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Abstract

A relanvelv new and cmerg\ng t'cld r:lzxmg to the world’s oceans l'ns been the
of risks th the i ion of exotic or

species. There are P ys for the i it either i

intentionally. of non-indigenous species to marine ecosystems. These pathways m:ludc

aquaculture activities. ship’s ballast water. aquarium trade, and individual release. The

relative importance of specific dispersal methods vans both temporally and spatially, but

each plays a signi role in the i and dispersal of marine species
throughout coastal environments. Mznysmd:ul’nvefocusedondrlmpausofdﬁc
invasions but relatively few have analyzed the biological, physical. and soci

impacts of i species on i Therefore, the objective of

this report is to analyze case studies that focus on the implications, either positive or
negative. of non-indigenous marine species on specific ecosystems and how they affect
marine aquaculture, particularly in Canada.

Aquaculture is a growing industry worldwide and will likely play a significant role in
meeting the increasing demand for fish products in the near future. One of the biggest
threats to aquaculture industries and local marine habitats is the transmission of diseases,
pamsnes and nuisance crgamsms There has also been gmwmg concern about the use of

altered such as use of triploids.
transgenics or any selectively bred fish and shellfish. Furthermore. exotic species can
destroy the hzbuazs ot‘ nanve mznne populauons as a result of compeuuon changing
predator-prey d and

Wllhm Canada there have been a number of studies directed at the impacts of non-

species on These studies have illustrated that
aquaculture businesses in British Columbia have been more affected by accidental or
intentional introductions of aquatic species than the east coast. On the Atlantic coast.
relatively few species have been introduced as a result of aquaculture activity. but recent
studies have illustrated that many non-indigenous species have entered the region through
ship’s ballast water and have affected many local aquacuiture operations.

Canada has federal and pr the i

transfer of non-mdlgmmjs species. elmet between provinces or intemationally. 'l'h:.e
i are often ing, operating through both levels of government.

and fail to adequately address existing and potential introductions. In order for the

country to effectively monitor and control species il ion, existing

guidelines will need to be more flexible and i sound scientific

advice with aquaculture management and ballasl water controls. Furthermore,

should develop iate baseline i and methods, improve

communication. and evaluate the that have been in other countries

and apply those measures that would be most suitable.
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1.0 Introduction
One increasingly prevalent and ecologically damaging affect of human activities on the

marine environment is the global movement of organisms beyond their namral range

(Ricciardi & 1998). These i are referred to as non-indigenous or
exotic species and include those species that have been genetically aitered. Non-
indigenous species have become increasingly noticeable in marine and estuarine habitats
throughout the world (Ruiz et al., 1997). particularly as their number and impacts

continue to accumulate (Ruiz et al.. 1999). The acci or i i i ion of

marine organisms around the world’s oceans is not a new trend. rather it has been
occurring since humans first crossed the oceans for exploration, colonization. and
commerce (Carlton. 1999). Today, most of the world's coastal marine ecosystems are
affected to some extent by the introduction of non-indigenous species. Some of these
introductions have occurred recently as a result of expanding aquaculture industries,

particularly in North America (Sindermann. 1986).

There are three main concemns related to the introduction of marine organisms through
aquaculture. First there are problems related to the introduction of exotic species through

aquaculture activities. such as the acci i ion of

parasites. and marine pests. Second. there are concerns associated with the accidental
release of genetically modified individuals and potential genetic influences on native
species. Third. the release of non-native species has the potential to cause significant

ecological changes, especially to local species and habitats.



As a result of these growing concems, marine biologists, ecologists, and
environmentalists have written numerous papers and books speculating about the impacts

of non-indigenous species on oceanic habitats. A synthesis of the main points from these

studies will provide a beter ing of the implicati that

species have had on marine ecosystems and how this can affect the aquaculture industry.
The first section of the report examines the relative importance of different dispersal
mechanisms. which vary both temporally and spatially. and the adaptive traits associated
with successful invaders. The second section addresses population level changes as a
result of species introduced through aquaculture activities, such as the transfer of
potentially damaging diseases and parasites. and the global movement of marine pests.
The third section deals with problems associated with genetic alterations focusing on the
use of triploids for rearing purposes. genetic selection processes. reduction in
heterozygosity. and transgenic studies. The fourth section investigates ecosystem level

issues related to ecological impacts as a result of exotic species introductions, such as

and habitat i ion. This report specifically

assesses the Canadian i with the i ion of indij species and

their impacts. both positive and negative. on Canadian marine aquaculiture. The final

section of the report will i igate the types of i i by Canada to
govern the importation of marine organisms. and evaluate how these solutions compare

with international regulations/agreements and foreign approaches.



2.0 Pathways and Adaptive Ch istics of Ni Species.

Marine biological i i have i to some extent, all reaches of the Earth’s
coastal environments and will ly continue, d since ing world
markets and global trade the of i among

(Ricciardi and Rasmussen. 1998). There are many pathways for the introduction of non-
indigenous marine species, but the major vectors include aquarium trade, individual

release. scientific research. and through ship hulls and ballast water (Elston. 1997: Ruiz et

al.. 1997). Aquaculture activities are also an i i for

species i ion but will be di: d in the ing section of this

report. The ability of an organism to actually colonize an ecosystem to which they are not
endemic requires particular biological characteristics. This section of the report will
therefore outline the modes of introduction of exotic marine species and the traits that

allow them to be successful in a new environment.

One pathway for i species i jon is through the aquarium trade.
Tropical fish. plants. and shellfish are often imported for the retail market from warmer
countries to more northern latitudes. especially for sale in North America (Welcomme.
1984). Many of the plants. fish. and invertebrates that are sold in various pet and fish
outlets are saltwater species or have some degree of saltwater tolerance. Importing
organisms for such purposes could result in their escape or release into the local
environment (Elston. 1997). Although it is a freshwater organism, the gold fish,

Carassius auratus, is a primary example of aquarium release since it has achieved an



extensive distribution throughout the world due to escape. either accidental or intentional,

from ornamental ponds (Welcomme. 1992).

A second pathway for non-indi species i ion is by individual people who

v or acci release it into the wild. These types of introductions
can include the discarding of live seafood products. aquarium plants and animals, or
through marine species collected from various locations and transferred to the local
ecosystem (Elston. 1997). By way of illustration. marine divers in British Columbia
frequently report the appearances of Atlantic lobsters around Vancouver Island. It has
been suggested that these introductions were either the result of unintentional release of
live seafood products or from the intentional release by local Buddhists, who purchase
and release live fish and shellfish as part of a monthly ceremony (Canadian Press
Newswire. 1999). Assessing the risks from individual releases of exotic species is
extremely difficult because the risks can vary: thus increasing public education on
prevention measures might be a more effective means of reducing future introductions

(Elston. 1997).

Non-indigenous species can also be introduced 10 a region by academic. government. and

private research facilities. which import the i for i and

purposes. A diversity of marine fish. plants. and invertebrates are typically used for
research and teaching purposes. Many of these organisms are supplied by biological

institutions that market and distribute live marine species to a variety of facilities



throughout the world. such as the Marine Biological L y in or the

Carolina Biological Supply Company. Although many of the laboratories have precise

protocols to handle indi species. research it do pose a minor risk

for the possible introductions to native ecosystems (Elston, 1997).

The final and often most widespread pathway by which non-indigenous species are
introduced is through ship ballast water (Carlton. 1985: Ruiz et al., 1997). Each year,

more then 16 billion tonnes of ballast water is transported around the globe (Orr, 1999).

and envi ists have long ged that i and
are dispersed throughout the world by the water carried on transport or recreational
vessels. Nevertheless. it took the outbreak of harmful algal blooms in Australia and the
introduction of zebra mussels to the Great Lakes during the late 1980’s before
governments and the shipping industry took action to reduce the possible risk associated
with introducing exotic marine species (DFO. 1995: Wiley, 1997). Ships take on ballast
water to add stability and for navigational purposes, especially when the vessels have
little or no cargo (Elston, 1997). Because ballast water is most often taken from bays and

estuaries. it is not surprising that ships carry with them a diverse assemblage of

organisms (Ruiz et al.. 1997). Therefore, ive marine it are to
the next port of call and have the potential to colonize the new environment. The general
pattern of shipping has changed dramatically over the last several decades with increases
in cargo. tonnage, and speed. as well as new routes for vessels (DFO, 1995). These

changes have unquestionably increased the frequency of transfers of marine organisms



(Elston, 1997). Marine organisms can also become attached to the hulls of vessels and
there is evidence that some fish species acmally accompany heavily fouled vessels in
transoceanic voyages (AQIS. 1995). The fouling organisms themselves may colonize
new environments and may have been more important as a mechanism than ballast water

during the 19* century and earlier. when solid ballast was commonly employed and hull

paints were il However. i and ion of marine
organisms by vessel hulls may in fact be relatively rare and further research is required to

the actual risks. i with ic voyages (Elston. 1997).

Although there are a variety of ways marine organisms can be transferred to a new
environment. not all organisms have the ability to become established, reproduce and
spread throughout the region. The characteristics of the receiving environment and the

potential invader both play a signi role in ining if the ism is able to

colonize the new habitat. According to Ricciardi and Rasmussen (1998). the initial step
in predicting potential invaders is to identify a potential source population: environments
that are known to provide source populations often share several characteristics. First.
geographic regions with similar climate and oceanographic conditions have a greater
potential for species exchange. Second. many potential donor habitats are often
associated with large-scale shipping ports and hence a region with a developing economy
should be considered a future donor site (Ricciardi and Rasmussen, 1998). Third,
estuaries are often more vulnerable to transfers than open or coastal environments (Ruiz

et al.. 1997). particularly since they are often centers of human activity (Ruiz et al..



1999). Fourth. initial invasions may reduce an estuary’s resistance to future invasions
(Ruiz et al., 1997: Orr, 1999). Finally, heavily invaded habitats are more likely to

continue to be invaded at accelerated rates (Orr. 1999).

From a possible donor environment. potential invaders could be selected based on
particular biological characteristics (Ricciardi & Rasmussen 1998: Whoriskey, 2001).
Successful invaders tend to be abundant and widely distributed in their original range.
They usually have a wide tolerance to a range of environmental conditions. High
reproductive rates or continuous spawners are usually observed with mass production of
propagules and/or mechanisms to ensure juvenile survival. They generally possess a
mechanism for rapid dispersal in the wild resulting in the effective establishment of
juveniles into regions where they can flourish. Potential intruders are typically
opportunistic feeders. with a capacity to feed on a wide variety of food sources. Invasive
species are also often associated with high genetic variability. short generation time. rapid
growth. and often form communities in large densities or schools (Ricciardi and

Rasmussen. 1998:Whoriskey. 2001).

3.0 Species Introduced through Aquaculture

As

previously i marine also plays a role in the introduction of non-
indigenous species. Over the last several decades. aquaculture (inland and marine) has
emerged as an important and economically viable industry. particularly given the global

decline in wild commercial fish stocks (Boghen. 1995). As with terrestrial agriculture,



markets and drive the ion of aquatic i Ce the

greater the market demand for exotic species, the greater the chance that introductions of

will occur. Traditi the it ion of exotic marine

species for was aided by g agencies and now many of those
species have become well established in the aquaculture industry (Elston, 1997). An
obvious example in Canada is the importation of Atlantic salmon eggs into British
Columbia (Natural Resource Consultants Ltd.. 1997). Although many countries are aware

of the problems that can arise with the introduction of non-indigenous species for

purposes. il i of species for ivation are likely to continue as

world consumption increases and market niches develop (Elston, 1997).

The i i i of i species for purposes is
a primary ism of species and detailed ples are

described below with examples specific to Canada. Additional concems associated with

are acci i of mi i parasites.
and associated species. Therefore. this section of the report will examine a few case
studies on auxiliary introductions and their impact on aquaculture species and the

surrounding ecosystem.

3.1 Microbial Pathogens
As more and more knowledge has been obtained about the oceanic environment, it has

become evident that the transmission of diseases from non-indigenous species to



can ically affect of native species (Sindermann,
1993). This concern is an important area of study for aquaculture investors since the
spread of disease could be detrimental to their operations, affecting harvests and sales or

closing the business entirely.

Because disease networks are vital to the spread of disease, it is important to understand

the events that occur when are il to a marine ion (Figs. 1 and

2). In one scenario (Fig. 1) a new pathogen is not introduced to a body of water but there
is an introduction of a non-indigenous fish species. The native fish species is resistant to
many local pathogens but harbours them in a latent state. When a non-native fish species
is introduced. it may be susceptible to the pathogen. resulting in an increase of pathogen

levels. C y. there are ities in both the indi and native stocks

of fish. The native stocks can no longer tolerate the increasing pathogen load and high

levels can eventually lead to massive outbreaks of disease (Sindermann. 1993).
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Figure 1: Effect of endemic pathogen on introduced stock.
Modified from Sindermann (1993).

The second scenario (Fig. 2) is potentially more damaging for the native stocks, yet, the

introduced stocks are also affected. In this case, a fish species with resistance to

pathogens that it carries is i d. ing in an of the in the
native fish. As in the first scenario, this new outbreak leads to a pathogen overload in the
system but in this instance it is the introduced fish that die from a pathogen they are

normally resistant to (Sindermann, 1993).
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B
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Figure 2: Effects of introduced pathogens on native stocks.
Modified from Sindermann (1993).

The two scenarios are similar in that both the native and introduced species suffer
mortality. The difference is that the pathogen enters the system from different origins.
Under either scenario the end result is devastation of a fish population, illustrating a very
important implication of introducing non-indigenous species through aquaculture

ventures (Sindermann, 1993).



The following section of the report will provide specific examples of the impacts of

disease ission for a few i ignil i species,

salmon. oyster. and shrimp. These case studies focus on diseases identified in species that
are cultured in areas of the world other than Canada. but which are either important to

Canadian marine aquaculture. represent a potential threat to Canadian waters. or provide

a it good i ion of indi disease transfer. Understanding these
case studies is vital to aquaculture operations in Canada because improved understanding
may prevent outbreak within this country. provide the basis for potential solutions to

epidemics. and help prevent future introductions of pathogens.

