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EXECUTIVE SUMMARY

This report presents a review and evaluation of information related to environmental effects of
salmon netcage culture in British Columbia. The present state of netcage salmon farming and
current knowledge on environmental effects is reviewed for British Columbia and other
jurisdictions where salmon farming is taking place. The review includes examination of
environmental regulations and monitoring programs that have been developed in other
jurisdictions for guiding and controlling salmon farm development. The project was completed
as a joint effort between EVS Environment Consultants Ltd. and Hatfield Consultants Ltd.
The salmon farming industry is relatively new, experiencing rapid expansion in British Columbia
over the 1980s. Annual production increased from less than 2,000 tonnes in the early 1980s to
levels in excess of 20,000 tonnes in 1991. Production stopped rising after 1991 and has averaged
approximately 20,000 tonnes per year over the period from 1992 to 1994.
The pattern of rapid growth in production occurred elsewhere, notably in northern Europe and
Chile, and has led to concerns over the effects that such a new and rapidly expanding industry is
having on the environment. Concerns have centered on issues related to nutrient loading,
disposal of wastes, use of chemicals for disease control, and interactions between wild and
domestic fish. As the lead agency responsible for managing the environmental effects of the
salmon netcage industry, the Ministry of Environment, Lands and Parks requested a study for the
assembly, distillation, and evaluation of the existing body of knowledge on the environmental
impacts of salmon farming in British Columbia. Similar efforts have been mounted in several
other countries which were experiencing an expanding fish farming industry. Consequently the
present study also includes a comprehensive review of recent information from other
jurisdictions.
Norway was the first significant salmon farming nation, having led world production since its
industry's inception in the early 1970s. Since that time Chile, Scotland, the United States, New
Zealand, Australia, Japan, Canada, and a number of other countries have steadily increased
production. The 1993 world production of farmed salmon was approximately 330,000 tonnes.
In 1994, there were 17 companies operating a total of 105 marine sites in British Columbia. This
represents a decrease in both number of companies and active sites since 1988; however today's
farms are located in areas with more favorable site conditions for production (e.g., temperature)
and more efficiently managed, on average, than those operating in the 1980s.
In the early years of the industry, British Columbia salmon farmers raised coho and chinook
salmon. In the mid-1980s Atlantic salmon were imported to British Columbia and usage
increased dramatically, primarily because of their rapid growth rate and low marine mortality.
Today Atlantic salmon dominate the industry, as presented below:

xiii

Species

1994 Production (tonnes dressed)

% of Total

Atlantic

12,905

62%

Chinook

6,290

30%

Coho

1,635

8%

Total

20,830

It is anticipated that the trend to increased production of Atlantics in British Columbia will
continue because of their superior profitability compared to Pacific species. However, a niche
will remain for the Pacific species as there is a strong long-term demand for coho and chinook,
particularly on the west coast of North America.
Physical and Chemical Effects on Marine Environment
The choice of farm location is influenced by site specific characteristics such as current speed,
depth, farm size, husbandry practices, and bottom topography, all of which will influence the
degree of environmental impact. Current speed and water depth at a site are most influential in
regulating the potential effects on the receiving environment. All fish farms produce organic
“waste” which is released into the surrounding environment. Organic “waste” released into the
receiving environment is primarily composed of suspended matter originating from feed and fecal
material.
The major area of effect on the receiving environment from organic wastes is on the sediments and
benthic community directly beneath and possibly extending some distance from the perimeter of the
netpens. These effects are largely attributable to localized smothering by waste feed and feces, and
to the subsequent organic enrichment of the substratum (i.e., hypernutrification and sedimentation).
If organic material accumulates on the sediment at a rate faster than the rate of decomposition by
benthic organisms, then the assimilative capacity of the system will be exceeded and changes in the
environment will result. Accumulation of organic matter results in increased oxygen consumption
and possibly anoxia in both the sediments and the water overlying the sediment. This depletion of
oxygen can result in changes in the bacterial and benthic invertebrate population. Anoxic
conditions in the sediments can result in remineralization of organic compounds resulting in the
release of methane, hydrogen sulphide and/or ammonia, all which are potentially toxic to fish.
However, if organic loading does not exceed the assimilative capacity of the site, the amount of
change in sediment chemistry and benthic fauna will be low.
Recovery of Bottom Fauna
Recovery rates of the macrobenthic community from a disturbed state to a structure typical of the
natural environment of that area subsequent to farm closure are highly variable. The data suggest
that recovery will be rapid at some sites, while slow at others. Recovery rates at British Columbia
farms ranged from one to five years. The high variability may in part be due to the absence of long-
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term or well defined operational monitoring programs. Nevertheless, some degree of variability is
expected due to differences in the physical oceanographic processes that govern waste dispersal,
length of farm operation, intensity of farm use, farm size, feeding rates and sediment particle size
between different farm sites.
Effects on Phytoplankton
Significant links have not been established between marine fish farming and harmful
phytoplankton blooms or general phytoplankton composition, biomass or productivity in studies
from many parts of the world, including British Columbia. This is also true experimentally with
regard to sedimented farm waste. Small, shallow, nearly-enclosed areas, such as some of those
used in New Zealand, Scotland, and Ireland are much more likely to experience some effect than
deep, well flushed systems such as those found in British Columbia, Chile, or Norway.
The effects of vitamins or other organic waste released into the water by farms is the biggest
unknown, due to lack of data. However, since no significant increase in phytoplankton
concentrations have been linked to the vicinity of farms in British Columbia waters or in
experimental treatment, this cannot be considered a major factor at present farm densities.
Effects on Wild Fish Stocks Near Cages
Studies of predation by caged Pacific salmon have been undertaken in British Columbia and
indicate that small quantities of young herring, a commercially important species, are consumed.
However, the studies suggest levels of consumption are not sufficient to threaten the commercial
viability of stocks. Predation on fish and invertebrate species is likely strongly influenced by site
location, season, species of farmed salmon, and size of farmed salmon. The referenced studies
were undertaken for Pacific salmon and are expected to be repeated for Atlantic salmon.
Field studies to determine changes in composition and abundance of fish species adjacent to
salmon cages have been conducted in other jurisdictions, but not in British Columbia. These
studies indicate that among species assemblages attracted to farms, the reasons for attraction
varies among species; a few species feed on pellets from farms, though most do not, while other
species appear to be attracted for other reasons (e.g., shelter or to feed on fouling organisms
attached to farm structures). The studies do not report negative effects from salmon cage culture.
Studies of salmon farm waste on herring egg masses have not indicated negative effects.
Concern exists in British Columbia that salmon farms might affect prawn and shrimp fisheries.
Studies of interactions between salmon farms and prawn/shrimp fishing indicate care must be
taken when interpreting factors influencing change in shrimp production levels. Interviews of
prawn fishermen elicited comments that production was affected both positively and negatively.
Studies of prawn production levels in sub-areas of the Department of Fisheries Statistical Area
12 indicate production has not been negatively affected by fish farm activity. If effects (positive
or negative) are occurring, they are possibly smaller in area than statistical sub-area units.
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Potential Disease Transmission
Potential introduction of exotic diseases is a paramount concern in the literature reviewed. Risks
of importing new diseases was recognized by government agencies prior to the rapid
development of the salmon farming industry. Consequently, regulations for minimizing risks
were in place early in the development of the industry and additional measures (mainly
quarantine and disinfection of effluent) were applied to imported Atlantic eggs. Available
information suggests adherence to current regulations make the introduction of an exotic disease
unlikely.
The potential for farmed fish to act as reservoirs and agents of transmission of diseases that
already occur in local waters is also a concern. Mechanisms of disease transmission are
complex. Reviewed information suggests that transmission of known endemic pathogens from
farmed fish, at cage sites or as escaped fish, to wild stock and from wild stock to farmed fish is
possible. However, evidence of any transmission of an endemic disease from salmon farms to
wild fish was not identified. The likelihood of a disease outbreak occurring among wild fish as a
result of transmission of an endemic pathogen from farmed fish appears to be low based on the
combination of factors that must occur.
Escapes of Atlantic Salmon
Numbers of escaped Atlantic salmon have increased since 1990. Data on sightings and
recoveries of Atlantic salmon in British Columbia indicate that some Atlantic salmon that escape
from farms survive in marine waters and enter streams. However, Atlantic salmon have not been
observed to spawn in British Columbia. Data reviewed for this study suggest that if fry are
produced, competition with native stream salmonids might impair survival of the Atlantic fry.
The topic of interactions becomes complex when consideration is given to the diverse conditions
in British Columbia streams; studies on interaction between Atlantic and Pacific salmonids have
not been undertaken in British Columbia. When considering attempts to establish populations of
Atlantic salmon outside their native range some authors suggest that there are possibly additional
factors limiting survival in estuarine and marine areas.
Studies in Europe suggest that escaped Atlantic salmon on spawning grounds are apt to display
timing and locational tendencies that are not typical of wild Atlantic salmon in their native range.
However, the extent to which escaped British Columbia Atlantic salmon will show similar
behaviour to Atlantic salmon that escape from farms in Europe is not known. Studies in Europe
also show that escaped Atlantic salmon will attempt to mate with brown trout. Hybridization
studies in British Columbia suggest that if mating does occur, the viability of hybrids with native
species will be very low.
Escapes of Pacific Salmon
A large body of literature describes potential and known genetic changes in wild salmonids as a
result of cultured stock being deliberately or accidentally placed with local populations (based
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mainly on release of fish produced in hatcheries). Data on the genetic effects of escaped Pacific
salmon on wild populations is weak. Information reviewed for this study suggests that escaped
Pacific salmon have the potential to, in some situations, cause genetic change in wild populations
and also may display an increased frequency of attempts to mate with other species. Beyond this,
there is not sufficient data to state how much change might occur, its geographical extent, or if
the genetic change will be detrimental to the affected wild stock. The greatest concern would be
for situations involving repeated escapes in close proximity to a stream having a population of
chinook or coho with their concentrations depressed as a result of other factors.
Effects on Mammals and Birds
Species of mammals and birds are attracted to and prey upon salmon in netpens. They also feed
on other organisms attracted to or attached to cage facilities, and possibly excess fish feed.
Methods used to eliminate predator species are shooting and trapping; in most cases, these
methods appear to be used when other methods have failed. Nonetheless, results of surveys
suggest that a number of farmers might shoot or trap to kill as soon as a predator species is
perceived to be a threat. Sources of mortality to mammals are shooting, trapping, and
entanglement in bag nets used to deter predators. Sources of mortality to birds are shooting and
entanglement in top nets (also used to deter predators). Species which appear to experience
highest mortality are seals, river otters, sea lions, mink, and heron. Data are not available to
quantify numbers of birds killed. Suitable methods are available to minimize bird predation
mortalities; seal predation control and mortality remains problematic.
The use of new high-powered acoustic deterrent devices (to deter seals) might also cause the
displacement of non-target species. This method is of particular concern because limited testing
has demonstrated that it is capable of displacing non-target cetaceans from substantial areas
around the device location.
Effects of Chemotherapeutants
Generalizations regarding the persistence, residues, and ecological effects of antibiotics must be
made with care. Very large differences can be expected according to the type of antibiotic and
individual site conditions. For example, studies of antibiotic effects on the ecology of marine
sediments are contradictory. In Norway, oxytetracycline and other antibiotics reduce bacterial
populations and activity in bottom sediments for several months after medication. In Puget
Sound, studies indicate oxytetracycline and Romet 30 do not reduce bacterial populations and
activity.
Oxytetracycline and two potentiated sulfonamides (Romet 30 and Tribrissen) are the antibiotics
most commonly used in British Columbia. Results of studies on these compounds indicate the
following characteristics:
•

Oxytetracycline is characterized by rapid breakdown in seawater, long persistence in
sediments below cages, a rapid and severe drop in antibacterial capability in seawater
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due to complexation with other compounds (notably calcium and magnesium), and
development of resistant bacteria in bottom sediments during medication, with a return
to background levels in one month or longer than one year, depending on site
conditions.
•

One potentiated sulfonamide, Romet 30, comprised of a sulfadimethoxine and
ormetoprim, appears to have lower persistence in sediments than oxytetracycline. The
sulfadimethoxine component appears to be more persistent than ormetoprim. Bacterial
resistance to Romet 30 is high shortly after medication, and resistance persisting at
least one to two months after medication is stopped.

Residues of antibiotics have been detected mainly during studies in Norway in wild biota in the
vicinity of netpens. Uptake rates varied, possibly reflecting differences in feeding behaviour.
Tissue concentrations drop rapidly within one to two weeks of cessation of medication. Reports
reviewed herein suggest the risk of antibiotic effects on humans is low, with perhaps farm
workers being at greatest risk. Antibiotic persistence and resistance levels in sediment and
detection in biota in most cases fall within a zone of influence close to the farm site.
Other compounds used to control diseases have a high toxic potential, but quantities are usually
so small that toxic capability would diminish rapidly from the point of release. A possible
exception might be pesticides for sea lice control, which will require larger quantities than other
compounds in use at farms. Pesticides are used to control sea lice infections in other
jurisdictions and are a potential option being examined for application in British Columbia.
Monitoring Programs
Development of suitable monitoring programs for salmon cage culture has been a challenge. A
review of monitoring programs in other jurisdictions has revealed a variety of approaches; in a
number of locations monitoring measures are still being developed. Recommendations for
improvement of the current environmental monitoring program in British Columbia include:
•

incorporation of baseline studies;

•

simplification of monitoring by removing most water quality parameters;

•

focus on detection of changes in bottom conditions (using visual aids and sample
collection methods similar to those described in the current program but with
modifications); and

•

scaling of monitoring intensity at individual farms according to farm size and to amount
of estimated impact.

Specific recommendations are presented herein in relation to incorporation of decision criteria in
the current program concept, parameters and sampling frequencies, data handling and reporting,
implementation strategies and other topics for consideration.
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1.0

INTRODUCTION

This report presents a review and evaluation of information related to environmental effects of
salmon netcage culture in British Columbia. The present state of netcage salmon farming and
current knowledge on environmental effects is reviewed for British Columbia and other
jurisdictions where salmon farming is taking place. The review includes examination of
environmental regulations and monitoring programs that have been developed in other
jurisdictions for guiding and controlling salmon farm development. The project was completed
as a joint effort between EVS Consultants Ltd. and Hatfield Consultants Ltd.
1.1

BACKGROUND

The salmon farming industry is relatively new, experiencing rapid expansion in British Columbia
over the 1980s. Annual production increased from less than 2,000 tonnes in the early 1980s to
levels in excess of 20,000 tonnes in 1991. Production stopped rising after 1991 and has averaged
approximately 20,000 tonnes per year over the period from 1991 to 1994.
The pattern of rapid growth in production occurred elsewhere, notably in northern Europe and
Chile, and has lead to concerns over the effects that such a new and rapidly expanding industry is
having on the environment. Concerns have centered on issues related to nutrient loading,
disposal of wastes, use of chemicals for disease control, and interactions between wild and
domestic fish. As the agency responsible for managing the environmental effects of the salmon
netcage industry, the Ministry of Environment, Lands and Parks requested a proposal for the
assembly, distillation, and evaluation of the existing body of knowledge on the environmental
impacts of salmon farming in British Columbia. Similar efforts have been mounted in several
other countries which were experiencing an expanding fish farming industry. The present study
includes a comprehensive review of recent information from other jurisdictions.
1.2

TERMS OF REFERENCE

Terms of Reference for the present study called for a review and evaluation of environmental
effects of salmon farming in British Columbia, drawing upon results of studies conducted in
British Columbia and other jurisdictions. Specific topics to be considered include:
1.

Present State of Netcage Salmon Farming, including:
•

an overview of the salmon farming industry in British Columbia and globally;

•

identification of locations of netcage salmon farming sites in British Columbia;
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2.

3.

4.

•

description of net cleaning methodology, operations, locations, operations with
BC Environment waste disposal permits, description of processes and discharge
quality; and

•

identification of mortality disposal locations, process descriptions, and quantities
in British Columbia.

Physical and Chemical Effects on the Marine Environment, considering:
•

water circulation;

•

sedimentation;

•

water quality chemistry; and

•

comparison of fish farm loading with other discharges.

Effects on Benthic Macrofauna and Productivity, considering:
•

benthic macrofauna;

•

recovery rates of the benthic community; and

•

phytoplankton biomass and productivity.

Effects on Commercial Fish Stocks and Other Megafauna, considering:
•

changes in species composition and abundance of fish and megafauna;

•

survival and reproductive abilities of escaped Atlantic salmon;

•

disease transmission from cultured salmon to wild fish;

•

changes in genetic fitness of wild coho and chinook resulting from the escape of
coho and chinook cultured stock; and

•

use of antibiotics and effects on surrounding biota.

5.

Environmental Regulations for Fish Farms in other jurisdictions, with particular
reference to siting, operational restrictions, management, and disposal of wastes.

6.

Monitoring Programs for Fish Farms, including specific recommendations for
enhancement and improvement of the program in British Columbia.

This report collates the existing body of knowledge regarding the environmental effects of
salmon netcage farms. Given project time constraints, a very large volume of information was
reviewed as expeditiously as possible over a relatively short time-frame. Inevitably, some topics
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received a lower intensity of coverage than that which would be ideal. Such areas which would
benefit from further study have been noted in the appropriate text section.
It is anticipated that this review will assist the British Columbia Government in improving its
current policies. The scope of work in this study was to evaluate existing information on
environmental effects of salmon netcage culture, not to conduct an environmental assessment.
Therefore, the reviewers have not made any final judgement of the impact of salmon netcage
farming.
1.3

STUDY APPROACH

Information for the present study was assembled through:
•

discussion with personnel in provincial and federal government agencies in British
Columbia;

•

computer literature searches;

•

discussion with concerned non-governmental organizations possessing literature on the
topic;

•

communications with government agency personnel in Europe (Ireland, Scotland,
Norway, Sweden, United Kingdom), Chile, New Zealand, and Japan; and

•

communication with representatives of the British Columbia Salmon Farmers’
Association and with members of associations in other jurisdictions (Scotland, Ireland,
Chile, and New Zealand).

A large body of published and unpublished information has been produced on the topic of
environmental effects of salmon netcage culture. Much of the literature produced before the late
1980s involved reviews of potential impacts and identified areas of potential hazard because
primary scientific studies had not been conducted. In recent years, the number of primary studies
directed at resolving uncertainties or areas of high concern has increased substantially. Emphasis
for the present study was placed on retrieving and reviewing the current body of primary
information, supplemented with earlier studies where appropriate.
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2.0

PRESENT STATE OF NETCAGE SALMON FARMING

This section presents an overview of salmon farming operations in British Columbia and other
major salmon farming jurisdictions. The main producing regions are, in order of annual
production, Norway, Chile, and Scotland. Production in all other regions is significantly lower
than that in these three countries. Accordingly, emphasis has been placed on these nations, plus
the situation in British Columbia. A global review of salmon farming is presented in Section 2.1
and a review of the industry in British Columbia is presented in Section 2.2.
2.1

GLOBAL REVIEW OF SALMON FARMING INDUSTRY

Norway was the first significant salmon farming nation, having led world production since its
industry’s inception in the early 1970s. Since that time Chile, Scotland, the United States, New
Zealand, Australia, Japan, Canada, and a number of other countries have steadily increased
production. The 1993 world production of farmed salmon was approximately 330,000 tonnes,
distributed as follows:
World Production of Farmed Salmon - 1993

Japan
8%

Other
13%

Norw ay
44%

Canada
9%
Scotland
11%

Chile
15%

In some of the above countries salmon farming has been used as a tool to promote regional
development (e.g., Norway); others have used it as a tool to attract foreign investment (e.g.,
Chile). In some areas, growth of the industry has been strongly limited by competing uses in
marine areas (e.g., Washington State). Development objectives and controls applied to the
salmon farming industry in British Columbia over the past 20 years have fallen between these
extremes.
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2.1.1

Norway

The Norwegian salmon farming industry has experienced exponential growth since its inception
in the early 1970s. This is in large part due to extensive support received from the Norwegian
government in the form of:
•

training and education;

•

assurance of product quality and safety;

•

availability and regulation of therapeutants;

•

marketing (marketing research, support for generic marketing, export support, tariff
barriers, subsidies and non-tariff barriers);

•

research and development;

•

financial assistance initiatives for industry;

•

support for industry associations;

•

environmental protection;

•

managing resource-use conflict;

•

infrastructure support; and

•

favorable taxation.

In addition to safety issues, government support appears to be driven by the desire to expand the
Norwegian economy. Further, the aquaculture industry is perceived to provide an excellent tool
to support regional development in rural coastal communities.
A Commercial Officer with the Canadian Embassy in Oslo (Mr. Tor-Eddie Fossbakk) prepared a
succinct overview of the Norwegian salmon farming industry in February 1995. Much of the
following data is derived from this work.
In 1994 there were 600 salmon farming companies and 1,200 marine farms in operation in
Norway. The total area under license amounted to 8.5 million m3. A study conducted by the
Norwegian Fisheries Directorate indicated that profits in 1993 were significantly better than
1992, and were the highest recorded since 1988. Apparently this was driven by a significant
decrease in unit production costs. Further, the industry anticipates expanding by a further 200 to
300% before leveling out.
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From 1989 to 1995, salmon production in Norway will have increased by approximately
150,000 tonnes, or 220%, as indicated by the following:

1989

1990

1991

1992

1993

1994

1995 (est.)

124*

165

155

141

171

201

260 - 290

* In ’000s of tonnes round weight.

Exports throughout the above period have ranged from 50 to 73%. Most exports have been for
consumption in the European Community (EC), particularly since trade barriers to Norwegian
salmon were established in the United States in 1990. The only remaining significant non-EC
buyer of Norwegian salmon is Japan.
In terms of employment, an estimated 5,000 to 6,000 people were directly employed in fish
farming in Norway in 1993. Total direct plus indirect employment from 1984 to 1993 is
estimated as follows:

1984

1985

1986

1987

1988

1990

1991

1993

4,000

6,000

7,200

9,000

12,000

14,000

13,000

13,000

The Norwegian salmon farming industry and government work together to achieve
environmentally sustainable development of the industry. Government agencies involved in the
process include:
•

The Norwegian Directorate for Nature Management;

•

Directorate of Fisheries;

•

Pollution Control Authority;

•

Board of Health;

•

Medicine Control Authority; and

•

Ministry of Agriculture’s Veterinary Service.

An environmental certification program for floating aquaculture facilities has been prepared but
has yet to be implemented (Fossbakk 1995). Current and anticipated environmental regulations
in Norway are described in Section 4.0 (Environmental Regulations for Fish Farms).
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2.1.2

Chile

The salmon farming industry in Chile began in the early 1980s. Since that time the industry has
grown at a rapid and sustained pace. In 1994 Chile had 63 production companies operating 220
grow-out sites. From this base, Chilean salmon farmers produced over 55,000 tonnes of farmed
salmon with an export value of US $245 million, representing a 12% increase in revenue in one
year alone. Production in 1993 and 1994 in terms of revenue and tonnage were:

Revenue (x US $ 1 M)

Production (tonnes dressed wt.)

Species

1993

1994

Change

1993

1994

Change

Atlantic

121,913

121,237

-1%

24,835

25,977

5%

Coho

86,880

104,439

20%

17,960

24,415

36%

Chinook

2,207

3,306

50%

400

649

62%

Unidentified

5,971

13,655

129%

861

2,179

153%

Total Salmon

218,964

244,631

12%

46,049

55,214

20%

Trout

74,517

106,105

42%

16,672

23,107

26%

Source:

Asociacion de Productores de Salmon y Trucha de Chile, 1995.

Recent export markets have been: Japan (60%), United States (30%), European Community
(7%), and Latin America (3%).
While it began later than the industry in British Columbia, the Chilean salmon farming industry
now produces more than 2½ times that of British Columbia, even before sea-raised trout are
added. This phenomenal growth is largely due to relative lack of regulation in Chile, availability
of high quality sites and excellent water quality, and local cost advantages which have spurred a
continued high rate of investment.
2.1.3

Scotland

The industry in Scotland began shortly after that in Norway. Scottish salmon production has also
grown at a considerable rate; production of dressed Atlantic salmon in Scotland for 1993 and
estimates of production for 1994 and 1995 are:
1993

1994

1995

43,650 t

54,000 t

62,000 t

Growth in Scottish production is expected to continue beyond 1995.
production will peak and level out is not clear at this time.
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The point at which

2.1.4

Other Jurisdictions (excluding British Columbia)

Production in other jurisdictions is presented below:

Production of Farmed Salmon (tonnes)
1989

1991

1993

1995 (est.)

6,200

n/av

10,500

12,000

6,000 (est.)

n/av

11,000

12,000

n/av

n/av

n/av

12,000

1,800 (est.)

n/av

2,700

3,800

E. Canada (N.B.)

4,000

8,500

10,500

14,500

E. U.S. (Maine)

1,420

4,530

7,200

14,000

W. U.S. (Washington)

1,100

n/av

4,250

4,750

n/av

n/av

4,000

5,000

W. U.S. (Washington)

1,000

n/av

0

0

Japan (coho)

17,100

n/av

22,000

n/av

New Zealand

2,000 (est.)

n/av

4,000

5,000

Atlantic Salmon
Ireland
Faroe Islands
Shetland Islands
Iceland

Tasmania
Coho and Chinook

Sources: Emery 1991; Anderson and Bettencourt 1992; Washington Farmed Salmon Commission (unpub. data); Maine
Aquaculture Innovation Centre (unpub. data); B.C.S.F.A.; New Brunswick Department of Fisheries and Aquaculture;
International Salmon Farmers’ Association (unpub. data)

2.1.4.1

Shetland Islands

Salmon farms have been in operation in the Shetland Islands for more than ten years. Production
seems to be stalled at approximately 12,000 tonnes per year mainly due to limited site
availability.
2.1.4.2

New Brunswick

New Brunswick’s first commercial salmon farm sold product for the first time in 1979. The
industry currently consists of 67 farms which produced approximately 12,000 tonnes in 1994
worth an estimated $92 million. The industry continues to grow with a 22% increase in
production predicted for 1995.
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2.1.4.3

United States

Salmon farming in the United States takes place on both the west (Puget Sound) and east coasts.
Salmon farming began in the Puget Sound region of Washington State in 1969. As in British
Columbia, Washington growers started with coho and chinook salmon but soon replaced coho
with Atlantic salmon. In the past few years, chinook has been phased out; Washington farmers
currently raise only Atlantic salmon. In 1990, 13 sites were in operation in Washington, with 16
more in the application process. Growth of the industry in Puget Sound has been slowed by
regulatory and development issues which have focused on:
•

nearby landowners concerned with loss of aesthetic value of waterfront property;

•

opposition from commercial fishermen; and

•

environmental concerns.

