well as the original mandate o f  simple data collection. T he first docum ented recovery o f  an Atlantic salmon in the N orth  
Pacific occurred in 1987, since that time, 18,431 Atlantic Salmon have been caught in the m arine and coastal waters o f  BC. 
An additional 1051 adult Atlantic salmon have been observed or caught in the rivers, lakes and streams o fB C . T he first 
docum ented recovery o f  juvenile Atlantic salmon in BC  occurred in 1996, three hundred and fifty-nine juveniles have been 
observed since that initial discovery. The ASW P conducted over 130 directed stream surveys to enum erate and eradicate 
Atlantic salmon in 2001.

Contact: A ndrew  J. Thom son
Fisheries and Oceans Canada 
Pacific Biological Station 
3190 H am m ond BAy R d  
Nanaim o, BC  V 9T 6N 7 Canada 
Phone: 250 756 7090 
Fax: 250 756 7053 
thom sonan@ dfo-m po.gc.ca
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PATTERNS OF ANTIBIOTIC RESISTANCE IN CHOLERA  
BACTERIA ISOLATED FROM SHIPS’ BALLAST WATER

T h o m so n , III, F. K., O ld D om inion University, N orfolk,VA, USA, fthom son@ odu.edu;
H einem ann, S.A., O ld  D om inion University, N orfolk,VA, USA, sheinem a@ odu.edu;
Dobbs, F. C., O ld  D om inion University, N orfolk,VA, USA, fdobbs@ odu.edu

P oster P resentation
M onday

Ships' ballast w ater is a notorious vector in the in ter- and intraregional dispersal o f  nonindigenous organisms. These invasive 
species often possess latent attributes that, w hen expressed outside the constraints o f  their native habitat, can have devastating 
effects on the invaded ecosystem. In the case o f  bacteria, the presence o f  num erous genetic variants and their associated 
phenotypic expressions may change our frame o f  reference from “invasive species" to ‘invasive genotypes'. The possibility o f  
horizontal gene transfer amplifies the risk associated w ith  the transport o f  bacteria in ballast tanks and their subsequent 
release into receiving ports. In Vibrio cholerae, the etiologic agent o f  hum an cholera, antibiotic resistance is a trait w ith 
ramifications for hum an health concerns. A ntibiotic susceptibility analyses revealed some form  o f  antibiotic resistance in 
76% o f  isolates collected in ballast w ater and residual sediments from the Great Lakes and Chesapeake Bay. Given these data, 
we envision three scenarios: 1) antibiotic resistance is being im ported  into Chesapeake Bay via ballast-water operations; 2) 
antibiotic resistance has been im ported or was already present and the Bay is a net exporter; 3) horizontal gene transfer o f  
antibiotic resistance occurs w ith in  ballast tanks, thus facilitating the expression o f  other undesirable phenotypes in previously 
susceptible organisms.

Contact: Frank K. Thom son III
O ld  D om inion University 
4600 E lkhorn  Ave.
N orfolk ,VA 23549 USA 
Phone: (757) 593-6223 
fthom son@ odu.edu
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POPULATION DYNAMICS AND THERMAL TOLERANCES OF THE INVASIVE 
KELP, UNDARIA PINNATIFIDA, IN CALIFORNIA

T h ornber, C. S., University o f  California, Davis, Davis, USA, csthornber@ ucdavis.edu;
Kinlan, B. P., University o f  California, Santa Barbara, Santa Barbara, USA, kinlan@ lifesci.ucsb.edu;
Graham, M . H ., University o f  California, Davis, Davis, USA, m hgraham @ ucdavis.edu;
Stachowicz, J. J., University o f  California, Davis, Davis, USA, jjstachowicz@ ucdavis.edu

P oster P resentation
M onday

D uring the past few years, Undaria pinnatifida has been found at several locations along the California coast. In its native 
range, this kelp is found in  Japan and southeast Asia and is cultured extensively for hum an consum ption. However, this kelp 
has spread w orldwide during the past decades, through b o th  accidental and purposeful introductions. However, the effect o f  
this species upon native m arine com munities varies greatly across locations. Thus, the potential impacts o f  U. pinnatifida on 
nearshore com m unities in California cannot be predicted from previous studies. Here, we tracked the tim ing and magnitude 
o f  U. pinnatifida recruitm ent, growth, and subsequent reproductive onset in the Santa Barbara, Califonia harbor from July 
2001 to  June 2002. We found two temporally distinct pulses o f  recruitm ent, and the grow th and reproductive onset o f  these 
pulses differed greatly. The first pulse had few recruits (approx. 40 individuals), bu t many o f  these survived to  adulthood. By 
contrast, the second pulse was m uch larger in size (approx. 300 individuals), b u t only one individual survived long enough 
to becam e an adult. There is a correlation betw een the tim ing o f  recruitm ent and the ocean temperature, and we conducted 
laboratory culturing experiments to determ ine the effects o f  wat er tem perature on the grow th o f  U. pinnatifida’s microscopic 
stages. We found differences in survival rates o f  microscopic stages grown at different temperatures, w hich can provide 
insight into the potential for grow th and spread o f  U. pinnatifida along the west coast o f  N o rth  America.

