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Dear Conference Participant:

On behalf of the Scientific Steering Committee (SSC) and our sponsors, we would like to
extend you a warm welcome to Barcelona for the 7th International Conference on Marine
Bioinvasions. Barcelona is a city historically known for embracing people of different cultures

and participating actively in the construction of an accessible, multicultural society.

We are grateful for the efforts by the SSC and student interns to organize the conference as
well as for the support of our sponsors: CosmoCaixa, for providing the venue; The North
Pacific Marine Science Organization (PICES), for providing travel awards to early career
scientists; and the National Oceanographic and Atmospheric Administration (NOAA)

and Fundacié “La Caixa” for donating additional funds. Most of all, we appreciate your

participation and willingness to share your ideas and expertise here.

We believe you will find the conference program most stimulating and your attendance

at this conference most worthwhile. This year’s program is full of interesting papers,

posters, and plenary talks, and we are confident all will generate spirited discussions, new
connections, and future collaborations. Finally, we hope you will develop a greater awareness
of the recent progress that has been made in the field of marine and coastal invasions and the

challenges we still face.

Once again, welcome to the 7th International Conference on Marine Bioinvasions and we
send our best wishes for a stimulating and rewarding experience. Enjoy the conference, enjoy

Barcelona!
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Developing Science Based, Numeric Ballast Water

Limits under the United States Clean Water Act

Oral presentation
symposiumthemel: -
symposiumtheme?2: -
Contributed

As a result of a 2006 U.S. court order, all non-recreational, non-
military vessels must have a Clean Water Act National Pollutant
Discharge Elimination System (NPDES) permit to legally
discharge ballast water in waters of the United States. Most vessels
meet these requirements by obtaining coverage under the U.S.
Environmental Protection Agency’s Vessel General Permit (VGP).
NPDES permits establish two kinds of limits: Technology Based
Effluent Limits (TBELs) and Water Quality Based Effluent Limits
(WQBELs). TBELSs are established based upon such factors as the
efficacy, availability, and cost of ballast water treatment systems.
WQBEL:s are established based on what is necessary to achieve
water quality standards (e.g., protection of aquatic ecosystems).
The 2008 VGP does not include national numeric discharge
standards for ballast water. At the time of that permit’s issuance,
EPA determined it was infeasible to calculate numeric WQBELs,
and found that technologies were not sufficiently available to
establish numeric TBELs.

EPA plans to propose the next VGP by November 30, 2011,
and issue a final permit by November 2012. The proposed
permit will contain numeric concentration-based ballast water

limits. Partnering with the United States Coast Guard, EPA has
commissioned studies from two independent expert panels to
help provide a more rigorous scientific basis for what limits EPA
might establish. The first study was led by the National Academy
of Science National Research Council (NAS). The NAS assessed
methods to evaluate the risk of invasive species introductions
associated with ballast water discharges. The second study was led
by EPA’s Science Advisory Board (SAB). The SAB evaluated the
status of existing and potential shipboard ballast water treatment
technologies and whether it is reasonable to assume that a given
system is capable of meeting different discharge standards. This
presentation will discuss the findings of those studies and how
they might inform development of the next VGP.

In 2009, the Coast Guard proposed numeric ballast water discharge
standards under the National Invasive Species Act (NANPCA/
NISA); as of April 2011, the Coast Guard plans to finalize those
regulations in the near future. EPA has continued its work with
the Coast Guard so that any final U.S. government standards are
consistent to the maximum extent possible.

Ryan Albert, US Environmental Protection Agency, Office of Water, Washington DC , 20004, USA

John Lishman, US Environmental Protection Agency, Office of Water, Washington DC , 20004, USA

Juhi Saxena, US Environmental Protection Agency, Office of Water, Washington DC , 20004, USA

John Darling*, US Environmental Protection Agency, Office of Research and Development, Cincinnati Ohio, USA

Ryan Albert

United States Environmental Protection Agency
1200 Pennsylvania Ave.

Mail Code 4203M

Washington, DC, 20004 USA

phone: 001 202 564 0763

albert.ryan @epa.gov
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Long-distance dispersal by small vessels
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symposiumtheme2: Ship Biofouling: Vector Characterization and Management Strategies

Contributed

There is increasing evidence that hull-fouling of small vessels
(recreational and fishing boats) contributes to the secondary spread
of invasive species, yet there have been few quantitative analyses
of this vector. Using the west coast of North America as a study
area, we demonstrate that small vessels may be significant vectors
for the secondary spread of NIS. Two critical components to assess
introduction risk are the level of connectivity provided by small
vessels, and the degree of biofouling associated with these vessels.
We used boater questionnaires and records of boat movements to
assess the level of connectivity along the coastline by small vessels.
Questionnaire responses indicate that less than 20 % of vessels
leave their home bays, but in a region with more than 1 million
registered boats, that means over 10,000 small vessels may transit
between bays annually. Vessels traveling long distances pose the
greatest threat for transfers of NIS and we targeted transient
vessels for in-water hull surveys of biofouling extent and diversity.

Both measures varied greatly among vessels, with invertebrate
diversity estimates ranging between zero and over 30 species,
and abundance estimates reaching over 100,000 individuals per
vessel. Both known and novel NIS were identified among hull-
fouling communities. Using information from questionnaires,
we were also able to assess the ability to predict fouling-risk level
using information regarding the vessels (e.g., voyage history, hull
maintenance history). While obvious outliers can be distinguished
using historical information, the predictive capabilities are low.
Current international marine NIS management proposals are
focused on commercial vessels while small private vessels continue
to navigate largely unchecked. Our results indicate that these
vessels are responsible for transporting diverse assemblages of
organisms over long distances, and will continue to operate even
if introductions by larger vessels are curbed.

Gail V Ashton*, Smithsonian Environmental Research Center, Tiburon, CA 94920 USA
Chela J Zabin, Smithsonian Environmental Research Center, Tiburon, CA 94920 USA

Ian C Davidson, Portland State University, Portland, OR 97207 USA

Gregory M Ruiz, Smithsonian Environmental Research Center, Edgewater, MD 21037 USA

Gail Ashton

Smithsonian Environmental Research Center
3150 Paradise Drive

Tiburon, CA, 94920 USA

phone: +1 415 435 7128

ashtong @si.edu
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Developing Augmentative Biocontrol Tools

for Marine Fouling Assemblages

Oral presentation

symposiumthemel: New rools for identification, monitoring, risk assessment, and management

symposiumtheme2: Eradication/management of invasive species
Contributed

Despite being a frequent practice in terrestrial and freshwater
systems, there is a lack of research investigating the feasibility
of augmentative biocontrol agents (i.e. biocontrol that relies
on indigenous agents) for the management of non-indigenous
species in marine habitats. Critical to any biological control
programme is the selection of appropriate biological control
agents. We developed a theoretical framework for the justification
of this selection based on a range of biological traits that an ideal
biocontrol agent should fulfill before its successful application.
Some of these traits included feeding preferences, consumption
rates, reproductive strategy, growth rates, longevity, distribution,
conservation status, resilience to changing environmental
conditions, enhancement potential and risk of non-target effects.

Javier Atalah* and Barrie M. Forrest

We used a caging experiment to determine the potential of four
different native grazers and predatory species to control fouling
assemblages on artificial structures in marinas, which included
several co-occurring non—indigenous species. Treatments were
applied both to mature fouling and pre-cleaned substrata, to target
both response and maintenance biocontrol management strategies,
respectively. A second field experiment tested the concept of space
pre-emption using an indigenous anemone considered a ‘benign
fouler’, as a mean to prevent colonization by non-indigenous
species. Preliminary results will be presented and contrasted with
the developed theoretical framework for the selection of successful
biocontrol agents.

Cawthron Institute, 98 Halifax Street East, Nelson 7010, Private Bag 2, Nelson 7042. New Zealand

Javier Atalah

Cawthron Institute

98 Halifax Street East

Nelson 7010, Private Bag 2, Nelson 7042, New Zealand
phone: +643548 2319

Jjavier.atalah@cawthron.org.nz
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A geo-referenced database for not native

Mediterranean sea fishes
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symposiumtheme2: New species in an ancient sea: the Mediterranean cross road

Invited

Here we present a database on not native fish species recorded so
far in the Mediterranean sea. Data were collated on the basis of
published and unpublished sources, from 1896 to 2011. Our list
embraces 150 alien fishes of different status and origin, including
questionable and cryptogenic species. Overall, more than 700
records of distribution were geo-referenced using ArcGIS 9.3
as Geographical Information System (GIS). Other available
information on the distribution of these species was also geo-
referenced within a grid of resolution of 0.1° of longitude and
latitude.

For each species the database provides also biological, ecological
and taxonomic information; introduction pathways; bibliographic

references and other relevant data. Cartographic outputs shows a
time integrated summary of the invasion and depict sub-regional
differences in dominant pathways. Due to differences in research
efforts, available information is not evenly distributed among the
Mediterranean and a geographic gap in our knowledge was apparent
for large parts of north African coasts where little published
information exists. Initial analyses consisted of calculations of
linear rates of spread for both single species and major invasive
pathways. The current data holdings represent a comprehensive
collection of information on Mediterranean alien fish species and
offers a powerful tool to explore patterns and processes of marine
bio-invasions.

Ernesto Azzurro*, Instituto de Ciencias del Mar (ICM-CSIC). Paseo Maritimo de la Barceloneta, 37-49. 08003 Barcelona, Spain; ISPRA,

Lab. of Milazzo Via dei Mille 44. 98057, Milazzo (ME), Italy

Sara Soto, Instituto de Ciencias del Mar (ICM-CSIC). Paseo Maritimo de la Barceloneta, 37-49. 08003 Barcelona, Spain
Francesc Maynou, Instituto de Ciencias del Mar ICM-CSIC). Paseo Maritimo de la Barceloneta, 37-49. 08003 Barcelona, Spain

Ernesto Azzurro

Instituto de Ciencias del Mar (ICM-CSIC)
Paseo Maritimo de la Barceloneta, 37-49
08003 Barcelona, Barcelona, Spain

phone: +34 686550262

eazzurr @tin.it
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Risk assessment for ship-mediated

introductions to Canada

Oral presentation

symposiumthemel: New rools for identification, monitoring, risk assessment, and management

symposiumtheme?2: -
Contributed

In order to predict and to efficiently manage aquatic invasions,
risk assessments must be conducted to evaluate probabilities of
success and potential impact at each stage of the invasion process.
While there have been a number of highly useful species-specific
risk assessments that consider a variety of vectors for a single
species of interest, vector-based risk assessments that consider a
variety of species moved by a single vector are urgently needed to
manage an overwhelming number of potential invaders as well as
unknown (or unpredicted) species.

We conducted a semi-quantitative, risk assessment of two
shipping vectors (hull fouling and ballast water) to Canadian
ports by three different pathways (transoceanic, coastal and

domestic shipping). This assessment evaluated the probability of
introduction (arrival and survival) of an aquatic nonindigenous
species and associated potential consequences (impacts) to
determine risk. A comprehensive database of vessel arrivals and
volume of ballast water discharged at Canadian ports was utilized
to estimate the probability of arrival. Environmental similarity
between source and recipient ports was then used to estimate the
probability of survival after arrival. We used the number of high
impact aquatic nonindigenous species reported from the donor
ecoregion(s) to estimate the potential magnitude of consequences.
This methodology enabled identification of ports at highest risk
for ship-mediated invasion and will direct future research and
management efforts.

Sarah A Bailey*, Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada, Burlington, Ontario, L7R

4A6, Canada

Farrah Chan, University of Windsor - GLIER, Windsor, Ontario, N9B 3P4, Canada
Jennifer Bronnenhuber, University of Windsor - GLIER, Windsor, Ontario, N9B 3P4, Canada
Nathalie Simard, Institut Maurice-Lamontagne, Fisheries and Oceans Canada, 850 Route de la Mer, Mont-Joli, QC, G5H 3Z4,

Canada

Kimberly Howland, Freshwater Institute, Fisheries and Oceans Canada, 501 University Cr, Winnipeg, MB, R3T 2N6, Canada
Jennifer Martin, St. Andrew’s Biological Station, Fisheries and Oceans Canada, 531 Brandy Cove, St. Andrews, NB, E5SB 219, Canada
Cynthia Mckenzie, Fisheries and Oceans Canada, East White Hills Rd, PO Box 5667, St. John’s, NL, A1C 5X1, Canada

Terri Sutherland, Fisheries and Oceans Canada, 4160 Marine Drive, West Vancouver, BC, V7V 1N6, Canada

Sarah Bailey

Fisheries and Oceans Canada

867 Lakeshore Road
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« Sargassum muticum vs. Cystoseira spp. inputs on exposed sandy beaches:

Shifting subsidies from rocky to sandy shores in NW coast of Spain

Poster presentation

symposiumthemel: Impact of bioinvasions on ecosystem structure and function, including the biology and ecology of invasive species

symposiumtheme?2: -

Sargassum muticum is an invasive macroalgae widely distributed
along the Atlantic coast of Europe. Its distribution has spread
in most of the intertidal rocky shores in the Galician coast since
1986, when it was first observed.

Once detached by wave and currents, all macroalgae can potentially
be exported toward neighbor ecosystems. These materials
are of paramount relevance in exposed sandy beaches, where
autochthonous primary production is low. Allochthonous inputs
of organic matter, mainly stranded macroalgae (also called wrack),
provide food and habitat for a number of primary consumers.
Then, through a cascade effect, secondary production is translated
from wrack macrofauna toward higher trophic levels.