Based on current policies in Washington State, the salmon farming industry is not expected to
grow beyond its current size.
On the east coast, salmon culture is centered in Maine, a relative late-starter in the industry.
Production on the eastern seaboard jumped from 1,420 tonnes of farmed Atlantic salmon in 1989
to 4,530 tonnes in 1990. The industry has a reported capacity to produce 15,000 tonnes in 1995.
State regulators in Maine appear more favourably inclined to salmon farming than their
counterparts in Washington State.
2.1.4.4

New Zealand

New Zealand salmon farms raise chinook salmon exclusively.
approximately 5,000 tonnes per year and is expected to expand.
2.1.4.5

Current production is

Tasmania

This island off the south east coast of Australia has been farming salmon for approximately five
years. The industry produces exclusively Atlantics, the Australian government having approved
the importation of Atlantic salmon a number of years ago.
2.1.4.6

Japan

Japan’s farmed salmon production is close to that of Canada’s at approximately 22,000 tonnes.
Due to high summer temperatures, Japanese farms are restricted to a ten month grow-out season.
Coho appears to be the best species for these conditions and apparently represents most, if not
all, of Japan’s production.
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2.2

OVERVIEW OF SALMON PRODUCTION IN BRITISH COLUMBIA

Salmon farming began in British Columbia in the early 1970s. The industry remained at a small
level with no greater than 15 facilities until the early 1980s at which time it experienced rapid
growth.
Growth of the British Columbia salmon farming industry.

25,000

Production (tonnes) *

20,000

15,000

10,000

5,000

0
1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

Year

* Dressed weight.
Source: The ARA Consulting Group 1994; British Columbia Salmon Farmers Assoc. Statistics for 1994.

Rapid growth in production continued until the early 1990s. A drastic fall in salmon prices in
1989 caused many companies to cease operation over the following several years. After reaching
a peak of 222 sites in 1989, financial problems together with inadequate biophysical conditions at
sites selected earlier led to a decline in the number of sites and several years later to a drop in
production (production since 1991 has been approximately 20,000 tonnes). In 1994 there were
105 growout sites held by 17 production companies (B.C. Salmon Farmers’ Association
Statistics for 1994).
This section presents an overview of the salmon farming industry in British Columbia. The
section briefly describes recent salmon production, typical husbandry practices and risk factors,
employment, and indirect benefits generated by the industry. Additional information is presented
in Section 2.3 (Salmon Farm Sites), Section 2.4 (Net Cleaning Operations), and Section 2.5
(Mortality Disposal).
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2.2.1

Salmon Production by Species

In the early years of the industry, British Columbia salmon farmers raised coho and chinook
salmon. Coho soon fell out of favour because of the seasonal difficulty of attaining a marketable
size prior to the opening of the commercial fishery and the normal drop in market prices at that
time. Further, if coho were left to slaughter until after the commercial fishery closed, sexual
maturation would set in, severely downgrading the finished product. Consequently, most farmers
phased out coho as more chinook became available through domestic broodstock programs and
the availability of “excess” eggs from Department of Fisheries and Oceans hatcheries.
In the mid-1980s Atlantic salmon were imported to British Columbia and usage increased
dramatically, primarily because of their rapid growth rate and low marine mortality. Today
Atlantics dominate the industry, as presented below:
Species

1994 Production (tonnes dressed)

% of Total

Atlantic

12,905

62%

Chinook

6,290

30%

Coho

1,635

8%

Total

20,830

100%

It is anticipated that the trend to increased production of Atlantics in British Columbia will
continue because of their superior profitability compared to Pacific species. However, a niche
will remain for the Pacific species as there is a strong long-term demand for coho and chinook,
particularly on the west coast of North America.
2.2.2

Review of Standard Husbandry Practices and Risk Factors

Site and husbandry requirements for salmon farming were not well known when the industry
began in the early 1970s. As the industry entered the period of rapid growth in the early 1980s,
many entrants to the industry selected poor quality sites. The 1980s were a period of rapid
technological developments within the industry as important changes took place in terms of size
and designs of cage systems and husbandry practices. During the 1980s, studies were undertaken
to develop biophysical criteria for site selection (Caine et al. 1987) and to identify suitable
locations for salmon farm development along the British Columbia shoreline based on
biophysical characteristics (e.g., Sunshine Coast and Johnstone Strait/Desolation Sound - Ricker
and Truscott 1989; Western Johnstone Strait, Queen Charlotte Strait and West Coast Vancouver
Island - Ricker et al. 1989). Also over the late 1980s the provincial government initiated a map
based study (Coastal Resource Interests Study) to identify and avoid potential areas of conflict
between salmon farms and other coastal resource users. Organizations and agencies were invited
to identify coastal locations in which they believed salmon farming would conflict with their
interests. These led to delineation of areas deemed to avoid conflict and represent best
opportunity for salmon farming.
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2.2.2.1

Site Selection

Salmon farming in British Columbia initially focused on the Sunshine Coast due to its proximity
to Vancouver, local population base and infrastructure, and the abundant supply of sheltered sites
and clean water. By the late 1980s it became clear that the area was not suitable for salmon
farming because of:
•

high summer water temperatures;

•

lack of flushing at many of the sites; and

•

frequent outbreaks of deadly algae blooms.

After the wave of bankruptcies in 1989, the industry accelerated the shift to cooler waters further
north. Expansion continued on eastern Vancouver Island north of Campbell River and through
Johnstone Strait. The west coast of Vancouver Island from Alberni Inlet north also grew as a
preferred location for salmon farms, again due to preferred water temperatures and adequate
flushing. The industry continues in these areas today, with expansion further north constrained
by the lack of infrastructure.
As the industry developed, British Columbia salmon farmers learned that requirements for
Pacific salmon were different from Atlantic salmon (as most of the early approaches were based
on the Norwegian experience with Atlantics). Over the last decade, production has steadily
shifted to Atlantic salmon.
2.2.2.2

Netpen Size and Configuration

The local industry uses primarily square steel cages, generally 12 m × 12 m or 15 m × 15 m in
size. A typical farm layout consists of a grouping of 12 to 20 cages laid out in a double row (e.g.,
6 cages × 2 cages or 10 cages × 2 cages). Examples of recent salmon farm locations and pen
configurations are shown in Figures 2.1, 2.2, and 2.3. Again, after a period of trial and error the
industry realized that the originally preferred 5 m deep nets were not suitable, especially for
chinook salmon, which prefer deeper waters. Also, the shallow nets did not offer much
protection from the algae blooms, as there was little vertical space for salmon to escape.
Currently, farms use nets ranging from 10 m to 20 m deep, with extensive use of anchors to
minimize billowing of the nets in strong currents. Further, most farms (approximately 65%) are
reported to use either curtains suspended around the perimeter or guard nets with bottoms and in
addition, 85% use a double bottom on fish containment nets (Tillapaugh et al. 1995).
Approximately 30% of the farms deploy a predator net around the entire production area to ward
off seals and other sub-marine predators.
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2.2.2.3

Stocking Density

Another trial and error process involved identification of optimum stocking density. Chinook
were stocked at 8 to 10 kg/m3 in the 1980s, based on the Norwegian experience with Atlantics.
This often led to elevated stress and disease amongst the fish, thereby jeopardizing farms’
economic survival. Today, most chinook based farms stock at about 5 kg/m3 for most of the
production cycle. Although this necessitates increased capital investment in nets and cages, the
costs are more than offset by decreased frequency of disease, increased survival, and faster
growth rates.
Atlantic salmon are typically stocked at 8 to 10 kg/m3 at British Columbia salmon farms. The
higher stocking density relative to chinook is due to the behavioral differences between the
species (i.e., Atlantics have a higher tolerance for stocking density than chinook).
2.2.2.4

Feeding Strategies

Feeding strategies have been an on-going source of debate. For example, many farms rely on the
cost-effective use of automatic feeders while others prefer to hand feed, claiming this results in
less overfeeding and allows farm staff to maintain a better feel for the general health and
behaviour of their salmon. Similarly, some farmers advocate a few large feedings per day,
whereas others prefer more feeding sessions with less feed distributed per session. Some profess
the latter results in enhanced digestive efficiency and improved feed weight to body weight
conversion (or “feed conversion”) which cuts down on feed costs, the amount of feed that sinks
to the bottom, and excretion levels. Others believe the feeding process is very stressful and fewer
feedings per day results in decreased incidence of disease.
Consequently, each farm develops its own feeding strategies, with amount of feed fed per day
usually based on the feeding tables provided by feed manufacturers. These tables indicate daily
feed levels based on individual fish weight, the percentage of feed per unit of body weight
decreasing as fish weight increases. Further, feeding rates decrease in the winter when fish
metabolism slows down in lower ambient water temperatures. Innovative approaches are in use
or are being developed to monitor feed wastage at the bottom of cages. One system in use
involves collecting waste material at the bottom of the cage, and drawing the material to surface
containers; the quantity of waste feed can be estimated and waste material disposed of. A larger
system allows both waste feed and fish mortalities to be recovered. Other approaches make use
of pellet detection electronics and underwater video cameras to estimate feed losses.
Finally, unlike poultry and various other farmed animals, fish are taken off feed for seven to ten
days prior to slaughter to improve meat quality and clear the digestive tract.

2/13

2.2.2.5

Disease Treatment

Health management is a critical component of farm husbandry practice and involves procedures
for prevention, identification, and treatment with strong emphasis placed on prevention due to
rapid and high mortalities that can occur during disease outbreaks. Salmon farmers usually
maintain close contact with veterinarians because when disease problems occur, quick action
must be taken. When farmed salmon have been diagnosed by a veterinarian as having a specific
disease, the veterinarian prescribes appropriate treatment. In many cases the veterinarians will
prescribe medication. Medication is typically ordered from the feed company, applied to the feed
at the factory, and orally ingested by the fish. This process can often take five to seven days,
particularly for remote sites. During this time lag mortalities can be dramatic. Consequently,
most farms try to preclude outbreak of disease through a combination of good farm husbandry
(e.g., good site selection, low stocking density) and vaccination. Such practices significantly
lower disease levels, the need to buy expensive medicated feed, and reduce costly mortalities.
There are specific clearance times required for fish that have been medicated before they can be
harvested. These clearance times depend on the type of medication and are determined by
formulas sanctioned by Health Canada. Drug clearance times allow for drug residual levels in
the fish organs and musculature to return to an acceptable level. The calculated clearance times
take into account the results of laboratory clearance studies performed for each drug as well as
other considerations such as expected daily consumption of medication. Some drugs are not
sanctioned for regular use by Health Canada (Bureau of Veterinary Drugs) but in an emergency
can be prescribed by a veterinarian; in such cases long withdrawal times are required to provide a
conservative safety factor (J. Brackett, Syndel Laboratories, Vancouver, pers. comm.1995).
2.2.2.6

Predation

The major predators at British Columbia salmon farms include seals, otters, and certain birds. At
some sites sea lions and dogfish are also a threat. As discussed above, predator nets are typically
used to minimize sub-marine attack by seals in particular. Usually predator nets are deployed
when seal attacks are most likely to occur (normally over the winter months), though might be
used continuously if predator nets are being used for protection from other species such as
dogfish (Tillapaugh et al. 1995). Otters tend to climb up on the cage system and enter the pens
from the walkways. Most farms leave dogs on the cage system at night to deter otters. Where
birds are a problem, cover nets are often laid out over the top of the pens to protect the fish. Bird
attacks can be particularly devastating when salmon smolts are transferred from the hatchery to
the netcage site; small fish pose easy prey for diving birds.
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2.2.2.7

Mortality Removal

Most farmers collect dead fish from their pens two to four times per month in the winter, one to
three times per week in the summer, and more frequently when disease outbreaks or algal blooms
are present. Disposal of dead fish (referred to as mortalities) removed from netcages has been
problematic for the industry. This has been in part due to the rapid expansion of the industry
during the 1980s, and partly due to the need for disposal of periodic large quantities as a result of
events such as algal blooms. Mortalities are usually collected and stored in totes for pick-up and
transfer to facilities described in Section 2.5 (Mortality Disposal).
2.2.2.8

Harvesting and Processing

Harvesting was traditionally targeted for the seven or eight months of the year when wild fish
were not caught, as the market price for farmed salmon would drop when wild fish are in the
market. In the last few years this has changed as many sellers have connected with buyers who
demand farmed salmon 12 months of the year.
In general, harvesting is conducted using one of two approaches:
•

the salmon are pumped on-board a live-haul vessel for transfer to a processing plant
where they are slaughtered, dressed, and packed; or

•

the salmon are crowded using a purse-seine, then pumped or netted into totes and bled
at the farm site, packed on ice, and shipped to the processing plant for dressing and
packing.

There are advantages and disadvantages to each method; the frequency of use of the two methods
is similar. Larger quantities of salmon can generally be handled by live handling compared to
stun-and-bleed on site. Larger production farms tend towards the use of live haul vessels. When
fish are bled at the farm site, the diluted blood water is typically drained into the ocean via a hose
which extends below the surface and away from the cage system. As discussed further in Section
2.5, the waste products or offal at the processing plant are typically shipped out for composting
or reduction.
2.2.3

Employment and Indirect Benefits

British Columbia’s salmon farming industry directly employs about 1,100 people, approximately
90% of whom live outside the regions of Greater Vancouver and Victoria. This employment is
augmented by an additional 1,000 indirect and induced jobs provided to suppliers of the industry.
Wages and benefits paid out in 1993 were estimated at $62.7 million, with a further $11 million
in taxes collected by government (ARA Consulting Group 1994).

2/15

2.3

SALMON FARM SITES IN BRITISH COLUMBIA

In 1994, there were 17 companies operating a total of 105 marine sites in British Columbia (B.C.
Salmon Farmers’ Association Statistics for 1994). This represents a decrease in both number of
companies and active sites since 1988; however today’s farms are located in areas with more
favorable site conditions for production (e.g., temperature) and more efficiently managed, on
average, than those operating in the 1980s.
2.3.1

Farm Locations

Salmon farms in British Columbia are concentrated in the upper reaches of the Strait of Georgia
and Desolation Sound (e.g., in the vicinity of Quadra Island), the Johnstone Strait area of the
northeast coast of Vancouver Island, and the central and northwest coast of Vancouver Island in
the numerous inlets north and east of Tofino, as shown in Figures 2.4, and 2.5 (data provided by
Ministry of Agriculture, Fisheries and Food). There are several farms remaining in the southern
Strait of Georgia region including the Sechelt area.
2.3.2

Actual Production plus Capacity of Existing Farms

In 1993 the distribution of farmed salmon production in British Columbia by company was as
follows:
Annual Production

No. of Companies

<500 tonnes

6

500 - 999 tonnes

4

1,000 - 1,999 tonnes

3

2,000 + tonnes

4

TOTAL

17

Source: ARA Consulting Group, 1994.

The numbers of valid fish farm tenures with licensed capacity and industry capacity and
production are summarized below for the major production regions (Table 2.3.1 and Table 2.3.2).
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Table 2.3.1

Summary of netcage culture activity by region.
Fisheries and Oceans
Statistical Areas

No. of Valid
Fish Farms
1
Tenures with
Capacity

Industry
Capacity
2
(tonnes)

12
(plus one farm in Area 7)

35

22,370

4,455

21

Discovery Passage and
Northern Strait of Georgia
(Desolation Sound)

13

29

14,220

6,548

24

Southern Strait of Georgia
to Juan De Fuca Strait

14 to 20 inclusive

20

7,850

7,026

11

West Coast of
Vancouver Island

20 to 27 inclusive

40

27,714

7,510

32

124

67,149

25,539

88

Region

Johnstone Strait and
North Coast

TOTAL

Table 2.3.2
Region

Johnstone Strait
and North Coast

1993
Farms Showing
Production Improvements
3
4
(tonnes)
(March ’95)

Summary of industry capacity by region.
Species

Atlantics

Chinook

Coho

Farm Size
(tonnes)

6

No. Farm
5
Sites

Industry Capacity
(tonnes)

0 to 100
101 to 500
501 to 1,000
>1,000

3
5
23
0

140
2,150
18,150
0

20,440

0 to 100
101 to 500
501 to 1,000
>1,000

1
1

85
325
0
1,500

1,910

0 to 100
101 to 500
501 to 1,000
>1,000

1

1

20
0
0
0

Region Total
Desolation Sound

Total

20
22,370

Atlantics

2
15
7
0

0 to 100
101 to 500
501 to 1,000
>1,000

150
5,462
4,950
0

10,562
continued next page

1
2
3
4
5
6

From MAFF - Victoria Database of Active Fish Farm Tenures with Capacity.
From MAFF - Courtenay Database denoted as Full Harvest Amount.
From MAFF - Victoria Seafood Statistics Office (round weight).
From MAFF - Victoria overflight observations in March, 1995.
Many sites with valid tenures have production of more than one species.
Full Harvest Amount - Capacity as determined from farm management plans.
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Table 2.3.2
Region

Summary of industry capacity by region (concluded).
Species
Chinook

Coho

Farm Size
(tonnes)

8

No. Farm
7
Sites

Industry Capacity
(tonnes)

0 to 100
101 to 500
501 to 1,000
>1,000

4
7
2
0

220
2,018
1,150
0

0 to 100
101 to 500
501 to 1,000
>1,000

2
1
0
0

70
200
0
0

Region Total
Southern Strait of
Georgia

Atlantic

Coho

Sockeye

3
5
0
0

37
1,180
0
0

1,217

0 to 100
101 to 500
501 to 1,000
>1,000

6
10
2
1

277
2,240
602
2,000

5,719

0 to 100
101 to 500
501 to 1,000
>1,000

6
6
0
0

156
743
0
0

0 to 100

1

15

899

7,850
Atlantic

Chinook

Coho

Sockeye

7

270

0 to 100
101 to 500
501 to 1,000
>1,000

Region Total

8

3,388

14,220

Chinook

West Coast of
Vancouver Island

Total

0 to 100
101 to 500
501 to 1,000
>1,000

5
18
2
3

223
6,618
1,275
4,012

12,216

0 to 100
101 to 500
501 to 1,000
>1,000

4
15
6
0

193
5,855
4,012
0

9,580

0 to 100
101 to 500
501 to 1,000
>1,000

2
3
0
0

90
828
0
0

0 to 100

1

15

918

Region Total

22,724

TOTAL INDUSTRY CAPACITY

67,164

Many sites with valid tenures have production of more than one species.
Full Harvest Amount - Capacity as determined from farm management plans.
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These data indicate recent salmon production by the industry (approximately 25,000 tonnes,
round weight) is well below its licensed full harvest amount (approximately 67,000 tonnes). In
terms of capacity of installed equipment, most farms are operating at or close to full capacity. In
order to reach industry capacity, additional cage systems would have to be purchased and
installed on existing permitted sites.
Some farms also have fallow sites. It is difficult to determine the number of fallow sites in use as
some companies rotate production facilities between permitted sites, leaving entire sites vacant
of penned fish for a full year, whereas others have large enough sites to permit fallowing within
the boundaries of a single site.
2.3.3

Estimated Feed Consumption

Estimates of feed consumption were obtained through discussion with two large suppliers of
salmon feed in British Columbia. Actual data on company feed sales are confidential and were
not provided. Feed companies make annual estimates of total feed consumption by the salmon
farming industry; average estimated feed consumption by salmon farming (not including
hatcheries) provided by the two companies for 1994 was 46,000 tonnes; the average projection
for 1995 is 49,000 tonnes. These data have been collected by the companies for both client and
non-client farms and include estimates for separate year classes in production at individual farms.
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2.3.4

Status of Waste Management Permits

Eleven farms in British Columbia possess Waste Management Permits. These are:

Permit

Company

Area

PE-8539

Paradise Bay
Seafarms

Johnstone Dunsterville Bay, 1401659
Str.
Read Is.

138

40 m

750 t/yr.

PE-9085

RSR Seafarm

Johnstone
Str.

Okisollo Chan,
Sonora Is.

1403325

211

35 m

1100 t/yr

PE-9130

Pacific National Clayoquot
Group Ltd.

Mussel Rock,
Cypress Bay

1401589

543

36 m

1000 t/yr

PE-9131

Pacific National Clayoquot
Group Ltd.

Saranac Is.
Cypress Bay

1401590

527

34 m

1000 t/yr

PE-9132

Pacific National Clayoquot
Group Ltd.

Bedwell Sound

1403980

520

44 m

1000 t/yr

PE-10598

Pacific
Johnstone
AquaFoods Ltd.

Brougham Pt.,
E. Thurlow

1403301

388

75 m

1180 t/yr

PE-10599

Pacific
AquaFoods Ltd.

Quatsino

Thorpe Pt.
Holberg In.

1403162

382

70 m

1000 t/yr

PE-10639

Paradise Bay
Seafarms

Desolation
Sound

Conville Bay,
Hoskyn Chan

1401597

137

30 m

1000 t/yr

PE-10649

Intercan
Resources Ltd.

Kyuquot

Whiteley Is.
Kyuquot

1404284

112

35-70
m

1000 t/yr

PE-11403

Paradise Bay
Seafarms

Johnstone
Str.

Conville Pt.
Quadra Is

1403859

248

10-45
m

900 t/yr

Fortune Chan.

1403914

540

45-60
m

1000 t/yr

PE-11984 Pacific National Clayoquot
Group Ltd.

Site

Lands # MAFF Ref # Depth Permitted Feed Usage

Source: L. Erickson, Ministry of Lands and Parks and Housing, Nanaimo, pers. comm. 1995.

These represent sites in the “C” category using the 1988 Ministry of Environment environmental
monitoring criteria of farms consuming more than 630 tonnes of feed per year (Ministry of
Environment 1988) (described in Section 5.0).
2.4

REVIEW OF NET CLEANING OPERATIONS

2.4.1

Net Maintenance Practices

Farms usually maintain a net inventory using increasingly larger mesh size as fish size increases.
Net changing is done in response to either the desire to move to a larger mesh size as fish size
increases or because the existing net is either fouled with marine organisms or damaged. Types
of fouling organisms vary considerably from site to site and seasonally within sites. Typically
fouling organisms are benthic species adapted for attaching to hard surfaces including mussels,
barnacles, tunicates and algae. Nets can be ripped by floating debris, predator attacks, physical
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abrasion against the cage system, rotting from old age, etc. Nets are checked during mortality
dives each week for tears and sewn up as soon as possible to avoid escapement.
Nets which have been deployed in the marine environment for any length of time require
cleaning prior to re-use or storage. Some farms use a system of alternately drying the upper
sidewalls of the net while it is in use which effectively kills marine fouling organisms found on
the dried portion. By sequentially drying portions of the sidewall, the period of time that the net
can be left in service can be increased substantially. Nets which are fouled and not changed can
become extremely heavy. This problem increases as the overall size of the net increases. For
example, a 15 m x 15 m x 20 m deep x 2 inch mesh netpen which has a dry weight of 150 to
200 kg can amass weights of 3.0 to 5.0 tonnes if heavily fouled by mussels. This would be an
extreme case and well-managed farms react to situations like mussel sets by increasing the
frequency of net changing to avoid heavy fouling problems.
Clean nets improve the water flow through the pen system and reduce the billowing of nets
which would result in reduced effective volume and deformation of the netpens in response to
water currents. Expected netpen life is improved by avoiding stressing and tearing of net fibre in
response to heavy fouling.
Net changing can be accomplished by either manual or mechanical means or more commonly by
a combination of both. In the course of changing a net, it is often necessary to “spill” fish from
the fouled net into the clean netpen. This can be accomplished by stitching the two nets together
along the headlines and feeding the clean net into the water as the fouled net is removed.
Another technique employed is to shallow the fouled net and install the clean net in place under
the fouled net. The fouled net is then “spilled” into the clean net. In some cases, lifting cranes
are deployed in this lifting and spilling process which facilitates removal of the fouled net with a
minimum of stress on the fish involved in the transfer process. Nets are usually changed at the
time of harvesting when nets are usually shallowed and emptied. Once the fouled nets are out of
the water, there are a number of different techniques used to clean them.
2.4.2

Description of Net Cleaning Technologies

The basic approaches to net cleaning are as follows:
•

Net Washers: The net is removed from the pen and taken to the net washer which is
located either on a barge or on the shore (i.e., away from the pens). The net is loaded
into the washing machine and washed. During the course of washing which can take
several hours, water is applied intermittently via a water pump to the washing machine.
This water is discharged to the ocean. The net is then hung to dry before being placed
back in a sea cage. This method of net cleaning is common in the northern hemisphere
(e.g., Canada, U.S., Norway, Scotland) but not in the southern hemisphere (e.g., Chile).