Contact: Carol S. Thornber, Ph.D.
University o f  California, Davis 
Section o f  Evolution & Ecology 
O ne Shields Ave 
Davis, CA 95616 USA 
Phone: 530-754-5733 
Fax: 530-752-1449 
csthornber@ ucdavis.edu
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INVASION DYNAMICS OF THE EUROPEAN GREEN CRAB, CARCINUS MAENAS, 
IN AUSTRALIA

Thresher, R . E ., C SIR O  M arine Research, H obart, Australia, Ron.Thresher@ csiro.au;
Proctor, C., C SIR O  M arine Research, H obart, Australia, Craig.Proctor@ csiro.au;
R uiz, C., Smithsonian Environm ental Research Center, Edgewater, USA;
Gurney, R ., C SIR O  M arine Research, H obart, Australia, R ob.G urney@ csiro.au;
M cK innon, C ., University o f  Tasmania, H obart, Australia;
W alton,W., Smithsonian Environm ental Research Center, Edgewater, USA;
Rodriguez, L., Smithsonian Environm ental Research Center, Edgewater, USA;
Bax, N ., C SIR O  M arine Research, H obart, Australia, Nic.Bax@ csiro.au

Oral Presentation
12:15 PM , Tuesday

Direct measurements o f  the spread o f  planktonic larvae for any m arine species are rare, due to practical limitations o f  tagging 
and tracking the larvae. We address this issue obliquely, by examining rates and patterns o f  range expansion by a widely 
introduced species, Carcinus maenas. C. maenas has a long planktonic duration (upwards o f  50 days) and off-shore development, 
w hich w ould be assumed to facilitate dispersal and result in rapid rates o f  spread once the species has established itself. 
However, our data indicate that in Australia, and at most o ther invaded locations, rates o f  range expansion in the species are 
often very slow, on the same order o f  m agnitude as the ability o f  tagged individuals to walk along the coast. This relative 
stasis is punctuated by rare episodes o f  long-distance and large scale spread, some o f  w hich appear to be related to unusual 
oceanographic conditions and some o f  w hich are likely to be human-assisted. The ability o f  C. maenas to  maintain high 
levels o f  local recruitm ent, even in the presence o f  long planktonic durations and apparently obligate off-shore development, 
is likely to  be a m ajor factor in its success as an invasive species, and also implies strongly structured spatial metapopulations 
that will have impacts for potential m anagem ent strategies.

Contact: R onald  Thresher, Ph.D.
C SIR O  M arine Research 
G PO  Box 1538
H obart Tasmania, 7001 Australia 
Phone: 61-3-62325378 
R on.Thresher@ csiro.au
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INTRODUCED MARINE SPECIES AND THEIR MISSING PARASITES

T orchin, M . E ., University o f  California, Santa Barbara, USA, torchin@ lifesci.ucsb.edu;
Lafferty, K. D., U.S. Geological Survey,W estern Ecological Research Center, Santa Barbara, USA, lafferty@ lifesci.ucsb.edu; 
Dobson, A. P., P rinceton University, Princeton, USA, andy@ eno.princeton.edu;
McKenzie,V. J., University o f  California, Santa Barbara, USA, mckenzie@ lifesci.ucsb.edu;
Kuris, A. M ., University o f  California, Santa Barbara, USA, kuris@ lifesci.ucsb.edu

Oral Presentation
4:45 PM ,W ednesday

Escape from the effects o f  natural enemies is a frequent explanation given for the success o f  introduced species. M ost 
notably, exotic species may be subject to  fewer parasites and pathogens in their introduced range com pared to  their native 
range. To test w hether introduced m arine species escape their parasites, we examined parasite species richness and prevalence 
in introduced species from a broad range o f  m arine taxa (molluscs, crustaceans, fishes), selected by a stratified random  
procedure. C om pared to  the num ber o f  parasite species found in native populations, only half as many parasitized exotic 
populations. Furtherm ore, introduced populations were less heavily parasitized (% infected) than were native populations. 
R educed  parasitization o f  introduced m arine species has multiple causes. These include reduced probability o f  introduction 
o f  parasites w ith  exotic species (or early extinction following host establishment), absence o f  o ther required hosts in the new  
location and the host-specific limitations o f  native parasites adapting to novel hosts. These results are consistent w ith  a more 
extensive study including freshwater and terrestrial taxa. They support the hypothesis that introduced species becom e pests 
because, at least in part, they lack natural enemies. Hence, use o f  natural enemies in control strategies may reduce adverse 
impacts o f  exotics on native species.