3.1.1. Viral Diseases of Salmon
Over the last century. there have been several attempts to introduce Pacific salmon to

Atlantic waters. Long-term it of ing runs and

have largely been unsuccessful. given that sustained runs were totally dependent on the
repeated importation of eggs from the Pacific region. Regardless of the obstacles faced,
atempts still continve. including approaches such as cage culture of coho salmon
(Oncorhynchus kisutch) in coastal waters and private ocean ranching of pink salmon (0.

gorbuscha) and chum salmon (O. keta). All of these approaches are dependent on the

of young fish (Sis 1993).

The former Soviet Union had several large-scale introductions of Pacific salmon in

Atlantic waters. which spread to Norwegian waters and other areas. In New Hampshire,



USA., a long- program i ing the i ion of coho salmon eggs has resulted in
some natural spawning with low survival rates. but permanent runs have yet to be
established. Many other programs with the same objective have been antempted but the
results have been varied. In each of these examples, a primary concen has been

competition with native salmon species and the i ion of disease

1993).

The diseases of greatest concerns are Infectious Hematopoietic Necrosis (IHN) and Viral
Hemorrhagic Septicemia (VHS), which are both lethal viral diseases. [HN now occurs in
Italy and France and was apparently introduced with rainbow trout (0. mykiss) from the
west coast of the United States (Sindermann. 1993). [HNV was also introduced into
Japan. most likely with the transfer of sockeye salmon (O. nerka) eggs from Alaska in
1968 (Sindermann. 1993). The virus spread rapidly to Honshu Island and since then has
been linked to rainbow trout mortalities in Taiwan. Korea. and the People’s Republic of
China. probably as a result of the importation of rainbow trout eggs from Japan (Chen et
al.. 1985).

The second viral disease. VHS. is extremely common in Europe and is especially
problematic in rainbow trout. but it was also identified in salmonids from the Pacific
coast of North America in 1988 (Brunson. 1989). Initial concerns were that the virus had
been imported from Europe as a result of aquaculture activities. However, recent studies

have shown genetic and virulence differences in VHS virus isolated from Pacific salmon



compared with those isolated from European salmon (Bernard et al., 1991). In this
situation there may not have been an introduction of the viral pathogen but precautions
must be in place because introductions of the different strains of VHS could still occur

and result in high mortalities.

A number of salmonid species, including coho salmon, have been introduced to the
coastal waters of Chile during the past few decades. In 1989 mass moralities of up to
90% of stocks occurred at some aquaculture sites. After lengthy investigations it was

discovered that the mortalities were the result of the importation of two deadly diseases,

disease and il it i (Fryer et al.. 1990).

L is a ium that causes kidney disease in salmonids.
Evidence suggests that the disease was introduced to the region from coho imports from
the Northern Hemisphere and resulted in mortalities of native salmonid populations. By
contrast. Rickettsial disease is found in local native aquatic species and this is believed to
be the source of the disease found in the imported coho salmon (Fryer et al.. 1990). In
either case it is apparent that the introduction of a non-indigenous species resulted in

disease outbreaks in both native and introduced species.

3.1.2 Oyster Diseases
Oysters are highly susceptible to mass mortalities, but during the last several decades

there have been dramatic increases in stock losses. Of all marine organisms, oysters,



particularly Crassostrea gigas. have been introduced most frequently to new areas.
typically as a result of aquaculture activities. This has resulted in the development of an
effective transfer network of pathogens and parasites. Oyster populations in the United
States. Europe. and Japan have been hardest hit by these pathogens, which are often

viruses and protozoans (Sindermann. 1993).

The Pacific oyster (Crassostrea gigas) was introduced to the coast of France between
1966 and 1977. The oysters were introduced to the region as both seed and adults from

Japan and British Columbia. The Pacific oyster eventually replaced the indigenous

F oyster (C. I ion, and well in the region, resuiting in
Y 2

major aquaculture expansion (Sindermann, 1993).

Although the massive introduction of Pacific oyster was successful for commercial
aquaculture. 2 dramatic series of epizootics developed in two native species of oysters
around the same time. In 1966. the native oyster. C. angulara suffered considerable
losses resulting from a viral gill disease. Once the epizootic subsided, most of the C.
angulata population was depleted and replaced with the Pacific oyster in most grow out
areas. Another native species of oyster affected severely by epizootic disease was the
European oyster (Ostrea edulis). In 1968. the protistan parasite Marteilia refringens
harshly affected oyster-growing sites in the region (Elston et al., 1986a). The disease
eventually subsided during the mid-1970s but was quickly replaced by another protistan

parasite. Bonamia ostreae. This parasite developed quickly into epizootic proportions and



dramatically reduced the oyster population. This disease is still present today, resulting in
little to no culture of O. edulis in France. Evidence suggests that the pathogen Bonamia
ostreae entered France in O. edulis seed imported from a California hatchery. This stock
had originated decades before in the Netherlands and first entered the United States in the
1950°s (Elston et al.. 1986a). Given that O. edulis has the potential to be an important
aquaculture species in Atlantic Canada. and particularly for Nova Scotia, it is essential
for aquaculture facilities to identify potentially deadly diseases and the pathways of

introduction that have occurred in other regions of the world.

3.1.3 Viral Diseases of Shrimp

Shellfish. and shrimp in particular. have become important products on world seafood
markets in recent years. The increase in the demand for shrimp has led to growing
interest in shrimp culture. The culture of shrimp occasionally requires the movement of
seed populations and the introductions of species that present the most desirable rearing
characteristics. This activity has led 1o the introduction of several lethal viral pathogens.
The most serious of these pathogens is a disease termed IHHNV. which stands for

and ietic necrosis virus (Sindermann. 1993).

[HHNV is found in several shrimp brood stocks in Southeast Asia and has been
introduced to aquaculture facilities in Florida, Hawaii. Texas. Philippines. Guam, and
Tahiti. The disease was initially detected in shrimp farms in Mexico in 1981. Evidence

suggests that the disease was transferred to the region from Panama and was detected in



juveniles and adult shrimp weeks after their arrival. The biggest concem relates to the
possibility of infecting the native population. However, there has been little evidence that

this has become a problem (Sindermann. 1993).

It has been suggested that the transfer of viral diseases of shrimp can be linked to the
movement of stocks during the past two decades. This movement of marine organisms
has resulted in a transfer network and in the majority of cases the pathogen is never
detected and travels rapidly throughout the network. A solution to the spread of diseases
through this network requires establishing stricter quarantines on imports and carefully

selecting brood stock to ensure that they present no sign of disease (Sindermann, 1993).

3.1.4 Summary

Only a few cases of disease and bacteria introductions via non-indigenous species were
discussed. however. these examples were selected because they illustrate disease transfers
in species that are either important to Canadian marine aquaculture. such as O. edulis. or
provide a good example of disease transfer in culture systems. It is also important to note

that the majority of the i that are i i y i 10 a new region enter

for aquaculture purposes (Sindermann. 1993). From the case studies that were evaluated
in this section. a number of points can be made. First. pathogens may move along transfer

networks. Second. i i of aquatic have been i even when

the introductions of host species were intentional (i.e.. aquaculture). Third, countries need

to identify pathogens quickly and develop programs to study these organisms in their new



habitat. Moreover, it is important to realize that although some countries have strict

ing the i ion of indi; species, it is almost impossible
to prevent the spread of disease. For example. preventing the spread of disease is very
difficult in adjacent geographic regions and there is often no required treatment of ballast
water on vessels entering foreign ports. Fourth. there is a potential disease risk associated

with introductions of new species. Fifth, once a disease enters a population it is almost

to control its i it in regions where cage culture occurs. A
final point is that the movement of organisms throughout the world, in ballast water, for
aquaculture application. or scientific research. is steadily increasing and it is therefore
anticipated that many parasites and diseases will emerge in new environments

(Sindermann, 1993).

In addition to addressing the pathways of disease. Sindermann (1984) proposed a disease
control program. Disease control in intensive culture systems is clearly necessary and
feasible. particularly if the program is designed around four main elements. First. any
aquaculture operation will require some form of physiological stress management. In
other words. it is necessary to maintain appropriate water quality, reduce overcrowding,
provide a proper diet. and prevent abnormal temperatures and salinities. Stressful

situations can cause serious behavioral and physiological changes that will eventually

reduce resi: to Second. inations ( ic i ization) should
be a standard practice in aquaculture facilities. There are three important components of

an immunization program for marine aquaculture; government supported research and



of vaccines. and a non-traumatic procedure of mass
application. A third requirement in a disease control program is the utilization of
chemotherapy techniques. This type of trearment is applied only when other measures fail
because it can result in drug resistance after continuous use and can have detrimental
affects on algal food and nitrifying bacteria. The final element of a disease control

program for marine aquaculture is the prevention or careful introduction of non-

species with i ing. which requires both a national and

international management agenda.

3.2 Marine Parasites
All living organisms have parasites. including fish and shellfish species. Many of these
parasites are not actually harmful to the host organisms but they may affect the texture.

appearance. or behaviour of the species. The i i ion of parasites in

operations is an important source of concemn because parasites can impact the sale of the
product as a result of lesions. discolouration. poor meat quality. or even high mortality in
highly infected systems. More importantly. parasites can be transferred to a new region
with the introduction of a non-indigenous marine species for aquaculture purposes. The
new environment offers the parasite the opportunity to reproduce. disperse. and invade
additional host species. which may include both aquaculture and wild organisms. The
following section will examine a few case studies of parasites. particularly eel nematodes.
Marteilia svdneyi in oysters. and myxosporeans. as well as their impact on aquaculture

facilities. Although these case studies focus on parasites found in aquaculture operations



throughout the world, there are either similar parasites already identified in Canadian

marine aquaculture or these parasites have the potential to invade Canadian waters.

3.2.1 Eel Nematodes

In Europe there has been recent 2 and massive ion of worms.

Anguillicola crassus. among native European eel populations (Anguilla anguilla). The
worms entered Europe through the introduction of live Japanese eels. The worms are
large bloodsucking organisms that artack the swimbladder. resulting in high mortalities in

holding pens: there are also negative implications for spawning migrations (Si

1993).

The infection of native eel populations was first documented in Germany in 1982. The
origin of the infection was traced back o the release of infected eels that were shipped
from Taiwan in 1980. Today. the parasites are found in most European countries.
including Netherlands. Denmark. Poland. England. Spain. and Greece. The infection is
acquired in the carly elver stage. where an acute inflammation develops in the

swimbladder. Small crustaceans usually act as an intermediate host (Sindermann. 1993).

An active network of eel introductions has undoubtedly aided in the rapid spread of
nematode populations throughout many European countries. The majority of eel farms
have been dramatically affected. with massive reductions in growth rates and mortalities

of up 10 65% in culture populations. Anguillicola crassus will likely continue to expand



as a result of human transport of eels for the stocking of aquaculture ponds and for

markets within and across national boundaries (Sindermann. 1993).

Marteilia svdnevi is a protoctisian parasite that invades the digestive gland epithelial cells
of host species. The most commonly affected organisms are the oyster Saccostrea
commercialis and Crassostrea echinata. These two species are native to the east coast of
Australia but have been introduced to other areas of Australia for production in
aquaculture facilities. Marteilia sydneyi accompanied these introductions and was able to

establish itself in many coastal areas throughout the country (Bower. 1996).

The greatest concern with Marteilia svdneyi in cultured oyster populations is that it is
responsible for QX disease (Bower. 1996). which is similar to MSX disease identified in
oyster culture on the east coast of North America (Gorman. 1995) and will be discussed
in a subsequent section of the report. Generally. infected oysters are in weakened
condition with completely resorbed gonads. Massive invasion by Marteilia svdneyi
results in the discolouration of the infected tissue. severe shrinkage of the body. and
tissues become transparent as a resuit of gonad resorption. Infected oysters usually die
within 60 days as a result of starvation (Bower. 1996). Therefore, infected regions pose a
serious threat to aquaculture operations because death of the organism is usually
unavoidable. This parasite seems to be confined to the waters of Australia and limited to

the species discussed above. However. further research is required to determine its impact
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on other oyster species and whether or not it can colonize marine habitats outside its

natural range.

3.2.3 Myxosporeans
Myxosporeans have always been a serious pathogen of both wild and cultured fish
populations. The best known of these parasites is Myvxosoma (Myxobolus) cerebralis,

which is responsible for "whirling disease’ in many hatchery facilities throughout the

world. M. is has been i i in i ids in Europe, Asia, and in

North America. In the United State this parasite has caused extensive losses to

since its i ion. and it has spread throughout many regions
as a result of transports of salmonids for culture and stocking purposes. Generally,
monality occurs in heavily infected fish. whereas moderately infected fish exhibit

skeletal di and growth i i 1990). Although this is only

one example of a myxosporean infection in cultured marine fish. there are several others
that have been identified. Kudoa thrysites, which causes fatalities in year-old Atlantic

salmon on the Pacific Coast of North America. will be discussed later in the report.

3.3 Associated Species

In addition 1o the i ion of mi i and parasitic i by

the i ion of i aquatic species has also
occurred. The majority of these introductions are the result of accidental introduction of

adult or larval benthos in transport mediums of aquaculture species, such as in seaweed



or saltwater. The impacts of these i ions on the native can

be dramatic. causing serious damage to indigenous populations and altering

of the

The it ion of oyster p i for purposes, for example, has been

identified as the pathway of introduction for non-indigenous snail species (Lafferty and
Kuris. 1996). The oyster drill. Urosalpinx cinerea. is a highly invasive species that is able

to colonize a i even when the i oyster culture has failed

(Carlton. 1975). On the Pacific coast of North America. oyster drill introduction has
become a serious threat to commercial oyster culture (Elston, 1997). llvnassa obsoleta.
which was introduced from the east coast of North America. and the Japanese snail.
Barilaria artramentaria. are known to compete with the native mud snail. Cerithidea

californica. by preying on its egg masses (Whitlatch and Obrebski. 1980: Race, 1982).