•

Off-Site Pressure Washing: The net is removed and taken onshore or hauled away
from the pens on a barge. With the net laying flat on a hard surface (e.g., wood or
concrete) or vertically suspended, a high pressure washing machine is then used to blast
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off fouling organisms or organic material. Pressure of 1,500 to 2,500 PSI has been
found to effectively remove fouling without harming the net fabric. (The net may or
may not have been left to dry prior to cleaning.) Wash water is discharged on-site, the
net is hung to dry, and later reinstalled in the pens. This method is commonly used in
all jurisdictions.
•

In-situ Pressure Washing: Here, a small portion (e.g., 20%) of the net is out of the
water and, for example, stretched over the top of the cage. The net is power washed in
place, then rotated so the next section can be cleaned. This method is fast, requires
minimal labour, and results in minimal production of “wastewater” at any one time.
However, it is somewhat stressful to the fish and means that debris will be floating
through the production cages. This approach is used by some operators in many
jurisdictions.

•

Submarine Pressure Washing: SCUBA divers work below the surface and pressure
wash the nets, thereby avoiding the need to remove the net from the cage system. This
is often done with the fish in the nets. Although this approach saves net hauling labour,
it is stressful to the fish. It also precludes the ability to lay the net out and sew up tears
and can result in excessive amounts of debris floating through the pens. Although this
method was used in British Columbia in the late 1980s, it seems to have fallen out of
favour since then due to the high cost of divers and equipment and the above-mentioned
problems. It is not known whether this approach is used in other jurisdictions. This
technique is deployed for predator nets and structure cleaning where removal is often
not possible.

•

Hang to Dry then Hand Wash: The net is removed from the pen structure and
suspended. Once the fouling organisms have dried out they are easier to remove.
Workers then use scrub brushes and hoses to remove debris. This method is used more
in jurisdictions where the cost of labour is relatively inexpensive (e.g., Chile).

•

Drop to the Sea Floor: This involves simply lowering the net to the sea floor where
“natural forces” (e.g., crabs) will remove the organic material from the net. The net is
then hauled back to the surface to be further cleaned and re-used. This method requires
some mechanical means of lifting the net from the bottom and there can be water
quality problems associated with the process of retrieving the nets as bottom sediments
are distributed during lifting. This approach can generally be used in sites where divers
can access the bottom in the event that nets get snagged on the bottom during retrieval.
This is not a commonly used approach; it is generally used only when the nets are too
heavy too lift or are starting to tear away from the cage (e.g., after a heavy mussel set).

A farm manager’s choice of net cleaning options depends on such factors as:
•

the cost and availability of machinery;

•

the cost and availability of labour;
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•

site specific conditions (depth, flushing rates, size of lease, exposure, availability of
land to work on, etc.);

•

perceived impacts on the fish;

•

perceived impacts on the local environment;

•

the type of net fouling organisms present;

•

the rate and magnitude of net fouling; and

•

local regulations.

Consequently, each jurisdiction and each site within the jurisdiction will have a unique net
management and net cleaning program.
2.4.3

Current Practices in British Columbia

The larger farms in British Columbia employ mechanical lifting devices and net washers to
change and clean nets. There are contractors that offer specialized services to a number of farms
on a rotational basis.
Some farmers avoid the use of net washing machines because of concern for net damage which
occurs in the process of tumbling, especially for heavily fouled nets. In these cases, and for sites
which can not afford the capital cost of a net washer, the preferred alternate approach is the use
of off-site pressure washing.
Some submarine pressure washing continues to be employed in the industry for cleaning those
structures and (guard) nets that can not be removed from the water. There may also be
application of this technique for nets that get heavily fouled during times when there are limited
resources to be deployed for frequent net changing.
The other techniques described above (Section 2.4.2) are seldom used in the British Columbia
industry.
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2.4.4

Description of Wastes Generated

The net cleaning process involves removal of naturally occurring organisms with sea water. The
“waste water” generated does not include foreign or toxic substances, as soaps, detergents, or
other compounds are not applied in the cleaning process. The process results in concentrations
of organic detritus including feed and feces, being released back into the ocean. Sample
organisms that are removed from the nets include:
•

larval mussels;

•

skeleton shrimp;

•

tube worms;

•

anemones; and

•

many species of algae

At many sites, larval mussels are the biggest problem associated with fouling of nets because of
their rapid growth rates and large numbers. “Sea hair” and other algaes also are major
contributors to fouling weight on netpens.
2.4.5

Status of Permits

At present, no permits are required to clean nets in British Columbia. The farmer’s selection of
net cleaning methodology and choice of site is determined by site conditions, perceptions, and
availability of technology, as described above in Section 2.4.2.
The Study Team was not able to identify regulations pertaining to net cleaning in any jurisdiction
reviewed during this study.
2.5

MORTALITY DISPOSAL

A proportion of farmed salmon die during the production cycle. The rate of mortality is
influenced by many factors (e.g., stress caused by handling and the presence of predators, blooms
of toxic algae and disease outbreaks) and can vary among species, age classes, sites, and seasons.
For a given production cycle, small numbers of fish die on a continuous basis under generally
favorable operating conditions (e.g., 0.1 to 0.5% per month). Farmed salmon are kept in an
enclosed space, and it is therefore much easier for contagious diseases to spread throughout the
netpen population, affecting a higher proportion than might otherwise be affected in the wild.
Mortalities can increase rapidly under severe conditions such as disease outbreaks or blooms of
toxic algae, with high losses sometimes occurring over several days. In extreme cases, entire
crops can die. Although some dead fish float to the surface, most sink to the bottom of cages;
farmers typically report that less than 10% of mortalities are found floating in the netpens.
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Because there are no crabs, dogfish, or other scavengers in the bottom of the nets to consume the
mortalities, a farmer must remove the dead fish and dispose of them in another manner to
mitigate disease transfer to remaining fish. Methods that have been used to dispose of mortalities
of farmed salmon in British Columbia and elsewhere are summarized Section 2.5.1; current
disposal practices and locations in British Columbia are described in Section 2.5.2.
2.5.1

Description of Disposal Options

Salmon disposal falls into one of two general categories: disposal as a waste product or
processing into useable products. In most jurisdictions salmon mortality disposal is achieved
using one or a combination of the following:
•

Burying: Pits of various size are dug in the earth and salmon is thrown in and covered
up with available soil. Liming of the pits frequently occurs. This is the common
practice in Chile at present.

•

Ocean Dumping: Fish are hauled away from the production site to a deep site where
fish are ground up and pumped through a hose to be discharged at a specified depth.
This method is considered unacceptable in British Columbia and is not known to occur
in this jurisdiction. The extent of ocean dumping in other jurisdictions is not clear.

•

Incineration: This is an expensive, energy intensive process, particularly since salmon
are 80% to 85% water (Ministry of Aquaculture, Fisheries and Food 1992).

•

Acid Sileaging: Salmon are chopped up and mixed in a vessel with organic acids.
Resultant low pH in the silage reduces the fish waste to a liquid form. In the process,
the six bacterial and two viral diseases commonly found in British Columbia salmon
are killed (Lam and Holbeck 1991). The end product is then useable as a feed
component for animals, or as fertilizer or compost. This approach is used in Norway.

•

Fertilizer: Fertilizer can be made from sileage or by cooking ground fish, then
sterilizing and stabilizing the concentrate. The resulting end product is nitrogen rich,
with a nitrogen:phosphorous:potassium ratio (NPK) of about 3:0:0 (Ministry of
Aquaculture, Fisheries and Food 1992).

•

Composting: Dead salmon are typically mixed in a 1:1 to 3:1 ratio with wood chips,
sawdust, or peat. For example, at some composting facilities operators have struck
deals with local sawmills or pulpmills to acquire their wood waste. The resulting
compost is a high quality, highly desired product made from two waste products. Liao
et al. (1994) report that compost beneficial to plant growth must be free of toxic
substances or plant pathogens. Volatile fatty acids and phenol are toxic to plants and
are produced during the early stages of fish composting. However, their concentrations
reduce to minimal levels as the composting process proceeds, producing a high quality
or “mature” end product with no offensive odour.
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Production of a high quality end product such as compost requires reasonably “fresh”
mortalities as inputs. If decomposition is accelerated prior to mixing with the bulking
agent it is difficult to obtain a useable end product as much of the decomposition
process has already occurred. The EPA requires temperature maintenance of 55°C for a
minimum of three days for compost (Liao et al. 1994). This may be impossible to
attain if salmon mortalities or offal are not kept at cool temperatures. Salmon based
compost can, at little cost, be produced with a high nitrogen content and low C/N
(carbon to nitrogen) ratio. The process may be a low-tech approach that involves
mixing the two products and laying them out in “windrows” or simply placing them in a
passively aerated vessel. The mixture may be mixed only once (e.g., in-vessel) or
mixed at two to four week intervals by shovel or tractor, resulting in a finished product
in three to six months, depending on such factors as ambient air temperature, protection
from rain, and frequency of mixing/degree of ongoing aeration. At the other end of the
spectrum is an in-vessel system whereby the two products are mixed together and
aerated on a continual basis by a large auger (i.e., much like a cork screw) that churns
through the mixture from one end of the vessel to the other in 24 hours. This can
produce a high quality end product in as little as four weeks.
2.5.2

Current Disposal Practices and Locations in British Columbia

In the early years of salmon farming in British Columbia, salmon mortalities were typically
disposed of in nearby “mortality pits” dug close to the farm site, or hauled away to local landfill
sites. Such practices were deemed inappropriate for various reasons, including unwanted
attraction of wildlife and difficulties associated with disposal of large volumes.
The British Columbia salmon farming industry has been experimenting with mortality disposal
methods that take advantage of the high nitrogen content of salmon since the late 1980s. Turning
a nutrient rich “waste product” into a useable product with further processing requires fresh fish.
Thus, the first obstacle was to develop infrastructure to collect, store, and transport salmon
mortalities in a manner that facilitates further processing. Improved farm operations and
assistance by commercial transportation services has helped meet these objectives. At one time
much effort was focused on producing sileage. More recently, much of the industry’s efforts
have focused on the production of compost.
Following the lead of the Sunshine Coast Aquaculture Industry which together with the Ministry
of Agriculture, Fisheries and Food helped develop the Aquapost composting facility near Sechelt
in 1989, the industry’s largest producer, Pacific National Group, has been manufacturing high
quality compost since 1991 in Port Alberni (Ministry of Agriculture, Fisheries and Food 1992).
The purchase of bagging machines has allowed them to provide a high quality product to the
retail market, fully covering the costs associated with mortality hauling and composting (M.
Mulholland, President, B.C. Salmon Farmers’ Association, pers. comm. 1995).
At the University of British Columbia (UBC) research farm at Oyster River on Vancouver Island
ongoing research has led to a similar result. Salmon mortalities from farms on the east coast of

2/29

Vancouver Island and offal from processing plants are shipped to the facility where the waste is
mixed with sawdust in a 1:1.3 ratio respectively, and transformed into high quality compost in
four to six weeks. This $1.2 million facility covers its costs through an $80 per tonne tipping fee
charged to the farms and processing plants, plus sales revenue. All sales are in bulk form with
1995 prices predicted to average $20/cubic yard. Compost produced at this facility is regularly
subjected to extensive testing for heavy metals (Brian Egan, Pacific Biowaste Recovery Society,
pers. comm. 1995).
The main disposal locations for dead fish from salmon farms are shown in Figure 2.6. Active
sites have changed in recent years; a disposal site in Sechelt (Aquapost) ceased operation several
years ago, a site near Port Alberni closed in mid-1995, and a new site has opened near Port
McNeil, also in mid-1995. The main disposal locations are listed in Table 2.5.1.
Table 2.5.1
Location
Oyster River

Main disposal locations9 for dead fish from salmon farms.
Name

Type

Permitted Quantity

a) Pacific Biowaste
Recovery Society

in-vessel
composting

4,000 tonnes/year of fish offal and netpen
mortalities.

b) University of B.C.

windrow composting

500 tonnes/year of fish processing waste and
netpen mortalities (in application)

Courtenay

private farm

windrow composting

500 tonnes/year of fish processing waste and
netpen mortalities.

Pt. McNeill

Seven Mile Pit Landfill

windrow composting

quantity not specified

Source: M. Sexton, Environmental Protection, Ministry of Environment Lands and Parks, Nanaimo, pers. comm. 1995.

As shown in the following subsection, it appears that the bulk of salmon mortalities in British
Columbia are presently converted into compost. Some of the waste goes for rendering (e.g.,
West Coast Reduction picks up the mortalities and offal, and produces fish meal and oils) or is
sold for animal (e.g., mink or cat) feed. A few small farms in remote areas may still rely on
placement of mortalities in pits located on their upland sites.

9

One site located at the Port Alberni landfill ceased operation in mid-1995; mortalities from the west coast of Vancouver Island
have recently been trucked to disposal locations on the east side of Vancouver Island.
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2.5.3

Quantity of Waste Generated

Exact estimates of quantities of mortalities were not obtained during the present review. Gross
estimates for the industry have been 300 to 500 tonnes in 1987, 2,000 to 3,500 tonnes in 1989
(Ministry of Agriculture and Fisheries 1990), 3,000 to 4,000 tonnes in 1991 (Ministry of
Agriculture, Fisheries and Food 1992).
As indicated above, mortality is influenced by many factors and can vary considerably from yearto-year on individual farms and among farmed species. Ministry of Agriculture, Fisheries and
Food (1992) provides examples of numbers and weights of mortalities at generalized chinook
and Atlantic salmon farms; in those examples, a chinook farm producing 220 tonnes of dressed
harvest per year generates 34 tonnes of waste fish (15% of harvested amount) and an Atlantic
salmon farm producing 200 tonnes of dressed harvest per year generates 18 tonnes of waste fish
(9% of harvested amount). Both farms have production cycles covering two years but size of fish
at stocking and at harvest differ (chinook are smaller at the time of stocking and at harvest). In
terms of numbers of fish, the mortality rate over a full two year production cycle is 30% for both
farms. The annual percentage weight of mortalities to annual harvest (9% for Atlantic salmon
and 15% for chinook salmon) accounts for summed weights over overlapping year classes. In
order to estimate ballpark tonnage of mortalities for 1994, these percentage weight data are used
below with the 1994 harvest quantities. Recent mortality rates (based on number of fish) are
believed to have declined from previous levels (e.g., 30% over individual production cycles) to
an average rate of mortality generally used in the industry of 20% (applied to all species and
causes of death though in general mortality rates are typically lower for Atlantic salmon
compared to chinook and coho). Using three separate production mortality rates (20%, 25%, and
30%) and extrapolation of annual mortality weight in Ministry of Agriculture, Fisheries and Food
(1992); gross estimates of mortality quantities for salmon farming in 1994 are summarized in
Table 2.5.2.
Table 2.5.2

Estimated quantities of waste fish produced in 199410.
Estimated Weight of Mortalities

Species

Harvest
Amount

30% mortality rate over
production cycle

25% mortality rate over
production cycle

20% mortality rate over
production cycle

Mortality
weight as %
of harvest

tonnes

Mortality
weight as %
of harvest

tonnes

Mortality
weight as %
of harvest

tonnes

Atlantic
salmon

12,905

9

1,160

7.5

970

6

770

Chinook
salmon

6,290

15

940

12.5

790

10

630

Coho salmon

1,635

15

250

12.5

200

10

160

10

Based on generalized mortality generation models presented in Ministry of Agriculture, Fisheries and Food 1992.
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Estimated Weight of Mortalities
Species
TOTAL

Harvest
Amount

30% mortality rate over
production cycle
2,350

25% mortality rate over
production cycle
1,920

20% mortality rate over
production cycle
1,560

These data suggest the quantity of mortalities for 1994 was within the range of 1,500 to
2,400 tonnes. Based on current industry estimates of 20% for overall mortality, the quantity was
possibly closer to 1,500 to 2,000 tonnes. The regional distribution of salmon mortalities is
expected to be consistent with the distribution of farms, as previously described. Mortalities can
be expected to vary greatly by piece count or weight, due to many factors such as predation,
natural disasters, and disease.
Recent annual quantities received at the main disposal locations (Table 2.5.1) were discussed
with operators of those locations. Operators found fish mortality data difficult to quantify
because separate tallies are not maintained for the two types of fish waste received (offal from
processing plants and dead fish from farm sites). Also, quantities received from different
geographical areas by each facility have been influenced by recent closures of disposal locations
(closure of the facility near Port Alberni in 1995 and prior to that, closure of a facility near
Sechelt) and recent opening of a new location (the facility near Port McNeil was opened in
1995). Based on gross estimates provided by facility operators approximately a total of 1,800 to
2,000 tonnes of dead fish were received at the main disposal locations operating in 1994.
Both the estimate of farm produced mortality (1,500 to 2,000 tonnes) and the estimate of
mortalities received at disposal locations (1,800 to 2,000 tonnes) are based on theoretical models
and large uncertainties. Nonetheless the close approximation suggests the quantity of mortalities
in 1994 was close to or less than 2,000 tonnes; most mortalities appear to have been deposited at
compost disposal locations.
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3.0

ENVIRONMENTAL EFFECTS

3.1

PHYSICAL AND CHEMICAL EFFECTS ON THE MARINE ENVIRONMENT

Rapid growth of the aquaculture industry in British Columbia has lead to concerns regarding the
effects of fish farming on the receiving environment. Since all fish farms produce some form of
organic “waste” which is released into the surrounding environment, aquacultural practices have the
potential to cause environmental impacts to both the terrestrial and aquatic environments (Figure
3.1; BC Ministry of Environment 1990). This review focuses mainly on environmental effects to
the aquatic environment. Potential terrestrial impacts relate to activities such as disposal of fish
mortalities and refuse, feed storage and net cleaning operations; these activities can have aesthetic
impacts, create wildlife conflict and human health concerns, and affect water and noise quality.
Organic “waste” released into the aquatic environment is primarily composed of suspended matter
originating from feed and fecal material (Iwama 1991; Gowen and Bradbury 1987). The fate of
waste material is shown in Figure 3.2. Uneaten food (food not eaten by the farmed fish) and fecal
material pass through the netpens and are dispersed to the receiving water, potentially leading to
change in water and sediment quality as well as nearby phytoplankton and benthic communities
(Iwama 1991). Some of this organic material will be lost by leaching or will become broken up and
dissolved into the water column, and some will be consumed by wild fish. The remaining organic
fraction usually settles on the sediments.
If organic material accumulates on the sediment at a rate faster than the rate of decomposition by
benthic organisms, then the assimilative capacity of the system will be exceeded and impacts to the
environment will result (Rosenthal et al. 1987). The accumulation of organic matter will result in
an increased oxygen consumption and possibly anoxia in both the sediments and the overlying
water column. This depletion of oxygen can result in a shift in the bacterial and benthic
invertebrate population. Remineralization of anoxic sediments can result in the release of methane,
hydrogen sulfide and/or ammonia, all of which are toxic to fish (Fayette and Haines 1980). If
organic loading does not exceed the assimilative capacity of the site, and if good husbandry
practices prevent other types of impacts, fish farming should be sustainable.
The degree of impact to the receiving environment will also depend on the location of a fish farm.
Establishment of a suitable site for fish farming (i.e., one which results in minimal environmental
impact) requires not only an understanding of the composition of waste material through net-pens,
but also an understanding of the physical and chemical characteristics of a proposed site for
farming. The choice of farm location is influenced by site specific characteristics such as water
circulation (i.e., current speed, depth), farm size, husbandry practices, and bottom topography
(Caine et al. 1987). Current speed and water depth at the site are most influential in regulating the
potential impact to the receiving environment. A balance must be obtained between these physical
parameters, which will differ between locations based on topography, farm size, and husbandry
practices. The following section discusses the role of water circulation and sedimentation rates in
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regulating the degree of environmental impact (i.e., potential changes in water and sediment
chemistry).
Figure 3.2

The fate of waste material from a salmon farm.
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3.1.1

Water Circulation

Physical effects of salmon farming operations on water circulation are primarily due to reductions
in current velocity, particularly down-current of netpen placement. Any decrease in flow rates can
impair the dilution and dispersal of wastes. Waste dispersal is also dependent on water depth, with
greater lateral transport of wastes generally occurring in moderately deep waters.
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The following section addresses water circulation around netpens in relation to site requirements,
waste dilution and dispersal, and optimal net placement and current speed.
3.1.1.1

Site Requirements for Salmon Netpens

Site-Specific Considerations
An optimal site for salmon netpens will sustain the production of fish (with predictable and
acceptable mortality) while minimizing any environmental impacts (e.g., water quality, benthic
degradation) with continued operation (Cross 1993). Such a site will balance site specific
characteristics (e.g., current velocities, water depth, bottom topography) against waste material
loadings (e.g., farm size, husbandry practices) (Cross 1993). In addition, the site must be sheltered
for protection from wind and waves (Holmer 1991).
Current velocity is one of the most important factors influencing potential environmental impacts,
and affects capability of the site to support the salmon farm over an extended period of time.
Currents must be strong enough throughout the entire water column to effectively disperse waste
material and thereby permit assimilation by aquatic organisms (e.g., micro-organisms,
macroinvertebrates). However, excessive current speeds will dislodge net anchorings and possibly
stress fish. (Current speed is discussed in more detail in Section 3.1.1.3 and bottom topography in
Section 3.1.2).
The relationship between vertical current velocities and water depth should be considered in the
selection of an appropriate site for fish farming (Cross 1993). Current velocities are higher in
shallower waters, resulting in adequate oxygenation at the sediment-water interface for the
assimilation of organic material (i.e., biological and chemical oxidation). Relatively shallow depths
and a well aerated sediment-water interface will support a higher diversity of epibenthic organisms,
which are also available for assimilation of organic wastes (Cross 1993). In deeper waters, lower
vertical current speeds typically support a depositional benthic environment and a consequent
accumulation of organic waste. Ideally, a balance between maximum current velocities and depth
should be attained.
In depositional zones, substrates are naturally composed of fine silt-mud materials and epibenthic
communities are generally replaced by infaunal populations (Cross 1993). This results in a
reduction in the assimilative capacity of benthic environments, making sites more vulnerable to
adverse environmental impacts. Deeper waters may allow a greater dispersion of organic waste
material before reaching the bottom; therefore resulting in a decrease in the amount of accumulated
waste. The relationship between current velocities and depth is not consistent and/or well
understood. However, it is generally believed that net accumulation of organic waste under a
netpen situated in moderately deep waters is lower than in deeper water, due to the potential of
greater dispersal of waste assuming stronger bottom currents at the shallower site. Cross (1993)
surveyed sediment accumulation beneath five farms sited over depths up to 55m; analysis of current
regimes and waste loadings indicated waste dispersion did not increase linearly in deep areas,
compared to moderate depths (e.g., 30 to 35 m), due to the effects of reduced current velocity in
deeper locations.
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Other factors, such as farm size, husbandry practices and bottom topography, will influence the
farm site location. Husbandry and farm size will determine the level of waste loading into the
receiving environment. Lower amounts of waste material lost from the netpens will lower the
potential for environmental impacts. Feeding frequency, which reflects the size of the farm,
should be maintained at a level that promotes maximum fish growth, but minimizes the amount
of waste material released (Cross 1993). In selecting a salmon farming site, consideration of the
receiving environment (i.e., current speed, depth and bottom topography) is required to determine
farm size and husbandry practices.
General Guidelines
General guidelines for the selection of an appropriate salmon farming site and general interim
guidelines for the location of farms have been recommended in British Columbia, the United
States, Norway, and Scotland (Levings 1994). These are discussed in more detail in Section 4.0.
3.1.1.2

Waste Dilution and Dispersal

Dilution and dispersal of organic waste materials from British Columbia salmon farming operations
is governed by a variety of site-specific physical attributes, including depth, current velocity, and
water column density (i.e., temperature and salinity). These factors determine the level of waste
material that will accumulate and impact the benthic environment. Production biomass, feed inputs,
and subsequent feed conversion ratios represent the operating variables which will influence the
amounts of waste material lost from a netpen facility and impacts on the benthic environment.
Slow current speeds (usually observed with deeper water) will severely limit the dispersal potential
for waste materials generated from an overlying farm operation. Sites located within embayments
that are withdrawn from the primary current flow of an adjacent channel or passage will accumulate
waste materials directly below the operation. Where netpen structures are located closer to the
current “mainstream,” enhanced flow and localized eddies will facilitate dispersion of waste
materials away from the site (Cross 1990).
The most intensive study regarding the dispersal of waste material was conducted by Cross (1990)
which included eight fish farms in British Columbia. At the majority of farm sites (six of eight),
waste dispersal was limited in association with low current speeds and shallow water depths. Most
of the waste material at these farms accumulated directly below the netpens, with limited waste
deposits at the perimeter of farms. Higher current speeds and sloping, rocky bottoms reported at the
other two farms resulted in the transport of waste material away from the farm and into adjacent
deeper waters. Thus, greater dispersal of waste material was observed at farms located in nondepositional zones (i.e., rock, gravel, sand bottom) and in areas with high current speed (Cross
1990). Cross (1990) concluded that the deposition of waste material to levels which elicited a
detectable environmental impact is restricted primarily to within 30 m of the netpen structures.
Contrary to current practices/ideas, Holmer (1991) suggested that farms in depositional, low current
areas, which would minimize the distance of waste dispersal to the surrounding environment,
provide an environmental benefit because the aerial extent of any impact is minimized. He
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concluded that farms in non-depositional zones result in wider dispersal of waste products and an
accumulation of waste material over a larger area, resulting in a potentially greater environmental
impact on the receiving environment.
3.1.1.3

Optimal Net Placement and Current Speeds

Optimal net placement is defined as the positioning of netpens to maximize current flow through
the pens, but to minimize the potential for dislodgement of the netpen from their anchors and fish
stress. To maximize flow of water through the netpens, most farms are positioned perpendicular to
the prevailing water movements (Cross 1990; M. Mulholland, B.C. Salmon Farmers’ Association,
pers. comm. 1995). This orientation limits the flushing of waste material between netpens,
minimizing the exposure of fish to potentially harmful situations such as decreasing dissolved
oxygen conditions (due to sequential depletion of oxygen resulting from the combined effect of
oxygen consumption by the caged fish and accumulation of organic waste from one netpen to the
next). However, in areas of strong currents, netpens cannot be aligned perpendicular to the current
as they would be dislodged from anchors. Under these conditions, pens should be placed parallel to
the prevailing current (M. Mulholland, B.C. Salmon Farmers’ Association, pers. comm. 1995). In
any case, surface and bottom currents, as well as inshore and offshore currents, should be
considered in deciding where to place netpens to maximize near surface currents and to avoid
backeddy effects.
Net orientation, current speed, water depths and extent of waste dispersal at fish farms in British
Columbia are provided in Table 3.1.1. In general, water circulation dynamics indicated that bottom
currents were too slow to result in the dispersal of waste material away from the netpens
(Cross 1990, 1993; Anderson 1992). However, Cross (1990) concluded that in areas where water
movement was primarily perpendicular to the netpens, waste materials were dispersed at greater
distances from the netpens. In cases where water movements were primarily parallel to the
orientation of the netpens, most of the waste material accumulated directly below the netpens. In
contrast, Retzer (1994) observed heavy waste dispersal 30 m beyond the netpens when they were
placed both perpendicular and parallel to the current speed at a fish farm in Village Bay, British
Columbia.
Nets at farms studied by Cross (1993) were positioned in such a manner as to maximize water
circulation through the netcages, yet anchored in relation to shore and bottom to minimize the local
effects of fetch or the logistical difficulties of anchoring in extremely deep water (i.e., perpendicular
to the current). Consequently, currents through the cages were moderate to strong resulting in the
net movement of water seaward. Accumulation of waste material under netpens was observed at
Bawden Point and Okisollo Passage despite efforts to position netpens far enough from shore to
eliminate any detrimental effects of processes such as back eddying on waste material dispersion
and accumulation at these sites. Accumulation at these sites was attributed to the depositional
nature of the bottom topography (i.e., mud, silt). Waste material was dispersed beyond the
perimeter of the netpens in non-depositional areas (i.e., rock). Thus, optimal waste dispersal may
also be influenced by depth and bottom topography, as well as water circulation patterns.
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Table 3.1.1

Net orientation, current speed, depth and dispersal of waste at fish farms in Washington State and British
Columbia.