Contact: M ark Torchin, Ph.D.
University o f  California 
M arine Science Institiute 
Santa Barbara, CA 93106 USA 
Phone: 805 893-7245 
Fax: 805 893-8062 
torchin@ lifesci.ucsb.edu
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CHANGES IN CARBON AND NITROGEN CYCLING IN PACIFIC 
ESTUARIES FOLLOWING SPARTINA ALTERNIFLORA  INVASION

Tyler, A . C., University o f  California at Davis, Davis, CA, USA, actyler@ ucdavis.edu;
Grosholz, E. D., University o f  California at Davis, Davis, CA, USA, tedgrosholz@ ucdavis.edu

P oster P resentation
Tuesday

We know  little about how  estuarine invaders alter the storage and cycling o f  C  and N  because ecosystem-level changes 
resulting from nonindigenous species invasions have rarely been investigated. The recent, rapid expansion o f  Atlantic sm ooth 
cordgrass, Spartina alterniflora, into Pacific estuaries has fostered a large-scale alteration in ecosystem processes as low-stature 
marshes and mudflats are invaded. Estuary-w ide changes in carbon (C) and nitrogen (N) cycling occur w ith  the shift from 
a system dom inated by fast-growing microalgae and phytoplankton that turnover rapidly th roughout the year, to  a system 
dom inated by a large, highly productive vascular plant that builds considerable aboveground biomass during the spring and 
sum m er but senesces entirely in the fall. Substantial roots and rhizomes persist year-round. We present here a preliminary 
investigation o f  spatial and tem poral changes in C  and N  dynamics in San Francisco Bay, CA andW illapa Bay,WA that have 
resulted from the S. alterniflora invasion. D uring invasion, the build up o f  biomass is so rapid and substantial that the 
phenology o f  aboveground plant growth and subsequent shuttle o f  large stores o f  C  and N  below  ground represents a 
considerable shift in allocation patterns relative to a microalgal-dom inated mudflat. We also examined changes in C  & N  
storage following eradication attempts in W illapa Bay. Aboveground material is im m ediately removed, but below ground 
roots, rhizomes and organic detritus persist for many years. This vestigial detritus has im portant implications for ecosystem 
recovery and may be linked to  infaunal and algal production. This study will provide one o f  the first studies o f  the ecosystem 
changes caused by Spartina alterniflora invasion.

Contact: Anna Christina Tyler, Ph.D.
D ept o f  Environm ental Science & Policy
University o f  California at Davis
O ne Shields Avenue
Davis, CA  95616 USA
Phone: 530-752-3419
Fax: 530-752-3350
actyler@ ucdavis.edu
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ASSESSMENT OF LIVE INVERTEBRATES AND RESTING STAGES 
FROM NO BO B VESSELS ENTERING THE GREAT LAKES: 

POTENTIAL VECTORS FOR NEW INVASIONS

van O verdijk, C. D ., Great Lakes Institute for Environm ental Research, University ofW indsor, W indsor, Canada, 
vanlp@ uw indsor.ca;

Bailey, S.A., Great Lakes Institute for Environm ental Research, University ofW indsor, W indsor, Canada, 
sarahbailey@ canada.com;

Duggan, I. C., Great Lakes Institute for Environm ental Research, University ofW indsor,W indsor, Canada, 
iduggan@ uwindsor.ca;

Maclsaac, H. J . , Great Lakes Institute for Environm ental Research, University ofW indsor, W indsor, Canada, 
hughm @ uwindsor.ca

Oral Presentation
5:15 PM , M onday

Ballast w ater has been an im portant vector for the introduction o f  nonindigenous species into the Laurentian Great Lakes, 
and the m ajority o f  vessels that enter this system are laden w ith  cargo and declare no ballast on board (NO B O B ) status. 
Ballast exchange regulations, im plem ented in  1993, do no t apply to N O B O B  vessels despite the fact that unpum pable 
residual salt-, brackish-, o r fresh-water, and associated organisms may be contained w ithin these ballast tanks. This residual 
w ater may then eventually be released into the Great Lakes after ballast loading and unloading events are conducted w ithin 
the system. This potential invasion vector is previously unexplored.

We sampled residual w ater from 48 tanks on 24 ships inbound to the Great Lakes and recorded two rotifer and 29 
microcrustacean species, predom inantly cyclopoid and harpacticoid copepods. Furtherm ore, we examined the potential 
invasion risk owing to the presence o f  viable invertebrate resting eggs contained w ith in  residual sediments from the ballast 
tanks. Sediments were collected from 33 tanks on 20 vessels. The density and viability o f  resting eggs varied widely, from 0.3 
to 91.3 eggs/g sediment, and 0 to 92%, respectively. Viability o f  resting eggs was explored under various day length and 
salinity conditions. Thirty  fresh and brackish w ater species have been identified to  date, at least four o f  w hich are not 
currently established in the Great Lakes.