Differential effects between S. muticum and native macroalgae
on faunal assemblages on sandy beaches have been previously
studied. The main goal of this study was to quantify the biomass
of S. muticum stranded in two intermediate exposed beaches
throughout the year. In addition to assess the annual pattern
of deposition of the invasive species, we also were interested in

Francisco Barreiro*
Marina Gémez
Rosario de la Huz
Mariano Lastra
Jests Lopez

comparing this data with the inputs of the native macroalgae
Cystoseira spp., the most abundant native algal wrack in this
area.

The average monthly biomass provided by Cystoseira spp.
and S. muticum represented the 76 % (S.D + 14) of the total
wrack material in the studied beaches. The annual biomass of S.
muticum was lower than that of Cystoseira spp. (18 and 58 %
respectively). The amounts of both algae differed significantly
over time. The highest biomass of S. muticum and the lowest
biomass of Cystoseira spp. were recorded between March and
July. Difference in temporal contribution is consistent with the
life-cycle traits of each macroalga: Cystoseira spp. show a summer
and a winter phase with similar growth rates, while S. muticum
has a winter phase with slow growth rate and a faster growth rate
during spring. Different live traits produce dissimilar stocks of live
macroalgae in the rocky habitat, which once detached by wave
and currents differentially subsidize exposed sandy beaches.

Departamento de Ecoloxia e Bioloxia Animal, Facultade de Ciencias do Mar, Universidade de Vigo, 36310 Spain

Francisco Barreiro Romano
Universidade de Vigo

Rua Lourido 35

36691 Soutoamior, Pontevedra, Spain
phone: 600005319

fbarreiro @uvigo.es
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Sargassum muticum deposition on sandy beaches:

effect of wave exposure.

Poster presentation

symposiumthemel: Impact of bioinvasions on ecosystem structure and function, including the biology and ecology of invasive species

symposiumtheme?2: -

Food webs dynamics and community structure are determined
by the resource availability. The transfer of nutrients and organic
matter between ecosystems may influence these processes.
This effect is supposed to be increased at greater differences in
productivity between the donor and recipient systems. This is
the case of exposed sandy beaches characterized by a low in situ
primary production, where allochthonous subsidies of macroalgae
are of paramount importance in the ecosystem processes.
Changes in wrack composition due to the increasing arrival of
invasive macroalgae to new areas could have important ecological
implications

In this study we quantified the arrival of Sargassum muticum, the
most common invasive alga in exposed sandy beaches of Galicia,
in three exposed locations subjected to different wave action.
Samples were taken monthly throughout a year.

The highest biomass of S. muticum (441 gm™ + 219 S.D) was

registered in the beach less affected by the wave action (Abra),
contrary to the highest wave environment beach (Balieiros) where
the lowest amount (2.6 + 2 S.D) was measured. This pattern is
consistent with the distribution of S. muticum in the rocky shores
which mainly occupies sheltered and semi-exposed habitats.
However, the relative contribution of this alga to the total biomass
stranded in each beach did not follow the same trend. The highest
proportion of S. muticum was found in the more wave exposed
beaches. These results suggest that deposition process of .
muticum in the more wave exposed beaches could be favored over
other algae. In addition to the proximity of the rocky shore, other
factors as for example the buoyancy properties of each alga could
increase the probabilities of being driven ashore. The presence
of air bladders in S. muticum could increase its buoyancy and
enhance the transport to more distant habitats.

Francisco Barreiro*, Marina Gémez, Rosario de la Huz, Mariano Lastra and Jests Lépez
Departamento de Ecoloxia e Bioloxia Animal, Facultade de Ciencias do Mar, Universidade de Vigo, Spain

Francisco Barreiro Romano
Universidade de Vigo

Lourido 35

36691 Soutomaior, Pontevedra, Spain
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fbarreiro@uvigo.es
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o 1he Impacts of the Indo-Pacific (P volitans and P miles) on Fish Assemblages

in Near Shore Benthic Reef Habitats of the Central and Southern Bahamas
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Contributed

Since the first recorded sightings of the Indo-Pacific Lionfish (P2
volitansand P miles) in the 1990s, this invasive mid-level predator
has become a common member in a wide range of benthic fish
habitats throughout the Tropical Western Atlantic. Although
the origins of this cryptic invasion are unknown, the success of
lionfish, specifically in the near shore waters of The Bahamas, has
been documented through increased abundance in the number
of benthic habitats utilized since 2005. Long term impacts of
lionfish on near shore fish assemblages in the wider Caribbean is
not known, but invasive species management planning requires
some information on changes in the abundance and diversity of
reef fishes, especially species exploited In commercial fisheries.
This large synoptic survey of fish assemblages from reef habitats
on two islands in The Bahamas examines how the presence

of lionfish is altering established fish assemblages. Patch, hard
bottom, fringing and channel reefs adjacent to the islands of Great
Exuma (Central Bahamas) and Great Inagua (Southern Bahamas)
were evaluated via a rapid assessment methodology. Roving diver
fish surveys, benthic epifauna and macro-algal assessments were
conducted with a coastal assessment of anthropogenic impacts
(ranking) from development and/or fishing pressure. Univariate
and Multivariate statistics were used to determine if the presence
of lionfish is significantly altering the recorded fish assemblages
when compared to sites absent of lionfish. This protocol of
characterization can be applied to help understand how lionfish
may affect near shore ecology, and ultimately the production of
commercially important fisheries species.

Nicholas A. Bernal*, University of Miami, Coral Gables, FL 33124 USA
Kathleen Sullivan, Sealey University of Miami, Coral Gables, FL 33124 USA

Alexio Brown, College of the Bahamas, Nassau, The Bahamas

Nicholas Bernal

PhD Student - University of Miami
Department of Biology - Cox Science Center
1301 Memorial Drive, Room 25
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nbernal@bio.miami.edu
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angulata (Spengler, 1797), an old invader in Galicia
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Chaetopleura angulata (Spengler, 1797) is a poliplacophoran
mollusc whose current distribution comprises two Atlantic areas:
from Cabo Frio (Brazil) to Cape Horn in South America and on
the Atlantic European coasts of the Iberian Peninsula. The most
widely spread opinion about the European invasion is the one
holding that it was transported in the past, adhered to the hull of
Spanish and Portuguese ships due to the intense commercial and
militar trade with South America.

As regards its European distribution, it is especially abundant on
the coasts of Galicia, where its most typical habitat are bottoms of
muddy shelly-gravel or sandy mud, stretching from the beginning
of the infralittoral area to the circalittoral area, from 50 to 60 m
deep. On these bottoms, it lives adhered to empty shells of Bivalvia
and small stones, but it can also be found, but less frequently,
among Mytilus galloprovincialis. Its greatest abundance is present
on bottoms of the middle areas of the ‘rias’, but it can also be
found outside them on deeper bottoms less affected by the swell
dashing.

Ria de Ferrol is the location where Chaetopleura angulata is most
abundant. Different aspects of its reproductive biology have been
studied by means of specimens from these bottoms, which are
also presented in this paper. Fertilization is external; its sexual

cells are laid in sea water. Spermatozoids and ovules are expelled
simultaneously in streams, driven by the regular movement of the
peripedal ventolatory current.

All the process, which lasts around 15 days, has been followed in
the laboratorium, from the obtaining of eggs, hatching, several
stages of larval development and final metamorphosis. The first
hatching occurred 22 hours after the egg-laying and the last after
39 hours. The egg capsule presents a special ornamentation in the
shape of maces. The larva swims by means of the movements of its
prototroch, always turning clockwise.

Two days after hatching, the larvae get longer and longer and
the first hints of sclerites start to be observed, still very faint. The
whole formation of the foot, expelling movements, appearance of
the eyes, spines of the aculifera mantle and formation of the plates
are described. The plates can already be observed; seven hints of
the future plates of the shell can be observed in detail when they
are 8 days old.

In the present paper, both the habitat and the reproductive biology
of this interesting species are described in detail, which was first
quoted in Europe at the ‘rias’ of Vigo and A Corufia, about the
middle of the 19th century (MacAndrew, 1850; MacAndrew &
Woodward, 1864).

C. Besteiro*, Estacién de Bioloxia Marina da Grana, Universidade de Santiago de Compostela (Spain)

V. Urgorri, Estacién de Biolox{a Marifia da Grafia, Universidade de Santiago de Compostela (Spain)

G. Diaz-Agras, Estacién de Bioloxia Marifia da Grafa, Universidade de Santiago de Compostela (Spain)

Y. Lucas, Estacién de Bioloxfa Marifia da Grafia, Universidade de Santiago de Compostela (Spain)

Celia Besteiro

University of Santiago de Compostela

Departamento de Zoolox{a e Antropoloxia Fisica, Facultade de Veterinaria

Ramoén Carballo Calero, s/n
27002 Lugo, Lugo, Spain
phone: 600942341
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relationship: Implications for marine bio-invasion.
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symposiumthemel: Drivers of invasibility
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Contributed

Recent evidence from terrestrial systems suggests high levels of
genetic diversity may facilitate settlement and colonisation in
new environments. This has obvious applications to the study
of invasive species. Some invading populations, or the larval
cohorts of exotic species arriving in new areas, may have high
levels of genetic diversity as a result of transport from multiple
source locations. We predict, however, that the number or rate
of arriving propagules can alter this relationship. Increasing
propagule pressure may increase the chance of ‘selecting’
propagules better able to colonise and survive new environments
(a sampling effect), or may increase the strength of biological
interactions between genetically distinct larval cohorts (biological
interaction, such as facilitation or competition).

We examined this hypothesis with a model organism, the
Australian bi-valve Saccostrea glomerata. We simulated larval
arrival into new areas in both the laboratory and into field

based sessile invertebrate communities. We first test whether

settlement, mortality, and growth in this species do differ
between genetically distinct larval cohorts, and how propagule
pressure may alter these patterns. We then factorially manipulate
both propagule pressure and intra-specific diversity and test for
differences in colonisation ability in this model species.

We find dramatic increases in the ability of S.glomerata to
colonise in treatments that had higher intra-specific diversity.

As predicted we find this pattern only existed when propagule
pressure was high. Rather than simple sampling effects, we find
that this pattern is due to a biological interaction between larval
cohorts in high intra-specific diversity treatments. We also find
that settlement and colonisation between genetically distinct
larval cohorts differs according to cohort identity and with
differing propagule pressure, however we find no interaction
between these two factors. We conclude that invasive ability may
in fact be mediated by genetic identity, propagule pressure and
intra-specific diversity.
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Artemia partbenogenetica under invasive pressure in Portugal
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Artemia (Branchiopoda, Anostraca) is a crustacean that is
distributed over all continents except Antarctica. There are
nine reproductively isolated species described, with sexual and
parthenogenetic reproduction. The Iberian Peninsula comprises
two native species, Artemia salina with bisexual reproduction
and Artemia parthenogenetica with asexual reproduction, some
populations were found with the presence of Artemia franciscana,
native from the American continent. In the Iberian Peninsula
almost all types of biotopes described and colonized by the Arremia
genus are present, including coastal and inland saltworks, which
differ in ionic composition. One of the problems that the Arremia
genus faces relates to the loss of biodiversity that has occurred
in the Iberian saltmines due to introduction of exotic species
of Artemia and loss of habitat. In Portugal there are only two
places referenced with the presence of parthenogenetic Arremia
strains: the Rio Maior saltworks and the Troncalhada saltworks in

Aveiro, which are quite distinct in terms of the ionic composition
of their water. Parthenogenetic strains have a wide variation in
response to physiological stress caused by the combined effect of
temperature and salinity. The aim of this study was to estimate
the combined effect of different temperatures and salinities
on the survival of these two strains, in order to understand the
impact of different environmental stressors in the permanence of
native Portuguese populations. In this study we found a different
physiological response in the two strains caused by the stress of the
combined effect of temperature and salinity. These results show
that, although belonging to the same strain, these two populations
respond differently to different environmental conditions. This
may be an important factor to consider in the current efforts to
try preventing the disappearance of native strains of Artemia from
the Western Mediterranean Region.
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Current status of exotic molluscs of the Lebanese coast.
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Depuis l'ouverture du Canal de Suez le nombre d’espéces
exotiques venant de I'océan indo-pacifique vers la cote libanaise
ne cesse d’augmenter. Au Liban, la faune des invertébrés marins
compte environ 934 espéces dont 104 sont exotiques. La liste
de mollusques révele 355 especes dont 43 sont exotiques. Ces
derniéres se répartissent en 31 gastéropodes et 12 Bivalves. Ces
espéces et en particulier celles de substrat dur sont bien établies et
plusieurs d’entres elles sont devenues envahissantes et contribuent
a la restructuration des habitats marins. Limpact de ces espéces
ainsi que celui du réchauffement climatique sur la faune locale
sont discutés.

Ghazi Bitar* et Souha Kouli-Bitar
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Current status of exotic molluscs of the Lebanese coast.

