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Invasions and Live Trade

e Several of the most important vectors for
marine invasions involve imports, exports,
sales and distribution of non-native
species

e Will discuss vectors as well as intentional
vs. unintentional introductions, live vs.
‘fresh” and legal vs. illegal live trade

® Discuss how little we know about these

vectors and suggest some obvious
solutions




Pathways of Introduction

* Release from home aquariums
e Escape of live seafood products

e Dumping of live bait containers and
packing materials

e Escape from backyard ornamental
ponds




Pathways of Introduction

e Transfers of aquaculture
products or fish stocks

e Intentional introductions to
establish new fisheries

e Intentional introductions for
restoration/landscaping




Comparative Studies

e Very few studies have tried to
quantify even the relative importance
of different vectors involving live
trade of organisms

e Some regional efforts to understand
a subset have provide some insights
into approx. volume and diversity of
live trade




Live Marine Species

e Weigle et al. (2005) studied several
industries/organizations that could
potentially hold/sell/distribute live
or fresh marine organisms

¢ They identified over 1000 entities in
the coastal Massachusetts region

¢ Included seafood, aquaculture, bait,
ornamental aquariums, research
institutions, public aquaria and
restoration projects




Live Marine Species

* They distributed surveys asking
about facilities, variety and volume
of import/exports, and familiarity
with invasions

* They found 399 entities that sold/
distributed live/fresh marine species

e Aquaculture, restoration projects and
med/veterinary schools reported
none
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San Francisco Bay Delta

from Light et al. 2006




Invasion Source by Taxa

from Light et al. 2006
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Invasion Vector by Taxa
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Restoration and Landscape

® Spartina alterniflora, the eastern salt marsh
cordgrass has had dramatic impacts on estuarine
ecosystems in California and Washington
(Grosholz et al. 2009)

® Spartina alterniflora was intentionally introduced
from the eastern U.S. (native) in 1975 by US
Army Corp of Engineers for marsh restoration

e Tt was intentionally planted in WA >100 y.a. as
an ornamental




Spartina Invading Open Mudflat




Aquarium Introductions

e Many non-native species of fish,
invertebrates and algae sold in U.S.

e In CA, there are 900 non-native
species of fish for sale in aquarium
stores

e Pets commonly “released” when get
too big or aggressive

e How many could potentially be
established?




Potential Aquarium Fish
Invasions

e Chang et al. (2009) investigated the
number of fish species for sale in SF
Bay area and Sacramento aquarium

stores

e They surveyed the number of fish
taxa and approximate sales volume
in both large (big box) and small
aquarium/pet stores




Distribution of Aquarium Stores

Chang et al. 2009




Potential Aquarium Fish
INVEH S

e Used archived data to determine
mean winter minimum for areas of SF

Bay over past ten years

e Used FishBase (www.fishbase.orq)
and other data to determine
physiological tolerances of fish in
trade

e Estimated ‘cold and warm scenarios’
based on climate change predictions
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Increasing Temperatures
and Potential Fish Invasions










Aquarium Introductions

e The invasive alga Caulerpa taxifolia (Med.) had
huge impacts in Mediterranean where no control
measures were used (now C. racemosa v.
cylindracea has invaded a larger area)

In 2001 C. taxifolia (Med.) invaded two locations
in CA (San Diego and Orange Co.)

It cost more than $6 million over six years for
eradication




Introduced
Algae

¢ Invasive Caulerpa taxifolia rapidly covered
thousands of hectares of the northern
Mediterranean in the 1980-90s

e Grow to depth of 100 m impacting native
species (overgrowth, Ceccherelli et al.
2002) and local fisheries (Meinesz 1999)

® Subsequent invasion by C. racemosa is

adding to impac

s (Piazzi et al. 2005)




Introduced Algae

e Surveys of aquarium stores were
conducted by Zaleski and Murray
(2006)

e 50 stores were surveyed (specialist
ornamental aquarium), no large
stores sold algae

e They foundCaulerpa spp. in 58% of
stores and 14 species




Invasive Algae

e Stamm et al. (2006) sampled algae from
100 aquarium stores in Florida and
California and 90 internet sites

e The found over 50% sold Caulerpa from
14 spp.

e Genetics revealed only one sample
represented an invasive strain

e Found 12% misindentification rate

e Concluded invasive strains only identified
through genetic analysis




Aquaculture and Live Seafood

e Many species of non-native fish and
invertebrates (clams, oysters, mussels,
clams) are sold on live seafood market

e Potential for release during storage or
after sale




Aquaculture and Live Seafood

‘Introduction of
economically important
species to establish
new fisheries

‘Possibility that
Chinese Mitten Crabs
were intentionally
introduced

Many impacts
including clogging fish
salvage facilities in




Aquaculture

e Movement of abalone stocks
introduced a parasitic polychaete
Terebrasabella heterouncinata from
S. Africa

e Parasite infestations shut down
production and impacted facilities for
several years costing millions of
dollars