Contact: C olin D. van Overdijk
Great Lakes Institute for Environm ental Research, University ofW indsor 
2990 Riverside Dr.W.
W indsor, O N  N9B 3P9 Canada 
Phone: 519-253-3000 Ext. 2734 
Fax: 519-971-3616 
van lp@ uw indsor. ca
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THE PREVALENCE OF NONINDIGENOUS SPECIES IN SOUTHERN  
CALIFORNIA EMBÄYMENTS AND THEIR EFFECTS O N BENTHIC  

MACROINVERTEBRATE COMMUNITIES

Velarde, R . G., City o f  San Diego, San Diego, USA, rvelarde@ sandiego.gov;
Cadien, D. B., CSDLAC, W hittier, USA, dcadien@ lacsd.org;
M ikel,T. K., ABC Laboratories,Ventura, USA, tkm ikel@ pacbell.net;
Ranasinghe,J. A., SCCW RP,W estm inster, USA, anandar@ sccwrp.org;
Lee, H ., U.S. EPA, N ew port, USA, lee.henry@ epa.gov

Oral Presentation
1:45 PM ,W ednesday

We assessed the prevalence o f  nonindigenous species in the benthic macrofauna o f  southern California embayments from 
123 samples collected in 1998. N onindigenous species were prevalent, occurring in all but two samples. They accounted for 
only 27 o f  633 taxa (4.3%) but contributed 27.5% o f  the abundance.

N onindigenous species were m ore prevalent in southern California embayments than o ther areas in a 1999 study that 
excluded San Francisco Bay. N onindigenous species occurred at 100%, 33%, 71% and 68% o f  sampling sites in southern 
California, no rthern  California, O regon and W ashington, respectively. O n  average, they contributed  22.7%, 2.6%, 14.1%, 
and 6.0% o f  abundance and 11.9%, 2.8%, 15.1% and 10.8% o f  the taxa in each sample.

In southern California embayments, there w ere no apparent differences in nonindigenous species abundance, proportional 
abundance or com position am ong ports servicing large ocean-going vessels, small boat marinas, or areas w here boats were 
n o t moored.

N onindigenous species abundance in southern California embayments was positively correlated w ith  the abundance and 
richness o f  o ther species; there was no negative im pact at this gross level. However, negative effects on specific native taxa 
cannot be ruled out w ithout further study.

Three o f  the five most abundant species in southern California Bays, Pseudopolydora paucibranchiata, Musculista senhousia, and 
Theora lubrica, were nonindigenous. They accounted for 92% o f  nonindigenous species abundance. All three species were 
widespread. M . senhousia dom inated southern embayments w hile T. lubrica dom inated Los Angeles -  Long Beach H arbor and 
Anaheim  Bay. Large num bers o f  P  paucibranchiata occurred in every bay.

The positive correlations betw een nonindigenous species and other species were likely related to biogenic structures. The 
thick mats o f  byssal threads created by M . senhousia and the tubes built by Ppaucibranchiata create niche space for many other 
species. T. lubrica, a small bivalve, has the least effect.

Contact: Ananda Ranasinghe
S C C W R P  
7171 Fenwick Lane 
Westminster, CA 92683-5218 USA 
Phone: (714) 372-9218 
Fax: (714) 894-9699 
anandar@ sccwrp. org
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HABITAT USE OF JUVENILE CHINESE MITTEN CRABS IN THE SACRAMENTO- 
S AN JOAQUIN DELTA

V eldhuizen , T. C., California D epartm ent ofW ater Resources, Sacramento, USA, tanyav@water.ca.gov 
Grimaldo, L. F., California D epartm ent ofW ater Resources, Sacramento, USA, lgrimald@ water.ca.gov

P oster P resentation
Tuesday

The catadromous Chinese m itten crab (Eriocheir sinensis) was first collected in San Francisco Estuary, California, USA, 
in 1992. E. sinensis rapidly expanded in distribution and abundance.The current distribution is the entire San Francisco 
Estuary and low  elevation tributaries. A portion  o f  the population o f  juvenile E. sinensis rear in the Sacramento-San 
Joaquin Delta, w hich is the eastern portion  o f  the San Francisco Estuary w here several rivers join to form  a large, tidal, 
freshwater wetland. To determ ine the habitats potentially im pacted by E. sinensis, we investigated the spatial and tem poral 
distribution o f  juvenile crabs am ong subtidal habitats o f  the delta. Presented are the results o f  three studies that occurred 
in the delta during 1998-2001. O ne study was a focused investigation o f  E. sinensis habitat use.The other tw o studies 
were fish investigations and E. sinensis was collected as bycatch. By com paring the results o f  these studies, several trends 
becam e apparent. Juveniles were most abundant during sum m er and fall m onths corresponding w ith physiochemical 
attributes temporally characterized by w arm  w ater temperatures (>20oC) and low freshwater outflow (~19000m3/s). 
Spatially, juveniles were most abundant in shallow areas (0-2.5m) w ith subm erged aquatic macrophytes and m ud 
substrates. Abundance was higher in the western delta com pared to the central delta. We conclude that shallow areas w ith 
macrophytes provide favorable rearing habitat for juvenile crabs as it supports biotic (i.e., prey abundance) and abiotic 
(i.e., cover from predators) conditions compatible w ith  m itten crab rearing strategies. The proximity o f  the western delta 
to the brackish w ater zone (area o f  megalopa settlement) may be a factor in  the geographic distribution o f  juvenile crabs. 
Therefore, w ith in  the delta, E. sinensis may have the greatest im pact on shallow freshwater habitats w ith  aquatic 
macrophytes located near the brackish w ater zone.