Since the opening of the Suez Canal, the number of exotic species
coming from the Indo-Pacific Ocean toward the Lebanese coast
didn’t cease from increasing. In Lebanon, the fauna of marine
invertebrates encompasses about 934 species, 104 of which are
exotic. The list of molluscs reveals the presence of 355 species,
including 43 exotic species. The latter comprise 31 gastropods
and 12 bivalves. These species, especially those of hard substrate
are well established and many of them have become invasive and
contribute to the restructuring of marine habitats. The impact of
these species as well as that of global warming on the local fauna
are discussed.
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Knowledge of phylogeographic patterns of marine species
has been very useful in resolving ecological and invasion
histories of organisms with broad geographic distributions.
Specific to the North Atlantic, numerous intertidal organisms
show trans-Atlantic ranges; yet it is not always clear whether
those distributions represent natural dispersal in the past or
more recent human-mediated dispersal. Two North Atlantic
gastropods, Littorina saxatilis (rough periwinkle) and Littorina
littorea (common periwinkle), are both found in the eastern
and western Atlantic; L. saxatilis additionally exists on several
North Adantic islands (e.g., Faeroes, Iceland, Greenland). Past
evidence suggests highly different dispersal histories for the two
littorines: L. saxatilis is believed to have naturally moved across
the North Atlantic via North Atlantic islands; whereas, L. littorea
is suspected of being a recent anthropogenic introduction to
North America from Europe. Although molecular evidence exists
for both species, a comparative phylogeographic study between
the species has not yet been investigated to further understand
their dispersal histories. As such, we compiled an extensive

genetic (mitochondrial DNA) dataset across the North Atlantic,
and based on multiple genetic analyses, we found considerable
differences between the two species. In particular, for L. saxatilis,
we uncovered long-term separation between the eastern and
western Atlantic, the existence of glacial refugia, and a connection
across North Atlantic islands. In contrast, for L. littorea, we found
signatures of a close connection and recent separation between
populations in the eastern and western Atlantic. In addition, due
to L. littorea’s absence from North Atlantic islands, a natural
stepping stone migration is unlikely for this species. Furthermore,
the two species have very different reproductive strategies (L.
littorea broadcast spawns; L. saxatilis broods), which has further
influenced their differing phylogeographic patterns within
and across regions. Altogether, our genetic work corroborates
historical, ecological, and parasite evidence, confirming the long
held belief that L. saxatilis trans-Atlantic distribution was likely
the result of stepping stone migration in the distant past, and that
North American populations of L. littorea are the result of a recent
anthropogenic introduction from Europe.
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Understanding the processes that drive the recruitment of
populations of invasive non-native species is of critical importance
in evaluating their potential to colonise previously unoccupied
habitats. The slipper limpet Crepidula fornicata has become a
common component of the fauna along the east, south and south
west coasts of the UK since its first introduction in the 1870s.
The Milford Haven Waterway in Wales supports a well established
population with locally high densities but no indication of a
range extension beyond its boundaries. It is suggested that the
observed patchy distributions of the species at other European
study sites may be due to a highly variable supply of larvae, both
temporally and spatially. In this study, we tested a series of existing
models to quantitatively investigate the roles of larval supply,
larval habitat selection and post-settlement mortality to explain
the highly variable densities of C. fornicata within the Milford
Haven Waterway. Between 2009 and 2011, data were collected on

intertidal and subtidal adult densities, settlement rates and larval
abundances. Whilst larval abundances were found to be very high
during the peak reproductive season with maximum densities of >
1200 larvae. m?, settlement and recruitment were overall low. No
relationship was observed between juvenile settlement rates and
adult densities; in fact, highest settlement rates often occurred in
areas with the lowest numbers of adults. Our data suggest that the
distribution of adults in intertidal populations of C. fornicata is
mainly a result of differential post-settlement mortality following
initial settlement. Further work is currently being undertaken to
identify the biotic and abiotic factors causing differential post-
settlement mortality and to evaluate the importance of active
larval habitat selection during the settlement process. Developing
an integrative approach is important in trying to predict the risks
that a potentially harmful invader such as C. fornicata might
impose on native species in recently invaded areas.

Katrin Bohn*, Bangor University, Menai Bridge, Anglesey, LL59 5AB, United Kingdom
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Adding positive species interactions into the melting pot of biological

invasions: emerging perspectives and future research directions

Plenary talk

Current ecological theories aiming to explain and predict
community invasibility are grounded on the assumption that
natural communities are largely structured by competitive
interactions and that the effects of native species on invaders are
predominantly negative. Apart from the concept of invasional
meltdown, the role of positive species interactions (e.g. mutualism
and facilitation) has been overlooked in the context of biological
invasions. This is at odds with reports of positive effects of native
species on invaders rapidly accumulating in both terrestrial and
marine environments. Recent theoretical models, taking into
account potential positive effects of resident species on invaders,
could help reconciling contrasting evidence generated by empirical
studied in support or against competition-based models (e.g. the
biotic resistance and fluctuating resource hypotheses). For instance,
increasing levels of native species richness are thought to provide
a barrier against invasion by enabling a more effective exploitation

Fabio Bulleri

of resources (due to complementarity and sampling mechanisms).
On the other hand, greater availability of life-history traits within
the native pool can also increase the probability of exhibiting
traits able to facilitate the establishment or spread of exotic
species. Thus, re-balancing our attention between competition/
predation and facilitation might foster our understanding of the
mechanisms underlying variations in community invasibility.
Importantly, facilitation of invaders by native species can occur
via an amelioration of harsh physical conditions or the provision
of refugees from consumers. Framing research into the conceptual
context of switches in the sign and intensity of species interactions
(i.e. from competition to facilitation and vice versa) along gradients
of physical stress or consumer pressure (i.e. the Stress Gradient
Hypothesis) could, therefore, advance our ability to predict how
community susceptibility to invasion will be altered by forecasted
global climate changes and species loss.

Dipartimento di Scienze Botaniche Ecologiche e Geologiche, Universita di Sassari, Italy.

Fabio Bulleri

Dipartimento di Scienze Botaniche Ecologiche e Geologiche
Universita di Sassari

Via Piandanna 4, 07100, Sassari, Italy.
Jbulleri@biologia.unipi.it



7th International Conference on Marine Bioinvasions

Barcelona 2011

JLroductivity changes of Zostera noltii meadows invaded

by the drift seaweed Gracilaria vermiculophylla

Poster presentation

symposiumthemel: Impact of bioinvasions on ecosystem structure and function, including the biology and ecology of invasive species

symposiumtheme?2: -
Contributed

Seagrasses are important habitat-formers and facilitator species
that form the basis of complex ecosystems in estuaries throughout
the world. Seagrasses supply habitat and food for a wide variety
of organisms, filter suspended matter and land derived nutrients
and pollution, stabilizes soft sediments and protect coastlines
from erosions. However, seagrass beds are under a siege derived
from different anthropogenic causes, and, in addition, these
systems have to cope with invading seaweeds that threaten to
displace the seagrasses and change the ecosystem function. This
study aims to accurately evaluate how the invasive drift seaweed
Gracilaria vermiculophylla alters seagrass assemblage performance

by comparing the assemblage functioning of invaded and non-
invaded Zostera noltii meadows. Moreover, we estimate the
total productivity of both kinds of meadows across an extensive
range of one of the largest estuaries of Portugal, Ria de Aveiro,
where a general decline in Z. noltii meadows have been reported.
Assemblage functioning was assessed as the metabolic state of
the system based on carbon dioxide (low tide productivity) and
oxygen (high tide productivity) fluxes. We calculated the total
productivity carried out by marginal seagrass in different parts of
the ria using abundance data derived from field samplings carried
out in summer, coinciding with maximum seaweed densities.
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Intertidal rock-pools of coastal shores of the Cantabrian and
Atlantic coasts of the Iberian Peninsula are frequently invaded by
Sargassum muticum, which alter the composition and functioning
of the native communities. This brown seaweed was firstly recorded
at the Iberian Peninsula in the Basque Country. Here we followed a
fully hierarchical design to examine the degree of invasion of rock-
pools across the Atlantic Iberian Peninsula, including areas from
Asturias (Spain) to Vicentine Coast (Portugal). Following a design

including 4 spatially nested factors, we investigated the patterns of
invasion by S.muticum and its relationship with native macroalgal
richness and diversity of these systems at different spatial scales,
ranging from distances of meters to shores hundreds of km apart.
We hypothesize that S. muticum abundance is higher in those
areas with an older invasion time and on those areas with lower
diversity at local scales, and discuss about the possible importance
of the involved processes, such as temperature.
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It is recognised that introduced marine species pose a threat
to both environment and economic values, but the threats to
social and cultural values remain nebulous. As such, little work
has been attempted to elucidate the impact introduced marine
species may have on these values despite their large influence on
individuals and their willingness to support the costs associated
with biosecurity outcomes such as long term management or
eradication. Similarly, values influence behaviours (behavioural
intent) and consequently a person’s ability to self-manage their
behaviours, such as inadvertently moving species into a region. To
address this lack of knowledge about social and cultural values, we
investigated social and cultural values associated with the potential
to be impacted by introduced marine species into Micronesia;

specifically Guam, Palau, and Saipan. Social and cultural values
were defined as things that were important to people either from a
social or cultural perspective. Environmental and economic values
were also collected but are not presented here. A preliminary
assessment was undertaken that involved an initial series of face-
to-face meetings with individuals in government, industry, and
tourism. These interviews and meetings elucidated a number of
values for the different regions. A follow-up electronic survey
based on choice-modelling, was then used for additional values
to be captured and to assess if respondents felt if a value would
change if an introduced marine species arrived in the region. We
present the preliminary outcomes of this research.
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The management of Marine Protected Areas (MPAs) is often
devolved to the individual through public education and outreach
programs that tell users what should and should not occur in
MPAs, with limited enforcement potentially occurring. Similarly,
the detection of non-indigenous marine species (NIMS) is often
devolved to the public with people being encouraged to report a
pest or to keep vigilant about the cleanliness equipment to reduce
the possibility of become a vector or pathway for a pest. The aim of
these public education and outreach programs is to influence (and
hopefully improve) an individual’s capability and their behaviour.
In the instance of MPAs, the aim is that people will use the area and
respect the objectives of the park. In a biosecurity context, the aim
is to inform people of NIMS, the impacts that NIMS can have,
and to provide information about how to inform management if a
suspected NIMS incident occurs (i.e., ‘if you see this pest call this
number’). It’s argued that through the devolution or sharing of
the responsibility to manage these issues management operating
costs will be reduced thus freeing up more funds for emergency
situations. It’s also argued that education and outreach will result
in better buy-in and compliance by stakeholders and the public, as
they become aware of issues (raise awareness) and develop a sense
of empowerment (they are able to help, or to make responsible
judgements). Yet, what happens when stakeholders are informed
but the message doesnt get through?

We undertook a study to determine if recreational users at a
number of MPAs and surrounding areas in Tasmania, Australia,
were aware of NIMS and thus would they be theoretically able
to ensure that they did not transfer NIMS from place to place
(secondary transfer of NIMS). We placed this into an MPA context
due to the conservation focus of MPAs and thus the apparent
urgency of efficient management in these areas. We investigated
marine users perceptions of NIMS, their self-proclaimed awareness
of NIMS and the accuracy of this awareness. This was done using
a survey tool (questionnaire) that was administered face-to-face
to individuals that were seen to be participating in recreational
marine activities at six MPAs and six control sites (areas close to an
MPA). The majority (70.45 %) of respondents believe that they
are aware of NIMS in Tasmania, with accuracy of awareness being
variable but ranging from low to fair, in some instances (e.g.,
<10 % to 54.95 % for identifying four well established NIMS).
Accuracy was not affected by the recreational activities that people
undertake. Thus, we identified that marine users in Tasmania are
partially informed about NIMS, but they are not knowledgeable
about NIMS. This suggests that NIMS education and outreach
in Tasmania has only been partially successful, with work still
needing to occur to ensure that marine recreational users do not
become vectors of NIMS in Tasmanian waters.
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A marine biosecurity risk assessment was conducted for the Port of
Tanjung Priok, Indonesia, an active port within the Great Jakarta
Bay Ecosystem. Two methods were used to examine the pathway
of species introduction to the Great Jakarta Bay Ecosystem: 1) a
bioregion based pathway analysis provided information on which
bioregions are more likely to be the source of species introduction;
and 2) an exposure to introduced species analysis provided
information on which species are most likely to arrive in the Great
Jakarta Bay Ecosystem. Both risk assessment models provide an
estimate of risk yet they focus on different aspects of invasion, the
pathway, and the species, and hence may give similar or different
management outcomes. An 11-year dataset of ship traffic into the
Port of Tanjung was used to analyse both pathway and the species
risk factors, with a global introduced species database also being
used to assess species risk factors. The two methods were compared
to determine which would provide effective management measures
of species introduction in Great Jakarta Bay Ecosystem.

Outcomes of the bioregion based pathway analysis suggest
that the Port Authority should be concerned with the threats
that come from within the East Asian Seas bioregion (the same

bioregion that the Great Jakarta Bay Ecosystem occurs within).
This outcome is based on the strength of the pathway; with no
other bioregions having a significant likelihood to be potential
donors of introduced species. A further outcome of this analysis
was the development of a hub-and-spoke model to examine the
pathway strengths from Jakarta Bay to other Indonesian ports
(presented in another paper at this conference).

Outcomes of the species exposure analysis suggest that 357 species
can be introduced in many or most circumstances, to the Great
Jakarta Bay Ecosystem. The impact of the 357 potential species
that are likely to be introduced to Great Jakarta Bay Ecosystem was
further assessed using consequence matrices to derive a measure
of risk that might be posed. Based on this analysis, there are 52
species that posed a threat ranging from extreme to moderate risk.
We suggest that these 52 species be proposed as targeted species
for border and post-border management of introduced species in
Great Jakarta Bay Ecosystem. Thus, both risk assessment models
provide different management outcomes and illustrate the need
for risk assessment models to be inclusive of species and pathways
to provide a more thorough pattern analysis.
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Little introduced marine species research has occurred in Indonesia,
yet the issue of introduced marine species is recognised and needs
to be regulated. Our recent research (presented elsewhere at this
conference) indicates that based on exposure to international
shipping patterns and hence exposure to likely introduced marine
species associated with that international shipping the East Asian
Seas bioregion poses a biosecurity threat to Indonesia. This risk is
driven by the major shipping hub of Singapore being present in
this bioregion. Our previous risk research also indicates that there
are at least 52 introduced marine species that can establish within
the Port of Tanjung Priok (Jakarta Bay) that pose a moderate to
extreme risk to Indonesia and should be targeted for border and
post-border management initiatives. Furthermore, Indonesia is an
archipelagic country consisting of more than 17,000 islands that
are interconnected by domestic and inter-island shipping. Based
on these factors and to aid the biosecurity management process
we developed a hub-and-spoke model to examine the potential
secondary transfer patterns of introduced marine species from
the Port of Tanjung Priok (Jakarta hub) to the 32 Indonesian
provinces (spokes), and to assess the loss of potential values in

these regions.