Observations

Surface
Current
(cm/s)

Bottom
Current
(cm/s)

Clam Bay

-

-

mean 9
max. 36

Squaxin Island

-

mean 6-7
max. 31

-

Farm A

Surface and bottom currents during flood and
ebb tides generally ran perpendicular to
netpens

max. 12

4

38-44

Below netpens

Cross 1990

Farm B

Predominant tidal water movements occur
parallel to the netpens

max. 18-20

2-8

48-53

Below netpens

Cross 1990

Farm C

Water movements ran perpendicular to
netpens

4-22

Unidirectional

18-63

Below netpens

Cross 1990

Farm D

Reef in area responsible for back-eddy
effects of surface and bottom currents

< 10-32

21-40

Away from farm

Cross 1990

Farm E

Surface currents generally run parallel to the
netpens; bottom currents generally run
perpendicular to the netpens

10-12

2-10

26-45

Below netpens

Cross 1990

Farm F

Flood tide results in water movement
perpendicular to netpens; Ebb tide results in
water movement parallel to netpens

<8

2-6

29-37

Below netpens

Cross 1990

Farm G

Surface and bottom currents during flood and
ebb tides generally ran perpendicular to the
netpens

2-12

2-4

21-49

Away from farm

Cross 1990

Farm H

Surface current primarily ran parallel to the
netpens; bottom currents primarily ran
perpendicular to the netpens

2-14

2-10

20-27

Below netpens

Cross, 1990

Nanoose Bay

Direction of current not given

-

0.5

20

-

Anderson 1992

Site

Depth
(m)

Dispersal of
Waste

Citation

Washington State
26

Weston and Gowen 1988
Weston and Gowen 1988

British Columbia
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Site

Observations

Surface
Current
(cm/s)

Bottom
Current
(cm/s)

Depth
(m)

Dispersal of
Waste

Citation

Tranquil Inlet

Direction of current not given

-

0.5

27

-

Anderson 1992

Frederick Arm

Direction of current not given

-

10

32

-

Anderson 1992

Power Bay

Direction of current not given

-

2

40

-

Anderson 1992

Daniel Point

Direction of current not given; Farm exposed
to relatively high waves

-

10

17

Maximum
dispersal away
from netpens

Anderson 1992

Kanish Bay

Direction of current not given

-

5

28

-

Anderson 1992

Bawden Point

Water movements parallel to shore and
perpendicular to netpens

-

3-7

> 100

below netpens

Cross 1993

Ross Passage

Water movements parallel to shore and
perpendicular to netpens

9-20

Generally
unpredictable
due to
complicated
circulation
dynamics; < 3

30-34

Away from
netpens

Cross 1993

Okisollo Passage

Water movements parallel to shore

30-35

< 3-10

25-40

Below netpens

Cross 1993

Conville Point

Water movements parallel to shore and
perpendicular to netpens

15-18

3-10

20-45

Away from
netpens

Cross 1993

Dunsterville Point

Strong current offshore of site; little backcurrent recorded

max. 32-50

Net movement
of water into
deeper waters
in channel

30-55

Away from
netpens

Cross 1993

Village Bay (closed
farm)

Orientation I of netpens - perpendicular to
current: Orientation II - in between I and III:
Orientation III - parallel to current

2

-

24-37

Orientation I, II
& III - Away
from netpens

Retzer 1994
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The relationship between water depth and current velocity will determine site-specific differences
in the dispersal of organic wastes (Cross 1990). Cross (1990) generalized that the accumulation of
waste material will be restricted to beneath and directly along the perimeter of the netpens in
shallow areas with low current speed. These sites will be characterized by the highest benthic
impact (e.g., absence of epifauna and infauna benthos, reduced bottom oxygen conditions). At sites
with greater depths and stronger currents, dispersal of waste material is not confined to beneath
netpens, but is dispersed at greater lateral distances. Under these conditions, accumulation of waste
material may even be higher at the perimeter of the netpens than at the center. Cross (1990)
concluded that the deeper the water, the further the waste material will be dispersed.
3.1.2

Sedimentation

The degree of impact of a fish farm on the receiving environment will depend on the rate at which
suspended solids (i.e., feces and uneaten fish food) are released from the farm (i.e., sedimentation
rates). Suspended solids, feces and uneaten feed are either dispersed through the water column, or
accumulate on the sediments. The sedimentation rate is a loading measurement of suspended solids
from the netpens to the receiving sediment. While low sedimentation rates can actually increase
benthic productivity through the addition of nutrients, higher rates can have detrimental effects on
the benthic community due to changes in the physical and chemical conditions in the sediments
(Iwama 1991).
This section focuses on feed composition and application rate, and on subsequent impacts of
salmon feed and feces deposition in the vicinity of a farm. These impacts include expected physical
and chemical changes to the sediment such as: increased organic carbon, increased sediment
oxygen consumption rates, decreased sediment redox potentials, generation of sulphides and
increased organic and inorganic nitrogen content.
3.1.2.1

Feed Composition and Application Rate

The accumulation of organic material, and the subsequent potential for adverse impacts to the water
column, are affected by feeding rates and feed composition. Both factors will affect rate of
sedimentation and the accumulation of waste material in the vicinity of netpens. The amount of
feed administered to fish in netpens is determined by fish size, water temperature, fish condition
and appetite, and numbers of fish. Feeding rates during benthic studies have been reported for
British Columbia and Scottish farms. Fish were fed at a daily rate of 121 to 322 kg of feed at a
farm in Village Bay, British Columbia (Retzer 1994), while feeding rates varied from 143 to 332
kg/d at other British Columbia farms (Cross 1993). At a Scottish farm, Gowen et al. (1988)
reported mean feeding rates from 151.2 kg/d (February to April), 223.8 kg/d (May to June), and
48.2 kg/d (July to August).
The amount of uneaten feed (i.e., waste accumulation) released into the water column varies from
1 to 30% and depends on the type of feed used (Beveridge et al. 1991). Fish feed usually consists
of dry pellets or moist mixtures composed of fishmeal, oils and other ingredients including special
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additives such as vitamins and pigments (Iwama 1991; Folsom and Sanborn 1993). A lower
proportion of uneaten feed is released into the water column when dry pellets are used instead of
moist or wet diets (Warrer-Hansen 1982; Beveridge et al. 1991).
The composition and physical nature of waste products reflects the diet and digestibility of feed
components (e.g., carbon, nitrogen, phosphorus) (Holmer 1991). Salmonid feed is generally
composed of approximately 46 to 51% protein, 18 to 20% carbohydrates, 14 to 17% lipids, with
varying, but relatively minor amounts of other ingredients such as antioxidants, vitamins, pigments,
and therapeutic agents (Iwama, 1991). Typical nitrogen content of salmonid feed ranges between
6.1 and 8.5% (Enell and Ackefors 1992; Beveridge et al. 1991; MacMillan 1991; Weston 1991) of
which 15 to 31% is converted to fish biomass (Piedrahita 1994). Typical salmonid feeds have a
phosphorus content of 0.9 to 2%, of which between 25 and 42% is converted to fish biomass (Enell
and Ackefors 1992; Weston 1991). Consequently, approximately 60 to 85% of nitrogen and
phosphorus from fish feed is lost to the water column as waste material. Therefore, to minimize
environmental impacts due to nutrient release, a primary goal for nutritionists is to minimize the
ratio between nitrogen and phosphorus applied in feed, and that present in fish biomass (Piedrahita
1994).
The quantity of feed required per salmon has been substantially reduced over the last decade in an
attempt to reduce production costs and the amount of waste material released into the water
column. Less than ten years ago, salmon farmers required more than 2 kg of dry feed to produce 1
kg of salmon (Folsom and Sanborn 1993). Nutritionists have recently reduced the required feed to
1.1 to 1.2 kg of dry feed to produce 1 kg of salmon (Folsom and Sanborn 1993). The improvement
in feed conversion ratios (i.e., kg feed offered per kg fish produced) from 2.0 to 1.2 results in lower
production costs, and reduces environmental impacts by decreasing the amount of waste material
accumulation near netpens (Folsom and Sanborn 1993). Improved feed conversion and reduced
wastage is attributed in part to the use of extrusion technology to prepare pelleted feed compared to
the older method of pellet compression. Extrusion pellets have lower sinking rates, higher stability
in water (remain intact longer), increased digestibility and lower dust levels compared to
compressed pellets (Bergheim et al. 1991). Despite improvements, continued development of the
aquaculture industry will require further improvement: 1) in a match between nutrient requirements
of fish and the nutrient composition of the feed; 2) in physical properties of feed pellets; and 3) the
method of delivering the feed to the fish (Piedrahita 1994).
3.1.2.2

Composition of Ocean Floor and Potential Impacts

The potential impact of salmon farming on the receiving environment is influenced by sediment
particle size, which can range from fine silt and clay to large rocks and boulders. Fine sediments
(i.e., silt/mud/clay) are indicative of depositional zones (i.e., areas of low current activity) and easily
accumulate organic waste; consequently, fish farms located above depositional zones have the
potential for severe environmental impacts (Cross 1990). Alternatively, non-depositional zones are
characterized by gravel, cobble and boulders, and are unlikely to promote the accumulation of
organic wastes. Consequently, non-depositional zones are ideally suited to support fish farm
activities.
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Table 3.1.2 provides a summary of sediment types found beneath farms in British Columbia,
Washington, and Scotland. Sediment type ranged from mud/silt/clay to large cobble and rock.
Approximately half of the farms were situated above depositional zones, some exhibited black,
apparently anoxic layers up to 21 cm thick overlying lighter coloured sediments, an indication of a
highly impacted environment. The other half of the farms were situated above non-depositional
zones, and, consequently, showed little sign of environmental impact.
Table 3.1.2

Sediment types observed at farms in British Columbia, Washington State,
and Scotland.

Site

Sediment Type

Citation

Farm A, BC

Mud/clay under netpens; sand/cobble/clay around netpens

Cross 1990

Farm B, BC

Silt/clay/mud/gravel

Cross 1990

Farm C, BC

Wood waste

Cross 1990

Farm D, BC

Rocky

Cross 1990

Farm E, BC

Sand/large cobble

Cross 1990

Farm F, BC

Odourless, fine black mud under netpens; fine/silt/mud at
nearshore stations

Cross 1990

Farm G, BC

Rocky

Cross 1990

Farm H, BC

Fine, silt/black mud under netpens

Cross 1990

Squaxin, WA

Principally silt with varying amounts of sand (14-30 %) and
shell fragments (1 to 40 %)

Weston and Gowen 1988

Clam Bay, WA

Primarily medium sand (0.25 to 0.5 mm diameter); some
silt-clay (<5 % of bottom); shell and gravel (19 % of bottom)

Weston and Gowen 1988

Farm in BC

Sandy/silt to cobbly/sand

Puget Sound, WA

Sandy/silt/clay

Loch Spelve, Scotland

Clay/silt with a wide variation in particle size

Anderson 1992
Weston 1990
Gowen et al. 1988

Location of farms studied by Cross (1990) and Anderson (1992) was not provided.

3.1.2.3

Rates of Sedimentation

Sedimentation rates provide valuable information on the rate at which waste material is lost from a
farm operation and the potential that these materials have for dispersal from the source, as well as
the extent of environmental impact on the receiving environment. Sedimentation rates measured at
the center and at the perimeter of netpens in British Columbia and Washington State, as well as at
references sites provided in Table 3.1.3. In general, rates were highest at the center, ranging from
5.46 to 110 kg/m2/y. Corresponding rates at the perimeter (3.7 to 29.7 kg/m2/y) were lower, but
higher than those measured at reference sites (0.87 to 10.2 kg/m2/y) located away from farms.
Sedimentation rates and site-specific dispersion of farm wastes will be strongly influenced by depth
as well as by current dynamics of a site. For example, water depth at one site studied by Cross
(1990) was less than 25 m and current velocities were relatively low, with no predominate ebb-flood
tidal direction. Sedimentation rates were 33.5 kg/m2/y, and the accumulation of organic wastes was
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restricted to beneath the netpens and directly along their perimeter. Less than 5 m away,
sedimentation rates could not be distinguished from typical distant reference stations. Consequently,
this site was characterized as having a high degree of benthic impact in terms of accumulated
organic material, the absence of epifaunal and infaunal benthos, and reduced bottom DO directly
beneath netpens. In comparison, at a farm in Sooke Basin, British Columbia, the sedimentation rate
was estimated at 30.2 kg/m2/y beneath netpens, and water depth was comparable with the farm
mentioned above (<25 m) (Cross 1990). However, considerably stronger currents resulted in
transportation of waste material further from netpens, reducing the organic accumulation at and
immediately around the facility and therefore any associated environmental impacts.
Sedimentation rates will also vary seasonally with the amount of feed introduced into netpens.
Cross (1990) concluded that lower sedimentation of waste material was observed at farms which
deployed reduced amounts of feed. However, sedimentation rates were measured during summer
months (June to August), when feeding levels were enhanced.
3.1.2.4

Spatial Extent of Deposition

The spatial extent of waste dispersal will depend primarily on current speed, depth, farm size,
feeding rates sedimentation rates of suspended solids, and bottom topography. Depending on the
balance of these variables, the accumulation of waste material and subsequent impacts to the
benthic environment may occur directly beneath netpens, at their perimeter, or extending beyond
their perimeter. Waste materials transported away from netpens include fine, flocculent materials
which are visually difficult to differentiate from natural water-column materials (Brown 1992).
This results in relatively light accumulations away from netpens which are readily assimilated by
biotic and abiotic processes of the benthic environment.
The spatial extent of environmental impacts varies little between farms. In British Columbia, visual
observations of epibenthic environments suggests that farm-related impacts are restricted primarily
to the area directly below the netpens, and to an area 5 to 20 m away from these structures
(Cross 1990; Brown 1992). At a large number of farms in the Western Isles, Shetland Islands, and
on the west coast of Scotland, Beggiatoa sp. (a bacterial indicator of organic pollution) were most
commonly found between 5 and 15 m from netpens, due to oxygen depletion (Lumb and Fowler
1990). Dense populations of Capitella capitata (an invertebrate indicator of organic pollution)
were occasionally associated with bacterial mats. In Norway, Johnsen et al. (1993) observed dark
organic material above fine-grained sediment up to a distance of 10 m from netpens. At 10 m,
bottom substrate became coarse sand with some organic material, and at 20 m no evidence of
disturbance was observed. In Puget Sound, Washington, Weston (1990) observed organic
enrichment at 45 m from the perimeter of a farm, although there was considerable variability.
Based on sediment chemistry alone, no indications of organic enrichment were apparent at
distances of 90 m or greater (Weston 1990). Based on these studies, deposition of organic material
was not observed at distances greater than approximately 50 m from the perimeter of netpens.
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Table 3.1.3

Sedimentation rates measured at farms in British Columbia and Washington State.
Center of Netpen
2
(kg/m /y)

Perimeter of Netpen
2
(kg/m /y)

Other Site
2
(kg/m /y)

Time of Measurement

Citation

Farm A, BC

22.0

12.2

4.2

June to August

Cross 1990

Farm B, BC

23.5

17.1

2.2

June to August

Cross 1990

Farm C, BC

10.3

3.7

0.87

June to August

Cross 1990

Farm D, BC

39.5

13.2

4.1

June to August

Cross 1990

Farm E, BC

30.3

10.6

4.6

June to August

Cross 1990

Farm F, BC

29.2

15.6

10.2

June to August

Cross 1990

Farm G, BC

16.2

19.5

1.47

June to August

Cross 1990

Farm H, BC

33.5

-

8.8

June to August

Cross 1990

Sooke Basin, BC

30.2

-

-

June to August

Cross 1990

Clam Bay, WA.

52.1

29.7

-

-

Weston and Gowen 1988

107 - 110

-

-

-

Weston and Gowen 1988

Puget Sound, WA

13.5 (average)

3.6 (average)

-

-

Weston and Gowen 1988;
Weston 1990

Bawden Point, BC

-

5.12 - 6.46

7.36 - 9.28
(seaward end of
netpens in
predominant
current)

December to March

Cross 1993

Ross Passage, BC

5.46 - 6.37

-

4.78 - 5.55
(downstream of
netpens)

December to March

Cross 1993

Okisollo Channel, BC

6.15 - 7.10

9.12

5.53 - 8.33
(downstream of
netpens)

December to March

Cross 1993

6.77

-

7.89 (downstream
of netpens)

December to March

Cross 1993

Site

Squaxin Island, WA.

Conville Point, BC
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3.1.2.5

Changes in Physical and Chemical Properties of Substrates

The release of waste material from farms results in the introduction of organic material to the
receiving environment (i.e., water column and sediments), which may alter the physico-chemical
nature of sediments below and adjacent to operations. Some of the major changes associated with
organic enrichment are: 1) an accumulation of organic carbon; 2) a decrease in oxygen leading to
anoxic conditions in sediments; 3) reduced sediment redox potentials; 4) the production and release
of H2S, ammonium, and methane from sediments; and 5) physical changes to sediments.
Organic Carbon
Salmon farms generate organic carbon primarily in the form of feces and uneaten food. Algal
growth dislodged after net cleaning is only a minor source of enrichment (Weston 1986).
Accumulation of organic carbon in the sediments under netpens has demonstrated considerable
patchiness and variability (Black 1993; Hargrave et al. 1993). Hargrave et al. (1993) reported
carbon accumulation rates under netpens which ranged from 17 to 35 mol C/m2. Furthermore,
although a gradient in levels of organic carbon accumulated in the sediments was observed up to
60 m from some farms, no evidence of carbon enrichment above background levels even directly
under netpens was observed at a farm located in relatively shallow waters (Weston and Gowen
1988). Studies of organic enrichment in sediments beneath salmon farms report occurrence of
organic material using different analytical techniques; some studies (e.g., Thonney and Garnier
1993) report data as total organic matter while others report data as total organic carbon (e.g.,
Weston and Gowen 1988; Gowen 1990). Elevated levels of organic carbon have indicated organic
enrichment at some pen locations, but spatial variability of carbon concentrations and ratios of
carbon to nitrogen at individual sites indicate care must be taken both collecting and interpreting
organic carbon data (Gowen 1990; Hargrave et al. 1993).
Oxygen Concentrations
The accumulation of organic material in substantial quantities can result in a considerable oxygen
demand within sediments in the vicinity of farms. Although oxygen uptake rates were highly
variable under and at the perimeter of netpens, they were consistently lower at greater distances
from netpens (Brown et al. 1987; Hargrave et al. 1993). Norwegian workers measured in situ
oxygen consumption rates as high as 30 mmol/m2/h from enriched marine sediments beneath fish
farms (Gowen et al. 1988). Holmer (1991) reported that oxygen uptake by sediments under
different Danish fish farms were 5 to 15 times higher than at control sites. Furthermore, these rates
of oxygen uptake are high relative to those under natural conditions (Graf 1987; Chanton et al.
1987). Low oxygen concentrations were recorded close to the bottom at several farm sites during a
five year water quality study in Sechelt Inlet (described in Section 3.1.3). Values as low as 2.2 to
2.5 mg/l were recorded at one location, though this occurred at depths (greater than 90 m) at which
dissolved oxygen levels are naturally depressed in Sechelt Inlet (BC Ministry of Environment,
Lands and Parks in prep.). The degree to which sediment from farm activity might have
contributed to the low levels could not be established with the available data.
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Some of the variability observed in oxygen uptake rates under netpens may be attributable to
seasonal influences. Gowen et al. (1988) reported seasonal variations in oxygen concentrations in
the immediate vicinity of farms, where oxygen saturation ranged from 85% in February to 50% in
August. It was likely that increased feeding of salmon, food wastage, and fecal waste production
were the main factors responsible for the deterioration in sedimentary conditions from May to
August. However, seasonal changes may also be influenced by increased temperature from
February to May, thereby increasing productivity and oxygen consumption.
Reduction-oxidation Potential (Redox Potential)
Accumulation of organic material and corresponding reduction in dissolved oxygen will result in
lower redox potentials within sediments. The redox potential (Eh) is a quantitative measure of the
relative reducing or oxidizing intensity of sediments. Positive Eh values are generally indicative of
sediments which have a large grain size, are well oxygenated, and/or are poor in organic matter.
Negative Eh values are generally indicative of sediments which are rich in organic matter, consist
largely of fine sediments, and/or are poorly oxygenated. Sediments receiving high inputs of feed
and feces from an aquaculture facility would be expected to have more negative Eh values relative
to background conditions assuming grain size is comparable (Weston and Gowen 1988).
Highly reduced sediments were observed 3 m from netpens, with Eh values reaching -185 mV in
May, 10 m from netpens (Brown et al. 1987; Gowen et al. 1988). Redox potentials continued to
decrease from May to August at these sites (corresponding to increased oxygen consumption rates;
Gowen et al. 1988). Beyond a distance of 15 m, redox potential remained positive throughout the
sampling period. Hargrave et al. (1993) observed positive Eh values under and at the perimeter of
netpens at farms in the Bay of Fundy, prior to August, but then decreased to negative values in early
October. Average potentials at these sites remained low (<-50 mV) between November and
February, while values at sites away from netpens increased to >+200 mV. The largest variations in
redox potentials under netpens (-40 to -175 mV) and at the perimeter (+90 to +260 mV) were
observed between August and September. In contrast, Cross (1990) observed that conditions at the
sediment-water interface remained oxidized at all of the farms studied in British Columbia, even in
highly impacted benthic environments (i.e., large areas of black mud and a substantial growth of
Beggiatoa sp. and devoid of epifaunal and infaunal macrobenthos). Therefore, sediments tend to
become reduced, but remain highly variable due to inputs of waste material from farming activities.
Production of Hydrogen Sulfide, Ammonium, and Methane
Anaerobic processes (i.e., chemical and biological) and low redox potentials due to high inputs of
organic waste can result in the production of reduced compounds such as hydrogen sulfide (H2S),
methane, and ammonium, which if produced in sufficient quantities can be released from sediments
(Gowen and Bradbury 1987). Intermittent release of gas products from underlying sediments has
been regularly observed at farm operations. Johnsen et al. (1993) reported the smell of H2S up to a
distance of 10 m from netpens at a fish farm in Norway, while O’Connor et al. (1993) observed
outgassing of methane in areas showing mounds of organic wastes under netpens. Ammonium
released from sediments under and at the perimeter of salmon netpens were higher than ammonium
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released away from netpens (Hargrave et al. 1993; Holmer and Kristensen 1992). The rate of
ammonium release from marine sediments beneath Norwegian farms ranged from 0.5 to 13
mmol/m2/h (Enell and Lof 1983; Gowen et al. 1988).
Hydrogen sulfide and ammonia are toxic to fish (Fayette and Haines 1980), and therefore outgassing from sediments beneath netpens can have detrimental effects on fish health. Norwegian
studies have shown that 1 ppm H2S can cause stress to fish and that at the sediment-water interface
gas bubbles have a H2S concentration of 17,000 ppm (Samuelson et al. 1988). However, hydrogen
sulphide is very soluble in seawater. Samuelson et al. (1988) found high concentrations of
hydrogen sulfide at depths between the sea bottom and nine meters above the bottom, though
attenuation of concentration was rapid (from 17,000 ppm at the sediment surface to 20 ppm at nine
meters above the bottom). The timing of such releases is most likely related to changes in tidal
state, water column density (or pressure), pH, and temperature (Cross 1990). Therefore, farms in
sheltered, shallow water would be most at risk of H2S toxicity due to low current speed, low
oxygenation, and high potential environmental impact.
Despite these documented events, outgassing is not always a concern of fish farming. (Cross 1990)
did not observe gaseous products emitted from sediments at the most impacted farm. Furthermore,
Gowen and Ezzi (1992) concluded that ammonia regeneration from sediments beneath farms is not
an important source of soluble nitrogen to the overlying water column. The occurrence of
outgassing is most likely influenced by the physical dynamics of the site selected for fish farming
rather than as a result of husbandry practices (Iwama 1991).
Changes in Physical Properties of Substrates
The release and subsequent accumulation of waste material from farms can also change the physical
nature (i.e., sediment grain size) of the benthic environment in the vicinity of farm activities. Ervik
and Hansen (1994) classified sediments in the vicinity of farms based on grain size comparisons.
Natural undisturbed sediments under netpens prior to farming activities were classed as muddy sand
(i.e., mean grain size of 0.063 to 0.125 mm). An accumulation of particle aggregates was observed
on the sediment surface under netpens as a result of waste material released from farming activities.
This material consisted of an 8 cm thick layer of which the top 1 to 2 cm showed loose granular
fabric, while the material became more compact with increasing depth. The material did not appear
to be assimilated by resident benthic fauna. Below this layer the material had a more normal
muddy sand appearance. The thickness of the aggregate layer decreased to 2 cm at a distance of 20
m and to 0 to 1 cm at a distance of 50 m from the netpens.
3.1.3