A second example of introductions of associated species has been transfers of the
organisms responsible for red and brown tides. These introductions have been linked to
imports of shellfish species for mariculture (Shumway. 1989) and through ship ballast
water (Hallegraeff. 1993). Red and brown tides form as a result of marine dinoflagellate
blooms (Lafferty and Kuris, 1996) and have serious implications for the affected region.
Red tides can kill large numbers of fish in an area, which causes pollution of nearby
shoreline and severe losses to local commercial fisheries and aquaculturalists. More

commonly, red tides cause paralytic shellfish poisoning, which can result in human



illness and possible monality after consuming highly toxic shellfish species. Affected
areas must then be closed to commercial harvesting, often for extended periods of time.
By contrast. brown tides. which are caused by chrysophytes. can cause serious damage to
invertebrates populations and eelgrass beds and have been know to severely affect local
scallop fisheries (Lafferty and Kuris. 1996). This type of associated aquatic species
introduction is effectively illustrated by the recent outbreak of algal blooms in
aquaculture sites on the east coast of New Zealand as a result of transfers of wild Pacific
oysters spat from the west coast of the country (Haworth, 2001). These associated
introductions have the potential to cause major changes 1o local species abundance.
impact economically important fish and shellfish fisheries as well as agquaculture

operations. and alter the physical ecosystem.

A final i of an i i ion is that of the Asian clam. Corbicula

fluminea. The Asian clam is native to southern Asia. east coast of Africa. eastern
Mediterranean. and central and eastern Australia (Morton. 1986). C. fluminea was first
identified along the banks of the Columbia River near Knappton, Washington, USA in
1938. Chinese immigrants. who use the species as part of their diet. most likely

introduced the clam to the region. Today, the Asian clam has become widespread through

the Pacific as a result of i ions of species to new regions
and by bait bucket introductions in sport fisheries (Counts. 1986). Since its introduction.

the Asian clam has caused serious modifications to local ecosystems. including the

of indi ion and filter feeders. altering the feeding cycles of



many native fish and bird species, reducing blooms, and ifying the

stability of surrounding substrates (Lafferty and Kuris, 1996).

4.0 Genetic Alterations and Aquaculture
The need to preserve aquatic biodiversity has become increasingly evident over the last

several decades, particularly since growing public and academic comprehension

the ity of aquatic i i has resulted in conservation biology
becoming a major discipline in the life sciences (Ryman et al., 1995). The three most
important threats to aquatic biodiversity include loss of species. introduction of exotic
species. and loss of genetic variability (Philipp et al.. 1995). This section will examine the
concerns and impacts of genetic alteration on aquatic biodiversity as a result of

aquaculture activities.

4.1 Transgenic Fish and Aquacuiture

Over the last several decades. the understanding of molecular genetics has increased

( and K: inski. 1992), i in the of

fish. Ti ic fish are it that have been i altered through
the introduction of DNA sequences from other organisms. accompanied by the
integration of one or more of the novel sequences into their chromosomal DNA (Maclean
and Laight. 2000). As a result of these modifications, fish are typically able to grow faster

o size, are i safe for human ion, and will pass modified

genes on to i ions (] and K: inski, 1992) if i



viable. Transgenic species can also be modified to have greater resistance to lethal
pathogens through altered immune systems (Hew and Fletcher, 1997), thereby reducing

the need for vaccines and chemotherapy in cultured systems. Furthermore, studies have

been on the

of ping strains of fish. such as Atantic salmon.

that can tolerate low as a result of i ing an

protein gene obtained from higher latitude species (Fletcher and Davies, 1991; Maclean
and Laight. 2000). Some more recent studies have focused on developing fish that are
able to expand their geographical range with modified genes for salinity tolerances

(Iyengar et al.. 1996) and impi

ing the ism of fish to reduce feed

costs (Pitkanen et al.. 1999).

It has been suggested (Hew and Fletcher. 1997) that aquaculture will play a significant
role in meeting the increasing demand for fish products in the near future, and that
transgenic applications will increase yields because they produce fast growing fish with
more efficient feed conversion ratios. Furthermore. it has been argued that in order for a
country like Canada to remain competitive in international markets. it will need to
continue research on transgenic applications and maintain support in this area from both

government and regulatory agencies (Blewett and MacDonald. 1998).

Although there have been many in genetics. there are
several issues regarding the ication of ic fish in i First,
there is concern about the possible release of i it into the




where they could survive. reproduce, either with other transgenic individuals or with
indigenous populations. and scatter into nearby nabitats (Hallermann and Kapuscinski.
1992). However. Hew and Fletcher (1997) argued that there is no evidence to suggest that

transgenic organisms will disrupt the ical balance of an ", they

recommended that sterile fish can be used to reduce any potential impacts. Second, there
is a fear that transgenes might cause defective characteristics in modified fish, which
might be harmful to humans. This is a serious concern for the industry: however, all
genes presently used in fish transgenic studies are thought to be safe for humans and are
strictly regulated for future complications (Maclean and Laight. 2000). Third. there is a
concern that transgenic incorporation could cause genetic problems through position
effects or other genetic interactions. but this possibility seems to be fairly rare in practice
(Maclean and Laight. 2000). Fourth. religious groups. particularly in the United States.
have questioned the morality of genetic engineering and opposition to future
development is therefore likely (Blewert and MacDonald. 1998). Fifth, some groups.
such as the Humane Society of America. are concerned that gene transfers will result in
animal suffering (Blewett and MacDonald. 1998). Finally. there has been enormous
concern by the general public regarding the safety of consuming genetically altered
plants. animals and aquatic species (Blewett and MacDonald, 1998) and that the process
used 1o produce transgenic fish is “unnatural’ (Maclean and Laight. 2000). Research has
shown that it is hard to determine natural and unnatural breeding methods and many of
the products consumed today have been created artificially, such as certain crops and

cattle species (Maclean and Laight. 2000).



4.2 Potential Impacts of Triploid Fish

A relatively recent development in the aquaculture industry has been the manipulation of
numbers of sets of chromosomes. The studies are based on rearing triploid fish and
motivated by the notion that triploid fish. which do not invest a large amount of energy in
gonad development. will grow more efficiently than diploid fish (Lincoln and Bye.
1984). Moreover. because triploid fish are sterile. there is reduced concem about them

reproducing if released into the environment.

Although triploid females generally have poorly developed ovaries. triploid males
(especially in some salmonids) exhibit signs of partially developed testes with normal
levels of reproductive hormones (Bentey and Sutterin. 1984. Lincoln and Scott. 1984). In
the case of masu salmon. the testes of triploid males are less developed then diploid
males and have no spermatozoa. even in spawning season. However. the males do exhibit
external secondary sexual characteristics with similar level of steroid hormones and
gonadotrophic hormone as diploid males (Nakamura et al.. 1987). Therefore. although
triploid males may lack functional sperm. they could exhibit sexual behavior towards

diploid females and influence reproductive behavior in diploid populations.

Studies were conducted on masu salmon to determine the impacts of tripioid males on
diploid females during spawning season in modified aquarium environments. In these
experiments. triploid males displayed a frequency of quivering similar to diploid males

and all females tested spawned within 12 hours after the start of the experiment. These



quivering can be i to natural activities of steroid hormone

production within fish (Nakamura et al.. 1987).

In summary, triploid male musa salmon. even without sperm. exhibit typical courtship
behavior and have the ability to induce spawning of ovulated females. Inada and
Taniquchi (1991) have also observed that triploid ayu (Plecoglossus alrivelis), which
have poorly developed testes. will chase after diploid females and are often involved in
spawning activities with females. These reports suggest that a diploid female will spawn
with a tripioid male. even in the natural environment. Therefore the release or escape of
triploid males into marine ecosystems may affect the productivity of natural populations
(Kitamura et al.. 1993). This is an important area for continued research. because it could

have serious effects on natural fish populations and even threaten natural fisheries.

4.3 Selective Breeding

Genetic modification of aquatic species in order to improve production. range and quality
is a relatively recent development in the aquaculture industry. This timing is remarkable
given that the business of aquaculture has many elements similar to that of agriculture

and draws heavily upon the i and in animal

g

Scientists have suggested that fish may respond more effectively to genetic selection than
terrestrial animals and that aquaculture breeding programs could help meet the increasing

demand for aquaculture products (Gjedrem. 1997).



Until recently. selective breeding programs have been relatively rare in aquaculture
operations throughout the world. One of the earliest reported selection experiments was
carried out on rainbow trout populations by researchers at a California Fish and Game
facility (Hot Creek State hatchery). Scientists at this facility were able 1o modify
spawning periods. alter the spawning age 1o two years, and create a two-fold increase in
average fecundity (Parsons. 1998). In 1971. a Norwegian company, AKVAFORSK.
initiated an extensive breeding analysis with Atlantic salmon and rainbow trout. Within a
few years. the study developed into a major breeding program that focused on growth
rate selection. The program eventually advanced into a national breeding agenda and
currently sets standards for cultured salmon and trout population in terms of body weight

at ing. early ion. disease resi and flesh quality (Gjedrem. 1997). In

1993. the Philippine Tilapia breeding programme (PNTBP) was launched. and it
presently focuses on growth rate selection. delayed sexual maturation and disease
resistance. Although the program is relatively new to the Philippines. genetic
improvements will unquestionably play  large role in meeting the demands for Tilapia
products in the region (Gjedrem. 1997).

Breeding programs are most often directed at selecting for characteristics that produce
faster growth rates. more effective disease resistance, and delayed sexual maturity. Fast-
growing fish generally have a much lower production cost than that of a slower growing
fish because they have a rapid turnover rate and more efficient feed utilization. Moreover.

faster growing fish and shellfish are considered lower risk because they need shorter time



to reach marketable size. Selecting characteristics that improve disease resistance can
have many economic benefits for the industry, such as more fish to harvest, decreased

feed wastage. reduced need for antibiotics. and less infection strain in the environment.

The final istic that i often select for is delayed sexual
maturity. Postponing the age of sexual maturity is more profitable to the industry since
the optimal market size is reached sooner and production control is more effective. In
addition. delaying sexual maturity can improve flesh quality, which can increase the
demand and price received for the product and prevent loss of product during processing

operations (Gjedrem. 1997).

Although selective breeding can offer many positive elements to aquaculture business,
there are concems over the potential negative implications that may arise if the organisms
are released into the wild. Genetic threats are usually cited as the most serious concern to
wild populations. because farmed populations are occasionally inbred with reduced
genetic variability. Although this concern is often restricted to a single stock or species.
ecological threats may extend to many classes of plants and animals, such as birds.

insects. fishes. ibis il and seagrass (Pearsons and Hopley,

1999). For example. ids play a signi! role in both and

marine environments: therefore. the release of modified salmonid species into native

systems can have serious for other of the

Genetically selected fish are generally larger and behave differently than their wild

counterparts. which can result in different ecological interactions between similar species
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and other organisms (Nielsen, 1994; White et al., 1995: Pearsons and Hopley. 1999). The

accidental release of genetically altered species can impact native species through various

including it i and ission of diseases
(Pearsons and Hopley. 1999). Furthermore, they can alter predator-prey dynamics, either
resulting in an increase or decrease in native species abundance (Collis et al.. 1995:;

Pearsons and Hopley. 1999). Further research is needed to determine the impacts of

y bred i on native and to create a risk assessment program

and additional prevention measures.

4.4 Reduced Heterozygosity

The existence of genetic variation. either between populations or among individuals
within populations. is imperative for their survival and ability to respond to short or long-
term environmental changes. Three primary threats to intraspecific genetic diversity of
aquatic species are local extinctions. hybridization. and loss of genetic variation.

Reduction in genetic diversity between populations. which can occur between genes.

3 i or ic regions. occurs any time a genetically distinct
population ceases to exist or when its integrity is compromised through hybridization or

selection (Ryman et al.. 1995).

Extinction is a process that occurs when there is a total loss of genes or gene

combinations from a particular region. Disappearance of species or native populations is

most often the result of losses or modification of the surrounding habitat, such as the
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blocking of migratory routes of anadromous fish populations, pollution of estuaries and

bays. and human ion in wetland envi In addition to physical habitat
the i i of indi; species and i diseases and
parasites have also played a signi role in the extinction of aquatic

(Ryman et al.. 1995). For example, Nile perch (Lates niloticus), which were introduced
into Lake Victoria during the 1950s. threaten many indigenous cichlid populations

through both competition and disease (Achieng. 1990).

The second threat to genetic diversity. either between or within species, is hybridization
(Ryman et al.. 1995). This process may not result in the loss of individual genes. but in

the of gene inati which usually cannot be recreated and may

result in failure o adapt to changing environmental conditions (Hinder et al.. 1991).
Hybridization between species is often associated with human activities. such as
intentional or accidental transfers of exotic species through ship ballast water or canal
construction (Campton. 1990). and it has clear and immediate effects on biodiversity
(Waples. 1995). For instance. there has been extensive flow of genes from introduced
rainbow trout (Oncorhvachus mvkiss) and cutthroat trout (Oncorhvachus clarki) 1o
endemic populations of related species in the United States interior (Allendorf and Leary.
1988). These introductions have resulted in the loss of genes and the development of

several hybrid i i idization is also a major threat to the

genetic diversity of local population. For example. many wild salmonid populations are

threatened as a result of stocking programs. ocean ranching and escapes from net-pen



culture (Ryman et al.. 1995). Although the exact impact of hybridization on the genetic
diversity of local populations is unknown. it must be considered a potential problem and

future guidelines need to be established.

The third threat to genetic diversity is the loss of genetic variation within populations.
which usually occurs through selection. either deliberate or accidental, genetic drift. and
inbreeding as a result of restricted population size. Selection is a process that results
when certain genotypes produce more offspring than others. which causes only a limited
number of genes and genotypes to be preferred. Consequently, there is a reduction in the
in the number of alleles. which ultimately results in loss of genetic diversity within the
population. Although the process of selection is known as an important element in the
reduction of genetic diversity. it is difficult to determine the characteristics. intensity and

direction of the selective forces. Nevertheless. the most obvious examples are those

caused by human activities. such as dil i ing

practices. and selective breeding programs (Ryman et al.. 1995).