Contact: Tanya C .Veldhuizen
California D epartm ent ofW ater Resources 
Division o f  Environm ental Services 
3251 S Street
Sacramento, CA 95816 USA 
Phone: 916-227-2553 
F ax :916-227-7554 
tanyav@water. ca. gov
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A COMPARATIVE ANALYSIS, BASED O N  MOLECULAR ECOLOGY  
AND POPULATION GENETICS, OF THE INVASION BY THREE GASTROPODS 

IN AREAS OF OYSTERS CULTIVATION

V iard , F., U M R  7127 -  C N R S  - Station Biologique, Roscoff, France, viard@ sb-roscoff.fr;
D upont, L., U M R  7127 -  C N R S  - Station Biologique, Roscoff, France, dupont@ sb-roscoff.fi';
M artel, C., LBEM, Institut du Littoral, La Rochelle, France, cm artel@ univ-lr.fr;
M cGlashan, D., U M R  7127 -  C N R S  - Station Biologique, Roscoff, France, mcglash@ sb-roscoff.fr;
Sim on-Bouhet, B., LBEM, Institut du Littoral, La Rochelle, France, Benoitsb@ aol.com  ;
Garcia-M eunier, P., LBEM, Institut du Littoral, La Rochelle, , pgarciam@ univ-lr.fr

Oral Presentation
2:00 PM , M onday

Expansion and contraction o f  the area colonized by a species is a natural process over evolutionary tim e scales. However, 
sudden range expansions have been observed at an increasing rate since the end o f  the 19th century. N um erous conceptual 
frameworks and m ethodological outlines have been developed (1) to  investigate the history o f  the invasion processes and 
subsequent dispersal, (2) to determ ine the effects o f  the new  species and (3) to make predictions for the control o f  the 
invasion process. By modifying the genetic characteristics and architecture in invasive populations, evolutionary forces such 
as selection or genetic drift play a m ajor role in determ ining the spread and the long-term  establishment o f  alien species. 
Interestingly, even though genetic and evolutionary processes are key features o f  m arine bioinvasions, population genetics 
m ethods have not yet been fully exploited.

We carried out researches on three gastropods in the framework o f  French N ational Program  for the Study o f  Biological 
Invasion. We here present a short review o f  these studies based on population genetics and m olecular ecology approaches. 
The three species, Crepidula fornicata, Ocinebrilhts inornatus and Cyclope neritea, are native o f  the East coast o f  USA, Asia and the 
M editerrean Sea, respectively, and were accidentally introduced in France in the 1940s, 1990s and 1970s respectively. We 
analyzed the genetic patterns o f  these species in order to  trace the historical processes (num ber and locations o f  the source 
populations). O ne o f  our goals was to analyze the roles played by the m ode o f  transportation and the life-history traits in the 
success o f  these species. Interestingly, com m on genetic properties and patterns were revealed suggesting that the success o f  
these species is largely due to  recurrent introduction events involving a large num ber o f  founders regardless o f  the specific 
biological characteristics.

Contact: Frederique Viard, Ph.D.
U M R  C N R S  7127
Station Biologique de R oscoff
Place Georges-Teissier, BP 74
R oscoff Cedex, AE 29 682 France
Phone: (33) 2 98 29 23 12
Fax: (33) 2 98 29 23 36
viard@ sb-roscoff.ff
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HABITAT BIAS IN MARINE INVASIONS OF CENTRAL CALIFORNIA

W asson, K., N ational Estuarine Research Reserve, E lkhorn Slough, USA, research@ elkhornslough.org;
Fenn,T., University o f  California, Santa Cruz, USA, tfenn@ ix.netcom .com ;
Pearse,J. S., University o f  California, Santa Cruz, USA, pearse@ biology.ucsc.edu

Oral Presentation
8:30 AM , Wednesday

We carried out a tw o-part investigation that revealed habitat bias in m arine invasions. First, we com pared invasibility o f  hard 
vs. soft substrate habitats in E lkhorn  Slough, an estuary in central California, by com paring abundance and richness o f  native 
vs. non-native species in quantitative samples from each habitat type. O u r results reveal that the hard substrates are m uch 
more heavily invaded than the soft substrates; the infaunal mudflat com m unity is dom inated by native species, while the 
fouling com m unity on rocks and shells is dom inated by non-native species. Nearly all the hard substrates in E lkhorn Slough, 
as in most estuaries along the Pacific coast o f  N o rth  America, are artificial (jetties, rip-rap, docks, etc.). T he absence o f  an 
extensive native fouling com m unity adapted to  hard substrates may facilitate invasions o f  this habitat type. M oreover, two 
m ajor vectors responsible for m arine introductions, oyster culturing and ship-hull fouling, are m uch m ore likely to  transport 
fouling species than mudflat infauna.