Water Quality Chemistry

Organic inputs released from fish farms can change the chemistry of the water column in the
vicinity of netpens. In some cases, direct effects of waste material released into the water column
can change the water chemistry by chemical releases from sediments. For example, if sediments
become anoxic (i.e., lack of oxygen), gases such as ammonium and hydrogen sulfide can be
released. Oxygen levels may subsequently decrease in the water column, thereby affecting the
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growth of cultured fish. As hydrogen sulfide and ammonium are toxic to fish, waste material inputs
from farms should be minimized.
This section will focus on the quality and quantity of suspended solids and nutrients that are
released into marine waters from salmon farms. Available water chemistry data will be reviewed to
determine changes in water quality associated with salmon farming in British Columbia.
3.1.3.1

Changes in Nutrient Levels

Increases in nutrient concentrations (i.e., nitrogen and phosphorus) to a receiving environment can
lead to hypernutrification and potential algal blooms, which may result in the subsequent death of
cultured and/or wild fish due to decreasing dissolved oxygen levels or toxins released by algal
blooms. As nitrogen, rather than phosphorus, is generally limiting to phytoplankton in coastal
marine waters, anthropogenic inputs of nitrogen are considered more important in causing
hypernutrification (Gowen 1990) (the effects of aquaculture on phytoplankton are discussed in
more detail in Section 3.3). Aquacultural practices generally release more nitrogen than
phosphorus into the water. For example, fish excrete dissolved forms of nitrogen and phosphorus
directly into the water, in a ratio of 7:1 by weight (Molvaer and Stigebrandt 1989 from Cross and
Kingzett 1994). However, few examples of farming induced hypernutrification in coastal waters
exist, and are generally confined to shallow sites with poor flushing between offshore and inshore
waters (Gowen 1990).
Salmon farming in British Columbia initially focused on the Sunshine Coast (Section 2.0).
Concern over potential effects of salmon farms on water quality in Sechelt Inlet led to a five year
sampling program conducted from 1986 to 1990 (BC Ministry of Environment, Lands and Parks in
prep.). Water samples were collected twice per year (winter and summer) from fish farm sites,
near-shore comparison sites and midchannel locations; data collection included nutrients (ammonia,
nitrate, nitrite, orthophosphorus, total phosphorus), solids (nonfilterable residues), current speed and
direction, temperature, salinity and dissolved oxygen. Site specific differences were observed for
some nutrient parameters (ammonia, nitrate, total phosphorus), nonfilterable residue and dissolved
oxygen in the centre or immediately adjacent to some netcages, compared to locations further from
the netcages at the same sites (up to 27 m) or near-shore comparison sites and midchannel
locations. Preliminary conclusions indicate that these parameters showed sporadic and inconsistent
evidence of effects from farm activity in the immediate vicinity of farms; lack of consistency in the
data prevented conclusive statements of cause and effect. Overall, the study found that basin-wide
changes in water quality parameters could not be attributed to salmon farming and there was no
evidence that salmon farm activities resulted in ecologically significant impacts on the water
column during the period of study.
Changes in nutrient levels in the water in the vicinity of netpens has been extensively studied by
Gowen (1990). Changes in nitrogen (i.e., nitrate and ammonium) and phosphorus levels varied
spatially and temporally between farm and control sites. Ammonium and nitrate levels at farms
in Bertraghboy Bay were significantly different from control sites; however, there was little
difference in ammonium and phosphate between farm and control sites in Kilkieran Bay. At
farms in Killary and Ballynakil harbours, there were yearly variations in ammonium at control
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sites, but not at farm sites. On a temporal scale, a five-fold increase in nitrate levels was
observed at one farm from 1984 (0.48 µg N/L) to 1989 (2.27 µg N/L). No temporal changes
were observed at control sites.
Nitrogen and phosphorus dynamics have been extensively studied in marine and freshwater
systems. Nitrogen and phosphorus loadings are important in regulating environmental impacts
due to aquaculture. As such a review of this literature warrants more effort.
3.1.3.2

Changes in Dissolved Oxygen

The accumulation of substantial quantities of waste released from farms can result in oxygen
demands within sediments, as well as in the overlying water column. Reduction of DO is of
particular concern in areas where bottom currents are sufficiently low to restrict oxygen
replenishment through limitations in either vertical mixing processes or the continual, lateral
movement of oxygen-rich waters across the surface. Cross (1990) observed a significant depletion
in DO levels above sediments at a farm in British Columbia, where water depths were shallow and
resident tidal action was limited. Consequently, the rate of waste accumulation may have
approached the assimilative capacity of the benthic system in efficiently oxidizing the waste.
Anderson (1992) observed marked decreases in oxygen concentration with water depth (i.e.,
8.62 mg/L at 10 m declining to 3.45 mg/L at 20 m) at a farm in Nanoose Bay, British Columbia.
Similar patterns in oxygen concentrations were noted at a farm in Tranquil Inlet, British Columbia,
where oxygen declined from 6.81 mg/L at 27 m deep to 5.77 mg/L at 41 m (Anderson 1992). In
extreme cases (high loading, low currents) deoxygenation may extend from sediments to the
overlying water column. Although, the receiving environment differed both temporarily and
spatially between British Columbia farms, Aure et al. (1988) observed that the oxygen content in
water overlying sediments near Norwegian netpens was depleted by as much as 30% compared
with undisturbed areas. In contrast, Weston and Gowen (1988) did not observe dramatic depletion
of oxygen levels in the overlying water at Clam Bay or Squaxin Island, presumably due to high
current velocities which may have promoted the dispersal of solid wastes or provided adequate
oxygenation.
Despite strong evidence that DO levels in sediments and in the water column can be depleted due
to farm practices, one study concluded that decreases in DO levels may not always be caused by
the accumulation of organic waste released from farms. DO concentrations measured by Cross
(1993) at the perimeter of fish farms in British Columbia, ranged from 5.7 to 6.5 mg/L at the
bottom and from 6.9 to 7.4 mg/L at the surface of the water column. Cross (1993) concluded that
changes in DO were primarily influenced by temperature and salinity, and were thought not to be
influenced by farm activities. Although seasonal influences could not be determined at the study
sites as samples were collected during the winter, Cross (1993) concluded that organic loadings
from farm operations had no effect on DO at the surface or at the bottom where organic
accumulation and associated impacts of waste material may be expected.
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3.1.3.3

Changes in Other Parameters

Minimal information is available regarding changes in other parameters as a result of
sedimentation of organic material released from netpens. In general, Cross (1993) reported a
high degree of stability in salinity and temperature in the water column around farms located in
British Columbia. Vertical profiles of salinity and temperature measured at the perimeter of farm
sites ranged from 19.0 to 30.6 ppt, and 6.8 to 9.5°C, respectively.
A number of different chemicals may also be released into the receiving water whose effects remain
controversial. Petroleum-based hydrocarbons, fuel additives, and hydraulic fluids may be released
in small quantities through marine vessel operations. If marine anti-foulant paints (Pb, Zn, or Cu
based) are used in the vicinity of the netpens (e.g., boats), leaching to the surrounding water may
also be a concern (Cross 1993). However, Lewis and Metaxas (1991) and Peterson et al. (1991)
report that Cu does not result in adverse environmental impacts.
3.1.3.4

Microorganisms

Salmon farming operations have the potential to increase levels of fecal coliform bacteria in nearsurface waters although this constitutes only a minor contribution compared to other farm-derived
wastes. Organic waste loadings and enrichment of bottom sediments may be expected to lead to
increases in the number of bacteria produced in the vicinity of netpens and the selective
enhancement of specific bacterial groups. Beggiatoa sp. are most commonly present in areas of
high organic enrichment which produced anoxic benthic environments (Anderson 1992; Brown et
al. 1987; Cross 1990, 1993; Gowen et al. 1988). Colonization of anoxic sediments by Beggiatoa
sp. in the vicinity of netpens is discussed in Section 3.2.
3.1.4

Comparison of Fish Farm Loading with Other Discharges

Large volumes of organic material are introduced into the water column and sediments as a result
of fish farm activities. Organic input which exceeds the assimilative capacity of the benthic
environment can result in: increased nutrient levels (e.g., nitrogen, phosphorus); reduction of
oxygen concentrations; decreased redox potentials; outgassing of hydrogen sulfide, ammonium,
and methane from sediments to the overlying water column; and physical changes in substrate
type (cf. Section 3.1.2 and 3.1.3). These environmental changes can initiate successional
changes in macrobenthic species diversity, abundance and biomass (Pearson and Rosenberg
1978). Undisturbed communities support a high species diversity, high biomass, and moderate
abundance. Although initial inputs of organic matter often stimulate benthic production,
continued inputs result in a reduced macrobenthic species richness and changes in community
structure, as sensitive species die or emigrate. Opportunistic organisms dominate and biomass
may actually increase. In extremely polluted environments, opportunistic organisms disappear,
as do eventually all macrofauna. This successional pattern in benthic community structure has
been observed as a result of salmon farming (cf. Section 3.2) as well as of other pollution sources
including: domestic and industrial sewage outfalls, oil spills, pulp and paper mills, and a loghandling site (Retzer 1994).
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Although organic waste generated by other sources (e.g., sewage dumping, pulp mills) may have
similar effects on benthos, the extent of environmental impact varies greatly. For example, the
area affected by waste deposition differs between pollution sources. Gowen et al. (1988)
reported that the area of low sediment redox potential due to waste deposition in the vicinity of a
Scottish salmon farm (6000 m2) was much less than the total area of reducing sediment found
near a pulp mill in Loch Eil (5 km2), or near a sewage dumping ground (23 km2).
The quantity of nutrients released into the receiving environment also differs between sources of
organic pollution. Ackefors and Enell (1990) compared nitrogen and phosphorus loading from
Swedish fish farming operations to total inputs from all sources on the surrounding sea area.
Nitrogen and phosphorus loads from farms corresponded to 0.2 and 0.6% of total loadings,
respectively. Compared to loads from other sources including atmospheric deposition, farming
activities contributed approximately 0.02% nitrogen and 0.05% phosphorus. Therefore, nutrient
inputs from Swedish farming activities were negligible in comparison with other sources.
Numerous studies have compared fish farming loadings with other discharges to assess their
relative environmental impacts. However, comparison between organic loading from different
sources of pollution is difficult as a number of other parameters, such as site-specific current
regime and topography, will influence the extent of environmental impacts. For example, a
higher environmental impact may be observed in an area with low current speed and low organic
loading due to limited flushing and oxygenation, compared with an area with high current speed
and high organic loading. Furthermore, organic run-off from a stream might be responsible for
enrichment of sediment (Gowen et al. 1988). Consequently, a more extensive review of the
literature is recommended.
3.1.5

Conclusions

Waste material released from salmon farms (e.g., uneaten feed, fish feces) can result in
environmental impacts to the receiving environment in the vicinity and away from netpens
(Cross 1994). Increases in organic material above ambient levels can cause physico-chemical
changes in both the sediment and water column. Although small increases in organic material can
actually stimulate benthic production, levels which are greater than the assimilative capacity of the
benthic environment will lead to: increases in nutrient levels (i.e., nitrogen, phosphorus) (Cross and
Kingzett 1994); reduction in oxygen levels (Anderson 1992); reduced redox potentials (Brown et
al. 1987; Gowen et al. 1988; Hargrave et al. 1993); and outgassing of hydrogen sulfide, ammonium
and methane from the sediments into the overlying water column (Brown and Bradbury 1987).
Since hydrogen sulfide and ammonium are toxic to fish, there is potential for severe impacts to
cultured fish. In extreme cases (high loading, low currents), deoxygenation may also extend from
sediments to the overlying water column also causing stress to fish (Fayette and Haines 1980;
Gowen et al. 1988). A five year study of potential effects of salmon farming in Sechelt Inlet
concluded there was no evidence that salmon farm activities resulted in ecologically significant
impacts on the water column during the period of study (Ministry of Environment, Lands and Parks
in prep.).
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Waste dilution and dispersal will depend on hydrographic characteristics of selected farm sites (e.g.,
water depth, current speed, bottom topography). To minimize environmental impacts to the
receiving environment, netpens should be placed at sites where a balance between water depth and
current speed is attained to maximize the dispersal of waste material (Cross 1993). If water depth
around netpens is too shallow and current speeds are too low, low dispersal rates will result in
substantial environmental impacts under and at the perimeter of netpens. However, if water is deep
enough and current speed high enough then waste material will be dispersed and environmental
impacts in the vicinity of netpens will be minimal. There is a higher potential for environmental
impacts at farms located above depositional areas (i.e., mud, clay, silt), where organic wastes tend
to accumulate. Therefore, farms should be located above non-depositional areas (i.e., gravel,
cobble, boulders).
The accumulation of organic material, and the subsequent potential for adverse impacts to the
receiving environment is also affected by both feeding rates and feed composition. Both factors
will affect the rate of sedimentation and the accumulation of waste material in the vicinity of
netpens. In an attempt to reduce the amount of waste material released into the water column, the
quantity of feed required per salmon has been substantially reduced over the last decade (Folsom
and Sanborn 1993). The improvement in feed conversion ratios (i.e., kg feed per kg fish produced)
from 2.0 to 1.2 results in lower production costs, and reduces environmental impacts by decreasing
the accumulation of waste material (Folsom and Sanborn 1993). Feed quality is also an issue of
concern. Approximately 60 to 85% of nitrogen and phosphorus from fish feed is lost to the water
column as waste material; the remaining 15 to 40% is incorporated into fish biomass (Enell and
Ackefors 1992; Piedrahita 1994; Weston 1991). Therefore, to minimize environmental impacts
due to nutrient release, the ratio between nitrogen and phosphorus applied in feed, and that present
in fish biomass should be minimized.
3.2

EFFECTS ON BENTHIC MACROFAUNA AND PRODUCTIVITY

One of the observed major effects on the receiving environment from organic wastes released from
fish farms is changes in sediment characteristics and benthic community directly beneath and
possibly extending some distance from the perimeter of the netpens (Anderson 1992; Cross 1990,
1993; Cross and Kingzett 1994). These effects are largely attributable to localized smothering by
waste feed and feces, and to the subsequent organic enrichment of the substratum (i.e.,
eutrophication and sedimentation). The accumulation of waste will result in population changes to
the macrobenthic community affecting species composition, abundance and biomass.
3.2.1

Substrate and Site Differences Among Farms

Effects of organic wastes on macrobenthic communities related to site differences are dependent on
a number of variables at each site (e.g., sediment particle size, current velocity, water depth, farm
size and orientation). Soft, clay/silt sediments are characteristic of depositional zones, promoting
accumulation of organic wastes and providing ideal conditions for opportunistic polychaetes
(e.g., Capitella capitata). Sand, gravel and cobble are characteristic of non-depositional zones
where little organic waste accumulates. These sites provide a more conducive environment for
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macrobenthos (e.g., starfish and sea anemones). Sediment type under netpens in British Columbia
ranges from black, silty, mud to cobble or rocky substrate; the bottom substrate at one farm was
composed primarily of wood waste at one farm (Cross 1990; Anderson 1992). Variation in
sediment particle size may, in part, explain variations in macrobenthic species composition between
sites (Gowen et al. 1988).
Current velocities and water depth are important factors governing the dispersal of organic waste,
and therefore may also indirectly affect the macrobenthic community. Higher bottom current
velocities and deeper waters will enhance the dispersal of organic waste beyond the farm perimeter.
In general, fish farms in British Columbia are situated in deep waters (15 m to > 70 m deep) and are
located in areas with current velocities (2 to 32 cm/s) adequate to encourage site flushing (Cross
1990; Anderson 1992; Retzer 1994). Farms in Scotland, Norway, and Puget Sound, Washington
are located in relatively shallow waters (<70 m deep), with current velocities ranging from 9 to
36 cm/s (Gowen et al. 1988; Weston and Gowen 1988).
3.2.2

Changes in Benthic Macrofauna

3.2.2.1

Horizontal (Spatial) Gradients

In general, it is assumed that macrobenthic communities exhibit a gradient of species diversity,
abundance and biomass which is related to organic enrichment in the vicinity of netpen cages
(Cross 1990; Tsutsumi et al. 1991). This assumption is generally supported by the literature. For
example, Cross (1990, 1993) observed a significant impact on resident benthic invertebrate
populations only directly beneath netpens, with secondary minor enrichment effects along netpen
perimeters (primarily within 5 to 10 m of the netpens). Benthic community structures beyond the
perimeter were typical of undisturbed areas, with a highly variable species composition attributed to
local differences in substrate type, depth, and current.
Shifts in macrobenthic community structure in the vicinity of fish farms generally follow
documented spatial trends for other forms of organic pollution such as sewage discharge, and pulp
mill effluent (Figure 3.3) (Weston and Gowen 1988). Highly impacted zones directly beneath
salmon farms, where the rate of accumulation of waste materials is relatively constant and
substantial, is characterized by few, if any macroinvertebrate taxa. This circumstance may be the
direct result of continuous smothering of benthos by organic sediments or by altering the level of
oxygen required to sustain a normal diversity of infauna and epifauna. Beyond these highly
impacted areas, levels of organic enrichment may be sufficient to cause biostimulation and a slight
species richness and biomass peak. Further from the netpens, levels of organic input are
sufficiently low so that species diversity, abundance and biomass of the benthic community reflect
the typical faunal complement for that particular coastal area and sediment type.
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Within Netpen Perimeter
Directly beneath and at the perimeter of netpens, the degree of impact of waste material on the
benthic community can result in:
•

an azoic (i.e., devoid of macrobenthic organisms) or an anoxic (i.e., no oxygen)
sediment environment, possibly inhabited by white sulphur bacteria, Beggiatoa sp.
(Anderson 1992; Brown et al. 1987; Cross 1990, 1993; Gowen et al. 1988;); and

•

a macrobenthic community dominated by opportunistic organisms, such as Capitella
capitata (Anderson 1992; Brown 1992; Cross 1990; Hargrave et al. 1993; and Weston
and Gowen 1988).

Beggiatoa and Capitella capitata are indicators of an organically enriched environment (Pearson
and Rosenberg 1978). With relatively high organic loadings to sediments, the decomposition of
accumulated materials may result in local anoxic conditions. Such anoxia can be recognized
visually by the presence of black, reducing sediments. Where bottom currents are sufficient to
maintain dissolved oxygen levels directly above these impacted sediments, the colonial bacteria
Beggiatoa often forms large mats over the surface (Cross 1990). Anderson (1992) and Cross
(1993) reported that stations under pens were cloaked with a light flocculent material and
Beggiatoa sp. colonization. Hargrave et al. (1993) and Weston and Gowen (1988) reported
maximum numbers of Capitella capitata at the perimeter of a netpen; colonization by Beggiatoa
sp. was not observed at these sites.
Under less severe conditions of waste accumulation, species diversity generally increases. In
addition to Capitella capitata, other benthic invertebrates, such as the sedentary anthozoan
Pachycerianthus and several plumose anemones (Metridium sp.) and sunflower stars (Pycnopodia
helianoides), can be found under or at the perimeter of the netpens (Cross 1990; Brown 1992).
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Outside Netpen Perimeter
Outside the perimeter of netpens, there is considerable variation in impacts on the macrobenthic
community due to waste material (type, quantity, site conditions - flushing) released from fish
farms. An increase in species diversity is generally observed as distance increases from pens;
however, the distance at which a change is observed varies among farms, which may be partially
attributed to differences in the physical and chemical characteristics of the receiving
environment. Observed changes in macrobenthic communities with increasing distance from the
perimeter of netpens are summarized in Table 3.2.1. Cross (1990) observed a transition to a
benthic environment typical of undisturbed areas within an estimated 25 m from the netpens.
Brown et al. (1987) and Gowen et al. (1988) observed high species diversity, abundance and
biomass at a distance of 120 m from the perimeter of a Scottish farm. In contrast, Weston and
Gowen (1988), and Weston (1990) observed high numbers of Capitella capitata and Beggiatoa
mats up to 150 m or more from the netpens in Puget Sound, Washington. Conditions typical for
that area were reached at some point between 150 and 450 m from the farm. In addition, Weston
(1990) observed greater benthic impacts at the perimeter and up to 80 m from the netpens than
directly beneath them. At Nordic fish farms investigated by Braaten (1991) mats of Beggiatoa sp.
have been observed at distances varying from 20 m to 1.2 km from the perimeter of the netpens,
depending on water circulation patterns.
3.2.2.2

Temporal Changes

Seasonal changes in macrobenthic communities impacted by aquaculture are not well documented.
Only two published studies have been identified dealing with temporal changes in the macrobenthic
community at fish farms. Brown et al. (1987) did not observe seasonal changes (despite a
deterioration in reducing conditions) in the sediments of a Scottish farm from May to August. In
contrast, in the Bay of Fundy, Hargrave et al. (1993) observed maximum numbers of Capitella
capitata (30,000 ind/m2) at the perimeter of pens in early July, with average numbers decreasing to
<2,000 ind/m2 in October and remaining at these low levels during November and February.
However, there is no evidence to suggest that these effects were mediated through organic inputs
from the farms.
Temporal changes in the macrobenthic community may be the result of other influences in the
vicinity of a farm. For example, Tsutsumi and Kikuchi (1983) reported a depletion in oxygen
content of the water during the summer in a cove with high organic input; levels returned to
previous levels during winter months. They attribute this change in oxygen levels to stratification
of the water column during the summer and not to an increase in organic input from the farm.
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Table 3.2.1

Changes in the macrobenthic community with increasing distance from the
perimeter of netpens.
Distance
from
Perimeter

Site

Observations

Citation

British Columbia
(farm ID not given)

25 m

Benthic environment typical of undisturbed areas

Scottish farm

3m

Low species diversity dominated by Capitella
capitata and Scolelepis fuliginosa

Gowen et al. 1988

Scottish farm

15 m

Species diversity increased

Gowen et al. 1988

Scottish farm

120 m

High species diversity, abundance and biomass

Gowen et al. 1988

Puget Sound, WA

45 m

Low biomass due to small animals

Weston and Gowen 1988

Puget Sound, WA

90-150 m

Moderate biomass

Weston and Gowen 1988

Puget Sound, WA

>150 m

High number of Capitella capitata

Weston and Gowen 1988

Puget Sound, WA

150-450 m

Conditions typical for area

Weston and Gowen 1988

Puget Sound, WA

30-80 m

Puget Sound, WA
Puget Sound, WA

Dense white mats of Beggiatoa sp. on sediment
surface

80-150 m, and Beggiatoa mats not as well developed as at
under netpens
perimeter and at greater distances from the netpens
450 m

No Beggiatoa mats were apparent

Cross 1990

Weston 1990
Weston 1990
Weston 1990

Scottish farm

8m

Highly enriched zone dominated by Capitella
capitata

Brown et al. 1987

Scottish farm

15 m

Capitella capitata found in high numbers, but not
dominant species

Brown et al. 1987

Scottish farm

>25 m

Environment typical of undisturbed area

Brown et al. 1987

Scottish farm

120 m

No visible effect of organic enrichment

Brown et al. 1987

Ireland farm

30 m

Light covering of Beggiatoa sp., macrobenthic
community rich in sea slugs, burrowing cerianthid
anemones, pipefish, dragonets, and blennies

Baltic farms

20-1200 m

3.2.3

Mats of Beggiatoa on sediment surfaces

O’Connor et al. 1993

Braaten 1991

Recovery Rates of the Benthic Community

Recovery rates of the macrobenthic community subsequent to closure of a farm are highly variable
(Table 3.2.2). Recovery is defined as the return of the macrobenthic community from a disturbed
state (i.e., dominated by Capitella capitata or Beggiatoa sp.) to a structure typical of the natural
environment for that area. Complete recovery of the community was observed only seven weeks
after closure of a Tasmanian farm (Ritz et al. 1989). Highly disturbed benthic environments were
observed two weeks and eight months after cessation of two British Columbia farms, and five to
eight months after closure of a Scottish farm (Gowen et al. 1988). Lower species diversity,
abundance and biomass than typical of undisturbed site-specific areas remained evident three
months to three years subsequent to aquaculture abatement (Gowen et al. 1988). Although
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complete benthic recovery ranged from one to five years after cessation of fish farming in British
Columbia (Cross and Kingzett 1994), benthic fauna were still dominated by Capitella capitata after
a five year cessation at a Norwegian farm (Ervik and Hansen 1994).
Variability in macrobenthic community structure is related to:
•

physical oceanographic processes which govern the extent and direction of waste
material distribution patterns (e.g., current and water depth);

•

the extent of disturbance to sediments prior to the closure of the farm;

•

length of time the farm was in use;

•

the intensity of farm use;

•

farm size;

•

feeding rates; and

•

sediment particle size.