Loss of genetic variability due to restricted population size is generally referred to as

reduction of ity within i P ions need a minis number of

individuals in order to maintain genetic variability (Ryman et al., 1995). The largest

threats to i ity are the breeding-rel progr aimed
at il i native i (Ryman and Laikre, 1991) that have become
by fishing or habitat ion (Waples. 1995). Although stocking of



fish into natural waters has occurred for more than a hundred years, most programs have
failed to adequately anticipate or understand the potential threats o local ecosystems
(Pearsons and Hopley. 1999). Transfers of relatively low numbers of cultured fish to a
region have been used as a means of maintaining genetic diversity in many isolated
salmonid populations. However. in many instances these transfers actually undermine
genetic variation within populations (Luiz, 1999). In addition, many of these programs
have increased the number of fish in the wild, but threaten genetic diversity of the total

population by reducing its effective genetic size (Ryman et al., 1995).

5.0 Environmental Changes as a Result of Non-indigenous Species
The ecological ramifications resulting from the introduction of non-indigenous marine

species into a particular are it complex, and

often misunderstood. However. scientists have been identifving and analyzing two
principal issues to address these impacts. The first issue is to understand the interactions
of introduced organisms with species endemic to the ecosystem: these interactions

include ition. predator-prey relationships. di and co-i ions. The

second issue is the interaction of non-indigenous species with their new environment

(ICES. 1994).

Non-indigenous species may compete with native species for physical space. such as the

direct or indirect competition for spawning or juvenile feeding grounds, for food supply,

and for other essential resources. These forms of competition could potentially cause a
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change in local species abundance or possible extinction of the native species from a

specific F the ion of native species abundance may have an

indirect effect on other elements within the ecosystem, especially relationships with and
among other species (ICES. 1994). Environmentalists, scientists, and the general public
are concerned about competition issues that could potentially arise if exotic cultured

species are accidentaily released into the wild.

The introduction of non-indigenous marine species may also have a major impact on

4

pr prey ics within the in that the i species could

consume native species or vice versa. These interactions can change native and

introduced species abundance and/or alter their diets and feeding strategies (ICES. 1994).

This is a serious issue for ions and ial fisheries. For example.
Atlantic salmon aquaculture in British Columbia has been a topic of considerable debate
in recent years because Atlantic salmon are not endemic to the region. Commercial
salmon fishers have been concerned that if Atlantic salmon escape from aquaculture sites,
they will be more aggressive feeders than local populations. causing a change in the
feeding behavior and location of local salmon (Thornton. 2000). There is no scientific

evidence. however. to demonstrate that this situation will occur.

A non-indigenous species can also modify a habitat by altering the distribution and
abundance of other species within the ecosystem through indirect effects of disturbances.

For example. polychaete worms, clams. or crustaceans, which instinctively burrow into



soft substrates, can significantly reform surface sediments and boundary layers (ICES,

1994). which in wm can affect the feeding behavior of many marine organisms,

including those which are ically i w© the industry. For

example, the euryhaline bivalve P rbul is, which was first observed in
San Francisco Bay in 1986, is a non-native shallow burrowing organism that intensifies

sediment ion by ilizing surface sedi and i ing bed

(Carlton et al.. 1990).

The final issue relating to the interaction between introduced and native species has been
the co-introduction of associated species. such as the numerous species found on oyster
shells or planktonic organisms located in fish transport water (ICES. 1994). This type of
interaction can lead to serious impacts on the local ecosystem. such as the spreading of
harmful algal blooms as a result of dinoflagellate cysts in sediments affiliated with the

transport of fish or shellfish (Sindermann. 1993).

The second major scientific issue is the interaction of non-indigenous species with their

new i i y in terms of ical and ical impacts.

species may inhabit an area where few or no ecologically similar species have existed.

thereby altering the natural ioning of the F

species can change the physical landscape of a region. For instance, the substrate

ing New Zealand id isopod (Spe ¥ was

accidentally introduced into San Franciso Bay during the early 20" century, causing



massive shoreline erosion that continues to be a problem to the present day (ICES. 1994).

Altering the physical envi of a part can have serious
implications for fish and shellfish populations: for example, shoreline erosion may
destroy vital rearing grounds for juvenile finfish populations (Elston, 1997) and/or

destroy potential aquaculture sites.

6.0 Specific Introductions into Canadian Waters and the Implications

This section of the report will deal briefly with the introduction of non-indigenous marine
species into Canada’s east and west coast provinces. which include British Columbia,
Newfoundland. Nova Scotia. New Brunswick. and Prince Edward Island. This section

will also address the implications of the introduction of exotic species to each province.

focusing on pathways of i i i ial and parasitic transfers. genetic
alterations. environmental changes. and the documented impact of these introductions, if

any. on aquaculture businesses.

6.1 British Columbia

Of all the Canadian provinces. British Columbia has been the most influenced by the
introduction of non-indigenous marine species. These introductions have been both
intentional. for aquaculture or live seafood markets, and unintentional. through transport
media. ballast water. and migration between shared waters (British Columbia and

Washington State). Therefore an analysis of several species, including Atlantic salmon,



brown algae (Sargassum muticum). cordgrass, Japanese oyster drill, Asian copepod,
green crab. mahogany clam, Manila clam, Japanese scallop, and the Pacific oyster. along
with their positive and negative impacts on the aquaculture industry, would be extremely
beneficial.

Atlantic salmon (Salmo salar)

Although British Columbia has participated in the farming of salmon for several decades.
it was not until the early 1980's that the industry moved towards more advanced culture
techniques and husbandry practices (Natural Resource Consultants Ltd., 1997). In the

mid-1980s the Federal/Provincial Fish Transport Committee (FTC) was responsible for

ing the proposed i ion of Atlantic salmon into Pacific coast waters. The

against the i ion because of strong opposition from
steelhead (Oncorhynchus mykiss) advocates and concerns over possible environmental

impacts. However. the Federal i the ions made by

the FTC. and allowed the importation of Atlantic salmon eggs from 1985 to 1991.
arguing that upgrading of fish farming was required and that Atlantic salmon represented

an i i ity for the industry (Elston. 1997).

Today. British Columbia is the fourth largest producer of farmed salmon in the world,
after Norway. Chile, and the United Kingdom. In 1999, the province harvested 49,100
tonnes. which contributed 329 million dollars to the economy (BC Fisheries statistics,

1999). Atlantic salmon is the dominant salmon species farmed in British Columbia,



producing 38,700 tonnes in 1999, at a farmgate value (income received by the harvester)
of 224 million dollars (Table 1). Salmon farming is regionally based. primarily near
North Vancouver Island. Clayoquot Sound, and Campbell River. In 1999, for the first
time. farmed salmon production exceeded the wild sector in harvesting quantity and
value. as well as the wholesale value of processed products. This change can be partly
attributed to declines in native commercial stocks around that time. Greater then 70
percent of British Columbia’s farmed salmon are exported. with 90 percent designated
for U.S markets. followed by Japan. Taiwan. and the European Union (Table 2). In 1999.
the exports of frozen and processed Atlantic salmon equaled 122 million dollars. which
was 39% of the total export value of fish and seafood products within the province (BC

Fisheries Statistics. 1999).

The majority of salmon farming companies in British Columbia are vertically integrated.
This means that owners/operators run the farms and hatcheries, raise brood stock to
produce the next generation for harvest. transport and process mature fish. conduct
research. and market the product locally and internationally. In addition. these companies

often operate fish waste i i Unlike many ial fisheries, the

salmon aquaculture industry is free of government subsidies (BC Salmon Farmers

Association. 2000).



Table 1: British Columbia’s salmon aquaculture production and value, 1999.

Species Production (tonnes) Farmgate Value Wholesale Value
(S million) (Smillion)
Atlantic 38.700 224.6 N/A
Chinook 8.800 55.6 N/A
Coho 1.600 120 N/A
Total 49.100 2922 329.0

Source: BC Fisheries Statistics. 1999

Table 2: BC salmon aquaculture export volume and value, 1999.

Exports of B.C Us Japan Taiwan
Salmon Products Markets Markets Markers
Tonnes (Thousand
“000) Exported 34.382 833 603
Value of Exports
(Smillions) 295 5 8
Percent of total BC
farmed 95% 3% 2%

salmon export value

Source: (BC Salmon Farmers Association. 2000)

In addition to the value it contributes directly to the regional economy, the salmon
industry employs roughly 2.700 people. either directly or indirectly, with salaries and
benefits totaling over 62 million dollars a year. Greater than 92% of the direct jobs are
based in coastal communities outside of the greater Victoria and Vancouver regions,

which helps to diversify and stabilize local economies. At a time when many coastal

are losing their traditional jobs. salmon has created stable, long-

term employment (BC Salmon Farmers Association, 2000).



Most of the money made from the salmon aquaculture industry is reinvested into the local

economy. as well as into service and i i the province.
There are more then 250 companies that currently sell directly to the industry. which
means that the industry makes roughly 90% of its purchases locally. The total value of
these goods and services contribute over 130 million dollars annually. All levels of
government benefit from salmon aguaculture. through increased employment
opportunities. self-sufficiency of workers. and increased tax retumns. Furthermore.
because the majority of these products are exported. they generate valuable export

incomes. which both the provincial and Canadian ies (BC Salmon

Farmers Association. 2000).

Despite the fact that the introduction of Atlantic salmon has been extremely beneficial to
the local economies. many feel that it can have serious implications for the local
ecosystem. These concerns are associated with issues such as competition. hybridization.
colonization. modification of predator-prey relations. transgenic alterations. and disease
transmission (Elston. 1997). The level of competition between Pacific and Atlantic
salmon will depend on the number of cage escapees and whether or not colonization
occurs (Natural Resource Consultants Lid.. 1997). Currently. the level of competition
between Atlantic and native salmon in Pacific waters is not considered a serious threat to

wild stocks (Ginetz. 1996: Natural Resource C Lid.. 1997). studies

are being carried out on the potential impact on native spawning grounds (Amos and

Appleby. 1999) and other essential resources (Volpe et al.. 2001).
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The second concern relates to possible hybridization, which occurs when two individuals
either of the same species but different race or of related but distinct species mate and
produce young with genetic traits of both parents (Amos and Appleby, 1999). However,
this outcome was determined to be a highly improbable event between Atlantic and
Pacific salmon (Ginetz. 1996: Natural Resource Consultants Ltd.. 1997). There are three
main explanations for this failure. First. the Pacific salmon male selection process tends
10 ostracize Atlantic salmon (Amos and Appleby. 1999). Second. results show that while
it is possible to generate hybrid progeny in laboratory situations. the survival of crosses is
extremely low and those that did survive are unable to mature sexually (Ginetz. 1996:
Natural Resource Consultants Ltd.. 1997: Amos and Appleby. 1999). Finally. even if
reproduction between Atlantic and Pacific salmon was possible in the wild. the offspring

would be sterile and thus unable to reproduce themselves (Amos and Appleby. 1999).

The third concem is the possible establishment of wild Atlantic salmon populations in
British Columbia. Several studies have been conducted and conclude that this outcome is
unlikely to occur. but cannot be ruled out entirely (Natural Resource Consultants Lid..
1997: Amos & Appleby. 1999). Furthermore. these studies suggest that Atlantic salmon
are more likely to colonize land-locked lakes than their typical anadromous behaviour

(Natural Resource Consultants Ltd.. 1997).

Another concern relates to predator-prey dy i rding to the studies ©

date. there is no evidence that Atlantic salmon have any impact on native stocks or their
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feeding cycles (Nawral Resource Consultants Lid.. 1997). In fact. most of the Atlantic
salmon that were recaptured on the Pacific coast showed no signs of feeding on fish or
fish eges. This evidence suggests that the escaped fish are unsuccessful in feeding on fish

outside their caged environments (Amos and Appleby. 1999).

An additional concemn relates to the potential introduction of trangentic Atlantic salmon.

Although there is no current i ic saimon ion. more research

needs to be conducted in this area. However. it has been shown that the use of triploid
transgenic females will not affect local Pacific salmon populations and will result in more

efficient growth rate for the cultured species (Natural Resource Consultants Ltd.. 1997).

The final issue of concern is the possible spread of disease. This is an area of
considerable debate because it is difficult to prevent the spread of disease. especially in
aquaculture conditions (Natural Resource Consultants Ltd.. 1997). However. all Atlantic
salmon in British Columbia were introduced from either the east coast of North America
or Europe and entered as eggs from a pathogen-regulated broodstock. If there was any
detection of a pathogen during the screening process. the eggs were not allowed to enter

British Columbia or any west coast state (Amos and Appleby. 1999).

Although there is always a possibility of disease transfers between native and introduced

species. a greater concern in some instances is an outbreak within the introduced

have recently identified several new parasitic diseases associated



with netpen culture in British Columbia. These diseases have developed as a result of
Atlantic salmon being reared outside their natural environment (Kent. 2000). The
following examples will illustrate the pathway of disease associated with netpen culture

of Atlantic salmon in Pacific waters.

Because Atlantic salmon in British Columbia are an important element of both the
provincial and national economies. there has been great concern associated with the
identification of the myxozoan parasite Kudoa thrysites in Atlantic salmon netpen culture
on the Pacific coast of North America (Whitaker and Kent, 1991). Kudoa thrysites is a
complex parasite that causes an infection in the muscles of many marine fish. Although
mortality is rare. serious infection can cause unsightly white cysts or soft spots in fillets.
which in wm lowers the market value of the product. Little is know about the early
development and transmission of the disease and therefore further studies are required in

order to prevent and treat the infection (Kent. 2000).

A second concem to Atlantic salmon production in British Columbia has been the

identification of a gill disease caused by the parasitic copepod Haemobaphes

(Family i (Kent et al.. 1997). The genus Haemobaphes
contains nine species, four of which are found in British Columbia. Although
Haemobaphe spp. occurs in a number of marine fish species. the discovery of this disease

in B.C. Atlantic salmon is the first appearance in either captive or wild salmon. The
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materialization of this disease in Atlantic salmon suggests that the accidental infection

was the result of a native host being reared outside its narural environment (Kent. 2000).