We analysed more than 51,000 port of call records for an
11-year period (1999-2009) and identified that seven provinces
(22 %) received the greatest domestic trade volume (number of
ship visits) from Jakarta Bay. The urban provinces of East Java,
Central Java, North Sumatera and South Sulawesi all experience
a strong transport pressure/linkage to the Port of Tanjung Priok.
To assess the values that may be impacted, we grouped the top
15 provinces (based on trade volume) into three regions based
on their locations and their shared values. Region 1 consisted of
provinces with coastal areas associated with extensive aquaculture
and mariculture activities and associated economic benefits.
Region 2 was categorised based on biodiversity hotspots, where
protection of biodiversity is recognised and regulated. The final
region was a ‘catch all’ categorisation that included areas mined
for natural resources, tourist sites and to a lesser extent aquaculture
and mariculture areas. A comparison of impacts on these values
was then undertaken. We present the results of this research and
based on these results provide some biosecurity recommendations
for the region.
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Marine introductions threaten various environmental, economic,
social and cultural values in coastal zones throughout the world.
Introductions initially occur at entry points such as ports, marinas
and aquaculture farms, but natural dispersal and human mediated
secondary transfer will spread these species to adjacent coastal
regions, including protected or high-value areas (HVAs). High-
value areas exist in most coastal zones and are frequently established
as marine protected areas in an effort to protect and conserve
biodiversity and contribute to the sustainable management of
natural resources. To manage both marine biosecurity issues and
high-value area protection requires effective management, with
decisions relying on best available information. But what happens
when information is lacking or conflicting?

To test this, we have used Undaria invasions in New Zealand
as a model system to assess the use of a theoretical risk system
that is then built upon with the use of a realised risk model.
The theoretical risk assessment was implemented via a 5-step
risk assessment process through a focus group setting (group
interviews) where experts were asked to share knowledge, discuss
concepts, test theories, and run scenarios. This process re-assessed
the potential impacts of Undaria on values associated with a set of

New Zealand high-value areas. In this setting, Undaria was found
to pose an extreme risk to a majority of subcomponent values in
all evaluated HVAs.

The next step in the process of delineating the risk Undaria poses
to New Zealand HVAs was to analyse the realised risk. To do this
we developed a combined pathway/vector model equation that
assessed each HVA’s exposure to Undaria (multiple variables),
propagule strength risk factors (multiple variables), and mitigation
factors. This model uses quantitative vessel and propagule strength
data to examine secondary transfers into HVAs.

Undaria is an introduced species in more than nine countries
with risk models such as these being applicable to other regions
and to other species. The risk models we present can be used as
either individual stand-alone models (theoretical and realised)
or combined risk models. Currently, the model focuses on
biofouling, as this is thought to be the main transfer mechanism
for Undaria. However, the realised risk model equation can
be easily manipulated to include, or exclude, variables that are
applicable to other vector mechanisms such as ballast water or the
aquarium trade.
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New marine invasions have been recorded in increasing
numbers along the world’s coasts due, in part, to the global
warming of the oceans and the ability of many successful
invasive marine species to tolerate a broader thermal range
than similar native species. Several marine invertebrate
species have invaded the U.S. southern and mid-Atantic
coast from the Caribbean this poleward range expansion has
been coined ‘Caribbean Creep’. While models have predicted
the continued decline of global biodiversity over the next
100 years due to global climate change, few studies have
examined the episodic impacts of prolonged cold events that
could impact species range expansions. A pronounced cold
spell occurred in January 2010 in the U.S. southern and mid-
Atlantic coast and resulted in the mortality of several terrestrial
and marine species. To experimentally test whether cold-

water temperatures may have caused the disappearance of one
species of the ‘Caribbean Creep’ we exposed the non-native
crab Petrolisthes armatus to different thermal treatments
that mimicked normal and severe winter temperatures. Our
findings indicate that Petrolisthes armatus cannot tolerate
prolonged and extreme cold temperatures (4-6 °C) and suggest
that aperiodic cold winters may be a critical “reset” mechanism
that will limit the range expansion of other ‘Caribbean Creep’
species. Temperature ‘aberrations’ such as ‘cold snaps’ are also
an important, and often overlooked, part of global climate
change. These climate fluctuations should be accounted for
in future studies, particularly with reference to introduced
tropical species and attempts to predict both rates of invasion
and rates of unidirectional geographic expansion.
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The majority of non-indigenous marine species in Australia are
found in ports or surrounding areas, having been introduced via
international shipping. The potential for these species to spread
beyond port areas to other parts of the coast is a growing concern,
particularly for those areassetaside for the protection of biodiversity.
When considering such secondary incursions, vectors other than
international shipping take on greater importance. Aquaculture
operations, ocean-going yachts, coastal fishing and trading vessels,
small recreational boats and the aquarium trade are all potential
vectors, in addition to transport via natural means. Victoria,
Australia, provides a useful case study for considering secondary
incursions for several reasons: 1) Port Phillip Bay contains two
major ports and at least 99 introduced and 61 cryptogenic
species. It is thus particularly important as a potential source for
secondary inoculation of other locations along the coast. 2) The
southern coast of Australia is notable for its biodiversity, having
high levels of endemicity in its marine flora and fauna. 3) Victoria

has a highly protected system of 13 marine national parks and 11
marine sanctuaries dating from 2002.

To assist in management of the risk of introduced species in
Victorian MPAs, we have developed a Bayesian network to
prioritize species for surveillance from the suite of those known
to be present in Port Phillip Bay. Prioritization is important
because the management agency, Parks Victoria, has limited
resources with which to tackle the problem of introduced species
in its MPAs. The prioritization is based on habitat preferences,
estimated probabilities of species arriving in parks via a variety of
vectors including recreational boating and natural dispersion, and
the likely impacts of the target species on valued attributes of the
MPAs. During the course of this project, spread of the introduced
alga Undaria pinnatifida to a secondary port outside Port Phillip
Bay and close to a marine sanctuary, provided an unexpected
opportunity to apply our Bayes net to the prioritization of
surveillance sites with a view to preventing further spread.
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Disturbance can facilitate colonization by non-native species,
but the establishment of introduced species and subsequent
interactions with native species are rarely studied within a
disturbance framework. We investigated the effects of the non-
native Asian mussel Musculista senhousia (Benson in Cantor,
1842) on recovery dynamics of eelgrass Zostera marina L., a native
marine angiosperm, following disturbance. Previous work suggests
that Asian mussels may suppress the clonal growth of eelgrass,
a propagation mechanism critical for resilience, by altering the
physical structure of the benthos or modifying sediment and
porewater chemistry. We conducted field surveys to quantify

the spatial relationship between these two species and sediment
characteristics in Mission Bay, San Diego, California, USA. To
determine how Asian mussels may influence resilience of eelgrass
to disturbance, we simulated small-scale disturbances to eelgrass
habitat and compared recovery dynamics between treatments with
live mussels and treatments with structural mimics of mussels and
their byssal mats. Preliminary findings suggest that mussels may
impact eelgrass recovery through a combination of autogenic and
allogenic mechanisms. This project represents a novel contribution
to our understanding of the interplay between native species,
introduced ecosystem engineers, and disturbance.
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It is widely accepted that biological invasions are threatening
biodiversity and ecosystems functioning worldwide. Actually,
one of the important goals for ecologist is to understand why and
how successful invasions occur. Specifically, native biodiversity is
claimed to be a determining factor for the invasion success of an
invasive species on a new assemblage (invasibility). Recent studies
indicate that relationships between native species richness (NSR)
and susceptibility to invasion are scale dependent, being positive at
large scales and negative at smaller. However, here we hypothesize
that these relationships are also time dependent, shifting from
positive to negative with time. Lophocladia lallemandii is a
filamentous marine red alga, which is currently invading several
areas of the Mediterranean Sea. Although L. lallemandi is able
to grow in different algal assemblages, there are no studies on
the susceptibility of different habitats to be invaded according
to their species composition and richness. Here, we explore
the relationship between L. lallemandii invasion and species
richness of its hosting native habitats in order to elucidate if most
diverse habitats are more susceptible to be invaded, or whether,

in contrast, biodiversity prevents L. lallemandii invasion, and
how this may change with time since invasion. We performed a
correlational approach to study the relationships between NSR
and L. fallemandii invasibility at a large and small spatial scales
and at different time phases of the invasion as well as a short-term
field experiment designed to examine / assess if native biodiversity
assemblage and structural complexity layers of Mediterranean
native macroalgal assemblage promote the successful spread of
Lophocladia lallemandii.

Our study shows that even though the relationships between NSR
and invasibility by L. lallemandii are generally scale dependent
(i.e. positive at large scales and negative at small scales), they can
be also positive at smaller spatial scales, as long as no resource
limitation exists. In addition, we further demonstrate a clear shift
from a positive to negative relationship through time considering
the same habitat and scale, suggesting that the observed pattern
at different scales might be a main consequence of the invasion
process itself.
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Human disturbances, such as anchoring and dredging can cause
physical removal of seagrass rhizomes and shoots, leading to the
fragmentation of meadows, reducing habitat complexity and,
thus, species diversity. The invasive green alga Caulerpa racemosa
is widely spread in the North-West Mediterranean, where it has
established both on sandy and rocky bottoms down to about 70
m of depth. Although C. racemosa can establish in both degraded
and pristine environments, its ability to become a dominant
component of macroalgal assemblages seems greater in the former.
The aim of this work was to estimate whether the spread of C.
racemosa in disturbed Posidonia oceanica meadows can change
the recovery patterns of benthic understorey assemblages. A field
experiment was started in July 2010 when habitat complexity
of a P oceanica about 5 m deep was manipulated simulating
effects of a mechanical human disturbance (canopy removed CR,
canopy re-growing CRG and undisturbed UN). Disturbance was
applied within plots of different size (40x40 cm and 80x80 cm),
both at the margins and inside a P oceanica meadow, according
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to an orthogonal multifactorial design. Since then, the spread of
Caulerpa racemosa in the experimental units has been allowed
or impeded depending on the Caulerpa treatment (spreading
vs not spreading). Response variables analysed included the
cover of species colonizing either the primary substratum or the
rthizomes. The spread of C. racemosa was significantly higher
at the edge of the seagrass meadow rather than inside and was
highly dependent on the disturbance level. The assemblage of
taxa covering the substrate and P oceanica rhizomes were both
differently affected by the disturbance depending on the position
within the meadow. Further, the size of disturbance seemed to
interact with the presence of C. racemosa in shaping the structure
of understorey assemblages. These results suggest that different
effects of the colonization by C. racemosa will vary according to
the position within the meadow, as the cover of the invasive alga
was much higher at the margin of P oceanica. Large differences
in the recovery of assemblages among treatments are expected to
occur through time, as the invasion of the alga proceeds.
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Recently, UNESCO/IOC Sub-Commission for the Western Pacific
(WESTPAC) project on the ‘Coastal Marine Biodiversity and
Conservation’ had organized three regional workshops related to
marine non-indigenous species, and published a report on current
status of marine non-indigenous species in the Western Pacific
region. This report aimed to consolidate the available information
on the current status and list of marine non-indigenous as of 2010
in nine countries; China, Indonesia, Japan, Republic of Korea,
Malaysia, Philippines, Singapore, Thailand, and Vietnam. The

report also attempted to provide a general review of on-going
research and management in each country. Since there were
still some difficulties to identify whether a species was native or
non-native species, the information provided in this report were
focused primarily on macroorganisms. The information from this
report can serve as a baseline data for further research on marine
non-indigenous species in the region. This presentation will give
an overview of current status, pathways, and list of marine non-
indigenous species found in the region.
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The establishment of non-indigenous species in natural ecosystems
is a growing concern at global, national, and regional scales. Over
100 known marine non-indigenous species (NIS) are found along
the Pacific and Atlantic coasts of Canada. It is widely believed that
commercial shipping activities associated with international ports
(eg. ballast water discharge, hull fouling...) could expose native
communities to a variety of NIS. Thus, harbours are recognized as
critical entry points for NIS and, pending establishment can serve
as an invasion hub for secondary dispersal vectors (e.g. recreational
boats). Although, harbours are believed to be critical invasion
locations, relatively few studies have examined the relationship
between propagule pressure from commercial shipping and
actual NIS establishment in port communities. During 2007 and
2008, extensive intertidal surveys were conducted to examine
spatial patterns of abiotic variables and the intertidal community
structure in Canadian ports. Sixteen major international ports,
eight along the Pacific coast and eight along the Atlantic coast
were surveyed for richness and abundance of both native and
non-indigenous marine intertidal species. In addition, twelve
abiotic variables: both anthropogenic (ballast water discharge,

ship arrivals, etc) and environmental (sea surface temperature,
salinity, etc.) were recorded at each port. Our findings showed
a significant correlation between total intertidal species richness
and three environmental variables: latitude, sea surface salinity,
and temperature. For established non-indigenous intertidal
species, additional anthropogenic variables also were important.
These included human population size and aquaculture on the
Pacific coast, as well as the distance away from shipping berths
on the Atlantic coast. Our findings suggest that: (a) Total species
richness in intertidal communities of Canadian coastal ports seem
to be associated with only environmental variables and are almost
unaffected by anthropogenic activities; and (b) NIS richness across
intertidal communities in Canadian coastal ports was related to
anthropogenic variables, but propagule pressure from ballast water
and other commercial shipping activities were not responsible for
the observed patterns. Programs for conservation and management
of invaded communities should consider including the risk posed
by other anthropogenic activities in addition to marine commercial
shipping when characterizing invasion dynamics.
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Contradictory patterns in the diversity-invasibility relationship
have intrigued ecologists for many years. Experiments testing
the relationship generally find it to be negative, but field surveys
usually find it to be positive. This conundrum has become known
as the invasion paradox, and several explanations have been offered.
Most propose that the paradox is driven by differences in spatial
scale, since experiments are conducted at small scales and surveys
usually at large. The effects of diversity are thought to occur at
small scales only, but this is challenged by field surveys that find

a positive relationship across all spatial scales. Here we propose
that the invasion paradox may be partially driven by differences
in temporal scale, since experiments generally consider invasion
on shorter time scales than surveys. We present a conceptual
model of how temporal scale may affect the diversity-invasibility
relationship, and test the logic with simulation models. Results
show that the relationship begins negative and moves to positive
under a wide range of scenarios, providing an alternate explanation
for the invasion paradox.
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Copper is one of the most toxic pollutants to marine invertebrates.
However, some species can acquire tolerance through localized
induction of tolerance mechanisms, localised evolution of
resistance, or from the selection of resistant genotypes during the
transport phase of introduction (e.g. on hulls of vessels coated
in copper anti-fouling paint). We tested for effects of copper on
the development of sessile invertebrate assemblages at 121 sites,
across 7 estuaries on the east coast of Australia. We concurrently

measured background copper contamination at each site by
analysing metal loads in benthic sediments and sediment traps,
and bioaccumulation in experimentally deployed oysters. Copper
tolerance in some non-indigenous species (NIS) increased
with background levels of contamination, which gave them a
competitive advantage in contaminated areas. This suggests that
copper tolerance may be a key trait in the invasiveness of some