Limited flushing action may retard the rate of recovery by failing to disperse organic waste and
toxins, or by failing to introduce new species (Retzer 1994). In Sansum Narrows, at very high
currents, Anderson (1992) detected no significant effect on the macrobenthic community one
month subsequent to the last harvest. In contrast, at low-current sites (e.g., Nanoose Bay),
significant effects on the macrobenthic community persisted for eight months following the last
harvest.
Based on literature reviewed, the rate at which macrobenthic communities fully recover from the
effects of fish farming remains unclear. The data suggest that recovery will be rapid at some sites,
while slow at others. “Full” recovery is probable, but the time to recovery will vary substantially.
For example, Cross and Kingzett (1994) observed that benthic recovery at British Columbia farms
ranged from one to five years, while Ritz et al. (1989) observed a community adopted to an
undisturbed conditions after only seven weeks of aquaculture cessation. This situation may be
attributed to the absence of long-term or well designed post operational monitoring studies and/or
to the possibility that full recovery may occur very slowly at some sites. Potentially, a simple
replacement of the stressed environment by a natural one cannot be expected. Pearson and
Rosenberg (1978) suggested that successive waves of colonizers, and perhaps elevated diversity, is
expected before a dynamic equilibrium can be established. Cross (1990) proposed that once
netpens have been moved, the sediments (which will succumb to the recruitment of natural infaunal
communities) will be composed of organically rich “islands.” These islands are characterized by
heavy accumulations of waste material over sediments located directly beneath the center of
historical netpens. Each “island” will be surrounded by natural sediments. Therefore, removal of
netpens may result in a heterogenous benthic environment with “islands” of pollution indicator
organisms interspersed with naturally diverse communities.
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Table 3.2.2

Recovery rates of the macrobenthic community subsequent to closure of fish farms.

Site

Post-Closure
Time Period

Observations

Citation

BC (farm ID not given)

3 years

Low species abundance; 90% of total invertebrate abundance attributable to Capitella
capitata

Cross 1990

BC (farm ID not given)

2 years

Macrobenthic community comprised 27 species and excluded Capitella capitata

Cross 1990

Improvement from azoic to opportunistic to complete benthic recovery

Cross 1994

BC farm

1 to 5 years
(projected)

Village Bay, BC

1 year

Re-establishment of a complex polychaete community; community in “transient” stage;
species richness, abundance and biomass low compared to pre-aquaculture levels

Retzer 1994

Village Bay, BC

2 years

Incomplete recovery; dominant species include: Capitella capitata, Pectinaria californiensis,
Nephtys cornuta, Pectinaria granulata, Lumbrineris sp.

Retzer 1994

Daniel Point, BC

2 weeks

Sediment highly disturbed; macrobenthic community dominated by Capitella capitata;
additional species included: Platynereis bicanliculata, Prionospio lighti, Ophryotrocha sp.

Anderson 1992

Tasmania

7 weeks

Macrofauanal species richness increased markedly; community reflected an undisturbed
condition

Ritz et al. 1989

Frederick Arm, BC

2 months

Increased polychaete species diversity and abundance

Anderson 1992

Tranquil Inlet, BC

6 months

Sediment severely disturbed; only macrobenthic species present was Capitella capitata

Anderson 1992

Nanoose Bay, BC

8 months

Macrobenthic community dominated by Nephtys cornuta franciscana

Anderson 1992

5 years

Benthic fauna in sediment poor and dominated by Capitella capitata

Ervik and Hansen,
1994

Norway

Scottish farm

3 months

Only a slight recovery of the macrobenthic community

Gowen et al. 1988

Scottish farm

5 months

Sediment highly disturbed; macrobenthic community dominated by Capitella capitata

Gowen et al. 1988

Scottish farm

8 months

Sediment was highly disturbed; macrobenthic community dominated by Capitella capitata
and Scolelepis fuliginosa, accounting for 100% of the population; species diversity was low

Gowen et al. 1988

3/28

3.2.4

Fallowing/Harrowing Strategies

Fallowing strategies and their potential to minimize environmental impacts are in their infancy in
British Columbia; very little information is available. Fallowing is defined as the process by which
farm activity is rotated between sites to allow recovery from adverse environmental impacts so that
farming may be resumed at a later date with minimal permanent effects. Cross (1990) reports that
where fallowing practices are frequently implemented, zones of impact are noted around historical
netpen positions within the lease area. These distinct, localized patterns of impacts on the
macrobenthic community support the contention that waste materials accumulate primarily below
the farm operation, and are not distributed at distances from these sources.
Harrowing has also been used as means of minimizing environmental impacts due to fish farming.
The process involves aeration of the benthic environment in an attempt to control the deterioration
of benthic conditions under netpens by: increasing sediment redox potential; facilitating sediment
oxygen uptake; dispersing Beggiatoa sp. mats; releasing sediment-bound gases such as methane;
and spreading and dispersing organic matter in the form of uneaten food and feces. The effects of
harrowing on sediment quality under salmon farms on the west coast of Ireland have been
investigated by O’Connor et al. (1993). The harrow consisted of a 15 m long metal bar with
welded teeth which was towed back and forth under the netpens. Harrowing began at high water
and continued for four days. A post-harrowing survey under the netpens and at distances reaching
50 m revealed: increases in macrobenthic species diversity, abundance, and biomass; a thinner
layer of finer material covering a more uniform muddy sand, due to increased bioturbation by
infaunal species; a light brown colour of sediment indicating that it was relatively well oxygenated
and low in excess organic matter; and increased redox at greater depths. Therefore, the harrowing
exercise showed marked improvements in biological and chemical parameters under salmon farms.
Although O’Connor et al. (1993) observed improvements in the benthic environment after
harrowing practices, the impact of this technique should be examined on a site-specific basis to
determine the extent of the area required to be harrowed and the best tidal conditions under which
harrowing should be conducted. Consideration should be given to the time of year and tidal
conditions, which may influence resuspension of sediment particles which could clog gills of
commercially important mollusc species, and farmed fish, as well as trigger dormant toxic
dinoflagellate spores to bloom. Ideally, harrowing should be conducted during the winter months
when temperatures are lowest and light conditions are unsuitable for phytoplankton activity, and
during ebb flows to ensure the offshore dispersion of suspended material.
3.2.5

Conclusion

The major impact to the receiving environment from organic wastes released from fish farms is on
the sediment and benthic community directly beneath and possibly extending some distance from
the perimeter of the netpens (Anderson 1992; Cross 1990, 1993; Cross and Kingzett 1994). Highly
impacted zones directly beneath salmon netpens, where the rate of accumulation of waste materials
is relatively constant and substantial, are characterized by decreasing numbers of macroinvertebrate
taxa (Weston and Gowen 1988), and the presence of white sulphur bacteria Beggiatoa sp.
(Anderson 1992; Brown et al. 1987; Gowen et al. 1988; Cross 1990, 1993). Beyond these
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impacted areas, levels of organic enrichment may be sufficient to cause biostimulation and a slight
species richness and biomass peak (Weston and Gowen 1988). Even further from the netpens,
levels of organic input are sufficiently low so that species diversity, abundance and biomass of the
benthic community reflect the typical faunal complement for that particular coastal area and
sediment type. The degree of impact on the benthic community is dependent on current velocities
and water depth at a particular farm site.
Recovery rates of the macrobenthic community from a disturbed state dominated by Capitella
capitata or Beggiatoa sp. to a structure typical of the natural environment of that area subsequent to
farm closure are highly variable. The data suggest that recovery will be rapid at some sites, while
slow at others. Recovery rates at British Columbia farms ranged from one to five years (Cross and
Kingzett 1994). The high variability may in part be due to the absence of long-term or well defined
operational monitoring programs. Nevertheless, some degree of variability is expected due to
differences in the physical oceanographic processes that govern waste dispersal, length of farm
operation, intensity of farm use, farm size, feeding rates and sediment particle size between
different farm sites, and natural biological recruitment.
3.3

EFFECTS ON PHYTOPLANKTON BIOMASS AND PRODUCTIVITY

Phytoplankton are microscopic algae suspended in water that play a major role as primary
producers in aquatic ecosystems. Groups involved include diatoms, dinoflagellates, chloromonad
flagellates, and cyanobacteria. Diatoms provide the bulk of food in coastal waters on which the
zooplankton and, ultimately, fish depend on, particularly during the spring and fall blooms.
Periods of high phytoplankton biomass and productivity (e.g., cell numbers exceed thousands per
litre) can result in increased biomass of fish and shellfish.
However, some species which periodically dominate the phytoplankton community may cause
harm to marine life or human health, particularly among the dinoflagellates and chloromonad
flagellates (see below). In addition, there is concern that environmental changes may favour the
dominance of these species. Such events are collectively referred to as Harmful Algal Blooms
(HABs).
3.3.1

Harmful Phytoplankton Blooms in British Columbia Coastal Waters

In British Columbia, several species have been known to produce undesirable effects (for reviews
see Gaines and Taylor 1986; Taylor 1993; Taylor and Horner 1994). These effects include
human illness and death from the consumption of contaminated shellfish, such as “red tides,”
more properly referred to as Paralytic Shellfish Poisoning (PSP), as well as Amnesic Shellfish
Poisoning (ASP). Other effects include death of aquacultured marine life, particularly salmon
(kills of wild marine life are rare). Losses due to the latter average $3 million annually (Black
1993).
The HAB phenomenon of greatest concern in British Columbia, as indicated by a monitoring
program in place since 1948, is PSP. The written history of this problem dates back to George
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Vancouver’s journal of 1793, but there is evidence of its presence over a much longer period
(thousands of years or longer) in adaptations in marine animals from the region (Taylor and
Horner 1994).
A newly recognized negative effect is the presence of domoic acid, a destroyer of memory brain
cells and found in mussels, razor clams (in which it seems to persist for months), and the gut of
Dungeness crabs. The syndrome, which involves illness and potential death of humans, is
referred to as Amnesic Shellfish Poisoning (ASP) because of a highly unusual characteristic: the
permanent loss of short-term memory in severely affected, older persons. Although no illnesses
have occurred yet in British Columbia, there have been reports of illness in nearby Washington
State (late 1991) as a result of eating razor clams. Outbreaks of this phenomenon have been
linked to blooms of the pennate diatom Pseudonitzschia pungens and related species. Such
blooms appear to originate offshore, at least in the Barkley Sound area (Taylor and Haigh 1993).
From an economic standpoint, the destruction of farmed fish due to blooms of the chloromonad
flagellate Heterosigma has had the greatest effect, with particularly widespread and severe
outbreaks in 1986 and 1989. In the latter year, it was found that the bloom filled the entire Strait
of Georgia. Economic losses in British Columbia amounted to at least $20 million up to 1991
(Taylor 1993). Although not documented in detail, blooms of this organism appear somewhere
in our coastal waters every year (Taylor, unpubl. obs.) varying only in location and magnitude.
Wild fish appear to be able to escape the bloom patches, whereas fish in farms are highly
vulnerable. Consequently the criterion of ‘no prior records of kills in an area’ in farm site
selection, Caine et al. (1987) is unreliable.
In Heterosigma blooms cell concentrations at the surface during the day may exceed 500 million
cells per litre, concentrated like clouds in the upper 5 m during the day and dispersing to deeper
levels by night. The ecology of such blooms in the Strait of Georgia has been described by
Taylor and Haigh (1993). This organism can bloom in the summer when others cannot because
it can exploit the higher subsurface nutrient levels (nitrate and phosphate) during its diel
migrations.
Fish deaths associated with relatively low numbers (as low as five cells per mL) of the spiny
diatoms, Chaetoceros concavicornis and Ch. convolutus are also a concern. Early literature
refers only to the latter but the former has been found to be more harmful and the two species,
being very similar, were probably confused (Gaines and Taylor 1986).
3.3.2

Possible Role of Salmon Farms in Producing Hypernutrification Leading to HABs

The growth of all phytoplankton is regulated primarily by light and nutrients, with temperature
and salinity as other significant factors. The primary concern with human activity in British
Columbia coastal waters deals with nutrient inputs (in other areas thermal pollution, due to
power plants, can be of local significance). This hypernutrification may lead to general
eutrophication and its negative consequences.
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The chief period in which effects due to an increase in nitrogenous nutrients might be noted is
summer. In winter, light is the primary factor limiting phytoplankton production. Spring is the
time of a major increase in production in response to the ample natural nutrient supply developed
during the winter (which would mask more subtle perturbations). Summer is the chief period
when the primary nutrients, especially nitrogen, are stripped from the upper water column.
Another large bloom (not as high as spring) may occur in the fall.
Salmon farms contribute several nutrients which could have adverse environmental impacts. The
key nutrients (as far as phytoplankton are concerned) are: ammonium excretion from fish (the
most readily utilizable source of nitrogen by phytoplankton), phosphate remineralization, and
possible organic nutrients, particularly biotin, from uneaten food (Gowen and Bradbury 1987).
In the global coastal marine environment, nitrogen is considered as the usual primary limiting
nutrient. Ammonium is primarily released into the upper water column where the phytoplankton
grow, whereas the phosphate is largely remineralized in the sediments below the pens. Hall et al.
(1992) estimated that between 95 and 102 kg nitrogen is released per tonne of produced fish
(based on trout in a marine environment).
In the vicinity of farms in British Columbia (within and at various distances from the pens), there
was no appreciable increase in ammonium beyond background more than 10 m downstream
(Gormican 1989; Korman 1989). It is not clear whether this was a result of uptake by other
organisms, dilution or a combination of both. Korman (1989) found that chlorophyll a
(representing phytoplankton biomass) was usually no higher at the farms than beyond them
except for one instance in which a high amount of benthic diatoms indicated the break-off of netfouling organisms. Primary productivity measurements were too variable to conclude any
enhancement effect.
The most extreme example of nitrogen hypernutrification from fish farms in the literature is that
of Great Glory Bay on the South Island of New Zealand. Despite its name the bay is small,
shallow, and semi-enclosed and has experienced a major kill of farmed salmon due to
Heterosigma in 1989. A model described by Pridmore and Rutherford (1992) attributed most of
the nitrogen supplied to the bay to be from its opening to the exterior, but concluded that the
farms could increase the mean nitrogen level by 30%. Since 1989, there have been no further
reports of Heterosigma blooms from this location and a clear link between the bloom and
hypernutrification was not established. During 1988 and 1989, extensive Heterosigma blooms
also occurred in Chile and British Columbia.
In Ireland, an extensive monitoring program focused on marine fish farming areas (which
included several relatively shallow but well-flushed areas) found no evidence of phytoplankton
enhancement, even in one location in which higher nitrogen levels (not clearly linked to farming
activity) were clearly evident (Gowen 1990). Earlier, J. Doyle (in Weston 1986) had reported on
Irish phytoplankton blooms (not harmful), one of which seemed to be initiated by a farm since it
was spatially related to a farm site. Later observations did not substantiate this conclusion.
In Scotland, the sea lochs are generally even more enclosed (Gowen et al. 1988). In both
countries there was no change in phytoplankton composition near the farms, no localized
biomass increase, and enhanced productivity could not be clearly established. The authors
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concluded that “except for periods when there is limited movement of water, the residence time
around the farm is too short to allow biomass to accumulate as a result of growth” (Gowen et al.
1988; p. 121).
Norway and Chile are the most similar environments to British Columbia. Although there is
relatively little available environmental data from Chile (a harmful phytoplankton warning
network has been in place since the late 1980s), Norway has received much study. As a result of
considerable quantitative study in fjords with and without sills, Aure and Stigebrandt (1990,
p. 135) concluded that “fish farming causes only quite small effects of eutrophication in the
upper layers, at least in Norwegian fjords.”
In Sweden, considerable concern has been expressed, notably by Folke and colleagues
(e.g., Folke et al. 1994), over the impact of fish farms, disregarding the above empirical
observations. They contain contradictory assertions (referring to fish farms as point sources of
nutrients, but not rivers) and make computations of impact based on the discharge from farms in
the entire Nordic region, with no discrimination between the shallow, low salinity Baltic and the
deep fjords of western Norway, comparing the impact to that of the city of Stockholm (a point
source).
One of their key examples for negative impact in Scandinavia is the bloom of the phytoplankton
Chrysochromulina polylepis in the Kattegat/Skagerack area in 1988, causing massive destruction
of marine life in the upper 10 m. Some attempt was made by Granli et al. (1989) and others to
link this unprecedented outbreak to slight eutrophication of the Baltic (not from farms), with
alterations to the N/P (nitrogen/phosphorus) ratio in the outflow in the Kattegat. This link was
never substantiated and the bloom has not re-occurred in the succeeding six years despite no
significant change in nutrient levels. Therefore the eutrophication of the Baltic has not been due
to fish farms.
N/P ratios was one of the features examined by Haigh et al. (1992) and Taylor et al. (1994) in
their study of phytoplankton blooms and possible links to aquaculture in Sechelt Inlet, British
Columbia. This location was chosen particularly because it is relatively small (29 km in main
axis) and has a shallow sill with a narrow entrance. At the time of the study there were 15 fish
farm sites and numerous shellfish farms in the inlet system. No signs of hypernutrification of the
inlet by the farms were evident. The areas of highest phytoplankton concentrations were near the
mouth (due to enrichment from tidal mixing) and in Porpoise Bay near the town of Sechelt
(subject to some domestic discharge), not near any farm concentrations. For several summer
months each year, the system is nitrogen limited in the upper waters away from the mouth.
Patterns of Heterosigma distribution (a concern because of a severe bloom in 1986) indicated
that it comes in from the outside, with higher numbers first appearing near the entrance and in
Agamemnon Channel outside the system (Taylor et al. 1994). On a larger scale, Taylor and
Haigh (1993) found that the annual bloom in this region is initiated from certain areas, including
Jervis Inlet, and are carried by currents to other areas where concentrations may be higher.
The N/P ratios were anomalously low (normal is 15, Sechelt generally less than 8), but this was
known before fish farming developed in the inlet and is true for Jervis Inlet as well. The
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explanation for unusually low ratios in these bodies of water is not known. It can be noted that
the concern with Chrysochromulina was over anomalously high ratios (Granli et al. 1989).
Phosphate release from waste in the sediments is another concern since this is another
macronutrient of phytoplankton (Kelly 1993). Essentially, the input of biologically available
phosphate is into deeper waters. Surface renewal in fjords can occur due to “overturn” when
surface water becomes denser than deep water. This occurs in the winter and so the supply of
phosphate to the surface occurs before the spring diatom bloom and appears to be substantially
used during that period. As it is, phosphate is much more commonly limiting in fresh waters
than in the sea (an exception can be found in extremely eutrophic waters, such as those adjacent
to some rivers in China where the N/P ratio can be as high as 150: P.J. Harrison, University of
British Columbia, Vancouver, pers. comm. 1995). Parsons et al. (1990) found no enhancement
effects in two experimental tanks enriched with waste sediment, although there was increased
bacterial growth and the late bloom of a microzooplankter.
The role of vitamins has largely been ignored, largely due to difficulty of measurement. One of
the few studies in the world was conducted in the Strait of Georgia by Cattell (1969) on vitamin
B, before the development of commercial fish farms. Biotin is known to stimulate some
dinoflagellates (although they are not species that are a problem in British Columbia) but its
natural levels are not usually measured. This factor is identified here and elsewhere (Gowen and
Bradbury 1987) as the most open question regarding its influence on phytoplankton. However,
field and empirical evidence does not indicate that it is a problem.
3.3.3

Conclusion

There do not appear to be any significant links established between marine fish farming and
harmful phytoplankton blooms or general phytoplankton composition, biomass or productivity in
studies from many parts of the world, including British Columbia (Black 1993; Taylor and
Horner 1994). This is also true experimentally with regard to sedimented farm waste (Parsons et
al. 1990). Small, shallow, nearly-enclosed areas, such as some of those used in New Zealand,
Scotland and Ireland, are much more likely to experience some effect than deep, well flushed
systems such as those found in British Columbia, Chile, or Norway.
As noted by Gowen and Bradbury (1987), the effects of vitamins or other organic waste released
into the water by farms is the biggest unknown, due to lack of data. However, since no
significant increase in phytoplankton concentrations have been linked to the vicinity of farms in
British Columbia waters (Haigh et al. 1993; Taylor et al. 1994, Taylor and Horner 1994) or in
experimental treatment (Parsons et al. 1990), this cannot be considered a major factor at present
farm levels.
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3.4

EFFECTS ON WILD FISH STOCKS

Studies have been undertaken in British Columbia to identify the effects of salmon netcage
culture on wild stocks or to develop methods to aid in detection of possible effects. These
studies are summarized in Table 3.4.1 and are discussed below together with information from
other sources.
Table 3.4.1

Studies undertaken in British Columbia in relation to determining the
effects of salmon netpen culture on wild stocks.

Category
Effects on Species
Abundance and Composition

Subject

Source

Predation by caged salmon in British
Columbia.

Black et al. 1992

Physical and biological interactions between
salmon farming and commercial
shrimp/prawn fishing in British Columbia.

MacCleod 1991

Impacts of fish farming on prawn fishing

Boutillier (in press)

Effects of salmon farm waste in situ on
incubating herring.

Gillis and Hay 1993; D. Hay,
Department of Fisheries and
Oceans, Pacific Biological Station,
Nanaimo, pers comm.1995

Fatty acid analysis of fishes near netpens to
determine fate of excess fish food.

D. Hay, Department of Fisheries
and Oceans, Pacific Biological
Station, Nanaimo, pers.
comm.1995

Disease Transmission

Occurrence of plasmacytoid leukemia and
Eaton et al. 1994
salmon leukemia virus in wild-caught salmon
and modes of transmission

Escapes of Atlantic Salmon

Presence of Atlantic salmon in catches and
rivers.

Burt et al. 1992; Thomson and
McKinnell 1993; Thomson and
McKinnell 1994; Thomson and
McKinnell 1995

Escapes of Pacific Salmon

Use of carotenoid pigments for detecting
escaped farmed salmon in wild populations.

J.N.C. Whyte, Department of
Fisheries and Oceans, Pacific
Biological Station, Nanaimo, pers.
comm.1995

Use of DNA probes to detect escaped
farmed salmon in wild populations.

Withler et al. 1994
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3.4.1

Changes in Species Composition and Abundance

3.4.1.1

Attraction to Cage Facilities

Salmon cages and other floating mariculture structures (e.g., mussel longlines) attract fish and
other biota. Organisms are attracted to these facilities due to the availability of pelleted food
dropping below the cages, food organisms growing on structures, other habitat attributes
(shelter), and to prey on salmon within the cages (Weston 1986; Carss 1990; Henrikson 1991
[cited in Gowen 1991]). Marine cages generally appear to increase the abundance, species
composition, biomass, and species richness of adjacent wild fish populations. Carss (1990)
found that, at times, wild marine fish caught in the vicinity of farms had eaten pelleted feed and
were significantly larger than at control sites. On a local scale, Carss (1990) found cage facilities
increase abundance of some species within the surrounding fish community. Interestingly,
although considerable numbers of fish were captured near cages (using seines), only one species
(saithe) among 11 species captured had eaten pelleted food. Using different equipment to
capture fish (trawls and set nets), Christensen et al. (1991) reported high biomass (mainly flatfish
and other bottom species) near marine farm sites compared to control areas and that 25% of the
flounders caught had eaten dry pellets. In British Columbia, fatty acids in tissues of herring and
other fish collected from salmon farms are being analyzed to determine whether residues of
commercial feed are evident (D. Hay, Department of Fisheries and Oceans, Nanaimo, B.C., pers.
comm. 1995). Data are still being analyzed; preliminary examination of the data does not suggest
evidence of commercial feed in the diet.
MacCleod (1991) examined interaction between salmon farming and commercial shrimp/prawn
fishing in British Columbia. He conducted interviews with shrimp and prawn fishermen, and
examined shrimp and prawn production statistics and spatial overlap between salmon farms and
shrimp and prawn fishing areas. He found that shrimp and prawn production levels were not
clearly altered by salmon farm development. Some interviewed fishermen felt salmon netpens
were having positive effects such as increased prawn production near salmon farms and potential
for some farm areas to function as nursery locations. Others felt that there were negative effects
such as reduced prawn production near salmon farms and potential damage to fishing gear
associated with net cage anchoring systems. Boutillier (in press) reviewed prawn catch data
(logbooks and sale slips) for Statistical Area 12 (northeastern side of Vancouver Island, adjacent
mainland inlets and the Broughton Archipelago). Data were evaluated at a broad geographical
scale with resolution limited to Statistical subareas (48 sub-areas are located in Statistical Area
12). Results indicate fluctuations in annual catch with trends parallel in sub-areas with and
without fish farms; the report concluded that a decline in prawn production in the Broughton area
in recent years does not appear to be tied to negative effects of fish farming.
An investigation into the effects of salmon farm waste in situ on incubating herring eggs
suggested that farm wastes did not affect egg survival (Gillis and Hay 1993; D. Hay, Department
of Fisheries and Oceans, Nanaimo, pers. comm. 1995).
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3.4.1.2

Predation by Caged Salmon

An intensive study of possible predation by caged salmon on natural organisms (Black et al.
1992) was undertaken at nine farm sites in northern Georgia Strait (samples collected in 1989)
and at one site at the south end of Queen Charlotte Strait (samples collected in 1991). Specimens
were collected during spring on both occasions to coincide with the presence of migrating
juvenile salmon and rearing herring.
The stomachs of 2,129 farmed salmon were examined, of which 2,059 were chinook salmon
(1,635 collected in 1989 and 424 collected in 1991). Smaller numbers of coho salmon and
steelhead were collected (both in 1989). The results indicated a high level of variation among
sites: percentage of chinook stomachs collected in 1989 and containing invertebrates ranged
from 5 to 67%; those containing fish ranged from 0 to 7%. Results from one site are summarized
in Table 3.4.2. Black et al. (1992) report that the proportion of wild organisms in stomachs was
very low though the frequency of occurrence was high, particularly for invertebrates. However,
invertebrates in the stomachs were mainly organisms associated with fouling on netpens and
Black et al. concluded that the amount of wild feed consumed was not significant relative to the
quantity of food obtained from commercial feed. Salmon are starved before harvest so, to
determine whether starvation might have affected feeding behaviour, Black et al. examined
stomachs for starved fish at the following intervals:

Percent of Stomachs Containing:
Invertebrates

Fish

Contents after 1 to 3 days

51

2

Contents after 4 to 6 days

47

2

Contents after 7 to 9 days

49

0

Contents after 10 to 12 days

36

0

Contents after 13 to 15 days

38

0

Contents after >15 days

72

0

Based on the declining occurrence of wild food in stomachs between one and 15 days, Black et
al. 1992 suggest that, based on these results and reported consumption of large quantities of
wood debris (Black and Miller 1993), feeding by the caged salmon on wild organisms was not
stimulated as a response to hunger. They conclude that predation by caged Pacific salmon is
unlikely to have an impact on wild fish or invertebrate stocks. Studies are expected to be
repeated for Atlantic salmon (D. Hay, Department of Fisheries and Oceans, Pacific Biological
Station, Nanaimo, pers comm. 1995).
Black et al. (1992) was the only study identified during the present review of predation by caged
salmon on wild organisms entering cage facilities. The results indicated that young of the year
herring were the only commercially important fish eaten by caged fish. Quantities of young
herring found in stomachs were judged to be insignificant relative to the quantity of food
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obtained from commercial feed. Other potential prey species were observed in the cages
(stickleback and shiner seaperch) and were collected in purse seine samples nearby (large
numbers of juvenile pink and chum salmon). None of these species were observed in stomachs
of the caged salmon (Black et al. 1992).
Table 3.4.2

Species

Consumption of natural organisms by caged salmon in British Columbia.