Brown Alga (Sargassum muticum)
The brown alga. Sargassum muricum. was initially discovered in the Pacific Northwest

during the 1950's and its i ion was linked to shi of either Pacific oyster to

California during the late 1800°s (Elston. 1997) or with oyster spat transplanted to
Washington State (Abbort and Hollenberg. 1976). After its introduction. the alga
expanded rapidly northward and can now be found in most coastal areas of Washington
State and British Columbia. At present there are no known beneficial uses of this species.
However. there are a few potential serious implications resulting from this introduction.
S. muticum is an extremely invasive seaweed. characterized by fast growth (up to 4 cm
per day) and the ability to tolerate a wide range of environmental conditions. This means
that it can permanently displace native aigae and suppress the natural recovery of kelp
beds. The species has also colonized an ecological niche that does not appear to have
been utilized by a native species (Hume. 1998). The greatest concern. especially for
oyster growers throughout the Pacific Northwest. is its ability to invade commercial

shellfish beds and its potential to inhibit shellfish growth (Elston. 1997).

Cordgrass (Spartina alterniflora)

Spartina iflora was intenti i to Puget Sound. Washington, during

the 1940’s in an atempt to prevent erosion of nearby islands. Eventually it spread into



British Columbia. However, there have been some indications that it has existed in
Pacific Northwest waters since the late 1800's, when it was used as packing material for
eastern oysters (Elston. 1997). Since its introduction, cordgrass has caused major
modifications to tideland areas. This species forms large dense vegetative growth, which

results in increased silt iti i of tidal flat i ion of tidal

exchange. and a reduction in the capacity of estuaries to buffer freshwater inputs during
flood periods. This loss can have a detrimental effect on rearing habitats for salmon
species. clams. and oysters. which in turn has the potential to destroy commercially
valuable areas for aquacuiture. Although there is no real economic benefit associated
with Spartina alterniflora. it has been suggested that it can be used as a cage rearing
ground for juvenile chinook salmon. which are known to have an affinity for salt marsh

habitat (Elston. 1997).

Japanese Ovster Drill (Ce i )

The Japanese oyster drill was i y i into Pacific waters
during the early 1900's when Pacific oysters were imported from Japan. This species is
one of the most damaging pests found in oyster beds. causing up to 25 percent mortality
in cultured areas. an increase in production costs of up to 20 percent. and losses in net
profit as high as 55 percent (Elston, 1997). Given the serious ramifications to aquaculture
operations resulting from this introduction. both Canada and the U.S are investigating
possible solutions to the problem and one possible approach is future restriction on the

movement of shellfish from one area to another (i.e. transfers) (Elston, 1997).



Asian Copepod (Pseudodiaptomus inopinus)

There have been at least six different species of Asian copepods that have been
introduced to the Pacific coast of North America. Of those introduced. Pseudodiaptomus
inopinus has colonized and spread throughout the Columbia River estuary between the
years 1980 and 1990 (Cordell and Morrison. 1996). Copepods are small crustaceans that
are found in marine. estuarine. and freshwater systems. Because these organisms are
found in almost any aquatic environment. including ocean trenches. aquatic plants, and
bottom sediments. they play a significant role in the aquatic food chain as prey for a
variety of small fish and invertebrates (Elston, 1997). Nevertheless. it has been observed
that Pseudodiaptomus inopinus will compete with native copepod species. displacing
them from their native habitat (Cordell and Morrison. 1996). Pseudodiaptomus inopinus
also inhabits estuaries that are important feeding grounds for juvenile salmon and smelt.
Given the recent decline in many commercial fish species in the Pacific Northwest. it is

not surprising that fisheries scientists. and ists want 1o ine the

actual impact of this copepod on important fish species and their planktonic prey (Cordell

and Morrison. 1996).

European Green Crab (Carcinus maenus)
The natural distribution of Carcinus maenus extends from Mauritania to Norway in the

eastern Atlantic and to the waters of the i Sea (Jamieson et al.,

1998). This species was first identified on the Pacific coast of North America in 1989

when scientists recognized the crab species in San Francisco Bay (Hume, 1998; Jamieson



et al.. 1998). There are two proposed mechanisms for the introduction of Carcinus
maenus on the Pacific Coast. First. ship ballast water may have contained sufficient
numbers of larvae to establish a viable population (Hume. 1998). Second. it may have
been associated with scaweed that was used as packing material to ship lobsters and bait
worms from the east coast (Elston. 1997). Although some regions of the world harvest
green crab for consumption. it is relatively small in size compared to other larger and
more desirable crab species in the region (Eiston. 1997). Hence. it is unlikely that there

will be any commercial use for the green crab in British Columbia.

Green crabs have no natural predators in this new environment and thus have the
potential for a massive population explosion (Hume. 1998). Scientists and
environmentalists are tracking the rapid spread of this crab species along the Pacific coast
(Jamieson et al.. 1998). particularly because it preys on a number of bivalves (Juanes.
1992: Cohen et al.. 1995) and other crab species (Ropes. 1968: Elner. 1981). In addition.
the green crab is a fierce competitor with native Dungeness crab for food resources and
space in intertidal environments (Eiston. 1997: Hume. 1998). Given the diversity of
intertidal species on the Pacific coast relative to the Atlantic. the green crab may have a
greater impact in British Columbia than on the Atlantic seaboard (Jamieson et al.. 1998).
The gravity of this introduction is a major concern for the commercially valuable
shellfish industry in British Columbia (Hume. 1998) and future management will have to

address possible reduction measures.



Clam (Nunalia

Mahogany clam. also referred 10 as the vamnish clam, is native to Korea and Japan, and
was first identified in the Pacific Northwest in 1994. Although. it is not actually known
how the species colonized the region. it has been suggested that it had arrived a few years
earlier as a result of ballast water from transport vessels. After its initial introduction. the
mahogany clam was able to disperse rapidly and colonize a vast area around Vancouver
Island and the Strait of Georgia. buﬂ:miy. there are no significant economic benefits
resulting from the introduction. however. there are studies being conducted on the use of
the species for aquaculture purposes and commercial harvest (Elston. 1997). The only
negative implication resulting from this introduction that has been identified thus far is
that the mahogany clam has the potential to compete with other bivalves for food and
space. which could eventually cause a serious problem for commercial and cultured

species (Elston. 1997).

Manila Clam (Venerupis philippinarum)

The Manila clam was accidentally introduced into British Columbia’s waters with
shipments of Japanese oysters in the early 1930’s. Since its introduction. the Manila clam
has become one of the most important aquacuiture and fishery species in British
Columbia. producing a higher value than native species. such as the littleneck clam
(Elston. 1997). The Manila clam is the primary clam species farmed in the province. In
1999. 900 tonnes of clams were harvested. with a wholesale value of 6.6 million dollars

(Figs. 3 & 4) (BC Fisheries Statistics. 1999). There has been no documented negative



impact resulting from this introduction, except for possible limited competition with

native clam species (Elston, 1997).
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Figure 3: Annual value of clam aquaculture harvest in British Columbia 1997-99.
Source: BC Fisheries Statistics1999
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Figure 4: Annual clam aquaculture harvest by weight in British Columbia 1997-99.
Source: BC Fisheries Statistic, 1999

Scallop (Pati is)

The Japanese scallop was introduced to British Columbia between 1987 and 1990 for

experimental purposes. During hatchery trials at the Pacific Biological Station (Nanaimo



BC) the Japanese scallop was compared to native scallop species, particularly the
weathervane (Patinopecten caurinus) and the rock scallop (Crassadoma gigantea)
(Saunders and Heath. 1994). Studies concluded that the Japanese scallop would be the
preferable species for further culture methods because of its favorable hatchery
characteristics. fast growth rates. and strong market potential (Bourne et al.. 1989). Since
its repeated introductions in the late 1980s. the Japanese scallop has suffered significant
mortalities from a native protistan parasite called Perkinsus quqwadi or SPX. The
parasite produces infections in the gonads. digestive glands. and mantle, usually causing
up to 100 percent mortality in one-year-olds. However, there is no evidence to suggest
that the parasite affects native scallops and none of the local scallops examined
histologically were infected with P. qugwadi. Thus some species of scallops are resistant
to infection by P. qugwadi and therefore. selective breeding programs could reduce the
impacts of the parasite on the developing scallop industry (Bower et al.. 1999). The
Japanese scallop provides an excellent illustration of disease transfer from a native

ecosystem to a non-resistant exotic species.

Pacific or Japanese Oyster (Crassostrea gigas)
The Pacific oyster was initially introduced into Washington State during the early 1900s

asa for ing native ions of Ostrea ila, which was an

y i fishery. it it the century until
regulations were introduced to prevent transfers. However. the species is now found in all

coastal regions of the Pacific Northwest. including British Columbia. Although the
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Pacific oyster has colonized the area, it has also developed into a major aquaculture
industry, accounting for 75 percent of farmed shellfish production in the Province of
British Columbia (Elston, 1997). Oyster production in British Columbia produced 5,800
tonnes in 1999, for a wholesale value of 11 million dollars (Figs. 5 and 6). Like the
Pacific salmon, most of the Pacific Oysters are exported out of the province, primarily to

Japanese and U.S markets (BC Fisheries Statistics, 1999).
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Figure 5: Annual oyster aquaculture harvest by weight in British Columbia 1997-99.
Source: BC Fisheries Statistics, 1999
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Figure 6: Annual value of oyster aquaculture harvest in British Columbia 1997-99.
Source: BC Fisheries Statistics, 1999



Summary of British Columbia’s Shellfish Farming Industry
Shellfish farming has primarily been a small-scale industry in British Columbia.
However. this partern is rapidly changing as a result of technological and management

improvements. expanding markets. and a general awareness that shellfish farming is a

business ity. As previously i the two main shelifish species
grown in British Columbia are the Pacific oyster and Manila clam, both of which are not
indigenous to the region but have contributed substantially to the local and national
economy. Currently there are 258 licensed shellfish companies, which control 423
cultured sites. While production has been increasing over the last several years, it pales in
comparison to Washington State. Even though British Columbia has a much larger
marine resource potential. Washington State shellfish culture industry is estimated to be
greater than 60 million dollars annually. which is six times the current level of production
in British Columbia. Therefore. shellfish culture in the province has the potential to
expand substantially and compete with U.S growers (BC Shellfish Growers Association.

2001).

Current employment in the province's shellfish aquaculture industry is estimated to be
approximately 1.000 people. Because shellfish production occurs in many rural coastal

areas. shellfish farmers are able to generate i i ities. The

industry has become increasingly technology driven and has high labour demands, which
provide year round employment opportunities. In many regions of the province, shelifish

aquaculture is portrayed as a source of local pride and is a prime example of



and i i (BC Shellfish Growers

Association. 2001).

The long-term economic potential for shellfish farming in the province is extremely
promising. Some of the main reasons 10 expect expansion in this area are strong global
markets. environmental sustainability. and ample space to support growth of the industry

(BC Shellfish Growers Association. 2001).

6.2 Atlantic Canada

In contrast to British Columbia. there has been relatively little scientific research on non-
indigenous species and their impact on aquaculture operations in the Atlantic Provinces.
Many of the intentional introductions into Atlantic Canada have been the result of
aquaculture activites and most unintentional introductions are the product of ships ballast

water. However. it is likely that there are numerous introductions that have yet to be

such as i i diseases or parasites. Therefore. future

assessment of the region is essential.

Aquaculture Introductions

Of the Atlantic Provinces. Newfoundland has been the most fortunate when considering
the introduction of exotic species. Very few species have been introduced into inland
waters. and it seems that most of the concern about species introduction centers on the

industry. O

mykiss (rainbow trout) has been introduced from



Ontario and Prince Edward Island into Newfoundland for the purpose of marine
aquaculture. but because individuals have been triploid, escapees are generally thought to
have minimal potential for ecological damage since they cannot reproduce {Crossman.
1991). Although Atlantic salmon and Arctic charr (Salvelinus alpinus) are native to
Newfoundland. there have been transfers of these organisms from both Nova Scotia and
New Brunswick for aquaculture purposes. Pink salmon. Oncorhynchus gorbuscha (from
British Columbia) has also been introduced for aquaculture and as of yet there have been
no conclusive studies to indicate that there are any negative implications associated with

escapees (Crossman. 1991).

These deliberate introductions and transfers have brought clear economic benefits to
Newfoundland in the form of‘ revenue and labour opportunities. In 1999. the total
harvested weight of steelhead (marine rainbow trout) was 2.078 tonnes. with a total value
of 11.4 million dollars: steelhead was the largest and most profitable finfish grown in the
province (DFO. 1999). Given that steelhead aquaculture is relatively new in the province
and is often associated with other finfish culture. the statistics on employment, export
value and biomass were difficult to determine and therefore will not be included as part

of the evaluation.

Nova Scotia is much like Newfoundland in that relatively few known species have been
introduced unintentionally. Some of the species that have been introduced and transferred

for aquaculture purposes include Oncorhynchus mykiss. Salmo salar, Salvelinus alpinus



(Crossman, 1991), European oyster (Ostrea edulis). and bay scallop (Argopecten
irradians) (Judson. 1992). In 1999. Nova Scotia produced 3.923 tonnes of rainbow trout
(steelhead) at a value of 17.4 million dollars. representing 51.2% of the total value of
aquaculture production in the province. Roughly 42 tonnes of all trout production was
exported in 1999 for a total value of $218.000. Approximately 313 tonnes of European
oysters were harvested in 1999 and contributed $285.000 to the economy (NS

Department of Fisheries and Aquaculwre. 1999).

As is illustrated by these statistics. modest revenue has been made through the

introduction or transfer of indij species for ventures in Nova

Scotia. providing jobs for local and non-local Canadians. Total full-time employment in
the aquaculture industry in Nova Scotia in 1999 was 444 workers: 504 positions were
short- term (less then 6 months) and 165 positions were long-term. part-time (greater then
6 months). The majority of these positions are involved in finfish production. especially

steelhead trout (NS Department of Fisheries and Aquaculture. 1999).

In comparison to the other Atlantic Provinces. a provincial agency in Prince Edward
Island (PED reported that no new additional species have been intentionally released in
public waters since 1981 (Crossman. 1991). Before that time, introductions and transfers
of Salvelinus alpinus. Oncorhynchus mykiss. Salmo salar. Argopecten irradians,
Mercenaria mercenaria (quahaugs) (Judson. 1992). and Ostrea edulis (Newkirk et al.,

1995) had occurred for the purpose of aquaculture, most of which is either still in the



developmental stage or no longer in production. Like Newfoundland and Nova Scotia,

there have been very few i i from these i ions other than

the positive implications of employment and revenue for the local economy, which is

relatively small compared to the other provinces (Crossman, 1991).