NIS.
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Vectors of primary introduction may be very different from those
responsible for secondary spread. Commercial shipping and
aquaculture-related transfers have been responsible for many initial
introductions but secondary, regional spread likely occurs via a
different suite of vectors. Here we use a large northern hemisphere
temperate marine region to explore patterns and infer possible
causes of both introduction and spread of aquatic invasions.
Empirical results show that the incidence of nonindigenous
species (NIS) on recreational boats in British Columbia (BC),
Canada is surprisingly high: one in four boats surveyed had NIS
attached or entangled. This suggests that the recreational boating
vector may be the most significant vector of secondary spread,

transporting NIS within BC waters. To test the relative importance
of this vector, NIS spatial and temporal distribution data for BC
were compiled, based on extensive biological surveys of marinas
and aquaculture facilities. To gain insights into both past and
present vectors of invasion, we evaluated potential relationships
between anthropogenic activity patterns and NIS distributions.
We compared the relative contribution of recreational boating
with commercial shipping, aquaculture, and population census
data in predicting the distribution of NIS in BC marinas. The
present study will support the efficient prioritization of research
and management of marine NIS, improving vector management,
monitoring and outreach efforts for stakeholders and the public.
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As the number of introductions of non-indigenous species (NIS)
continues to rise, ecologists are faced with new and unique
opportunities to observe interactions between species that do
not naturally co-exist. These interactions can be important in
determining whether NIS become successful invaders, with
widespread and dominant populations, or fail to establish
themselves and disappear. Many studies to date have focused
on interactions between NIS and native species, but few have
looked at the direct interactions between NIS. In some cases these
interactions can facilitate the invasion process of both species, but
factors such as competition for resources or predation can lead
to the advancement of one species and the demise of the other.
The recent introduction of the vase tunicate, Ciona intestinalis,
in Prince Edward Island (Canada) has created problems for the

mussel aquaculture via heavy biofouling of equipment and mussels.
However, two species of caprellid amphipods, Caprella linearis
and C. mutica, are also present, the second of which is a non-
indigenous species. Although considered an opportunistic feeder
in their native habitat, C. mutica is found to feed predominantly
on diatoms and detritus. However, through a broad estuary-wide
survey and smaller experimental studies on caprellid abundance,
we have found Ciona recruitment is negatively correlated with
caprellid abundance. Although C. mutica has been proposed as
a potential method for controlling invasive tunicates, our data
definitively show their presence reduces tunicate recruitment. In
contrast to the popular notion of invasion meltdowns, this study
provides a striking example of an invasive species having a negative
impact on another invasive species.
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Understanding the likelihood that a non indigenous species (NIS)
could become established is a critical gap in our ability to manage
NIS introduction via ballast water discharge. This limitation
severely restricts our ability to ensure the efficacy of current
and proposed numeric based ballast water discharge standards.
This paper describes a stochastic model used to characterize the
probability/risk of NIS establishment from ship’s ballast water
discharges. Establishment is defined as the existence of sufficient
numbers of a species to provide for a sustained population of the
organism. The inherent variability in population dynamics of
organisms in their native or established environments is generally
difficult to quantify. Much qualitative information is known
about organism life cycles and biotic and abiotic environmental
pressures on the population, but generally little quantitative data
exists to develop a mechanistic model of populations in such
complex environments. Moreover, there is little quantitative data
to characterize the stochastic fluctuations of population size over
time even without accounting for systematic responses to biotic
and abiotic pressures. This research applies an approach using

life-stage density and fecundity measures reported in research
to determine a stochastic model of an organism’s population
dynamics. The model is illustrated with data from research studies
on the green crab that span a range of habitats of the established
organism and collected over some years to represent a range of
time-varying biotic and abiotic conditions that are expected to
exist in many receiving environments. This model is applied to
introductions of NIS at the IMO D-2 and United States Coast
Guard’s proposed Phase Two U.S. ballast water discharge standard
levels. Under a representative range of ballast volumes discharged
at U.S. ports, the average rate of establishment of green crabs for
ballast waters treated to the IMO-D2 concentration standard
(<10 organisms/m?®) is predicted to be reduced to about a third the
average rate from untreated ballast water discharge. The longevity
of populations from the untreated ballast water discharges is
expected to be reduced by about 90 % by treatment to the IMO-
D2 concentration standard. This research was support by USCG
Contact GS-23F-8167H/HSCG23-09-F-MSR105 (March 17,
2010).
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To determine how benthic tropical rocky shore communities were
affected by the invasive corals Tubastraea coccinea and Tubastraea
tagusensis eight sites were studied during two years on rocky shores
in the southwest Atlantic (Brazil) using both fixed and random
sampling techniques. Overall, mean cover of 7. tagusensis was
0.65 % and T. coccinea 0.37 %, (the eleventh and sixteenth most
abundant taxons, respectively throughout the sites). Forty-two
major space occupying taxons were registered. In fixed quadrats
there was a 76.6 % a year increase in density of Tubastraea spp.
over time. For percent cover no significant difference in cover over
time was detected for T. coccinea but for T. tagusensis and overall
(both species) cover increased significantly. The random quadrats
data showed subtle differences from the fixed quadrats: there was
an increase in density of Tubastraea spp. through time (67.8 %

a year). In random samples the density of 7. coccinea increased
during the study but T. ragusensis did not. The cover of both
corals also increased over time. The sites where Tubastraea spp were
most abundant possessed higher diversity, evenness and richness
of species. Sites where Tubastraea was present tended to group
in ordination. The presence of Tubastraea in the communities
caused a mean 4.81 % dissimilarity in the invaded communities.
A strong positive relationship between invader cover and change
in community structure was found which suggested complete
(100 %) community dissimilarity at an invader cover of 45 %.
The negative effects are sufficient to disturb the native benthic
rocky shore communities throughout the tropical Atlantic.
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The methodology used for the extensive Brazilian monitoring
program consisted of semi-quantitive large-scale mapping of the
distribution of two invasive corals Tubastraca coccinea and T
tagusensis. At each site two divers using snorkel swam in opposite
directions parallel to the rocky shore, in five one-minute transects
(approximately 25 m in length per minute). In each transect
the divers estimated the density of coverage of each species of
Tubastraea, assigning a DAFOR scale and values for classes of
relative abundance: Dominant = extremely obvious populations
forming many essentially monospecific patches 1m?* diameter at
least one depth level, with very frequent isolated colonies and/
or smaller patches spread throughout the substratum (score =
10); Abundant = frequently occurring essentially monospecific
patches of 50-100 cm diameter, with frequent isolated colonies
and/or small patches spread throughout the substratum (score =
8); Frequent = isolated colonies and/or small patches observed to
be spread constantly throughout the substratum, with occasional
occurrence of patches 10-50 cm in diameter (score = 6);
Occasional: less than 10 colonies or small groups but more than
5 colonies per minute dive (score = 4); Rare = between 1 and 5
colonies found during a 1 minute dive (score = 2); Absent (score
= 0). The intensive monitoring study aimed to quantify change
in the native benthic community structure due to the invasive

corals Tubastraea spp. Eight sites has to be initially selected based
on extensive monitoring data that previously reported differences
in the abundance of Tiibastraca: Two sites without Tubastraea;
two sites with low relative abundance; two sites with medium
relative abundance; two sites with high relative abundance.
Abundance and percent cover of the sessile macrobenthic species
is estimated over years. This is achieved by using SCUBA and
0.25 m? quadrats which are placed onto permanently marked
50 m transects previously placed at each site parallel to the coast
in 1-3 m depth onto which were placed 15 fixed position and
15 random positioned quadrats. A mixed approach of random
quadrats allowed temporal independence and fixed position (but
randomly initially determined) quadrats was used to test whether
fixed quadrats maximized sensibility to temporal change. In each
quadrat divers estimated the cover of the major space occupying
taxons or functional groups in each of 25 10 x 10 cm sub-
quadrats. This method focused attention on the dominant space
occupying organisms in the community. The density of the two
alien corals is also estimated by counting individuals (colonies) in
each quadrat.
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The genus Tubastraca is an ahermatypic scleractinian

nonindigenous to south-western Atlantic, which probably
arrived on a ship’s hull or oil platform in the late 1980’s. This
genus was first reported for Brazil by 2001. However, in 2004 it
was realized that the introduction was of two species Tubastraca
tagusensis and Tubastraea coccinea at Ilha Grande, south of Rio
de Janeiro. The Sun-Coral Project was launched in 2006 with
extensive long-term monitoring. For brazilian waters it provides
the first real opportunity to address the question of whether the
tropical benthic community’s rock shores are changing due to
these invasions. The aims of this study are to show the current
status of the invasive corals Tubastraca spp on the Brazilian
coast. These reports were produced using semi-quantitative
data and compiled information since 2000 and literature and
personal communications. To map the general distribution
and relative abundance of Tubastraca spp, a semi-quantitative
method was used at 37 locations (genus level) during 2000, 71
locations during 2004, and 207 locations during 2010, 144 sites
at Ilha Grande Bay and 63 at Sdo Paulo. At each location, two
snorkel divers spent five periods of 1 min underwater, evaluating
the relative abundance of Tubastraea, which was classified as:
Dominant > Abundant > Frequent > Occasional > Rare > or
Absent. A relative abundance index was created by scoring these

categories as 10, 8, 6, 4, 2 and zero, respectively. Based on this
method we observed in 2000, the genus Tubastraca was found
over a substantial geographical range on the rocky shores in Ilha
Grande: 83.8 % of monitored locations showed the presence
of the corals. The double-species occurrence was recorded from
2004, 43.7 % of sites found T. coccineaand 49.3 % 1. tagusensis,
and for 2010 45.1 % T. coccinea and 51.38 % 1. ragusensis
for Ilha Grande Bay. Comparing data from 2000 and 2004,
the numbers of locations were Tubastraeca spp. was not found
decreased from 10.3 % to 3.4 %, while the number of sites with
the highest abundance of these corals increased from 3.4 % to
13.8 %. In 10 years monitoring, the percentage of sites were the
corals were dominant increased almost 14 times. On the other
hand, the north of Sao Paulo state (SP) registered only 6.3 % of
sites with 7. tagusensis and 4.5 % T. coccinea, indicating that
it is currently under invasion. These corals showed a significant
increase in abundance and spatial distribution throughout
southwestward and northward of Brazil. The current range
expansion of Tubastraea offers a rare opportunity to compile
information on the insertion of this exotic coral into a tropical
rocky shore community.
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Ecosystems vary greatly in the degree to which they have been
invaded by exotic species, but one relatively consistent observation
is that polluted or degraded areas tend to be more invaded than
pristine sites. Although the role of environmental factors alone
in producing this pattern has been difficult to isolate (because
the supply of potential invaders is confounded with conditions
thought make systems more vulnerable to invasion), a growing
body of work is demonstrating that increasing disturbance can
directly benefit invasive species. Despite this mounting evidence
for a positive relationship between invasion and disturbance,
one ecological theory - the intermediate disturbance hypothesis
- predicts that species richness should in fact show a unimodal
relationship along a disturbance gradient, with declining diversity

away from some peak of richness.  This theory has received

considerable attention in the general ecological literature, with
some support but also some lack of fit. Where the pattern holds,
however, one might expect peaks of native and exotic richness
to occur in different locations, with exotics skewed toward the
disturbed end of the spectrum. A review of the invasion literature
reveals that this question has not often been explicitly addressed,
but there are several instances where observed patterns match with
this prediction. More testing of this pattern should be carried
out, both experimentally and with descriptive studies. Potentially
substantial obstacles in accomplishing this work include the
definition and interpretation of disturbance, manifestation of a
full range of disturbance regimes, and the availability of pools of
invasive and native species.
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Boats are a primary vector for the spread of non-native aquatic
invasive species (AIS). Use of toxic copper-based antifouling paints
for control of hull fouling organisms, including AIS, is under
increased scrutiny due to high copper levels in harbors, and the
associated negative impacts on water quality and native species.
As a result, a ban on the use of these toxic antifouling paints is
being considered in California and elsewhere. While such bans
may improve water quality, less effective coatings may increase the
risk of transporting AIS.