Year

Chinook

No. of
Stomachs
Analyzed

Average
Size of
Fish

% of Stomachs
1
Containing :
Inv.

Fish

Major Taxa Identified

1989

1,635

2.3 kg

37

1

88% of invertebrate material were caprellid
and gammarid amphipods believed to be
from fouling on the cages. 100% of fish
were small herring (avg. weight 0.5 g)

1991

424

0.7 kg

5

0

Coho

1989

60

0.6 kg

58

20

86% of the invertebrate material were
amphipods (avg. weight of fish was 0.7 g)

Steelhead

1989

10

1.0 kg

30

0

65% of the invertebrate material was
copepods.

Source: Adapted from Black et al. 1992.
1 Proportion of wild organisms in stomachs was not reported but Black et al. 1992 estimated wild organisms to be less than 1%
based on feed rates for commercial diets.

3.4.1.3

Conclusions

1.

Field studies to determine changes in composition and abundance of species adjacent to
salmon cages have been conducted in other jurisdictions but not in British Columbia.
Results of studies elsewhere have reflected the type of capture equipment used (seines,
trawls, set nets). Those studies indicate that among species assemblages attracted to
farms, the reasons for attraction to cages varies among species; a few species feed on
pellets from farms, though most do not, while other species appear to be attracted for
other reasons (e.g., shelter or to feed on fouling organisms attached to farm structures).
The studies do not report negative effects from salmon cage culture and, in some
instances, effects appear to be increased production of wild fish. Studies of salmon
farm waste on herring egg masses have not indicated negative effects.

2.

Studies of interaction between salmon farms and prawn/shrimp fishing indicate care
must be taken when interpreting factors influencing change in production levels.
Interviews of prawn fishermen elicited comments that production was affected both
positively and negatively. Studies of prawn production levels in sub-areas of the
Department of Fisheries Statistical Area 12 indicate production has not been negatively
affected by fish farm activity and if effects (positive or negative) are occurring they are
possibly smaller in area than statistical sub-area units.
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3.

Studies of predation by caged Pacific salmon have been undertaken in British Columbia
and indicate that small quantities of herring, a commercially important species, are
consumed but suggest that levels of consumption are not sufficient to threaten the
commercial viability of stocks. Predation on commercial species is likely strongly
influenced by site location, season, species of farmed salmon, and size of farmed
salmon. The referenced studies were undertaken for Pacific salmon and are expected to
be repeated for Atlantic salmon. British Columbia appears to be the only international
jurisdiction where studies of predation by farmed fish have been undertaken so far.

3.4.2

Disease Transmission to Wild Salmonids

Diseases that have been detected among salmonids reared in seawater netpens in British
Columbia are listed in Table 3.4.3; most agents of these diseases were identified as occurring in
wild fish stocks or enhancement hatcheries prior to the expansion of commercial netpen culture
in the mid-1980s (Hoskins et al. 1976; Bell and Margolis 1976). In the case of more recently
identified diseases, salmonid rickettsial septicemia and the idiopathic diseases (for which specific
causative agents have not yet been isolated), all but water belly (bloat) are believed to be of
marine origin; water belly appears to be related to changes in diet or feeding regimes (Kent
1992). Mechanisms for disease transmission are complex and few reports exist of diseases being
transmitted from cultured fish to wild populations (discussed in the following sections), though
concern is high, particularly for introduction of exotic pathogens (Kent 1994; Hastein and
Lindstad 1991; Stewart 1991). The mechanisms of disease transmission are outlined below
followed by descriptions of two major concerns: potential introduction of exotic diseases and the
potential for caged fish to act as reservoirs for disease.
3.4.2.1

Mechanisms of Disease Transmission

The potential for disease to be transmitted varies considerably according to the pathogen
involved, the susceptibility of the host fish and environmental factors influencing both the
movement and survival of the pathogen and the susceptibility of the host (e.g., stress). Most
diseases shown in Table 3.4.3 are widespread among wild and cultured salmonids (Hoskins et al.
1976; Post 1987; Kent 1992) and manifest themselves opportunistically when the host organism
is weakened as a result of behavioural stress (e.g., crowding; presence of predators) or
physiological stress (e.g., high temperatures; poor quality diet) (Kent 1992; Kent 1994). Some
disease agents are transmitted from adult to young (vertical transmission) and are passed on
through mating, some are transmitted via the water column or contact among fish (horizontal
transmission) and some are transmitted by both pathways.
Kent (1994) outlines factors associated with the pathogens, environmental conditions and host
susceptibility that will influence disease transmission from salmon cages to wild fish.
Characteristics of the pathogen that will influence disease transmission include: survival and
ability of the pathogen to multiply in seawater; numbers of pathogens released from farmed fish;
virulence of the pathogen; numbers of pathogens required to initiate an infection; and route of
transmission. Environmental factors include: physical oceanographic conditions, especially the
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direction and velocity of water currents; distance between wild and farmed fish; density of wild
fish; water conditions, particularly temperatures and presence of organic matter; and biotic
factors, such as organisms capable of removing pathogens or acting as vectors, intermediate
hosts, or reservoirs. Susceptibility of the host will be influenced by: species, strain, age,
nutritional status, trauma (e.g., presence of open lesions), physiological state (sensitive times
such as sexual maturation and smoltification), exposure to other stressing agents (e.g., preexisting infections, chemicals, and other co-factors), previous exposure, and acquired immunity.
Table 3.4.3

Diseases detected among salmonids reared in seawater netpens in
British Columbia.
Disease

Agent

Bacterial

Bacterial Kidney Disease
Vibriosis
Furunculosis
Myxobacteriosis
Salmonid rickettsial septicemia

Renibacterium salmoninarum
Vibrio anguillarum; V. ordali
Aeromonas salmonicida
Cytophaga-Flexibacter spp.
Piscirickettsia salmonis

Viral

Infectious hematopoietic necrosis
Infectious pancreatic necrosis
Viral erythrocytic necrosis

Virus
Virus
Virus

Fungal

Rosette agent
Icthyophonus

Presumably I. hoferi

Protozoan parasites

Gill amoeba
Systemic dipolomonad flagellate
Ichthyobodo (=Costia)
Myxosporeans
Microsporidians

Paramoeba pemaquidensis
Resembling Hexamita salmonis
Ichthyobodo necator
Kudoa thyrsites; Parvicapsula sp.
Loma salmonae; Enterocytozon
salmonis

Helminth parasites

Cestodes (tapeworms)
Digenean trematodes (flukes)
Monogeans (flatworms)
Nemotodes

Guilquinia squali
Neascus sp.
Laminiscus strelkowii
Hysterothylacium sp. (Anaskidae)

Parasitic copepods

Sea lice (caligid copepods)

Lepeophtheirus salmonis; Caligus
clemensi

Idiopathic diseases

Plasmacytoid leukemia (marine
anemia)
Netpen liver disease
Pancreas disease
Water belly (bloat)

-

Source: Kent 1992.
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3.4.2.2

Potential Introduction of Exotic Disease

Introduction of exotic virulent pathogens are considered to be the greatest risk of pen reared
salmonids to wild fish (Kent 1994). Potential introduction of exotic pathogens has been a longstanding concern in Canada, predating the advent of commercial salmon culture, and has led to
promulgation of strict fish import regulations in the late 1960s with subsequent revisions (Bell
and Margolis 1976). It is not known whether widespread introduction of exotic salmonids and
fish transfers among watersheds in British Columbia that occurred during the late 1800s and
early 1900s (Sections 3.4.3 and 3.4.4) lead to introduction of exotic diseases or broadened the
range of native ones (Hoskins et al. 1976). At that time, knowledge about the distribution and
prevalence of diseases in wild stocks was constrained by the few populations sampled in relation
to the large distribution of fish in the province (Bell and Margolis 1976). Exotic diseases are not
known to have been introduced to western Canada. Care must be taken when interpreting reports
of new diseases because often the absence of previous detection is a function of not looking
intensively enough in the correct way (Bell and Margolis 1976; Stewart 1991). Knowledge of
fish disease is an evolving process with new diseases continually being identified over time as
detection methods improve and sampling intensity increases (Bell and Margolis 1976; Post
1987).
Exotic Disease Introductions Associated with Salmonids
Although diseases are at times suspected of being introduced to new areas with transfer of host
organisms, conclusions are often difficult because irrefutable evidence is lacking (Stewart 1991;
Kent 1994). An example is the reported presence in the late 1980s in Puget Sound of a
previously unreported but serious viral disease in salmonid culture in northern Europe, Viral
Hemorrhagic Septicemia (VHS), with obvious concerns that its occurrence was related to
aquaculture (Castledine and Armstrong 1990). Upon further investigation, this virus is now
considered to be represented by a distinct opportunistic strain widely distributed in Pacific
herring populations, and possibly other marine species, with herring functioning as a significant
reservoir (Meyers et al. 1994). Two diseases, the external fluke Gyrodactylus salaris and
furunculosis, are believed to have been introduced into Norway as a result of importation of
Atlantic salmon smolts from outside Norway (Johnsen and Jensen 1991, 1994).
The external fluke Gyrodactylus salaris is believed to have originated in smolts brought from
Sweden for the purpose of stocking in rivers, though transfer in eyed eggs or by other
mechanisms might also have contributed (Johnsen and Jensen 1986, 1991). Infestation has
caused a decline in wild stocks and catches of Atlantic salmon and has led to a campaign to
eradicate the fluke from rivers and hatcheries. Experiments indicate that Norwegian Atlantic
salmon stocks are less resistant to the fluke compared to stocks from Sweden (Bakke 1991).
Furunculosis is believed to have been introduced to marine fish farms and rivers in Norway from
infected smolts brought from Scotland in 1985 (Johnsen and Jensen 1994). Furunculosis was
reported from an increasing number of fish farms and river systems over the late 1980s and early
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1990s. The rapid spread was attributed to escapes from fish farms and natural movement of fish
in the sea.
Potential for farmed fish to act as reservoirs of disease transmission to wild populations is
described in Section 3.4.2.3.
Government Procedures to Minimize Risks of Disease Transfer
Concern over possible transfer of serious diseases led to formulation of the Canadian Fish Health
Regulations which are directed at fish movements into the country and across provincial
boundaries. For movement of fish between waterways within British Columbia, a license must
be obtained from the Federal/Provincial Transplant Committee. The Canadian Fish Health
Regulations and regulations governing the Federal/Provincial Transplant Committee are
described in Section 4.0. For importation of Atlantic salmon eggs, requirements were imposed in
addition to health certification and other requirements outlined in the Canadian Fish Health
Protection Regulations (Castledine 1991):
•

only fertilized eggs were imported, disinfected with a suitable iodophore;

•

limitation on the number of shipments, sources of eggs and receiving facilities; and

•

implementation of quarantine procedures at the receiving facility.

Quarantine requirements included: maintaining fish in a facility with access limited to specified
personnel until fish are smolted, or a minimum of one year; disinfection of effluent with
disinfected water discharged to the ground; and three to four disease inspections by DFO fish
health personnel during quarantine. At the time the present report was prepared, introduction of
new diseases with imported Atlantic salmon had not been documented.
3.4.2.3

Caged Fish Acting as Reservoirs for Disease

Disease agents that occur naturally in salmonids or in coastal waters without evidence of severe
outbreaks can become virulent in fish farms due to stresses induced by the artificial containment
and maintenance that exist during culture. Therefore, concern exists that disease outbreaks on
fish farms can lead to the farms becoming reservoirs for disease which can infect wild fish
(Hastein and Lindstad 1991; North Atlantic Salmon Conservation Organization 1993). Diseases
might potentially be transmitted when wild fish feed or move in the vicinity of the cages, or when
infected fish escape from the farms. In British Columbia, one disease (plasmacytoid leukemia)
that has caused mortalities of chinook in marine netpens had not been detected in wild fish so
detailed studies were undertaken to determine modes of transmission and presence in chinook
caught in the wild (Kent and Dawe 1991; Eaton et al. 1994). These studies have indicated that
the disease occurs at low levels in fish caught in the wild and that horizontal transmission
between wild and cultured fish is experimentally possible but considered unlikely.
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Disease Transmission to Fish in the Vicinity of Cages
Disease pathogens can occur not just in infected fish but also in the water column and bottom
sediments. Potential for disease transmission near cages will be influenced by factors outlined in
Section 3.4.2.1 and will be both site specific and season specific. High concentrations of some
pathogens can be expected in the water column and/or sediments after a disease outbreak.
Persistence and distribution will be influenced by the survival ability of the pathogen (often
dependent on temperature) outside the host, prevailing water circulation patterns and distance
from, and densities of wild fish (Kent 1994). Actual transmission to the wild fish will also be
dependent on the susceptibility of the wild fish. After disease outbreaks the abundance of
disease pathogens likely diminishes rapidly in the adjacent water but studies suggest pathogens
can persist for substantial periods in bottom sediments. In Europe, bacteria associated with
vibriosis (Vibrio salmonicida) and furunculosis (Aeromonas salmonicida) have been detected in
bottom sediments for 1.5 to three years after abandonment of farms (Husevag et al. 1991;
Husevag and Lunestad 1995). Based on these data, Husevag and Lunestad (1995) suggest fish
farm sediments may act as a reservoir for pathogens; however no studies examined during the
present review demonstrated transmission of disease from sediments to either farmed fish above
the sediments or to wild populations. In reference to the presence of vibriosis and furunculosis
bacteria in fish farm sediments, it should be noted that Vibrio bacteria associated with vibriosis
in fish are common pathogens in the marine environment (Post 1987), though the species
referenced in the above studies, Vibrio salmonicida, has not been reported in British Columbia
(Kent 1992). Similarly, Aeromonas salmonicida is found in a large number of species in the wild,
including marine species, and survival of the bacteria in seawater can be extensive (Post 1987;
Kent 1992).
Concern exists in Europe that sea lice infestations on salmon farms might be the source of sea
lice infestations among wild salmonids (North Atlantic Salmon Conservation Organization
1993). Sea lice are external crustacean parasites of wild marine fish; two sea lice species
(Lepeophtheirus salmonis and Caligus clemensi) commonly infect sea-farmed salmonids in
British Columbia and Washington State (Kent 1992). North Atlantic Salmon Conservation
Organization (1993) reports that levels of sea lice infestation on wild salmonids in several areas
where fish farming is concentrated has been higher than in areas where there is no farming.
Elevated levels have been observed at locations in Ireland and Norway. Although the
comparatively high levels are suggestive and of concern, cause and effect relations are difficult to
establish and have not been made. Caution is required when interpreting data on sea lice
infection levels because prevalence, intensity and pathology of sea lice infection in wild fish are
influenced by a number of factors, including water temperature, current speed and direction, host
availability, host condition, salinity, and host migration patterns (Cusak 1995).
Disease Transmission from Escaped Fish
Disease transmission from escaped fish requires, first, that the escaped fish are infected, second,
that numbers of infected fish are sufficient to ensure adequate exposure of wild stocks and
finally, that the wild stocks are susceptible to the disease occurring in the escaped fish. Reports
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of wild fish being infected by escaped farm fish have been associated with introduction of new
diseases with stocks brought in from outside jurisdictions (Section 3.4.2.2). Diseases may
potentially be transmitted to salmonid species or non-salmonid species of commercial or
ecological importance (Stewart 1991; Hastein and Lindstad 1991). For both groups, the
likelihood of disease transmission by escaped farm fish is difficult to predict given the
combination of factors related to the type, survival, and virulence of the pathogen, susceptibility
of the new host, and environmental conditions that must exist to induce a disease outbreak (Kent
1994). Furthermore, infected fish must be able to survive long enough to ensure that the
pathogen is conveyed. No reports were identified in the present review demonstrating
transmission of endemic diseases by escaped farm fish; potential transmission of virulent
pathogens introduced from other regions is of greatest concern (Stewart 1991; Kent 1994).
3.4.2.4

Conclusions

1.

Potential introduction of exotic diseases is a paramount concern in the literature
reviewed. Available information suggests adherence to current regulations make
introduction of an exotic disease unlikely. Risks of importing new diseases was
recognized by government agencies prior to the rapid development of the salmon
farming industry. Consequently, regulations for minimizing risks were in place early in
the development of the industry and additional measures (mainly quarantine and
disinfection of effluent) were applied to imported Atlantic salmon eggs.

2.

The potential for farmed fish to act as reservoirs and agents of transmission of diseases
that already occur in local waters is also a concern. Mechanisms of disease
transmission are complex. Reviewed information suggests that transmission of known
endemic pathogens from farmed fish (at cage sites or as escaped fish) to wild stock and
from wild stock to farmed fish requires a combination of factors to be present to
produce a disease outbreak (suitable virulent pathogen, correct environmental
conditions and susceptible host). Evidence of transmission of endemic disease from
salmon farms to wild fish was not identified during the present review. Literature
reviewed suggests concern is greater for introduced pathogens. The likelihood of a
disease outbreak occurring among wild fish as a result of transmission of an endemic
pathogen from farmed fish appears to be low based on the combination of factors that
must occur.

3.4.3

Escapes of Farmed Atlantic Salmon

Atlantic salmon in British Columbia now constitutes approximately 60% of the total production
from British Columbia salmon farms (Section 2.0). This has led to concern over the potential
ecological and genetic effects that escaped Atlantic salmon might have on native biota (Burt et
al. 1992). An annual federal/provincial surveillance program, Atlantic Salmon Watch, has been
implemented to monitor the distribution and abundance of Atlantic salmon in the wild. The
number of reported escapes of Atlantic salmon are summarized in Table 3.4.4.
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Table 3.4.4

Escapes of farmed Atlantic salmon in British Columbia.
1990

1991

1992

1993

1994

Reported Escapes
•

Netpens

0

3,150

6,044

10,000

64,229

•

Freshwater

0

0

0

0

7,000

Sightings or Recoveries
•

Saltwater

0

1

359

4,555

968

•

Freshwater

3

8

47

21

31

Source: Thomson and McKinnell 1993, 1994, 1995; Burt et al. 1992.

3.4.3.1

Importations of Atlantic Salmon Eggs for Salmon Farming in British Columbia

Atlantic salmon egg importations for salmon farming in British Columbia are summarized in
Table 3.4.5. Atlantic salmon farm production levels have been described in Section 2.0. Current
production is now based on eggs derived from local broodstock programs. Atlantic salmon eggs
and juveniles are cultured in ten hatcheries and two lake pen sites. Atlantic salmon have also
been cultured in cages in Puget Sound since trials were carried out in the early 1970s, initially to
investigate the potential for maintaining a broodstock on the Pacific coast to support depleted
stocks on the east coast of the United States, and now are the main species farmed commercially
(Mighell 1981; Washington State Department of Fisheries 1990).
Table 3.4.5

Total Atlantic salmon egg imports to British Columbia from 1985 to 1995.
Year

Number of Eggs

Source

1985

130,000

Scotland

1986

1,172,000

Scotland

1987

2,550,000

Scotland, USA

1988

2,700,000

Scotland, USA

1989

500,000

1990

-

1991

300,000

New Brunswick

1992

640,000

New Brunswick; USA

1993

1,447,000

1994

750,000

USA

1995

775,000

Ireland; USA

Total

10,964,000

USA
-

Ireland; New Brunswick; USA

Source: Castledine 1991; G. Hoskins, Pacific Biological Station, Department of Fisheries and Oceans, pers comm. 1995.
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3.4.3.2

Potential Survival of Escaped Atlantic Salmon

Reported sightings and recoveries of Atlantic salmon in British Columbia indicate that these fish
are able to survive in marine water and eventually enter freshwater as adults; these data are
summarized in Table 3.4.4 (Burt et al. 1992; Thomson and McKinnell 1993, 1994, 1995). This
subsection evaluates potential survival of Atlantic salmon based on a brief review of attempts to
establish Atlantic salmon populations outside their native range and, following this, examination
of possible survival at different life stages after escape (survival of newly escaped fish in the
marine environment; ability of maturing fish to return to spawning areas; ability to reproduce;
potential survival of eggs and alevins in freshwater; potential survival of juveniles in salt water
after leaving natal streams).
Attempts to Establish Populations Outside Native Range
Attempts have been made since the mid-1800s to introduce Atlantic salmon to many areas
outside their native range (Table 3.4.6) with a notable lack of success in establishing anadromous
runs and with rare success in freshwater. Historical efforts to introduce Atlantic salmon to
international locations and to British Columbia are summarized below, together with
explanations of possible reasons why populations failed to be established.
i.

International

Sea run populations of Atlantic salmon have not been successfully established in locations
outside their native range but self-sustaining lake populations have been established in several
lakes in Argentina and New Zealand, and broodstock were or still are successfully maintained for
lake stocking in Oregon, Australia, and India (MacCrimmon and Gots 1979; Joyner 1980;
Waugh 1980). Smolt transfers to cages in marine areas are continuing in Chile and Australia in
support of the salmon farm industry in those locations (Section 2.0) and escaped fish can be
expected to result in ongoing unintentional introduction.
Many of the initial attempts to introduce Atlantic salmon occurred over the late 1800s and early
1900s at the same time that attempts were being made to introduce Pacific salmon and trout
outside their native range. Trout introductions were in many cases successful, but in general
Atlantic salmon and Pacific salmon introductions were not (a notable exception has been the
introduction of chinook salmon to New Zealand; Waugh 1980). Failures to establish sea run
populations of Atlantic salmon have been attributed to (MacCrimmon and Gots 1979; Thorpe
1980):
•

inappropriate physical and ecological conditions in estuary and marine areas;

•

poor methods used to stock juveniles;

•

inappropriate geographic locations of target rivers; and
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•

inappropriate genetic origin of transplanted stock.

Specific causes of failures are not known. In Chile, after a series of failures up until the 1970s,
intensive efforts were again made to introduce mainly chum, coho, and chinook with efforts
placed on studying important geographic and ecological factors in target release areas and taking
into consideration stock origin and likely suitability for the introduction location (Linbergh 1982;
Winsby 1989). This has resulted in the establishment of returning populations of coho, chinook,
and possibly chum salmon. The geographic distribution of naturalized populations is not well
known and studies are expected to begin shortly to establish the extent of salmonid returns,
including determination of the presence of Atlantic salmon (R. Infante, Head, Association of
Salmon and Trout Producers, Chile, pers. comm. 1995).
ii.

British Columbia

Substantial numbers of Atlantic salmon eggs were brought to British Columbia over the 1905 to
1934 period, mainly for the Cowichan River system (Burt et al. 1992). Atlantic salmon releases
in British Columbia streams are summarized in Table 3.4.7; in addition, fisheries release records
indicate that 5.5 to 6.0 million Atlantic salmon eggs were received at the Dominion Department
of Fisheries hatchery on Cowichan Lake over the period between 1914 and 1934 (Neave 1949;
Proceeding notes from Workshop on the Effects of Escaped Cultured Fishes - E. Black,
Aquaculture and Commercial Fisheries Branch, Ministry of Aquaculture, Fisheries and Food,
pers. comm. 1995). Eggs and juvenile fish were placed in numerous locations in the Cowichan
system, including Cowichan River, Cowichan Lake, and tributary streams and lakes. Although
individual plantings frequently exceeded 100,000 eggs/fry and at least two stocks (Miramichi
River, New Brunswick and Thurso River, Scotland) were used, self-sustaining lake or sea run
populations were not established. In contrast, other non-native salmonids (brown trout and
eastern brook trout), introduced at approximately the same time, established self-sustaining
populations with far fewer numbers planted. Small populations of brown trout became
established after planting approximately 250,000 fry and older juveniles; eastern brook trout
became established after planting approximately 1.1 million eggs, fry, and older fish. Neave
(1949) speculated that the Cowichan River likely could not support a large Atlantic salmon
population given the species already existing in the system and likely competitive disadvantage
with native steelhead.
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Table 3.4.6

Atlantic salmon introductions outside their native range.
Stock Origin
Area

Sea

Timing of Introduction/
Lake

Attempted Culture

North America
•

Western Canada
•

Alberta

X (NB )

1

X (PQ )

1915 - 1921; 1959 - 1963

•

British Columbia

X (NB)

X (PQ)

1905 - 1934

X

X (PQ; LO )

1874 - 1958

X (USA)

1892

•

Western, central and southern United
States

•

Mexico

2

3

Europe
•

Cyprus

•

Italy

•

Arctic and central USSR

4

1971 - 1977

X (UK )
X (SCT latest)

5

X (USA)

1885 - 1901; 1928; 1969 - 1971

X

X

1852-present

X (USA)

1904 - 1908; 1930s; 1977

South America
6

•

Argentina

X (ENG )

•

Chile

X (GER )

•

Columbia

X (USA)

•

Brazil

X (USA)

•

Ecuador

X (USA)

•

Falkland Islands

7

1905 - 1950s; 1980s - present
1894

1889

X (ENG)

1960

8

1852 - 1864; 1965; 1980s present

Asia, Australia, New Zealand
•

Australia

•

New Zealand

•

India

•

Indonesia

•

Japan

X (CAN ; ENG)
X (ENG)

X (USA)

1864 - 1906

X (not known)

X (USA)

1965 - 1969

9

X (USA)

Source: MacCrimmon and Gots 1979.
1
2
3
4
5
6
7
8
9

1929

X (NLD )

NB=New Brunswick
PQ=Quebec
LO=Lake Ontario
UK=United Kingdom
SCT=Scotland
ENG=England
GER=Germany
CAN=Canada
NLD=Netherlands
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1895

iii.