The second com ponent o f  our investigation consisted o f  a com parison o f  estuarine and open coast invasion rates. We 
examined native vs. non-native species richness in E lkhorn  Slough and adjacent rocky intertidal habitats along the central 
California coast from Carm el to P igeon Point. The absolute num ber o f  non-native species in  the estuary was about an order 
o f  m agnitude higher than along the open coast. M oreover, non-natives accounted for over 10% o f  the richness o f  the 
estuarine fauna, while they com prised less than 1% o f  the richness o f  the open coast fauna. T he strikingly higher invasion 
rate o f  estuaries vs. open coasts may be the result o f  multiple factors, including greater hum an alteration o f  estuaries, less rich 
native estuarine communities to provide biotic resistance, and greater influence o f  transport vectors bringing invasive propagules 
to estuaries.

Contact: Kerstin Wasson, Ph.D.
E lkhorn  Slough National Estuarine Research Reserve
1700 E lkhorn R oad
Watsonville, CA 95076 USA
Phone: 831 728 5939
research@ elkhornslough. org
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THE LIVE MARINE SPECIES TRADE AND POTENTIAL RISKS 
FOR EXOTIC SPECIES INTRODUCTIONS

W eigle, S. M . , Massachusetts Bays Program, Boston, USA, shannon.weigle@ state.ma.us;
Smith, L. D., Smith College, N ortham pton , USA, ldsm ith@ sm ith.edu;
Pederson, J., M IT  Sea Grant, Cam bridge, USA, jpederso@ m it.edu;
Carlton, J. T.,Williams College -  Mystic Seaport, Mystic, USA, jcarlton@ williams.edu

Oral Presentation
1:45 PM ,Tuesday

Introductions o f  nonin digenous species can adversely afiect marine ecological communities. To prevent unwanted introductions, 
it is critical to  identify current invasion pathways and to understand their dynamics. W hile ballast w ater transport is a 
prim ary mechanism, it is no t the only one, and its relative im portance may vary from region to region. O u r study was 
designed to  (1) identify non-shipping pathways for m arine invasive species into and out o f  N ew  England coastal states, (2) 
rank these as to relative risk o f  unintentional release, and (3) w ork w ith  stakeholders to  mitigate risks. We assessed potential 
risks associated w ith  the following pathways: seafood companies, aquaculture facilities, bait shops, pet stores, m arine research 
laboratories, public aquariums, and w etland restoration projects. We com piled a database o f  organizations for each pathway 
and adm inistered a general survey to subsets o f  these organizations to gather comparative data on: points o f  origin or 
destination o f  nonindigenous, identity o f  the species, frequency and volum e o f  trade, m ode o f  transport, likelihood o f  
inclusion o f  non-target organisms in trading activities, organization s awareness o f  problems related to nonindigenous, existing 
safeguards to prevent accidental release, and econom ic value o f  nonindigenous transfers to the overall operation. Study 
results dem onstrated that each o f  the seven pathways were m oving live m arine species into N ew  England and they varied in 
the types o f  risky features that may lead to  an exotic species introduction. In order to enact effective control measures for 
m arine bioinvasions in N ew  England, a pathway-specific approach to  risk m anagem ent is needed. Findings from this study 
are being used to guide invasive species prevention strategies and m anagem ent actions for non-shipping pathways in the 
northeastern U nited  States.

Contact: Shannon M . Weigle
Massachusetts Bays Program 
E O E A / C Z M  
251 Causeway Street 
Boston, M A  02114 USA 
Phone: 617 626 1229 
Fax: 617 626 1240 
shannon. weigle@state. ma. us
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CHLORINE TREATMENT OF CAULERPA TAXIFOLIA

W illiam s, S. L., Bodega M arine Lab, U C-D avis, Bodega Bay, USA, slwilliams@ucdavis.edu

Oral Presentation
8:45 AM , M onday

The eradication program  for Caulerpa taxifolia in southern California is based on exposing the seaweed to chlorine bleach.
I perform ed a series o f  laboratory experim ents to  test the response o f  fragments o f  C. taxifolia to  4 concentrations o f  
chlorine over durations o f  30 -120 minutes, under bo th  w arm  temperatures favorable to grow th and am bient seawater 
temperatures on the northern  Californian coast. A t 125 ppm  Chlorine, all fragments were killed w ithin 30 minutes. Fragments 
survived and even regenerated at lower concentrations at 23°C. C old shock resulted in apparently dead fragments in both  
controls and bleach treatments; however, chloroplasts were translocated into tissue anchored in the sediments. A t the end o f  
4 m onths, no aboveground growth was produced from such fragments in cold w ater.The results indicate that chlorine levels 
should be m aintained > 125 ppm  in the field eradication program w here the organic load is considerably greater. Furtherm ore, 
accidental release o f  fragments from quarantine facilities o r w arm er bay waters into the cold waters o f  the open coast in 
northern  California is no t likely to  lead to establishment o f  a new  population.
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MESO HALINE BRACKISH-WATER FAUNA IN NORTH-W EST EUROPE: 
100% NONINDIGENOUS?
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Oral Presentation
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Brackish waters in northw estern Europe contain a lim ited num ber o f  macrofaunal brackish-water species. U nder mesohaline 
conditions (5-18 psu) we find a com m on set o f  about 30-35 species in all N W -European estuaries. A few other species occur 
only in stagnant lagoons w ith  less rapid salinity fluctuations.