New Brunswick. like the other East Coast provinces. has had very few introductions or

transfers for purposes. O I mykiss, i inalis. and S.

alpinus have all been i from other provi i Ontario.

and Quebec. for recreational fishery and aquaculture ventures. Rainbow smelt. Osmerus
mordax. was also introduced to this province: several studies have indicated a lack of
forage fish for wild Atlantic salmon in New Brunswick and the introduction of the smelt
remedied the problem without any known negative implications (Crossman. 1991). New
Brunswick is the largest producer of marine aquaculture finfish species in Atlantic
Canada. producing 22 thousand tonnes in 1999 at a value of 156 million dollars (DFO.

1999).

Whereas finfish species in each of the provinces were transferred from existing
populations in Canada. Ostrea edulis and Argopecten irradians were introduced to the
Atlantic region from other countries. There were several early attempts to introduce
Ostrea edulis to North America (Newkirk et al.. 1995). In 1957 and 1958, Medcof (1961)
tried to establish populations of European oyster (from the United Kingdom) in St.

Andrews. New Brunswick. and to Ellerslie. PEL However, populations were unable to



survive more then a few years because of cold ocean temperatures. Around the same
time. Ostrea edulis was imported to Milford. Connecticut. USA. from native populations
in Holland. Grow-out trials were more successful and the oysters were able to adapt to
the local environment (Loosanoff. 1955). Oyster stocks from Holland are more winter-
hardy than those from the United Kingdom (Drinnan. 1970). Therefore. in 1969, Drinnan
transferred European oyster stocks from Milford to Ellerslie station to be held in
quarantine and hatchery facilities. In the following years, the oysters were spawned in the
hatchery and the offspring were tested in sites around the island. The initial growth trial
was favorable and led the way for future Ostrea edulis production in Eastern Canada

(Nova Scotia) (Newkirk et al.. 1995).

The bay scallop. Argopecten irradians. was originally introduced into Canadian waters in
1979 (Judson. 1992: Couturier et al.. 1995). when shipments from Connecticut (Judson,
1992) were transferred to the Ellerslie Fisheries Research Station in PEI (Couturier et al..
1995). The introduced scallops were held under strict quarantine for three generations
before grow-out trials were tested in the open ocean (Townshend and Worms. 1983).
Initial growth rates of the scallops were favorable during the summer months. but the
organisms were unable to survive during the colder winter months and consequently field
trials were terminated in 1983 (Couturier et al.. 1995). In 1985. Nova Scotia acquired the
remaining bay scallops from Ellerslie Station and was able to produce several thousand

juveniles for grow-out trials (Mallet and Carver. 1987). By 1988. the first commercial

bivalve hatchery in Canada. the in Island facility ( N.S) began



bay scallops for facilities and by 1989 sold over 2 million scallop
seed and greater then 7.000 kg of marketable scallops (Couturier, 1990). At present, there
is still interest in bay scallop culture in Nova Scotia and PEL but the industry faces many
challenges, such as lack of seed producers. insufficient markets. slow growth, and

concerns for over-wintering (Couturier et al.. 1995).

Concermns for Aquaculture Business on the East Coast

The i i i ion of indi marine species into Atlantic Canada has

been limited to a few commercially important aquaculture species. However, there are

issues of concern for scientists and il ists that relate i o

aquaculture. These issues include the use of transgenic fish. the introduction of
potentially damaging non-native species through vessel ballast water. and the
identification of exotic parasites. diseases and pests. Although this section only briefly

describes some of the major concems for i there are

many more that have yet to be identified and will likely be the focus of future scientific

studies.

In 1988. a fish (eel pout) antifreeze protein gene was fused to a growth hormone from
chinook salmon and injected into Atlantic salmon. These injections produced salmon that
would grow ten times faster than non-transgenic salmon (Fletcher and Davies, 1991).

Although there is no i ic salmon ion in the province. debates

regarding the use of transgenic fish is ongoing and has obvious ramifications for the



aquaculture industry and fisheries managers. These concems include possible impacts
resulting from the escape of exotic or highly selected species, fish hybrids, and fish with
manipulated chromosome sets. However. these concerns could be reduced if the farmed
individuals are reproductively sterile (Devlin and Donaldson, 1992). In Bay D'Espoir
Newfoundland. for example. salmon growers were required by government regulations to

rear only female triploid steelhead in sea pens to prevent the possible introduction of non-

species into waters. These triploids are a positive development
because they usually grow faster than non-triploid fish and the detrimental effects of

sexual maturation do not alter meat quality (Sutterlin and Collier, 1991).

The second issue relates to the introduction of exotic species from ships™ ballast water:
some of these taxa are clearly harmful to aquaculture operations. Recent studies have
provided extensive evidence that ballast water from vessels has contributed significantly
to the global spread of Diarrhetic Shellfish Poisoning (DSP) and Paralytic Shellfish
Poisoning (PSP). which can have disastrous results for the aquaculture industry. This is a
major concem for the aquaculture industry in Atlantic Canada because the number of
ships entering coastal waters has been steadily increasing over the last several years.
Presently. there is only a limited amount of research on ballast water impacts in Atlantic
Canada. However. it is the long-term goal of the department of Fisheries and Oceans to

study these impacts more closely (DFO. 1995).



A third major concern for the aquaculture industry has been the discovery of the parasitic
protozoan. Perkinsus. in Canadian waters. The disease entered into the country through
the introduction of its host species, Argopecten irradians (bay scallop). The imports, and
therefore the parasites. came from the United States between 1979 and 1980
(Sindermann. 1993: Whyte et al.. 1993). Because the parasites were detected early in the

rearing the scallops were maintained in ine for three ions before
g process.

release. Then in 1989. after open water culture began, the parasitic protozoan was once

again found and i it as P. i. This example il that even after

careful monitoring. disease risks are never zero (Sindermann. 1993).

The pathogenicity of P. karlssoni has yet to be identified. However. there has been no
evidence to suggest interspecies transmission to other molluscs (McGladdery et al.. 1993:
Sindermann. 1993). Further research into the potential impacts of this parasite is
necessary given that shellfish culture plays a significant role throughout the Atlantic

region and the threat of disease is 2 concern for all aquaculture operations.

The introduction of the nuisance green alga Codium fragile ssp. tomentosoides
(Chlorophyta. Caulerpales) to Atlantic Canada is another major concern for aquaculture
operations. The alga. also known as the oyster thief (Garbary and Jess. 2000), was first
identified in the Atlantic region when a sample was collect from Graves Shoal in Mahone
Bay. Nova Scotia. in December 1991 (Bird et al.. 1993). It is believed that C. fragile

entered Eastern North America with the transfers or introduction of aquaculture shellfish



species to the United States from Europe during the 1950s (Bouck and Morgan. 1957).
The species was able o spread northward through most of the New England States
(Bouck and Morgan. 1957: Garbary et al.. 1997) and was suspected to have migrated into
Atlantic Canadian waters as early as 1989 (Bird et al.. 1993). The spread of this species
through the Northwest Atlantic has caused some serious concem for scientists, fishers
and shellfish growers because it is an effective colonizer that can form dense strands in
short periods of time. Where abundant. the species is able to compete with native flora

and can have serious i for ial fisheries and

operations by overgrowing valuable shellfish beds. attaching to oyster shells, and
clogging dragnets (Fralick and Mathieson. 1972: Carlton and Scanlon. 1985). Since its
initial introduction over ten years ago. C. fragile has expanded its range to northern
Nova Scotia. southem New Brunswick and P.E.L. and has become the dominant alga in
many subtidal areas (Garbary and Jess. 2000). The alga has yet to be identified in
Newfoundland but protocols must be in place to prevent the possible spread to the

province or other regions throughout the Atlantic.

A further concemn for aquaculture operators in Atlantic Canada has been the identification
of the clubbed tunicate (Stvela clava) in P.E.L waters. Stvela clava was first described in
Plymouth. Devon. in 1953 (Carlisle. 1954: Houghton and Millar, 1960) and was likely
introduced to the North Atlantic from the Northwest Pacific on the hulls of warships
following the end of the Korean War in 1951 (Millar. 1960). Today, Stvela clava

occupies many salt-water habitats throughout the world from Australia to many regions
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in the Northwest Atlantic. The introduction of this clubbed tunicate to the coast of P.E.L
is a serious concern for both aquaculture operations and fishers because it attaches to the
casement of many shellfish species making them very difficult to clean during
processing. Although Stvela clava is presently limited to only a few areas around the

island. it is likely to spread by natural dispersal to many other regions. However, to

hamper rapid of the organi: gl the Atlantic region, measures must

be established to prevent the acci ion by i fishing

gear and boats (DFO and PEIFAE. 2000).

As in British Columbia. the green crab. Carcinus maenus, is also a concern for
aquaculture in Atlantic Canada. The green crab was first reported in the Western Atlantic
in 1817 (Cohen et al.. 1995). where it became established along the American coast from
Cape Cod to New Jersey (Grosholz and Ruiz. 1996). Further expansion of the species did
not occur until 1905 (Vermeij, 1982) when an increase in air and surface temperatures
allowed the green crab to move northwards (Ropes. 1968). By 1951. C. maenus. had
reached northeastern Maine and New Brunswick and in 1961 (Welch. 1969) was
discovered on the outer coast of Cape Breton Island. Nova Scotia (Welch. 1969:
Jamieson et al.. 1998). Today Carcinus maenus is found in many areas throughout the
Atlantic Provinces of Canada. including its most recent expansion to the shores of P.E.L
(DFO & PEIFAE. 2000). Although the green crab can occur on any shore type. it is most
commonly found in sheltered shores where they out-compete other crab species (Elner,

1981). Their introduction has had serious consequences on soft-shell clam species, young



oysters and crabs. as well as artificially created mollusc beds (Lafferty and Kuris, 1996).
In coastal areas. Carcinus maenus feeds primarily on bivalves, with Myrilus edulis being
the most common food item in gut analysis (Ropes. 1968). This is of particular concern
for mussel growers throughout the Atantic region given the economic importance of

mussel production to P.E.L. Nova Scotia and s

A final concem for i is diseases i with net pen culture.
Rosette agent. which was initially identified as a lethal pathogen in cage culture of
chinook salmon in Manchester, Washington. USA (Elston et al., 1986b), has been
observed in net pen culture of Atlantic salmon on the Northeast coast of Canada
(Cawthorn et al.. 1991). The rosette agent infects the macrophages in the spleen, kidney,
and other organs. resulting in morality. The highest motalities occur during the summer
and autumn months and losses of greater then 90 percent have been documented (Kent.
2000). Given that the disease can cause devastating losses in net pen operations. it is a

major concern for aquaculture businesses.

A second disease found in Atlantic Canada net pen culture. which affects rainbow trout

is the h tunue. Rainbow trout are native to

western North America and have been introduced to the east coast of Canada for

aquaculture. In net pen culture in Atlantic Canada. a serious heart infection by trematode

causes high ities in rainbow trout populations (McGladdery et al.,

1990). and is unquestionably a problem for aquaculture operations.



Net pen culture is the preferred method of rearing ids because of low

and maintenance costs. However. because water exchange is not controlled. there is an
increased probability that various parasites will enter the system, thereby making net pen
culture susceptible to parasitic diseases (Kent. 2000). In addition. many of the new

diseases that have emerged in net pen culture arise as a result of transfers of non-

species to new envis (Kent. 2000) and incidence of disease will need

1o be carefully monitored in the future.

7.0 Prevention and Management

7.1 Canadian Regulations- Provincial and Federal

Initially. aquaculture activities in Canada were linked with traditional fishery resources
and were therefore under licensing regulations set by the federal government. However.
as the industry diversified and expanded. it became clear that the activities associated
with aquaculture were more closely tied to agriculture, because of the dependence on

provincial land and waters resources. Agquaculture has therefore become the

y of the provincial g (Blewett and MacDonald. 1998). Although
aquaculture is provincially licensed (except for P.E.L), the federal government remains
responsible for the regulation. conservation. and protection of Canada’s fishery resources.
which include control over the introduction and transfers of fish. either internationally or
between provinces (Cook and Simpson. 1995). Though the federal and provincial

governments can not share legislative and ing ibilities. they are able to

delegate administrative and i ions 10 each other by signing memoranda of



understanding. Memoranda of this type have been signed between DFO and the east and

west coast provil for the

P of and the creation of a
comprehensive licensing and leasing program for commercial aquaculture ventures
(Cook and Simpson. 1995). although there are slight variations in some of the specific

agreements.

Canada and British Columbia signed a memorandum of understanding in 1988, which
recognized the provinces right to license aquaculture businesses (Blewett and
MacDonald. 1998). Through this agreement, the federal and provincial governments are

both ible for the ion and of i i i ions in British

Columbia’s waters. The federal government's influence regarding introductions is
contained in the Fisheries Act Regulations section 55 and 56 and in the Pacific Fisheries
Regulation (PFR). 1993, section 5. Within these regulations the federal government can
control the release of live fish into any habitat or the transfer of any live fish into fish
rearing facilities. However. the law only pertains to fish and invertebrates and does not
cover the introduction of aquatic plants (Elston. 1997: Blewett and Macdonald, 1998).

The Provincial Wildlife Act (BC Reg 261/83) and the Provincial Fisheries Act provide

the Provincial government authority ing i i These i address
the transfer of live oysters. freshwater finfish. and lamprey eels. but do not include

legislation regarding tropical fish. omamental fish. or marine fish. Therefore, the

combined federal and provinci; it i the creation of the

federal/provincial Fish Transplant Committee (FTC), which is a governing body
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for reviewing ications for exotic and native fish and invertebrate transfers

into and within the province (Elston. 1997).

Although the above regulations cover the majority of concerns associated with the
introduction and transfer of organisms. there are several areas that still need further
assessment and are currently being discussed in a review of the PFR. These concerns

include i

-aprovinci the lack of provincial border staff. and

inadequate training of Canadian custom officers (Elston. 1997).