To inform these discussions, we experimentally tested two related
hypotheses in harbors: 1) hull coating type affects the recruitment
of fouling organisms, and 2) non-native species settle sooner and
occupy more space over time than native species on surfaces coated
with toxic copper-based antifouling paint. We deployed fiberglass
experimental panels with different coatings at Santa Barbara
Harbor (SBH), Santa Barbara, and/or Shelter Island Yacht Basin
(SIYB), San Diego, California. Treatments included one toxic and
two non-toxic hull coatings, and three deployment periods (3,
6, 12 months). Recruitment was evaluated using percent cover
and counts, measured over one-month or longer (3-12 months)
periods.

For one-month deployments, virtually no fouling organisms
recruited to panels with toxic copper-based coating in either
harbor. However, for non-toxic coatings, patterns of recruitment
varied with location. Recruitment was similar among treatments
and controls at SBH. In contrast, recruitment of three fouling
organisms at SIYB - the bryozoans, Watersipora subtorquata
and Membranipora sp., and the tubeworm, Hydroides spp. -
was significantly affected by the type of non-toxic coating, with
patterns differing among the three taxa. Over longer time periods
non-native species appeared sooner than native species at both
locations on panels with the copper-based coating, and percent
cover increased over time.

Our findings indicate that the potential for spreading non-native
AIS via boats may be higher for non-toxic hull coatings, but risks
also exist for copper-based antifouling paints especially over longer
time periods (> 6 months). More broadly our results support the
need for companion practices, such as hull cleaning, for all boats
regardless of hull coating, to reduce the potential spread of non-
native AIS.
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Recreational boats are a primary pathway for transporting non-
native aquatic invasive species (ALS) among marine habitats. While
various hull coatings are used to deter the recruitment of fouling
organisms on boats, additional strategies are needed to more
effectively minimize the potential spread of AIS. In California,
the hull cleaning industry has developed best management
practices (BMPs) that specify frequent in-water cleaning of boat
hulls. The use of these BMPs may soon be mandated in some
areas, yet questions about the efficacy of the BMPs and their broad
applicability to other regions remain. In particular, concerns that
hull cleaning may stimulate fouling by disturbing the fouling
community and altering the surface have been raised. Additionally,
it may be possible to reduce the frequency of cleaning for some
locations and times when rates of fouling are low.

To investigate these issues we conducted two field studies at
harbors in Santa Barbara (SB) and San Diego (SD), California.
For the first study, we assessed the biomass of fouling organisms
accumulating on experimental panels with toxic and non-toxic
coatings that underwent three treatments; new (not cleaned),
cleaned once or continually cleaned using the California BMPs.
For the second study, we evaluated monthly recruitment of fouling

organisms among locations and over time on similar panels for
one year. Recruitment to experimental panels was assessed using
point contact methods and counts.

We found that the accumulation of fouling biomass was not
significantly affected by cleaning treatment, with similar biomass
for all panels. In contrast, panels with toxic coatings accumulated
significantly less fouling than panels with non-toxic coatings.
Location also mattered with significantly less fouling at the
northern SB locations as compared to the southern SD locations.
Seasonal patterns of recruitment were also evident, with lower
fouling rates in the winter. However, while some hull fouling
species exhibited strong pulses of recruitment during certain
months, others recruited year round.

Our findings indicate that California in-water hull cleaning
BMPs provide an effective companion method to use with hull
coatings for managing fouling on boats and minimizing transport
of AIS. Further, our results support the use of different cleaning
frequencies for hulls with certain coatings. Current hull cleaning
intervals, however, should be adjusted depending on the coastal
area where the boat is kept and the time of year.
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Artificial structures differ from natural rocky reefs due to their
physical characteristics. Most jetties and pontoons present large
areas of vertical substrata and are relatively shaded, which reduces
competition from many algal species and allows the development
of assemblages dominated by sessile invertebrates. They are also
regularly disturbed by cleaning and maintenance and this may play
a role in providing a foothold for arriving invaders. In contrast,
natural habitats are thought to provide barriers to invasion through
the biotic resistance of native residents.

We compared hard-substrate assemblages on the vertical surfaces
of pilings, pontoons and rocky reef in Sydney Harbour, Australia.
We found greater non-indigenous diversity and dominance
on piers and pilings relative to rocky reef. However, some non-

indigenous invertebrates and algae were present on the reef. We
tested the hypothesis that the ability to invade natural rocky reef is
influenced by shading and resident assemblage. Experiments were
deployed simultaneously at two rocky reefareas in Sydney Harbour.
Sandstone plates were subjected to shading treatments and were
positioned vertically. Half the plates were bare at deployment
and half had 1-year old assemblages present (65-90 % cover of
Sargassum sp.). The plates were deployed for seven months and
then algal canopy was removed and weighed, and the remaining
assemblage censused live. Exotic species were better able to invade
bare plates and showed inconsistent effects of shading. These
findings suggest that management efforts should be targeting reefs
where vertical walls are prevalent and areas exposed to high levels
of physical disturbance.
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Vessel hull fouling is an important vector for the transport of
non-indigenous species (NIS) and antifouling (AF) technologies
incorporating biocides (e.g. copper and tributyltin (TBT)) have
been developed to prevent settlement of organisms on vessels.
The widespread use of AF paints has introduced high levels of
contamination into the environment and raised concerns about
their toxic effects on marine communities. We present results
from recent laboratory and field studies examining metal tolerance
in non-indigenous and native sessile invertebrates. In laboratory
assays on adult colonies, NIS showed remarkable tolerance to
copper, with strong post-exposure recovery and growth. In
contrast, native species displayed negative growth and reduced
feeding efficiency across most exposure levels. Field transplant
experiments supported laboratory findings, with NIS growing

faster under copper conditions.  Large-scale field surveys also
provide evidence that metal pollution and physico-chemical
variables have the potential to be important factors in the
establishment of non-indigenous species. A nested hierarchical
design was employed to investigate variation in sessile invertebrate
diversity at the scales of site (1-3 km apart) and estuary (40-180
km) apart. Background heavy metals loads were assessed using
bioaccumulation in experimentally deployed oysters and other
physico-chemical variables were measured with a water quality
probe. Individual species distributions were strongly related
to metal contamination, temperature, turbidity and pH. The
development of heavy metal tolerance in non-indigenous fouling
species is identified as an important contributor to their transport
and establishment in new regions.
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Uncertainty pervades the understanding of many environmental
issues, including the threat posed by aquatic nonindigenous species
(ANS) to environmental, economic, social, cultural and human
health values. Given these uncertainties, ANS risk assessments
often use expert judgement to determine consequence (impact)
and ultimately risk estimates. To understand how uncertainty
may affect expert decision-making, we explored the presence and
effects of uncertainty on ANS scientist and manager consequence
assessment for 10 ANS. In the absence of information, experts
could choose to predict an impact may occur (in keeping with
a ‘guilty until proven innocent’ approach) or predict an impact
will not occur (in keeping with a ‘innocent until proven guilty’
approach). Decision Theory posits that individuals should
maximize utility via the maximin principle (i.e., choose the
alternative that produces the best of the ‘worst’ outcomes). In a
biosecurity context, this means assuming an impact will occur (a
‘worst’ outcome) and consequently preventative action should be
taken.

The outcomes of this study showed a significant negative correlation
between consequence and uncertainty for all groups (correlation
of -0.42 to -0.56). Experts tended to assume (and assign) lower
consequence when faced with knowledge gaps and other forms
of uncertainty. Based on these outcomes, participants appear to
make decisions in violation of both the maximin principle and
precaution. Descriptive heuristics (i.e., judgemental shortcuts

used in the presence of uncertainty) may offer an alternative
explanation for these outcomes.

Norms in specialist fields often run deep and may create a filter
through which the individual perceives risk, consciously or
unconsciously. One of the earliest and most important norms
learned and incorporated by scientists is null hypothesis significance
testing, which assumes no difference between treatments. In impact
assessment, this means assuming that no impact is associated with
an activity or species unless the probability of a Type I error is
sufficiently low. This focus on Type I errors (at the expense of Type
II errors) translates into an ‘innocent until proven guilty’ mindset,
which we refer to as a ‘hindsight heuristic’. This heuristic also fits
additional characteristics identified by the literature as likely to
contribute to a heuristic’s use (e.g., relatedness, relevance, frequent
historic use and ease of recall).

These outcomes have implications for the identification and
management of uncertainty within risk assessment. The consistent
use of the hindsight heuristic (in which Type II errors are more
common than Type I errors) may create a bias against protecting
environmental and other values from ANS impacts.
potential strategies to address the influence of uncertainty and
related heuristic processes in a consequence or risk assessment

Some

context, as well as integrating precaution in a transparent and
flexible manner are also presented.
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Uncertainty is a fundamental aspect of scientific research, and
of particular importance to research informing aquatic non-
indigenous species (ANS) risk assessment due to its potential
influence on management decisions. One source of research-
based uncertainty within risk assessment stems from the process
of assessing statistical and biological significance (null hypothesis
significance testing, NHST). NHST ignores effect size, and
can lead to low power (and greater rates of Type II errors)
resulting in misinterpretation of results (e.g., equating statistical
nonsignificance with no effect). In an ANS impact assessment
context, the implications of these issues are significant and can
result in a decision not to manage a potentially hazardous species.
As such, calculation of post hoc power and effect size is important
for nonsignificant findings.

Given the common occurrence of low power in ecological studies,
with repeated calls for identifying and addressing this problem, we
use ANS research as a case study to review power and effect size
via post hoc power analysis for 25 impact studies focusing on algal
and crustacean ANS effects on the abundance of other species in
the community that reported nonsignificant results. We were able
to calculate power and effect size for 31 different nonsignificant
analyses. The results demonstrate consistent low power resulting
in a bias against Type II error rates 5.6 to 19 times greater than

Type I error rates (despite moderate effect sizes), as well as a
positive correlation between power and effect size (ralgae=0.89,
rcrustacea=0.84).

These results suggest that assessments reporting nonsignificant
impact of ANS species (specifically crustacean and algae) may
potentially have large impacts, but due to high variation or small
sample sizes, are not ‘picked up’ by statistical analyses. Based on
these findings, we recommend that ANS studies should focus on
the effect size (or, for impact assessment, the maximum acceptable
impact); deciding on a multiplier to determine acceptable rates of
Typel (1) and Type Il (12) errors based on the relative importance
and costs of each error; and choosing a sample size necessary to
realize these values (given the interdependence of Iz, 12, effect size,
sample size and design).

The benefits of this shift in statistical approach include early
prioritization of impacts to core values and agreement on the
associated impact threshold(s) that trigger management action. In
addition, as managers improve the communication of their needs
to researchers, researchers will be better able to produce data that
is both scientifically valid and increasingly useful to management
of the pervasive issue. This improved communication and
relationship between science and policy will result in increased
effectiveness of aquatic biosecurity risk assessment and policy.
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A number of recent studies have recognized the important roles
that multiple introductions and intraspecific genetic admixture
may play in determining the success of biological invasions. What
is less widely recognized is that study of these phenomena can
prove extremely useful for understanding the dispersal processes
driving population expansion. Here we describe detailed genetic
study of a paradigmatic case of multiple introductions, the invasion
of European green crabs (Carcinus maenas) to the northwest
Atlantic. Using both mitochondrial and nuclear genetic datasets
collected over multiple years, we demonstrate that populations in
the region of overlap between two distinct invasion fronts reveal
unique genetic signatures reflecting intraspecific admixture. The
resulting admixture zone exhibits temporal dynamics consistent
with advective current patterns and predicted larval dispersal in

the region. We take advantage of significant observed differences
in genetic introgression patterns associated with nuclear and
mitochondrial genomes to explore specific hypotheses regarding
expected admixture dynamics in marine invasive systems. In
addition, using genetic data and information drawn from the
observational record, we develop a spatially explicit model of
admixture dynamics in the system, and employ simulated datasets
to discriminate between alternative invasion scenarios and their
associated demographic parameters. The results of these analyses
provide valuable insights into both the invasion history of Carcinus
in the northwest Atlantic and the behavior of presumably neutral
alleles in an admixed coastal marine system subject to advective
currents.

John A Darling*, National Exposure Research Laboratory, US EPA, Cincinnati OH 45208 USA
April M. Blakeslee, Smithsonian Environmental Research Center, Edgewater MD 21037 USA
Joe Roman, Gund Institute for Ecological Economics, University of Vermont, Burlington VT 05405 USA
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In marine ecosystems, the effects of invasive species on native fauna
are understudied, even though their consequences should be taken
into consideration for the proper conservation and management of
marine systems. Therefore, the aim of this study was to investigate
the effects of invasive algae (W, setacea) overgrowth on sponge
reproduction, a key process, which may determine possible long-
Reproduction effort was
studied by comparing the presence of reproductive elements

term effect on sponge assemblages.

(oocytes, embryos, spermatic cysts, and larvae) in sponges covered

by a thick carpet of the invasive algae and in sponges dwelling in
the same habitats but without the invasive algae. W, setacea had
a strong negative effect on sponge reproduction, demonstrated
by the lower and even nil reproductive structures on the sponges
subjected to the algae overgrowth. Considering that the persistence
of most sponge populations rely on the recruitment of new
colonies, a significant reduction of the reproductive effort may
compromise their viability and future trends on those benthic
systems.