Live Seafood

e Expanding market for live seafood
Increases possibilities of new
introductions

e Many avenues for escape or release

including water used for holding and
cleaning

e Even with ‘fresh’ or even frozen
seafood, real danger for pathogen
introduction (e.g. virus in frozen
herring)




Live Seafood

e Chapman et al. 2003 found 24 spp. of
live non-indigenous bivalves for sale

iIn NW grocery stores

e Eleven of these 24 species have
established populations

e Bivalves for sale were largely viable
and estimated several additional
species might become established

K10




Live Bait

e Non-native species of fishes and many species of
invertebrates are sold live as bait

e Bait boxes (worms) may contain up to two dozen
other species (Cohen et al.)

e Poorly regulated, little inspection, little or no
consideration of associated diseases

e Example: 66,000 Namalycastis abiuma were
imported from Viet Nam in a two year period

Seven foot long
“Nuclear Worm”
(Namalycastis sp.)




Live Bait

e Bait surveys conducted by USFWS
(Sherfy and Thompson 2001)

e Examined four import classifications
(Harmonized Tariff Codes)
— Wormes, live
— Bait, other than worms

— Aquatic inverts, NESOI (not elsewhere
specified or included

— Fish, live, NESOI
e Bait likely in under other codes as well
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Live Bait

e Over a two year period, 1.6 million kg
of bait came in from 44 countries
arriving through 55 ports

e This totaled 1.6 million kg of bait

with a value of $78 million

from Sherfy and Thompson 2001




from Sherfy and
Thompson 2001




Backyard Ponds

e Aquatic horticulture is fastest
growing segment of industry

e 16 million backyard ponds

e Little regulation regarding placement
near waterways or flood security




Backyard Ponds

e Control of aquatic weeds costs $ millions in many
states

e In CA millions $$ every year to control just a few
species
— Hydrilla
— Water hyacinth (Eichhornia crassipes)

— Egeria densa
— Eurasian watermilfoil (Myriophllum spicatum)

e Some species like water hyacinth still widely sold




Marine Ornamental Trade

e Zajicek et al. 2009 surveyed marine
ornamental literature and data bases

e Found 1500 species, 200 corals, 500
other inverts

¢ 20 million fishes, 10 million coral
pieces, 10 million other invert
specimens

e US is leading consumer and Pacific
region (Indonesia, Philippines, South
Pacific) the largest source
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Linking Overconsumption by
USA with Sea Level Rise

-
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New Yorker August 28, 2006, p. 23




Diversity
of Live

Imports

Smith et al. 2009.
Science




Diversity of Live Imports

e Smith et al. 2009 states "The poor
taxonomic reporting... suggests a
need to tighten protocols and makes
it impossible to fully assess the

biological diversity of wildlife
entering the U.S.”

¢ Blundell and Mascia (2005) find
differences between Customs and
CITES for invertebrate import/export
volumes ranging from 300-5000%b




Fixing the Screens

Legislation similar to H.R. 669 that would
authorize screening of new species for sale

For species currently in trade, petitions

could be made to screen suspected
invasive species (e.g. Burmese pythons)

Funds for screening would come from
businesses making future profits (could
have some type of patent)

e Testing would be conducted by
independent ‘agency’ with

Businesses could not claim intellectual
property




Fixing the Screens

e Live imports: US Customs Service
(USCS), USFWS and USDA

e In 2000 there were THREE USFWS
agents for the entire Port of San

Francisco

¢ In interviews, they mentioned (off
the record) that they unlikely to
inspect more than 1% of shipments

* Not just better regulations, more and
better enforcement

42




Beyond Legal Live Trade

® A screening system for non-
indigenous species in the live
trade will address the whole
problem

e NIS of economic value are
brought in ‘under the radar’

e Black markets exist for a number
of species of value but of
unknown extent




Beyond Legal Live Trade

e In the San Francisco Bay area (and
likely other metropolitan areas) there
iIs a market for the Chinese Mitten
Crab (Chinese Hairy Crab)

e Interviews revealed that East Bay
restaurants can provide Chinese
Hairy Crab meals for parties with
‘proper connections’

e Difficult to know the size of this
market or how many crabs are
smuggled in




Need for Multicultural Outreach

e We need to communicate our
messages to recent/current
immigrant cultures

¢ Risks of importing organisms need to

be widely understood

e Health risks are critical as well

— High mercury levels in introduced mitten
crabs

— Potential for new disease introduction




English Language Brochure




Spanish Language Brochure
















Final Conclusions

® More and better information about the ID
and volume of species for sale

® Better enforcement of species labeling
requirements where possible

® Provide information about species at point
of sale

® Enact screening process to identify
potentially invasive species




Final Conclusions

e Not everything is ‘for sale’

e Need dramatic (not overstated) increase in
resources for port inspections

e Revise Harmonized Tariff Codes (eliminate
‘human consumption’)

® Need for broad-based multilingual
education at points of departure and entry
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