Aguaculture activities are not the only pathway of non-indigenous introductions. as was
illustrated in the first section of the report. Federal and British Columbia governments.
applying many of the policies and enforcement procedures that are used for aquaculture.
regulate aquaculture trade. The only areas of concem are the overlaps. discrepancies. and
gaps found between the governing bodies. where the provincial regulations exclude all
tropical and omamental fish from permit request. but federal regulations only exclude
specific species. such as tilapia (7ilapia spp.) and carp (Cyprinus carpio) (Elston. 1997).
British Columbia’s aquaculture regulations also apply to research and teaching

institutions and live seafood trade (Elston. 1997). However. at present there are no

policies. or voluntary for ballast water introductions in
British Columbia (Gauthier and Steel. 1995). Given the discrepancies between federal
and provincial jurisdictions. further reviews of the regulations are required. as are means

to adapt to future changes. A national review board is presently establishing a national



code on introductions and transfers of aquatic organisms for Canada (J. Parsons, Fisheries

and Marine Institute of ial University of Pers. Comm.)

As in British Columbia, aquaculture initiatives in the Atlantic Provinces are developed

and controlled through licensing and leasing by the provincial Departments of Fisheries

and Under the inistration of the provincial authority in each of the

provi . any indivi icil is required to obtain a valid license and
follow established regulations. Federal authority under the agreements requires

consultation and approval by DFO for i DFO also i its

support for scientific research and of

(Cook and Simpson. 1995). Furthermore. DFO regulates fish transfers and introductions
under the federal Introduction and Transplant Committee (Blewett and MacDonald.

1998).

Although many of the agreements signed for each Atlantic Province are similar, a few
important distinctions are notable. In Nova Scotia, the agreement states that there is to be
no collection or capture of natural or wild stocks for seed, brood. or other aquaculture
intentions and that any organism used in aquaculture facilities has to be obtained from

authorized hatcheries (Cook and Simpson, 1995). Within the framework of the Canada-

of for the province
is responsible for granting licenses (Cook and Simpson, 1995) and govemning the

introduction of new fish into river systems within the province under the direction of the



provinci i A also maintains partial authority
over fish transfers permits under the Newfoundland Transfers and Introductions Policy.

which was created by DFO.

The Department of Fisheries and Oceans (DFO) monitors the introduction of exotic
species in each province through the Fish Health Protection Regulations (FHRP) under
the Fisheries Act of Canada. The FHPR. in collaboration with the Manual of Compliance,
are continuously revised as new knowledge regarding fish diseases and their causative

agents emerges (Cook and Simpson. 1995).

The main purpose of the FHPR is to reduce the risks of introducing or spreading
potentially dangerous diseases within the Canadian aquatic environment. This objective

is met through the i of strict i ing the ion of fish

or eggs from other countries as well as among provinces of Canada. Permits must be
issued. by a DFO- appointed local fish health officer for any importation of fish or eggs
(including any fertilized or unfertilized products) of culture or wild fish into Canada or
between provinces. Fish health certificates are also required by all fish production
facilities in Canada and these certificates are only issued after careful examination of the

facilities (Cook and Simpson. 1995).



Another important point. although not under FHPR regulations, is that processors who
export fish out of the province are required to obtain a certificate of registration, a

shipping certificate. and have regular DFO inspections (Cook and Simpson. 1995).

In order to efficiently monitor all Canadian fish regulations a committee has been

established in each DFO region. The commitiees evaluate requests to introduce or

transfer fish in with fishery i under the Fisheries Act of Canada.
These committees are concerned with issues related to both indigenous and non-
indigenous species. including the transfer of potentially dangerous diseases and parasites
and genetic or ecological harm that could develop from competition between species

(Cook and Simpson. 1995).

These rules and regulations are vital to the health of marine ecosystems. given that every
watershed has its own native fauna that could be easily affected by outside introductions.
Therefore. any individual failing to comply with the regulations established by both the
FHPR and DFO will automatically lose their shipment and additional penaities may also

be imposed depending on the seriousness of the action.

In addition to regulating fish transfers and introductions in Canada. DFO has established

a temporary policy on the application and transfer of transgenic aquatic organisms in

order to regulate bi initiatives. i for research (DFO,

1994). This policy provides guidelines for research. rearing practices in natural

n



v and i to reduce possible escapes. DFO regards the
policy as essential because the potential benefits from the utilization of transgenic aquatic

organisms are significant to the industry. regional economies. and consumers, yet

are i new i with linle existing information on their
behavior or performances in either amificial or natural environments (Blewett and
MacDonald. 1998).

The draft policy on ic aquatic i i seven

« Research on genetic i ion to produce ic aquatic i is to be
conducted in laboratories or facilities that have been inspected by DFO. and
where precautions have been taken to prevent escape into Canadian waters.

* Requests for authority to use transgenic organisms in or near natural aquatic
ecosystems must be accompanied by a detailed risk assessment of the effects of
use. including i escapes. on the i and narural
of aquatic organisms.

* Written ion to use isms must be obtained from the
appropriate Regional Director General. after review and approval of proposals by
the Assistant Deputy Minister. Science. to ensure national consistency in
assessment procedures.

® Such use of transgenic organisms must be made through an authorized step-by-
step process. mcludmg interim stages of release into facilities designed to prevent

the escape of but enable to the natural
environment. Each stage must be assessed and reported on before the next stage
can proceed.

« Initially. and until oth use of outside

contained facilities may be made only with rcpmdncuvelv sterile organisms.
Following initial approved use. there will be a requirement for annual reporting.

© Public hearings may be required prior to use of transgenic organisms outside
contained research facilities to assess the potential implications of proposed uses
on fisheries resources.

‘Source: Meakin Consultants { Undated }



Although there are many policies and enforcement procedures dealing with potential
aquatic transfers in Canada. they are often ineffective and confusing because they are the

products of lapping federal and provincial jurisdicti ‘Therefore, it is not surprising

that many of the existing policies are under review in order 1o construct more transparent

and practical guideli F future initiati' to control i i and

transfers will need to be more flexible to il national and i

perspectives. The draft proposal that is presently being developed by the members of the

task group on introduction and transfers may help to rectify this particular problem.

7.2 i

A heightened awareness related to the conservation and protection of biological resources

has grown and expanded rapidly over the last several decades (Ryman et al.. 1995). This

global i promotes the ion of ial and aquatic

habitats from the impacts of human activities. Since the 1970s. many intemational

organizations have come to play a signi part in identifying. ing and
the i of non-indi species the world. ional action.
which is by i jonally agreed legal i is vital in ing non-

indigenous species because the impacts of biological invasions are not restricted by

political boundaries. especially in the marine environment (Shine et al.. 1999).

Currently. there are more then fifty international agreements, global and regional, and

*soft law” binding) i relating to the i ion. control and



of exotic species. These and ions vary i in terms of type of

conservation (nature or biodiversity). species analyzed. region of interest (freshwater,
marine. or coaswal). activities (fishing. aquaculture. or shipping). and procedures
(quarantine or transport) (Shine et al.. 1999). Although many international agreements or
treaties are relatively general in structure (relating to all exotic species), they do provide

and transfers. The

following section briefly reviews some of existing international instruments dealing with

the introduction of non-indigenous marine species.

One of the most important developments over the last twenty years has been the

and of an i i policy ing transfers and
introductions by countries bordering the North Atlantic. Under the administration of the
International Council for the Exploration of the Sea (ICES). a general “Code of Practice™

was established. and approved by member countries. for regulations concerning non-

species i i 1986).

The K “Code of ice 1o Reduce the Ri Adve Arisin;
i indi; Marine Species™ (1973) it llows:

1. Recommended procedure for species prior to reaching a decision regarding
new introductions.

(a) Member countries it any new i i should be
requested to present to the Council at an early stage. information on the
spemes. stage in l.he life cycle. area of origin. proposed place of

and with such i ion on its habitat, epifauna,
potential it to species in the new
environment. efc.. as available. The Council should then consider the




possible outcome of the introduction. and offer advice on the acceptability
of the choice.

(b) i ities of the i ing country should examine each
“candidate for admission™ in its natural environment. to assess the
justi ion for the i ion, its i ip with other members of

the ecosystem, and the role played by parasites and diseases.

(c) The probable effects of an introduction into the new area should be
assessed carefully, including examination of the effects of any previous
introductions of this or similar species in other areas.

(d) Results of b. and c. should be communicated to the council for evaluation
and comment.

If the decision is taken to proceed with the introduction. the following action

is recommended:

(2) A brood stock should be established in an approved quarantine situation.
The first ion progeny of the i species can be
to the natural environment if no disease or parasites become evident. bur
not the original import. The quarantine period will be used to provide
opportunity for observation for disease and parasites. In the case of fish.
brood stock should be developed from stocks imported as eggs or
juveniles. to allow sufficient time for observation in quarantine.

(b) All effluents from i used for
purposes should b:sz:nhzad in an approved manner (which should
include the killing of all living organisms present in the effluents).

(c) A continuing study should be made of the introduced species in its new
environment. and progress reports submitted to the International Council
for the Exploration of the Sea.

Regulatory agencies of all member countries are encouraged to use the
strongest possible measures to prevent unauthorized or unapproved
introductions.

for i ions or transfers which are a part of
current commercial practice.

(a) Periodic i ion (including mi ination) by the receiving
country of material prior to mass transportation to confirm freedom from

s



introduced pests and dxsmse lfmspecnon l:vuls any undsxﬂble

Findings and
mmednalacuonsshouldbempumdmun International Council for the
Exploration of the Sea.
(b) Inspection and control of each consignment on arrival.

© Q ining or disi ion where

(d) Establishment of brood stock certified free of specified pathogens.
(Source: Sindermann. 1986)

A second ization dealing with i i in the aquatic environment is the

United Nations (UN). In 1982. the UN Convention on the Law of the Sea requested its
member countries to take all measures necessary to prevent. decrease and control the
voluntary or accidental introductions of exotic species to any particular part of the marine
environment (Shine et al.. 1999). Around the same time. many other international
agreements were also reached in order to prevent and control introductions into inland

water systems.

A third organization dealing with potential introductions is the World Health
Organization (WHO). In 1969. Intemational Health Regulations (IHR) were established
and adopted by the World Health Assembly of the WHO (Geneva. 1969 and revised in
1982). Because many non-indigenous species serve as hosts or vectors for diseases that
are harmful to humans. the [HR was created to prevent the spread of potentially deadly
infections throughout the world. The goals of the [HR are to identify, reduce. and destroy
sources of infections. to improve sanitation. and to prevent further circulation (Shine et

al.. 1999).



Another ii in ing i ions was the creation of Agenda

21. which was adopted at the United Nations Conference on Environmental Security and
Development in Rio de Janeiro in 1992 (Nauke, 1998: Shine et al., 1999). The agenda
urged states to take action to address the impacts of non-indigenous species in a number

of critical areas. These areas included i ing fragile and

combating desertification. conservation biology. protecting the oceans. seas and coastal

areas. and pt i The C ion on Bi i Diversity

(CBD). which was also drafted in 1992. requested that parties. where possible and

ppropriate, prevent the i ion of indi species. as well as to control and

destroy those that threaten native ecosystems and species (Shine et al.. 1999).

In 1995. the Food and Agriculture Organization (FAO) created a Code of Conduct for

Responsible Fisheries. which required enlisted states to adopt measures to prevent and

reduce the effects of i i indi species or genetically

modified organisms used in aquaculture into natural ecosystems. These guidelines are

for the p ing the spread of exotic species within national waters

as well as to waters of boarding states (Shine et al.. 1999).

The International Maritime Organization (IMO) of the United Nations also plays a

role in i indi; species. across the world’s
oceans. Given that there has been exceptional growth in international marine

transportation. which is an important pathway for exotic species, the IMO strives to



improve safety of life at sea and prevent marine pollution from shipping (Nauke, 1998:
Shine et al.. 1999). In 1991. the Marine Environment Protection Committee (MEPC) of
the IMO accepted guidelines, which were based on national control measures from

Australia. Canada. and the US, for pi ing the i ion of ired aquatic

organisms and pathogens from ships’ ballast water and sediment discharge. The MEPC
stressed the need for such guidelines as the first step towards addressing the problem and

that future measures may require legally binding agreements (Nauke. 1998).

Although there are i i izations dealing with issues of non-

indigenous species introductions, it is still relatively difficult to monitor the extensive
activities of member countries. In addition. international law requires countries to be
responsible for ensuring that activities within their jurisdiction or control do not cause
damage to other countries or to areas beyond national boundaries. However. international

law is ambiguous when placing ibility for unintentional or intentional export of

exotic species to territory of another country where it then becomes invasive (Shine et al..

1999). Therefore. future i i i and need to lay the

for placing ibility for activities generating biological invasions and

measures for repairing impacts of existing introductions.



7.3 Foreign Approaches
Non-indigenous marine species have been reported for the majority of geographic regions

of the world and it is apparent that these species are a source of significant stress and

in marine ities (Ruiz et al.. 1999). However, there is only a
minimum estimate for the actual extent of non-indigenous invasions. because many
invasive species are not recognized as such. Given the global range of non-indigenous
species invasions. it is not surprising that many countries have implemented management
and control measures to deal with the problem within national waters. Therefore this
section of the report will highlight some foreign approaches to non-indigenous species

invasions. particularly for Australia. New Zealand. and the United States.

7.3.1 Australia

y for ing the i ion of species in Australian is the primary
responsibility of the Australian Nature Conservation Agency (ANCA) under the authority

of the Wildlife Protection Act of 1982. However. ibility for

diseases falls under the Australian Quarantine Inspection Service (AQIS). Department of
Primary Industry and Productivity. Each state and territory has a separate legislation that

deals with ing exotic marine i i which means that they all have

administrative powers under Fisheries Act(s). Wildlife Protection Act(s), and/or Flora

and Fauna Protection Act(s) (Elston. 1997).