Sonia de Caralt*, Centre d’Estudis Avancats de Blanes, Blanes, 17300 Spain
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The Australian National System for the Prevention and
Management of Marine Pest Incursions requires that 18 priority
ports are surveyed for listed pest species every two years to assess
the risks associated with domestic shipping that carries ballast
water. These surveys inform a risk mitigation system that will be
used to determine if ships are required to exchange ballast at sea
or treat their ballast water to prevent the spread of marine pests.
Traditional surveys are developed using The Australian Marine Pest
Monitoring Manual, sample adult organisms directly and rely on
traditional taxonomy to identify them. These surveys are labour

intensive, require broad expertise and are expensive. We have
developed quantitative polymerase chain reaction (QPCR)-based
detection tools for eight of the most important listed marine pests.
Surveys using these tools detect all life history stages, are quicker,
use more readily available expertise and are less expensive than
traditional surveys. Here we present the results of surveys of The
Port of Adelaide and around Kangaroo Island, South Australia, the
Ports of Christmas Island, Fremantle, Dampier and Port Hedland,
Western Australia, where both molecular and traditional survey
methods were conducted in parallel.

Nathan J. Bott, South Australian Research and Development Institute, Urrbrae South Australia 5064 Australia
Daniele Giblot-Ducray, South Australian Research and Development Institute, Urrbrae South Australia 5064 Australia
Kathryn Wiltshire, South Australian Research and Development Institute, West Beach South Australia 5024 Australia
Martine Kinloch, Kangaroo Island Natural Resources Management Board Kingscote South Australia 5223 Australia
Daniel Brock, Kangaroo Island Natural Resources Management Board Kingscote South Australia 5223 Australia
Kym Lashmar, Kangaroo Island Natural Resources Management Board Kingscote South Australia 5223 Australia
Samantha Bridgwood, Department of Fisheries Western Australia North Beach Western Australia 6920 Australia
Mathew Hourston, Department of Fisheries Western Australia North Beach Western Australia 6920 Australia

J Brian Jones, Department of Fisheries Western Australia North Beach Western Australia 6920 Australia

Jason Tanner, South Australian Research and Development Institute, West Beach South Australia 5024 Australia
Marty Deveney*, South Australian Research and Development Institute, West Beach South Australia 5024 Australia

Marty Deveney

South Australian Research and Development Institute, SARDI Aquatic Sciences

PO Box 120

Henley Beach, South Australia, 5024, Australia
phone: 08 8346 0402

marty.deveney @sa.gov.au



7th International Conference on Marine Bioinvasions

Barcelona 2011

Alien and native fish assemblages in the eastern

Mediterranean: A parasitological viewpoint

Oral presentation

symposiumthemel: Impact of bioinvasions on ecosystem structure and function, including the biology and ecology of invasive species
symposiumtheme2: New species in an ancient sea: the Mediterranean cross road

Invited

Red Sea alien fish are establishing in mounting numbers in the
eastern Mediterranean, blending into local fish communities
and creating new species assemblages with virtually no past or
contemporary counterparts. Such novel biocenoses promote
new predator-prey interactions and create fresh opportunities
for parasite transmission and subject susceptible species to newly
encountered parasites. This presumably promotes host-switching
events, expands parasite dispersal boundaries and is likely to
modify existing infection patters.

In a recent survey of over 600 individual fish belonging to 13 alien
and 7 native fish species from the Israeli and Turkish Mediterranean
coasts, we examined parasites from the gills and alimentary tracts.
The encountered taxa included the ectoparasitic Monogenea
(15.3 % prevalence), Copepoda (7.3 %) and Isopoda (4.5 %)
and endoparasitic Nematoda (25.5 %), Cestoda (18.7 %) and
Digenea (11.9 %). No significant differences were noted between
similar parasite taxon prevalences in the alien and native hosts.

In native tropical marine ecosystems, co-evolving fish and
parasites are thought to be well-established in regional food webs,

and both partners will have developed a resilience to withstand
environmental instabilities. For such species, the eastern
Mediterranean comprises a new, dynamic arena, impacted by
numerous anthropogenic activities such as intense fishing efforts,
pollution and coastal habitat degradation, and in recent years,
also climate change. Aliens are likely to encounter here a variety
of stressors that presumably, must entail appropriate adaptation.
The newly formed predator-prey and host-parasite interactions
are likely to modify the existing food webs and are predicted to
rapidly change a growing number of eastern Mediterranean marine
coastal communities. Red Sea aliens - being thermophilic species
- are in all likelihood pre-adapted to the warming surface waters
encountered in the Mediterranean. Indigenous species are, on the
other hand, increasingly confronted with a warming temperature
regime, an ambience gradually departing from the temperate
environment in which they evolved. In the newly formed mixed
species assemblages, both alien and indigenous host and parasite
populations must adapt to a rapidly changing Mediterranean.

Ariel Diamant*, Israel Oceanographic and Limnological Research, Eilat 88112 Israel

Menachem. Goren, Tel Aviv University, Ramat Aviv 69978 Israel
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The impact of biological invasions on indigenous communities
varies greatly and predicting impacts for a given system is difficult.
In coastal marine ecosystems, the green seaweed Codium fragile
ssp. fragile (Codium) is a notorious invader. However, its reputation
is largely based on studies done on rocky shores. Codium has
recently invaded soft-bottom eelgrass communities by attaching
epiphytically to eelgrass (Zostera marina) rhizomes, raising
concerns that it may impact these important coastal structural
species through competition or disturbance. We investigated
how Codium affects various aspects of eelgrass performance
(shoot density and length, shoot growth, above- and below-
ground biomass, and carbohydrate storage) using both small-
scale manipulative and large-scale observational experiments.
Manipulative experiments that varied Codium abundance

demonstrated clear negative effects on eelgrass shoot density and
carbohydrate reserves over a 4 month period, but only for the
highest Codium biomass evaluated. The precise mechanism for
these effects is unknown but likely involves shading of young
eelgrass shoots by the algal canopy. In contrast, these effects were
either not detected or very weak when examined correlatively with
field surveys done at larger spatial scales, even in sites that had been
invaded for 4+ years. The generalization of this species’ impact
on eelgrass communities is thus premature and further efforts are
required to assess the long-term threats that this invader poses to
this ecosystem. This study demonstrates the need to investigate
impacts of invasions over multiple scales, especially those that
incorporate the temporal variability and spatial heterogeneity of
the invader’s abundance.

Annick Drouin*, Département de biologie et Québec-Océan, Université Laval, Québec, QC, G1V 0A6, Canada
Christopher W Mckindsey, Ocean and Environmental Sciences Division, Maurice-Lamontagne Institute, Fisheries and Oceans Canada,
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The variation of dispersal processes of non-indigenous species
(NIS) across various scales is largely misunderstood. A clear
understanding of these mechanics can provide key information
for optimizing monitoring strategies and ultimately increase the
probability of eradication. Dispersal studies to date have typically
focused on modeling terrestrial NIS dispersal over large spatial
scales (10-100 km). The ability to predict marine dispersal on
fine spatial scales has of yet not been rigorously examined. In
2008 we studied a small, recently discovered population of Ciona
intestinalis, an invasive species of tunicate in Boughton bay, Prince
Edward Island (PEI). We collected a suite of spatial data on the
adult population and larval settlement in Boughton bay on an
extensive 85-station grid - 4 times per summer - for the summers

Collin, Sam, Laval University, Quebec, QC, G1K7P4, Canada

of 2008 and 2009. We found a significant increase in adult and
larval abundance between 2008 and 2009. This population
explosion yielded heterogeneous settlement patterns in the bay,
the dynamics of which seemed to shift through the early stages of
invasion before reaching apparent equilibrium. We fit a Weibull
family dispersal kernel to the adult/juvenile patterns in 2008, but
the strength of the relationship between adult populations and
settlement degraded in 2009 and no apparent relationship between
adult locations and settlement could be found. This suggests that
distance from the adult population was influential during the very
early stages of dispersal but with time and population expansion
distance from adults became a poor predictor of dispersal.

Edwards, Paul K*, McGill University, Montreal, QC, H3A1B1 Canada
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Four stages of biological invasion can be considered: transport,
colonization, establishment and landscape spread. We investigated
the processes behind local colonization and establishment of the
brown seaweed Sargassum muticum. Our results, from a wide
variety of field and laboratory studies, show that colonization
is benefiting from the semi-lunar periodicity of gamete release,
but microrecuit survival is not clearly affected by lunar phase and
not different from that of the native brown seaweed Cystoseira
humilis. Population growth rates increased and stabilized as the
species became established and dominant. In this respect especially
the persistence of non reproductive adults is of importance, both
during the colonization and the establishment phases. Fauna
associated with S. muticum differed in the native and introduced

Aschwin H Engelen* and Rui O Santos

range as well as from fauna on competing seaweeds in both ranges.
Multiple food choice experiments showed that meso-herbivores
in Portugal prefer native seaweeds as food sources rather than the
invader, but this is not due to chemical defenses. On the contrary,
waterborne cues released by the grazing of S. muticum induces
chemical defense in closely related brown seaweeds. S. muticum
benefits from high growth rates and relatively low grazing pressure
which increase its competitiveness. This invader, can be typified
as an aggressive space grabber that relies on a combination of r-
and (mainly) K-traits and benefits from food preference of meso-
herbivores and the consequential need for perennial competitors
to allocate energy to defense against grazing.

ALGAE - Marine Plant Ecology Research Group, CCMAR Centro de Ciéncias do Mar, CIMAR-Laboratério Associado, FCMA,
Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal (aengelen@ualg.pt)
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Ballast water is recognized as an important source of invasive
and nuisance species. The proposed US and international
discharge limits, which attempt to reduce the introduction of
non-indigenous species, set limits for living organisms 50 pm in
minimum dimension (nominally, zooplankton) and allow very
low concentrations in discharged ballast water (<10 organisms
m?). To measure this sparse concentration with suitable statistical
confidence requires the sampling of large volumes of water. The
goal of this study was to determine if sampling different portions of
the discharge period would yield disparate concentrations of living
zooplankton. Ballast tank fill and discharge trials were conducted
at the land-based ballast water facility in Key West, Florida, USA.
A slurry of organic and inorganic materials was injecting during
the tank fill water stream to mimic the concentration of dissolved
material and suspended solids of port environments, and trials
with one-day tank hold times (n=3) and five-day hold times (n=3)
were conducted from January - April, 2011. Zooplankton were
collected from a specialized filter housing array with removable
35 pm mesh filter bags (a filter skid). Water flow could be
isolated to half of the eight-housing array, allowing filter bags

to be replaced while the other housings continuously sampled
the discharge stream. Segmentation of the discharge sampling
occurred in three periods (beginning, middle, end); each segment
lasted approximately 25 min and sampled approximately 3.5 m>.
Importantly, the three zooplankton samples were representative
subsamples of the discharge, i.e., they were collected in series in
a flow-averaged manner over the entire discharge. Sedimentation
was evident in five-day hold trials: the beginning segment had
the highest concentrations of total solids retained in the filter
bags. Concentrations of living zooplankton were, in most cases,
significantly greater in the last segment of the discharge period (up
to 2 fold greater; ANOVA, p <0.05, n = 3). This disparity between
the discharge segment samples may be a function of zooplankton
vertical migrations driven by unfavorable conditions in tank
bottom water (e.g., low light, oxygen depletion). Stratification
may also occur in ships” ballast water if tanks do not experience
agitation and mixing. These results suggest tank stratification could
lead to an underestimation of total zooplankton concentration if
the last segment of the discharge event is undersampled.

Matthew R First *, SAIC Inc. Naval Research Laboratory, Key West FL 33040 USA
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Hydroids (Cnidaria:Hydrozoa) are an important, and frequently
abundant component of marine sessile communities associated
with natural and artificial habitats. Many non-indigenous
hydroids are known to exhibit ‘invasive’ behaviour and have
the potential for economic impacts through extensive fouling
of wharf piles, floating pontoons, vessel hulls and aquaculture
facilities. Port Phillip Bay (PPB), located in temperate southern
Australia, is considered to contain more invasive marine species
than any other ecosystem in the Southern Hemisphere. Several
non-indigenous hydroid species are resident in PPB, believed to
have been introduced almost certainly by shipping. The extensive,
clean waters of PPB have supported a thriving marine aquaculture
industry for over 20 years, cultivating the blue mussel Myrilus
galloprovincialis. Filamentous materials such as hydroids are
known to provide an attractive settlement surface for juvenile
mussels. In this study, the presence of the non-indigenous hydroid

Obelia dichotoma on mussel ropes in the bay greatly facilitates
mussel recruitment. In contrast, another non-indigenous hydroid
has recently expanded its distribution in PPB to establish and
spread throughout the farms, but is rapidly become problematic
by heavily fouling mussel ropes and the shells of adult mussel
stock. Ectopleura crocea deters mussel recruitment, preys upon
mussel larvae and impedes mussel growth and condition. These
effects cause substantial economic losses for mussel growers,
prompting the search for methods to avoid, prevent and treat
biofouling outbreaks of this hydroid, and other fouling species
in PPB. This research represents the first documented assessment
of the range of impacts of invasive hydroids in longline mussel
culture, providing basic but valuable information for commercial
mussel growers on the nature of the relationship between hydroids
and juvenile/adult mussels, and their ecology and role as fouling
and aquatic invasive species.