O f  these 30-35 species we have evidence that over 10 species (>30%) have been introduced through hum an assistence. A t 
least another 5 species can be considered cryptogenic. This implies that about half o f  the macrofaunal species in N W - 
European may be nonindigenous.

In earlier papers I have proposed the hypothesis that the paucity o f  species in N W -European brackish waters has been 
caused by the last lee Age. D uring each glacial-interglacial cycle brackish-water all species had to m igrate South and back 
again along a series o f  strongly discontinuous habitat ‘islands'. It is hypothesized that many species were lost during these 
migrations, i.e. they becam e extinct. Some support is found in comparisons o f  interglacial molluscan faunas w ith  the 
holocene one.

Hence, the question is raised how  many form er European brackish-water species have survived the lee Age. I suggest that 
the answer should be “almost none" and that the present brackish-water fauna o f  N W  Europe is made up o f  euryhaline 
coastal fauna, euryhaline freshwater fauna, and nonindigenous brackish-water species.

Contact: W im  W olff
University o f  Groningen, Dept, o f  M arine Biology 
P O  Box 14
H aren 9750 AA Netherlands 
Phone: (+31) (50) 363 2260 
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W .J.Wolff@biol.rug.nl
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MULTIPLE POSITIVE INTERACTIONS AMONG MUDFLAT INVADERS
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Introduced species can affect bo th  native species and other invaders. Betw een invading species, positive interactions will tend 
to facilitate invasions, negative interactions will tend to  inhibit them , and the effect o f  mixed interactions will depend on the 
order in w hich species invade. Facilitation betw een invaders has been proposed as a mechanism to explain the pattern  o f  
increasing invasion rates and impacts.

Here, we report positive impacts o f  an invasive Asian m ud snail, Batillaria attramentaria (Brugière 1792), on members o f  an 
intertidal com m unity in Padilla Bay, W ashington, USA. Survey and literature data show that Batillaria shells are used as 
substratum by the Asian anem one, Diadumene lineata, and the slipper shell Crepidula sp.; em pty shells are inhabited by native 
herm it crabs, Pagurus spp.; and the invader serves as a host for the introduced Asian parasitic trem atode, Cercaria batillariae. 
Experim ental results show that the density o f  the introduced Asian m ud snail, Nassarius fraterculus, and percent cover o f  the 
introduced Asian eelgrass, Zostera japonica, are significantly reduced in Batillaria exclusions. Thus, the presence o f  Batillaria is 
associated w ith  increased densities o f  bo th  introduced and native species. A lthough Batillaria is a surface diatom grazer, we 
docum ented no effects o f  its removal on sedim ent chlorophyll levels or on infaunal densities, a result w hich may reflect low 
pow er in the sampling design.

Since history does no t record the exact arrival dates o f  these invaders, the role o f  their positive interactions in contributing 
to an accelerating invasion rate is unknown. O n  the o ther hand, since Batillaria appears to encourage greater population 
densities o f  other introduced species, it presumably allows their total effects to  be greater than they w ould be otherwise. 
A lthough we cannot evaluate w hether the Batillaria invasion contributed  to increased invasion rates, we hypothesize that it 
currently contributes to increased total invasion impacts.

Contact: M arjorie J. W onham, Ph.D.
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STATUS OF THE CAULERPA TAXIFOLIA ERADICATION EFFORT 
IN SOUTHERN CALIFORNIA

W ood fie ld , R . A ., M erkel & Associates, Inc., San Diego, CA, USA, rachelannw@ aol.com

P oster P resentation
M onday

In June 2000, the invasive alga, Caulerpa taxifolia, was discovered in Agua H edionda Lagoon in Carlsbad, California. A second 
infestation was then confirm ed in H untington H arbour in H unting ton  Beach, California. Genetic analysis has confirm ed 
that the Caulerpa is the highly invasive aquarium  strain that has reportedly caused econom ic and ecological damage to the 
six other countries w here it has been introduced. U pon its discovery in California in 2000, an eradication effort was 
im m ediately undertaken by the Southern California Caulerpa A ction Team's contractor to contain and kill the seaweed at 
bo th  sites. The first years w ork involved aggressive treatm ent by covering the alga in-situ w ith  heavy PV C  tarps and 
applying chlorine to the area under the sealed tarps. The second year's efforts involved continual surveillance for and 
treatm ent o f  residual patches o f  Caulerpa no t previously detected. In Carlsbad, the original area o f  the infestation was 
1076m2 in ju n e  2000. Two years later, 0.4m2 was found. Since that time, tw o m ore surveys o f  the infestation area have been 
conducted w ith  no Caulerpa found. Similar results have been found in H unting ton  Harbour, w ith  none found during the 
most recent survey. A lthough the results are promising, field observations dem onstrate that any lapse in detection o f  even a 
small occurrence can result in rapid grow th and spread. Q uarterly surveys will continue in order to  find patches any 
remaining patches. The hope is that all Caulerpa will be found and treated at these sites w ith in  five years, w ith  a m inim um  
o f  two years o f  follow-up survey.