Ballast water introductions are the primary concern for marine habitat modification in

waters. i given its ical isolation and dependence on marine
shipping for imports and exports (Thresher and Martin. 1998). Presently, there are over
70 known exotic marine species identified in Australia, with 20 of these known to have
been introduced through ships® ballast water (Jones, 1991). In addition, scientific research
has shown that ballast water introductions are responsible for causing toxic algal cysts
(Hallegraeff and Bolch. 1992), which are know have serious implications for shellfish

operations.

Australia has taken an international position in an effort to reduce the potential risks
associated with ballast water introductions (Thresher and Martin. 1998). Current
management for preventing ballast water introductions falls under the direction of the

AQIS (Elston. 1997: Thresher and Martin. 1998). through its chairmanship of the marine

Protection C i of the IMO. The AQIS has been a strong advocate
in establishing international controls for discharging ballast water and in developing a
National (Draft) Strategy on Ballast Water Management (1994 Ballast Water

Symposium) (Thresher and Martin, 1998).

The strategy recommended the creation of an ian Ballast Water

Advisory Council. which would be supported by a Research Advisory Group and core
funding for research. The council objectives are to allocate responsibility for ballast water

management. develop a secure funding base for research, and create a strategic research



plan. The council consists of government departments, key industry groups, such as
fishing. shipping and aquaculture, and a senior science representative (CSIRO). By
contrast. the Research Advisory Group is made up primarily of industry representatives
and scientific agencies. which evaluate council decisions and suggest alternatives

(Thresher and Martin. 1998).

732 New Zealand

One of the predominant environmental issues facing New Zealand has been the decline of

ity (Chri: 1999). As with Australia, New Zealand is almost
totally dependent on the shipping industry to sustain their economy, which makes it

extremely vulnerable to exotic invasions (Hayden. 1998). Consequently, the country has

taken a high profile stance against the intentional i ion of non-indi species.
This increase in conservation ethics is related to the physical distance between New
Zealand and most other land masses. which allows self-control of introductions. There
has also been a growing awareness of past mistakes causing irreversible ecological
impacts and public opinion is becoming increasingly opposed to introductions. Another
contributing factor is the inability to compete globally in non-indigenous species

aquaculture as a result of its isolated geographical location (Elston. 1997).

In 1988. a New Zealand Ballast Water Working Group (BWWG) was established. The

group is composed of representatives from research facilities, regional councils, port

fishing, shipping il i and various
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departments. The group is chaired by the Ministry of Agriculture and Fisheries
Regulatory Authority (MAF RA), which creates policies and guidelines dealing with the
importation of plants and animals and their associated pest. parasites and diseases. This
group was seen as the most appropriate agency to establish management and control

measures for unwanted organisms in ballast water (Hayden. 1998).

In addition to the national Ballast Water Working Group. voluntary programs for ballast

water i i were ped and i in 1992. The voluntary programs
are based on the IMO's "Guidelines for Preventing the Introduction of Unwanted Aquatic
Organisms and Pathogens from Ships” Ballast water and Sediment Discharge’ and the

AQIS control for ballast water entering Australian waters (Hayden. 1998).

New Zealand has long recognized a need for more national ballast water research and the
creation of a long-term management plan to reduce the impacts of non-indigenous species
introduction. Future initiatives will have to focus on prevention rather than control.
because research has found that there is rarely a means to eliminate invasive species once

they have become i P ing the i ion or transfer of

species will be most effectively accomplished through studies into alternative ballast

water di:

and new i for treating the water that does enter

national ports (Hayden. 1998).



733 United States

As with many other countries. the United States has been coping with the effects of non-
indigenous marine species since human settlement began. However. scientific research
into the impacts of accidental or intentional transfers of exotic species only began in the
1950°s. with the most intense interest within the last decade. Because the United States
has a relatively large coastline that extends long distances along the Pacific and Atlantic
oceans. the authority for management and control of non-indigenous marine species falls

under Federal and State jurisdictions.

President Bill Clinton created the Committee on Environmental and Natural Resources

(CENR) in order to a new Iti-age . isciplinary approach to
environment and natural resource development instead of the ineffective. traditional

single-agency discipline. The CENR and its i have i

in the nation’s ing of i

P issues

and have therefore focused its research on five main areas. These areas include natural

disaster reduction. ical systems i itori toxics and risk

assessment. global change research. and air quality. Through federal funding programs.
the CENR is able to address concerns about non-indigenous species invasions, such as
assessment of harmful algal blooms and impacts to estuarine environments by exotic

pests (CENR).



In addition to the CENR, the federal g passed a Non-indi; Aquatic

Nuisance Prevention and Control Act on November 29. 1990. which was amended by the
National Invasive Act of 1996. The Act has five main purposes. First. the Act secks to

prevent i i jon and distribution of exotic species to US waters by

effective ship ballast water management and control. Second. the Act coordinates

federally funded or 1 research on i or other activities

regarding aquatic nuisances. The third purpose is to develop and implement
environmentally sound management measures to prevent. monitor. and control accidental

introductions through mechanisms other then ballast water. The fourth objective is to

reduce ic and ical impacts of i i Finally. the Act proposes to
create a program of research and technology development within each state for the

purpose of prevention and management of exotics (ANS Task Force).

The federal government also established a National Invasive Species Council (NISC). to
provide national leadership on invasive species. The specific focus of the council is t©
ensure that federal agencies and programs are interrelated. cost efficient. and effective.
The NISC is required o develop a management plan that will enhance planning and

action ar the local. tribal. state. regional and based levels. F the

NISC will i i ication and ion. and monitor and

evaluate the impacts from invasive species.



At the State level there are several organizations that deal with invasive aquatic species.
such as the Chesapeake Bay Program. California Ballast water Control and San Franciso
Estuary Project. Commercial ports in the United States received greater then 79,000,000
metric tonnes of foreign ballast water in 1991. The main area for foreign ballast water
introductions on the Atlantic coast is the Chesapeake Bay region, particularly Baltimore,

Maryland. and Norfolk. Virginia (Carlton et al.. 1995). In December 1993 the

Chesapeake Bay Program adopted a policy on the i ion of aquatic
species. The basic objective of the program is to prevent first time introductions of non-

indigenous aquatic species into the waters of Chesapeake Bay and its tributaries, unless

and i i are first. The program is also

© ping a multi-jurisdicti approach to preventing accidental
introductions and to reduce potential impacts to the Chesapeake ecosystem (Elston.

1997).

In an effort to control ballast water introductions in the State of California. a bill was
passed (California Assembly Bill 3207 Campbeil) which stated that the people of the

state have a primary stake in

p ing the di: ing of foreign ballast
water in any water system or coastal area within the State. Furthermore, the bill created a
policy to prevent the dispersal of non-indigenous aquatic species into rivers, estuaries,
bays or coastal regions. However. these policies were never legally implemented because

the State had no authority to interfere with interstate or foreign jurisdiction and

(Ch Bay Commission. 1995).



The San Franciso Estuary Project is a component of the Environmental Protection
Agency’s National Estuary Program that supports the implementation of strict regulations
to control and manage the expulsion of ballast waters from vessels within the estuary.
Furthermore. the program hopes to prevent the accidental introduction and dispersal of

aquatic non-indigenous species within the region (Elston, 1997).

The above agencies and programs are only a few examples of non-indigenous aquatic
species management in the United States. At the federal level there is very little statutory

law. and no genuine legislati i indif species identification and

response to existing invasive species. The majority of federal law has acted on threats
from a particular species in a given region. such as zebra mussels in the Great Lakes

region. or to the pathway of introduction. such as ballast water management. But it often

fails to address issues such as identifying, pi ing, ing and ing non-

species. State legislation is even less defined and is considered a general

outline of federal statutory law (Miller. 1999). Although many of the programs and

have to i an i isciplinary and multi-

jurisdictional approach. future initiati for and control of
species will have to be more clearly defined and outlined so that responsibility is easily

determine.



8.0 Conclusion

In ion. the i ion of exotic or non-indi species has been a topic of

considerable concern in recent years. Although there are numerous pathways for

marine i the world, the most widespread and serious
mode is through ships ballast water (Carlton. 1985: Ruiz et al., 1997). It is clear that the

spread of diseases. parasites and nuisance organisms are among the greatest concems

with the i ion of il species. i those that could
have detri affects on and wild ial species. There is also major
concern for habitat destruction of native marine ions as a result of
changing pred prey dy and

The concerns are not limited to native populations because the loss of habitat can have
serious implications for existing and potential aquaculture businesses. In addition. genetic
alterations and release of genetically modified species into the natural environment could

potentially affect the productivity or reduce genetic variability of the local resource.

The introduction of non-indigenous species into marine waters of Canada has had a
greater measurable impact on the Pacific coast than the Atlantic. It has been illustrated
throughout the report that there have been both positive and negative implications for the
aquaculture industry as a result of exotic species introductions, especially in British
Columbia. It is also important to note that the majority of non-indigenous species that are
used in marine aquaculture activities in Canada are producing higher volumes and values

in comparison to native species. Although Canada has been diligent in establishing



and i based i to control the introduction of non-
indigenous species. some diseases have still entered local waters and caused ecological
changes. particularly in shared waters between British Columbia and Washington State.
Future management guidelines and practices will need to be more transparent, effective,

and flexible and will need to address existing and i

Canada should evaluate and incorporate management and control measures that have
been adopted by other countries. such as Australia, New Zealand. and the United States.

These measures will need to include more effective controls on ballast water

the of plans at local. regional. provincial. and
ecosystem-based levels and more federally conducted research into accidental and
intentional introductions. However. each country’s political and economic situation is
unique. and any guidelines modeled after them should therefore be designed to fit the

Canadian situation.

Although this report focuses on the biological aspects of the introduction of non-
indigenous marine species and their impacts on Canadian marine aquaculture ventures, it
also provides background information for any potential aquaculture investor. Most

investors are aware of the more common risks i with

such as government regulations and loss of product due to environmental or disease
factors. However. they often fail to realize the potential impacts of introductions of non-
indigenous species. either by their company. other operators, the general public. or

through ship ballast water. In addition. it is important to realize that even though there are



many economic benefits resulting from the introduction of some exotic species, what are
the furure implications of those decisions and how will the aquaculture industry and

society address these issues in the near fuwre.

9.0 Recommendations
As presented throughout the report. the introduction of non-indigenous species. either

intentionally or unintentionally. is a vital area of study because introductions have

affected the majority of the world's coastal i It is also an i area of
study for any group preparing to open or acquire a preexisting aquaculture site,
particularly if the objective is to rear a species that is not endemic to the region.
Furthermore. potential growers will need to know of other possible introductions.
accidental or intentional. in the region. and government regulations regarding laws and

enforcement procedures.

Recommendations to be made ling the and ion of non-

indigenous species. whether it is for the world or Canada. can be broken into five main

categories. The first is the need for iate baseline i ion and risk

methods. Currently. there is limited i i i indi species’
distributions and occurrence and therefore there is a necessity to assess the discontinuity

in current i ion and develop a idated inventory regarding the identification

and dispersion of non-indigenous species (Elston, 1997). This is especially important to



the Atlantic region of Canada because there is limited information on the abundance and

location of non-indigenous species. Much of the present research in Atlantic Canada is

either by provincial fishery and or through the federal
Department of Fisheries and Oceans (DFO). Future management and assessment efforts
in this region will require collaboration between the different agencies and provinces. It is
also important 1o evaluate and document the impacts of non-indigenous species (positive

versus negative. or biological versus ic) by ining disease and parasite

transfers. the effects of genetic alterations on native species. modification of the local

marine and ibution to regional ies. By providing baseline

marine i ies. such as will have a better idea of the risks

associated with introduced species and their distribution within a given region.

The second category relates to providing and distributi jonal materials to reduce

the possible i i ion of indi; species to a particular region.
Educational material needs to address potential risks associated with aquaculture
activities, individual release. scientific research. and the popular demand for aquarium
fish species (Elston. 1997). Educational materials should inform consumers about the
impact associated with the release of living marine organisms that are sold as seafood
products. which has become a growing prerequisite in world markets. Furthermore.
providing material on the distribution networks of introduced species could prevent the

accidental introduction of organisms via species that are used in aquaculture operations.



The third category is the need for more effective communication (Elston, 1997),
especially between neighboring countries, such as Canada and the U.S. where restriction
in one area may not be valid in the other or research may be more advanced in one
location compared to the next. For example, the introduction of the majority of non-
indigenous marine species into British Columbia has been the result of intentional
introduction in the U.S during the early 1900°s. Therefore, management and assessment
of these species requires the exchange of information between the two countries and to
promote constancy of biological criteria to regulate the movement of marine species.
Communication between federal and provincial governments in Canada will also need to

be improved. Present policies and regulations are often confusing, resulting in

Thus future initiati will require more

effective communication between federal and provincial agencies and the creation of

practical and i idelines for ive species i ions and transfers.

A fourth category involves the need for immediate international cooperation in ballast

water management. Given that ballast water and associated sediments is currently the

most i vector of indi species i ion and transfer (Carlton and
Kelly. 1998). it is vital for countries throughout the world to create international joint

research and This type of i i will require the

standardization of current sampling methods and data collection (Carlton and Kelly,

1998). the identification of potential donor areas or "hot spots’(Carlton and Kelly, 1998:



Cohen and Carlton. 1998: Ricciardi and Rasmussen, 1998), and the creation of more

effective control methods. i and

There also needs to be better ballast water management within Canada. At present there

are no real policies. or voluntary p for ballast water

introductions in British Columbia (Gauthier and Steel. 1995) or Atlantic Canada. Marine
traffic in Canada. especially in the Atlantic Provinces. is steadily increasing. Therefore,
future management measures will need to incorporate more effective research and
enforcement policies and increase public awareness about the growing concem for ballast

water introductions.

The final category is the creation and restructuring of regulations. either voluntary or

mandatory. ing the i ion of indi; species into a particular

country. Voluntary programs. such as community-based management. are more effective
than mandatory programs because they are usually more functional allowing. for an
industry such as aquaculture to have a stake in the success of the program (Elston. 1997).
Furthermore. non-indigenous species can enter an area through many different pathways
and given that countries such as Canada have extensive coastlines the cost that would be
required 1o effectively manage them could be better used in promoting educational

materials and voluntary programs.
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