Isla Fitridge*, University of Melbourne, Parkville Victoria 3010 Australia
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Biofouling poses a significant threat to aquaculture, as fouling
organisms are often strong spatial competitors that are able to
reach a very high density or biomass in relatively short time frames.
The solitary ascidians Ciona intestinalis and Styela clava have had
considerable impacts on cultured mussel and oyster industries
around the world; this can include increased costs of production
and processing, and negative impacts on growth rates and meat
yields due to competition for space and food resources. Although
the potential impacts of the colonial ascidian Didemnum vexillum
are recognised in New Zealand, actual effects have not been
quantified; knowledge that is required to decide whether and to
what extent management is needed. Here we describe the results
of a field-based experiment which investigated the competitive
interaction between D. vexillum and cultured New Zealand
green-lipped mussels (Perna canaliculus). Three size classes of
mussels (small 20 - 40 mm, medium 40 - 60 mm, large 60 - 80

mm), on replicate 4 metre experimental lines were assigned to
one of three treatments: (a) fouling from ambient recruitment
of D. vexillum larvae; (b) fouling from D. vexillum fragment
inoculation in addition to ambient recruitment; and (c) control
lines which were kept free of D. vexillum and other fouling. The
experimental lines were maintained for 15 months after which
0.5 metre sub-sections were harvested and mussels transported
to the lab for analysis. A range of measurements were taken
for individual mussels to determine the potential effects of D.
vexillum overgrowth on condition and growth. Results indicated
that D. vexillum presence did not directly affect mussel condition
or growth. However, small mussels (20 - 40 mm) were displaced
by D. vexillum hence may be at more risk. This information will
assist managers in the implementation of management procedures
as it provides increased understanding of D. vexillum effects at
different stages of mussel production.

Lauren M Fletcher*, Victoria University of Wellington, Wellington 6140, New Zealand
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Passive collectors, such as settlement plates, have been used
extensively to monitor early life stages of marine organisms. They
have also been used for surveillance of non-indigenous marine
species in several global locations. They are cheap to construct and
sample, but their effectiveness for detecting small populations has
never been examined formally. This project used a combination
of field experiments and modelling to evaluate the efficacy of
‘settlement arrays’ - consisting of a range of artificial substrata - for
detecting new incursions of non-indigenous fouling species. Four
species were considered in the study: the ascidians Styela clava
and Ciona intestinalis, the sabellid polychaete Sabella spallanzanii
and the kelp Undaria pinnatifida. For each species we estimated
the rate at which dispersive life-stages (larvae or spores) released
by populations of different sizes were likely to encounter the
arrays. The volume of water sampled by each array was estimated
by calibrating a 3 D hydrodynamic model of the study area with
detailed measurements of current speeds and shear stress. The
volume of water passing each array over a standard time was

determined from outputs of the model. Data on the reproductive
biology of each species was used to estimate concentrations of
larvae (or spores) likely to be released into the water column from
adult populations of different sizes. To determine the attractiveness
of the arrays to settling larvae (or spores) we carried out ‘dosing’
experiments in which known numbers of larvae of each species
were exposed to the surfaces in situ. The number of settlers
that had recruited and survived was determined after 8 weeks
of deployment. Data from each component of the study were
combined using stochastic scenario tree models to calculate the
probabilities of detecting at least one recruit of the target species
for a range of resident population sizes and given deployment
of different numbers of settlement arrays. The cost-effectiveness
of the settlement arrays was evaluated against other sampling
methods (e.g. dive surveys) to determine whether the inclusion of
settlement arrays as a sampling method would add value to New
Zealand’s ongoing national marine pest surveillance programme.

Oliver Floerl*, National Institute of Water and Atmospheric Research, PO. Box 8602, Christchurch 8011, New Zealand.
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Although parasites are important contributors to population and
community level dynamics in marine systems, their basic biological,
physiological, and ecological roles are often overlooked. One such
non-native parasitic sacculinid castrating barnacle Loxothylacus
panopaei infects native populations of the xanthid white-fingered
mud crab Rhithropanopeus harrisii along the western Atlantic.
While L. panopaei is native to the Gulf of Mexico and Florida,
it was presumably introduced with infected mud crabs associated
with oysters transplanted from the Gulf over the past 50 years.
As a rhizocephalan barnacle, L. panopaei has a highly modified
life cycle with only two larval stages, the nauplius and cypris,
and a gonochoristic adult form. The female cypris larva infects
a crab (usually a recently molted individual) and develops as an
endoparasite (internal phase). After a variable time period, the
reproductive body (externa) of L. panopaei emerges through the
abdomen of the crab, usually after the crab molts. After fertilization

by a male cypris larva, the externa matures and produces several
broods of thousands of naupli each. From the moment of initial
infection to the formation of a virgin externa, the crab undergoes
a series of physiological and morphological changes, including
complete castration and growth cessation. Although L. panopaei
has been present along the US Atlantic coast for the past 50 years,
relatively little is known about the overall impacts of this parasite
on crab demography or physiology. Data collected over the past
eight years show interesting interactions between salinity and water
temperature and parasite prevalence in R. harrisii populations
both spatially and temporally. However, it is not known how
the life cycles of both parasite and host are influenced by either
of these environmental factors. We attempt to answer several of
these questions examining the impact of temperature and salinity
on the physiology of both L. panopaei and R. harrisii.

Amy E Fowler*, Smithsonian Environmental Research Center, Edgewater, MD 21037 USA
Whitman A Miller, Smithsonian Environmental Research Center, Edgewater, MD 21037 USA
Gregory M Ruiz, Smithsonian Environmental Research Center, Edgewater, MD 21037 USA
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Latitudinal patterns in non-native species richness of terrestrial
plants, birds, and mammals suggest fewer successful invasions in
the tropics, relative to temperate regions. Stronger biotic resistance
in the tropics has been proposed to explain this difference, but
this prediction has not been experimentally tested. Predation
in particular can have significant impacts on the establishment
and spread of non-native marine species. Since predation on
marine epifaunal communities is stronger at lower latitudes, the
effectiveness of predation as a biotic resistance mechanism may
also be greater in tropical than temperate regions in this system.
We conducted three-month predator exclusion experiments on
marine epifaunal communities in four regions, ranging from
the temperate zone to the tropics, in the western Atlantic Ocean
and Caribbean Sea. These communities developed in situ in the
presence or absence of predators. Non-native tunicates were
among the species most affected by predation at our highest
and lowest latitude regions. In temperate Long Island Sound
(Connecticut, USA, 41°N), non-native tunicate species, Ascidiella
aspera and Diplosoma listerianum, were abundant in the absence

Amy L. Freestone*, Temple University, Philadelphia, PA 19122 USA

of predators. While predation reduced the average abundances of
these species, complete exclusion of native or non-native species
by predators was uncommon. Species richness among predation
treatments did not differ. In tropical Bocas del Toro (Panama,
9 °N), non-native tunicate species, Ascidia sydneiensis and
Didemnum psammathodes, were also abundant in the absence
of predators.
species, were commonly excluded by predators, resulting in lower

However, these species, along with many other

species richness at both local and regional scales when predators
were present. Additional experiments in Panama demonstrated
that adult individuals of A. sydneiensis and D. psammathodes
also underwent significant reductions in abundance and often
complete exclusion when exposed to predation for only a few
days. 'Therefore, while predation can limit non-native species
establishment and spread at both temperate and tropical latitudes,
this limitation may be stronger in the tropics. However, the
interaction between predation pressure and other factors,
particularly propagule supply, is still unknown.
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The introduction of the red king crab Paralithodes camtschaticus
to the Barents sea in 1960s and 70s resulted in a relatively fast
spreading of this species along the Norwegian Finnmark coast.
The crab is an omnivore predator on benthic epi- and infauna
and the availability of food is estimated to be the most important
factor in limiting the distribution in its new environment. Adult
crabs are found inhabiting deeper soft bottoms during most of
the year and current research suggests that dominant epifauna at
soft bottom habitats are most affected by predation. Our study
addresses a knowledge gap on the impact of this species on benthic
macrofauna of a high latitude fjord, which has been invaded in
2006 and inhabits now an established population of red king

Mona Maria Fuhrmann*, University of Tromsg, 9037 Norway
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crabs. The fjord is believed to have a unique fauna assemblage in
the deep inner fjord basin with low average temperatures. Grab
samples were taken in 2008 and 2010 covering more less the
entire fjord. The benthic community was analyzed on a functional
and taxonomic level, indicating a reduction in prey species (like
Echinodermata and larger Molluscs), as well as a change in size
structure, i.e. smaller species or individuals constitute to the
present benthic biomass.

This presentation summarizes the preliminary results from our
study and possible implications for the benthic community at
mid-project.

Lis Lindal Jorgensen, Institute of marine research, 9019 Tromse, Norway
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The changeable Sea -gaps in understanding marine

bioinvasions in the Mediterranean

Plenary talk

The anthropization of the Mediterranean marine environment has
accelerated in the past 500 yearsasa consequence of the demographic
rise and technological and societal changes. But only recently was
bioinvasion recognized as one of the major environmental pressures
that helped create the present anthropic ecosystem. In the late 20th
century the evidence was already indisputable - sudden declines in
abundance, even local extirpations, of native species, concurrent
with proliferation of aliens had been recorded throughout the Sea.
About 670 multicellular alien species are recognized at present,
yet the scale of invasion is profoundly underestimated. The gaps
in our knowledge stem from sampling, systematic, and historic
biases. The data is most accurate for large, conspicuous species
for which taxonomic expertise is readily available, occurring along
frequently sampled coasts, whereas data is entirely absent for
many of the smaller-sized invertebrate phyla, and for vast stretches
of the sea. Earlier introductions, mostly those which took place
between the 1500s and 1900s, by shipping or mariculture, have
largely escaped recognition, and only the recent application of
molecular tools has brought to light some such cases. With the

Bella S. Galil

exception of documented intentional introductions, rarely are
the means and route of invasion known from direct evidence -
as a rule they are deduced from the biology and ecology of the
species, the habitats and locales it occupies in both native and
introduced range, and its pattern of dispersal. Information is
lacking concerning the life histories and characteristics of most
recorded aliens, the temporal and spatial shifting of vectors and
corridors, and the susceptibility of habitats to invasion. Though
invasive aliens have been identified as threats to native biodiversity,
few qualitative, quantitative, or experimental studies have been
conducted to determine their ecological and economical impacts.
Taxonomic research of the understudied or overlooked smaller
invertebrate taxa, underpinning recognition of alien and native
species, together with robust sampling programs of both benthic
and pelagic habitats are needed for a comprehensive baseline
knowledge of the Mediterranean biota. Last, research is needed
into the spatial and temporal evolution of invasions as potential
signals of significant environmental changes.
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Estuaries are one of the most common areas in marine environment
where invasive species are increasing. The progressive increase of
a variety of artificial structures in shallow coastal waters, such as
breakwaters, or seawalls, has raised concern about their effects on
invasion. The invasive mussel Xenostrobus securis, a small brown
mussel endemic to the brackish waters of New Zealand and
Australia, has been reported for the fist time in the Ria de Vigo
(Galicia, NW Spain). Its distribution is overlapped with that of
the native mussel species Mytilus galloprovincialis along intertidal
shores in the inner part of the ria. We carried out an observational
study to assess the patterns of distribution of the two mussel
species along the shared horizontal gradient. The hypotheses tested
were that (1) there is variation in the abundance of invasive species
over this gradient, and (2) there are differences in the patterns
of distribution between natural and artificial substrates. From the
inner part to the middle part of the ria, we sampled 11 locations in
which both natural and artificial rocky shores were present. In each
location and type of substrate, we sampled 30 quadrants of 20 x
20 cm equidistantly spaced on a 30 m long transect line parallel
to the coastline and located on the middle shore. Percentage cover
and abundance of both mussel species, percentage cover of algae,

Ignacio Gestoso*, Fac. de Ciencias do Mar, Univ. de Vigo, Spain
Celia Olabarria, Fac. de Ciencias do Mar, Univ. de Vigo, Spain

Miriam Pefa Pérez, Fac. de Ciencias do Mar, Univ. de Vigo, Spain

and number of mobile invertebrates were determined in each
quadrant. In addition, physical parameters (i.e. temperature,
salinity and pH) were measured (n=3). Previous results showed
a gradient of abundance of invasive mussel from the river, where
it reached the largest abundances, to the middle part of the ria
where the smallest abundances were found. However, an opposite
pattern of abundance was found for the native mussel species.
In addition, significant differences in abundance of both species
between natural and artificial rocky shores were found. In most
locations, the invasive species was more abundant on artificial
substrates than on natural rocky shores, whereas the abundance
of the native mussel followed an opposite trend. The distribution
of both species might be explained in part by a gradient of
variation of physical factors. In particular, salinity provided the
best correlation with patterns of distribution, explaining 61 %
of variance. Biotic interactions (i.e. competence, facilitation or
predation) could also play an important role in establishment and
expansion of invasive species in the ria. Furthermore, the presence
of numerous artificial structures in the ria seem to be an important
factor favouring its spread.

Francisco Arenas, Centre of Marine and Environmental Research, Laboratory of Coastal Biodiversity, Porto, Portugal
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Mussel beds are one of the most prominent and well researched
features of rocky shores and are frequently an informal human
resource. Mussel beds are intrinsically complex, in terms of their
demography, physical structure, associated biota and interactions.
The black-pygmy mussel Xenostrobus securis is an invasive
species that is in expansion along the Galician coast (NW Spain).
At present, it shares distribution with the native species Mytilus
galloprovincialis, forming mixed beds on natural and artificial
rocky intertidal shores in the inner part of the Ria de Vigo. Here,
we analysed the macrofauna associated with mussel aggregations.
We tested the hypotheses that (1) there are differences in
composition and structure of assemblages associated with the two
mussel species, and (2) both type of aggregations show differences
in structural complexity, and such differences may explain most of
variability of macrofaunal assemblages associated, and (3) pattern
of variability of associated 