Contact: R achel W oodfield
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5434 Ruffin R d.
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SPREAD RATES AND EFFECTIVENESS OF MANAGEMENT 
STRATEGIES FOR CAREX KOBOM UGI (ASIATIC SAND SEDGE) IN  

TWO NEW JERSEY COASTAL PARKS
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Oral Presentation
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Asiatic sand sedge, Carex kobomugi, was accidentally introduced to N o rth  Am erica approximately a century ago and then 
deliberately introduced into dune systems for decades for its dense foliage and disease- and tram pling-resistant properties. 
This, com bined w ith  natural propagation, resulted in the species' expansion into numerous habitats from N o rth  Carolina to 
Massachusetts. To assess current spread rates and impacts on dune ecology, stands o f  C. kobomugi in two N ew  Jersey parks, 
Island Beach State Park (IBSP) and Sandy H ook  U nit (SHU) o f  Gateway N ational R ecreational Area, were m apped in 2002. 
Relative to  a 1985 survey in IBSP there was an increase o f  approximately 300% in num ber o f  beds, 400% in bed size and 
55% in Carex stem density. Stem densities o f  native species, as well as overall species diversity, were generally lower inside C. 
kobomugi stands than out. A pilot eradication project at SH U  in the late 1990s, using a backhoe and sifter, failed to effectively 
remove a small C. kobomugi stand, probably because this species'roots routinely reach >1.2m  deep. Restrictions on chemical 
use in Federal Parks have halted further treatments at S H U  pending future m anagem ent recommendations. By contrast, at 
IBSP an eradication program based on tightly controlled application o f  Roundup® ' onto individual C. kobomugi plants was 
initiated in 1999. In 2002 we assessed treated beds. A single R oundup®  application reduced C. kobomugi abundance 
approximately 70%, but left living Carex in 95% o f the lm 2 quadrats surveyed. R epeated  herbicide applications reduced C. 
kobomugi abundance by about 90% and viable individuals to 55% o f  quadrats. Native plant abundance and species diversity in 
treated versus untreated beds was similar, suggesting low -im pact pesticide application effectively spared remaining native 
plants. However effective eradication o f  C. kobomugi w ould probably require m ore aggressive, broadband herbicide application, 
precluding beneficial effects (both ecological and increased dune stability due to spared plants) o f  localized treatment.

Contact: Louise W ootton, Ph.D.
G eorgian C ourt College 
900 Lakewood Ave 
Lakewood, NJ 08701 USA 
Phone: 732 364 2200 x 349 
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BIOTIC AND ABIOTIC FACTORS IN THE INVASION SUCCESS OF 
A CARIBBEAN BARNACLE IN HAWAII
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Oral Presentation
10:45 AM , Tuesday

O ne o f  the goals o f  invasion biology is to understand the conditions that make invasions succeed or fail. W hile biotic 
interactions m ight lim it invaders, abiotic processes are also likely to  be im portant.To gain insight into this matter, we studied 
a num ber o f  factors that seemed likely to im pact the course o f  an invasion in Hawaii.

The Atlantic barnacle (Chthamalus proteus) is one o f  the most abundant recent invaders in the Hawaiian intertidal. Its 
distribution in Hawaii is generally lim ited to protected bays and harbors. Smaller populations are found in areas w ith 
m oderate wave intensity, w here the invader co-exists w ith  a num ber o f  native species, including the barnacle (Nesochthamalus 
intertextus). To determ ine w hether biotic interactions m ight be limiting the barnacle's distribution, laboratory and field 
experim ents were used to examine com petition for space w ith  N. intertextus and a native pulm onate lim pet, Siphonaria 
normalis, and predation by a native whelk, Morula granulata. These interactions do no t appear strong enough to lim it the 
spread o f  C. proteus.

Surveys in Curacao and Panama indicate that C.proteus uses similar habitat types in its native range and in Hawaii.These data 
suggest that physical factors may limit the spread o f  the invader and provide some measure o f  protection for native communities 
on the open coast. O n  the o ther hand, habitat modifications that increase hard substrata and decrease wave action are likely 
to facilitate spread o f  the invader.

Biotic and abiotic factors may w ork together to  determ ine the course o f  an invasion. O utcom es o f  a com petition experim ent 
were different betw een the first and second years, during w hich oceanographic conditions changed from La N ina to normal. 
Additional experim ents suggest that variation in density o f  the invader — most likely the result o f  physical factors — can also 
change the outcom e o f  com petition betw een C. proteus and other barnacles.

Contact: Chela J. Zabin
University o f  Hawaii, M anoa
Zoology D ept., Edm ondson Haii
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