Summary

The preceding review indicates that attempts to establish self-sustaining populations of Atlantic
salmon outside their native range have consistently failed except for several instances of natural
populations becoming established in lakes. The reasons for failure are not known. Possible
factors include inappropriate methods used during stocking, unsuitable geographic locations for
stocking Atlantic salmon, and inability of Atlantic salmon to persist due to ecological conditions
in the receiving system, including competition.
Survival Ability of Newly Escaped Fish in the Marine Environment
Data on occurrence of escaped Atlantic salmon in British Columbia clearly indicate that these
fish are able to survive in marine water and eventually enter freshwater as adults (Burt et al.
1992; Thomson and McKinnell 1993, 1994, 1995). Reported sightings and recoveries of Atlantic
salmon from saltwater and freshwater locations are summarized in Table 3.4.4. Atlantic salmon
have also been reported in Alaska (Wing et al. 1992).
Controlled studies have not been conducted in British Columbia to determine survival rates and
movement patterns of Atlantic salmon after escape. Survival and effects of escaped farm salmon
have been the subject of investigation in Europe. The extent to which escaped Atlantic salmon in
British Columbia follow similar behavioural and survival trends to those of escaped Atlantic
salmon in Europe is not known. If survival patterns are similar, studies in Europe indicate the
degree of marine survival and homing ability (to the site of escape) appears to be influenced by
fish age and time of escape (Hansen and Jonsson 1989, 1991) and source of stock (Jonsson et al.
1991; Webb et al. 1991). Survival and homing to the release site is lowest for fish that escape
during winter months, which coincides with the most probable time of fish escape, due to
adverse weather conditions (Hansen and Jonsson 1991). Sea releases of Atlantic salmon
juveniles from hatchery stocks displayed marine survival approximately 50% of the survival
observed for wild stock (Jonsson et al. 1991). Poor survival in marine areas has been identified
as a possible cause of populations not becoming established in areas where introductions have
been attempted outside their native range (Joyner 1980; Waugh 1980). It is probable that
inadvertant release of juveniles at less optimal times would result in decreased survivals.
Ability of Maturing Fish to Return to Spawning Areas
Studies in Europe indicate maturing Atlantic salmon return to marine facilities from which they
have been released, though the homing ability appears to decrease as the age at the time of
release increases. Fish escaping after several years in cages appear to return to the general
release area but tend to enter several rivers in the area (Hansen et al. 1987). Hansen and Jonsson
(1991) indicate that the straying rate of smolts released from marine release sites is
approximately 20% for fish released in the summer and 60% for fish released in the winter.
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Table 3.4.7

Atlantic salmon releases in British Columbia streams from 1900 to 1935.

Year

# of
Releases

Max.
Released

1905

15

30,000

1906

1

1912

Total
Released

Stage at Release

Stock

1,000

185,000

fry

Not in data file

1,200

1,200

1,200

fry

Not in data file

8

50,000

8,000

152,000

eyed egg

Not in data file

1914

4

39,550

9,950

86,000

eyed egg

Not in data file

1915

5

14,800

1,033

47,933

fry

Not in data file

1916

8

56,000

7,000

178,300

fry

Not in data file

1917

13

32,000

3,500

260,050

fry, fingerling

Not in data file

1918

13

76,000

1,071

418,028

eyed egg, fry,
fingerling, unknown

Miramichi River

1919

7

140,000

5,000

320,000

fry

Not in data file

1921

14

80,000

5,838

278,688

fry, unknown

Miramichi and Pinantan
Rivers

1922

8

100,704

18,000

378,704

fry

Not in data file

1923

19

196,353

557

922,003

eyed egg, fry, unknown

Miramichi River

1924

11

338,143

437

593,205

eyed egg, fry, yearling,
unknown

Miramichi River

1925

6

470,542

68,000

978,542

eyed egg, fry

Miramichi River

1926

11

170,000

11

967,041

eyed egg, fry, unknown

Miramichi River

1927

11

268,000

3,252

887,895

eyed egg, fry, yearling

Miramichi River

1928

14

137,500

396

890,070

fry, fingerling, yearling

Miramichi River

1933

1

20,000

20,000

20,000

fry

Scotland

1934

2

13,563

5,781

19,344

fry, yearling

Scotland

1935

1

4,803

4,803

4,803

unknown

Scotland

TOTAL

172

470,542

11

7,588,806

Source:

Min.
Released

Burt et al. 1992, based on data summarized from Release Records Database, Ministry of Environment, Lands and Parks,
Fisheries Branch, Fish Culture Section, Victoria, British Columbia. Data received January 29, 1992.
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Ability to Reproduce
Escaped farm Atlantic salmon spawn in European rivers, producing viable eggs and emergent fry
(Lura and Saegrov 1991; Webb et al. 1993). Analysis of carotenoid pigments in fry captured
from Scottish rivers indicated that the frequency of fry containing the pigment characteristic of
fish fed artificial diets (canthaxanthin) was 5.1% over all streams examined (16 streams were
examined; fry from 14 streams were found to have canthaxanthin and frequency of occurrence in
separate streams ranged from 0 to 17.8%; Webb et al. 1993). Comparisons of spawning
behaviour among fish from wild and hatchery origins indicate hatchery fish, especially males,
have a higher incidence of no spawning (Johnsson et al. 1991). Nonetheless, data indicate that
escaped adult Atlantic salmon can be expected to survive at least to the fry stage if they spawn in
suitable habitat. Atlantic salmon had not been reported to spawn in British Columbia at the time
this report was prepared.
Potential Survival of Eggs and Juveniles in Freshwater
Studies in Europe (Lura and Saegrov 1991; Webb et al. 1993) indicate that potential exists for
juvenile Atlantic salmon to occupy coastal streams either as a result of accidental release from
freshwater rearing facilities (hatcheries and lake pens) or as progeny of escaped farm fish that
spawn in natural systems.
i.

Eggs/Alevins

Farmed Atlantic salmon produce viable eggs and fry after spawning in rivers in Europe, though
investigations of eggs originating from farmed Atlantic salmon in redds in Norwegian rivers
suggests that fertility of farmed females is lower than that for wild salmon (Lura and Saegrov
1991).
ii.

Juveniles

Survival of juveniles spawned by farmed adult Atlantic salmon in rivers is not well known, even
for river systems in major culture areas in Europe and eastern North America. Emergent Atlantic
salmon fry in British Columbia would encounter a fish community different from that existing in
streams in their home range. Fish communities in coastal watersheds of British Columbia are
comprised of a diverse assemblage of salmonids and other species such as sculpins, sticklebacks,
lampreys and minnows. Salmonids found in coastal streams include: the five Pacific salmon
species (chinook, chum, coho, pink, sockeye; these are all members of the genus Oncorhynchus);
steelhead (anadromous rainbow trout), rainbow and cutthroat trout (also members of the genus
Oncorhynchus), Dolly Varden char (genus Salvelinus) and, in several streams on Vancouver
Island, an introduced trout, brown trout (genus Salmo). Life history characteristics vary
considerably among these species. Some species are characterized by an exclusively anadromous
life history (migrate from seawater to reproduce in freshwater), such as chinook, coho, pink and
chum; other species have both anadromous forms and forms that reside in freshwater throughout
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their lives. Species with both anadromous and resident forms include: sockeye (which has a
common landlocked form, kokanee); rainbow trout (with its well known anadromous form,
steelhead); cutthroat trout; Dolly Varden char and brown trout. General life history features
related to spawn timing, fry emergence timing and length of time in freshwater are briefly
summarized for the above mentioned species and Atlantic salmon. A large amount of literature
describes salmonid life histories; for general information the reader is directed to references such
as Groot and Margolis (1990), Carl et al. (1959), Scott and Crossman (1973), Department of
Fisheries and Oceans and Ministry of Environment (1980), Scott and Scott (1988), Withler
(1966).
In their home range, Atlantic salmon spawn in the autumn and early winter, generally over the
period October to November, though exact timing varies according to geographical location
(Burt et al. 1992; Heggberget 1988; Scott and Scott 1988). Fry emerge from spawning gravels in
late spring, usually May to June. Young Atlantic salmon typically remain in freshwater until they
reach a size of approximately 12 to 15 cm, which can be one to four years after emergence
depending on growth rate and geographical location of the spawning stream. Pacific salmon,
Dolly Varden char and brown trout also generally spawn over the autumn period with fry
emerging from spawning gravel usually from February to May, depending on species and
spawning population (for example pink salmon are normally the earliest spawners, spawning in
August/September, with fry emerging in February/March). In contrast, steelhead, rainbow trout
and cutthroat trout usually spawn over the winter to spring period with fry emerging from May to
July, again with specific timing differing among populations (e.g., Withler 1966). Among
anadromous salmonids found in British Columbia, length of residency in freshwater before
downstream migration varies considerably. Pink salmon move to marine areas immediately after
emerging (approximately February/March); chum salmon and some coastal populations of
chinook salmon move downstream within several months of emerging (chum generally emerge
from February to March and chinook emerge approximately March and April). Other
anadromous salmonids normally reside at least one year in freshwater before juveniles move
seaward. Coho, sockeye and some populations of chinook salmon typically reside in freshwater
for one year after emergence (with emergence generally occurring over March to May), though
populations in north coast streams sometimes reside in freshwater for more than one year.
Juveniles of anadromous rainbow trout (steelhead) and cutthroat trout typically remain in
freshwater two to three years after emergence; juveniles of anadromous Dolly Varden char
typically remain in freshwater for two to four years after emergence.
Neave (1949) speculated that juvenile Atlantic salmon planted in the Cowichan River would
likely face severe inter-specific competition with steelhead trout and that Atlantic salmon would
be at a disadvantage. This postulation is supported by detailed laboratory investigations
undertaken by Gibson (1981) of behavioural interaction between two species of salmonid from
western Canada (coho salmon and steelhead trout) introduced to eastern Canada and two native
species (Atlantic salmon and brook trout). These studies showed that Atlantic salmon were
displaced by steelhead trout of equivalent or slightly smaller size. The studies also indicated that
Atlantic salmon parr would displace coho salmon of equivalent size or slightly smaller; however,
coho that are considerably larger could displace smaller Atlantic salmon. The results of various
combinations of species suggested that Atlantic salmon parr would tend to be restricted to fast
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riffle areas, being displaced from shallower, slower areas by coho juveniles occupying pool areas
and steelhead occupying slower, deeper riffle areas. Although these investigations were
comprised of 24 separate interaction experiments and habitat partitioning, the combinations of
species and size that emergent Atlantic salmon would encounter in British Columbia streams
would be considerably more complex. Competitive disadvantage of Atlantic salmon with coho
and steelhead/rainbow has been reported in other studies (Whoriskey et al. 1981; Hearn and
Kynard 1986; Beall et al. 1989; Jones and Stanfield 1993).
The type of interaction that would take place in British Columbia streams between Atlantic
salmon and coastal salmonids, such as cutthroat trout and Pacific salmon species other than coho,
is not known. Gibson (1981) described Atlantic salmon as a close ecological equivalent to
steelhead trout. Similar to steelhead, Atlantic salmon generally use large rivers with gravelbottom headwaters (Scott and Scott 1988). However, the ability of escaped Atlantic salmon to
select suitable spawning streams in British Columbia is not known. Escaped farmed salmon in
Europe tend to spawn in reaches of rivers lower than those in which they would normally utilize
in the wild (Webb et al. 1991). Also, farmed fish tend to spawn at times other than wild fish (in
Norway, farmed fish spawned approximately two months after their wild counterparts, from the
middle of December to the end of January, as opposed to the middle of October to the end of
November, Gausen and Moen 1991; in Scotland, farmed females spawned approximately two
weeks after wild salmon of both sexes and farmed male salmon, Webb et al. 1991, though earlier
spawning is also suspected, Youngson et al. 1993). The consequence is that the location and
timing of fry emergence might differ from that normally expected of wild Atlantic salmon,
limiting our ability to predict consequences to local species. Emerging fry and later juveniles
might be subject to types of competition and predation to which they have not previously been
exposed within their native range.
In summary, the ability for young Atlantic salmon to survive in British Columbia is not known,
though they will likely encounter competition with native species in most river systems they
occupy. Literature suggests elsewhere, if Atlantic salmon juveniles are the same size, the
Atlantic juveniles are forced to occupy restricted habitat areas. Depending on site-specific
conditions, some groups might survive if their initial emergent numbers are adequate to
withstand competition and predation from native species. This might occur in situations where
populations of native species are depressed as a result of other factors. In other situations,
especially where emergent numbers are small and competition is severe, survival might be
reduced to the point where numbers of downstream migrants are insufficient for the migrant
population to survive marine conditions. Survival ability of the young might be impaired first
through entry into an ecosystem in which ecological niches are occupied by other fish species,
and second because the fish will be from domesticated stock which often appear to display
reduced fitness and survival ability compared to wild stock (Section 3.4.4.3) and which might
further limit their ability to compete with native salmonids.
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Potential Survival of Juveniles in Saltwater After Leaving Natal Streams
Juveniles and maturing fish that escape from cages clearly survive in the marine environment,
though possibly at lower levels than wild counterparts (Jonsson et al. 1991). The potential for
juvenile Atlantic salmon from naturally spawning escaped adults to survive in the marine
environment is not known.
3.4.3.3

Potential Hybridization with Native Species

Detailed investigations are underway at federal Department of Fisheries and Oceans facilities to
identify the viability of hybrids produced by Atlantic salmon crossed with Pacific salmon and
trout. Preliminary data (Table 3.4.8) indicate that egg survivals are very low among all crosses
(R. Devlin, Department of Fisheries and Oceans, West Vancouver, pers. comm. 1995). Serious
physical abnormalities were also observed in some groups of surviving hybrids. Data shown in
Table 3.4.8 reflect averages; large differences in survival were observed among individual female
crosses. The best surviving crosses were with pink salmon and steelhead, though the Atlantic
salmon-steelhead crosses required use of cryopreserved sperm because spawning for these two
species occurs at different seasons. Surviving progeny are being reared to evaluate post-hatch
viability, however numbers of hatched fish were too small in most cases to allow fish to be ongrown and for those that were (pink and steelhead) survival has been low, indicating post-hatch
viability is also poor (R. Devlin, Department of Fisheries and Oceans, West Vancouver, pers.
comm. 1995). Apparent low survivals during the egg and juvenile rearing stages evident during
the Atlantic salmon × Pacific salmon/trout hybridization experiments suggest large numbers of
successful matings would be required at these times for significant numbers of hybrids to survive
to adulthood under wild conditions.
For hybridization to occur, farmed fish would have to attempt to spawn at the same locations and
time as that for species of wild fish. Atlantic salmon readily hybridize with migratory forms of
brown trout (Chevassus 1979). Investigations in Europe indicate that, in the wild, hybrids
between Atlantic salmon and brown trout occur more frequently with escaped farm Atlantic
salmon than with wild Atlantic salmon (Youngson et al. 1993). Youngson et al. (1993)
monitored juveniles emerging from 16 rivers in western and northern Scotland. Based on
examination of the frequency of hybrids and the presence of maternal canthaxanthin, a synthetic
colorant used in fish feed, they concluded female salmon that had escaped from sea cages
hybridized with brown trout more frequently than did wild females. The authors felt the
increased occurrence of hybrids might have been a result of greater overlap of spawn timing
between the two species. Wild brown trout tend to spawn before wild salmon so Youngson et al.
(1993) suggest that their observations of increased hybridization result from earlier spawning by
escaped salmon possibly through impairment of normal sexual behaviour. They suggest this
might occur either through conditioning in the aquaculture environment or alteration of
reproductive performance due to genetic selection among reared fish. In turn, this suggests there
is potential for spawn timing of escaped Atlantic salmon in British Columbia to differ from
normal spawn timing of Atlantics, to allow overlap with early fall spawning Pacific species such
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as pink, or conversely, early spawning strains of steelhead, which mainly spawn over late winter
and early spring (Withler 1966), though the probability of such overlap occurring is not known.
Table 3.4.8

Preliminary data on egg survivals among progeny of interspecific
crosses between Atlantic salmon and Pacific coast species.
1992 Eggs Crossed With:

1991 Eggs
(several hundred eggs per group)
Crossed With:
Species

Conspecific
Matings

Atlantic Female

Atlantic Male

% Hatch

% Hatch

% Hatch

% Hatch

n

% Hatch

n

55

0

0

<0.1

60,551

<0.1

15,304

-

-

-

<0.1

81,254

6.1

5,815

Coho

73

0

0

<0.1

50,077

0

7,710

Chum

95

0

0

<0.1

80,630

0.1

12,864

Chinook

94

0

0

<0.1

52,119

<0.1

24,102

Sockeye

88

0

0

0

70,756

<0.1

16,070

Pink

84

5.5

0

0.4

60,646

<0.1

21,699

-

-

-

0

56,690

0

2,325

Rainbow
Steelhead

Cutthroat
Source:

1

1

1

Atlantic Female

Atlantic Male

Proceeding notes on workshop on the effects of escaped cultured fishes; E. Black, Ministry of Agriculture, Fisheries and
Food pers. comm. 1995; R. Devlin, Department of Fisheries and Oceans, West Vancouver Laboratory, pers. comm.
1995.

Cryopreserved milt was used to fertilize eggs for crosses with Atlantic salmon because spawn timing of Atlantic salmon differs
substantially from that of steelhead and cutthroat trout.

3.4.3.4

Evaluation of Risks to Native Fish Stocks

Ecological Effects
Literature reviewed in Section 3.4.3.2 indicate that some escaped farmed Atlantic salmon in
British Columbia are capable of surviving in the marine environment and entering streams (Burt
et al. 1992). Studies in Europe indicate escaped Atlantic salmon successfully spawn but when
migrating from the sea to potential spawning streams will display a level of straying
commensurate with the size/age at the time of escape (smaller/younger fish are more likely to
return to a stream near the point of release than larger/older fish; Hansen and Jonsson 1989,
1991). Studies in Europe also indicate selection of spawning locations by escaped farm Atlantic
salmon is apt to be different than wild Atlantic salmon, and likely less than optimal, and the
timing of spawning also is apt to be different than wild Atlantic salmon, and, again, likely less
than optimal (Gausen and Moen 1991; Webb et al. 1991). Investigations in eastern North
America on interactions between Atlantic salmon and introduced Pacific coast salmonids suggest
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emergent Atlantic salmon will encounter competition with other salmonids which will limit their
ability to occupy stream areas and survival.
Survival of juveniles in marine areas is not known, but some fish that escape from netpens
clearly survive sufficiently to be caught in fisheries and to enter streams (e.g., Thomson and
McKinnell 1995). For escaped Atlantic salmon to establish self-sustaining populations and cause
long-term ecological change, it appears that either a very large number from a single escape event
and/or large numbers from repeat escape events at the same approximate location will be
required. Ecological effects such as digging redds previously prepared by other species, mating
with other species, and feeding on resources utilized by other species could potentially occur but
likely will be limited in size and time. Escaped fish that attempt to spawn will have to overcome
a number of factors related to selection of spawning streams and spawning locations within
streams.
Genetic Risks
Information reviewed in Section 3.4.3.3 suggests genetic risks are low. Potential exists for
hybridization among salmonids, including between Atlantic salmon and native species, though
the likelihood of successful hybrids surviving is very low, based on experimental crosses. The
likelihood that successful interspecific matings will occur also appears low because, for
hybridization to take place, escaped fish must occur at appropriate locations and times as partner
species and be able to overcome behaviour barriers between species.
Disease Transfer Risks
Disease transfer issues are discussed separately in Section 3.4.2. That review suggests disease
transfer from Atlantic salmon is improbable for endemic disease agents and very unlikely for
exotic disease agents given strict protocols that are applied to Atlantic salmon egg importations.
3.4.3.5

Conclusions

1.

Numbers of escaped Atlantic salmon have increased since 1990. Data on sightings and
recoveries of Atlantic salmon in British Columbia indicate that some Atlantic salmon
that escape from farms survive in marine waters and enter streams. Evidence of
Atlantic salmon spawning in British Columbia is lacking. Studies in Europe, within the
home range of Atlantic salmon, indicate escaped farm Atlantic salmon that enter
spawning grounds can mate and produce eggs and juveniles survive at least to the fry
stage. Studies in eastern North America on interaction between Atlantic salmon and
Pacific salmonids (coho, steelhead and rainbow) indicate that newly emerged Atlantic
salmon juveniles are displaced in stream habitat as a result of competition with the
Pacific salmonids; these data suggest survival of juvenile Atlantic salmon in local
streams might be impaired through interaction with native salmonids. However,
comparable studies have not been undertaken in British Columbia and the topic of
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interaction becomes complex when consideration is given to the diverse conditions in
British Columbia streams. In the event Atlantic salmon demonstrate an ability to spawn
in British Columbia, survival of Atlantic salmon juveniles (at least to the fry stage) in a
particular stream would appear to depend on emergent Atlantic salmon possessing a
competitive advantage over native species (e.g., depressed numbers of local salmonids)
in that stream. Authors of studies of attempts to establish populations of Atlantic
salmon outside their native range suggest there are possibly additional factors limiting
survival in estuarine and marine areas.
2.

Studies in Europe suggest that escaped Atlantic salmon on spawning grounds are apt to
display timing and locational tendencies that are not typical of wild Atlantic salmon in
their native range. The extent to which Atlantic salmon that escape from salmon farms
in British Columbia will show similar behaviour to Atlantic salmon that escape from
farms in Europe is not known. Studies in Europe also show escaped Atlantic salmon
will attempt to mate with brown trout. Hybridization studies involving Atlantic salmon
and native species in British Columbia suggest that if mating does occur, viability of
crosses with native species will be very low, to the extent that progeny are not likely to
advance beyond juvenile stages.

3.4.4

Escapes of Farmed Pacific Salmon

Investigations of escaped Pacific salmon are difficult because of the visual similarity between
escaped and wild fish. Studies in British Columbia have focused on examination of genetic and
biochemical tools that can be used to identify whether fish are of wild or farmed origin
(Table 3.4.1). This section reviews genetic features of domesticated coho and chinook salmon
used in salmon farming; survival ability of escaped chinook and coho salmon; status of
information known about genetic features of chinook and coho released from enhancement
facilities; and potential genetic effects of escaped farm fish on wild stocks.
3.4.4.1

Genetic Features of Domesticated Coho and Chinook Salmon

Prior to the mid-1980s, the salmon farming industry depended on eggs supplied by the
Department of Fisheries and Oceans from enhancement hatcheries because egg production from
captive broodstock was low. As the culture industry entered a period of rapid expansion,
problems that prevented production of good quality eggs from captive broodstock were overcome
and, at the same time, joint government/industry broodstock development programs were
initiated.
Chinook Salmon
Chinook salmon used in cage culture are derived mainly from stocks originating from Big
Qualicum River and Robertson Creek stocks and, to a lesser degree, Quinsam River (Groves
1991). A broodstock evaluation study was initiated in 1984 to examine growth, survival, and
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jacking characteristics of stocks from six sources: Big Qualicum, Atnarko, Robertson, Quinsam,
Kalum, and Chehalis (Kreiberg et al. 1988). Fish from the Big Qualicum, Robertson, and
Quinsam are considered domesticated because they were derived from runs maintained at
hatcheries. Crosses were made among strains to compare basic traits such as growth, survival,
and jacking (early male maturation). Initial results from the broodstock evaluation program were
used as the basis of a broodstock development program established in 1987 (Harrower 1993).
This program included nine stocks in 1987 and 11 in 1988, selected according to relevant
biological characteristics (fish size, flesh colour, jacking rate) and other factors (size of spawning
population and accessibility for egg collection):

1987

1988

Atnarko

Bear

Big Qualicum*

Blackwater

Bowron

Finn

North Thompson

Holmes

Quesnel

Kitimat*

Quinsam*

Kitsumkalem

Shuswap*

Little Tahltan

Slim Creek

Morice

Tete Jaune

Nakina
Nitinat
Swift

* Eggs taken from DFO hatchery.

Again, crosses among strains were made to compare and select heritable traits (mainly growth
and survival, but also flesh colour; Harrower 1993; Peterson 1993).
Coho Salmon
At present, coho salmon represent a relatively small part of the total production of cultured
salmon (Section 2.0). In 1985, a broodstock evaluation program was initiated to examine
important genetic characteristics (freshwater growth, seawater growth, survival, and flesh
pigmentation) of coho salmon (Withler and Beacham 1994). This program examined six coastal
populations of coho: Pallant Creek (Queen Charlotte Islands), Kitimat River, Robertson Creek,
Conuma River, Big Qualicum River, and Chilliwack River. In 1987 and 1988, a selective
breeding program was initiated for coho salmon based on three stocks: Robertson Creek,
Quinsam River, and Kitimat River (Department of Fisheries and Oceans 1990a; Department of
Fisheries and Oceans 1990b). The objectives of the program were to improve smoltification,
increase resistance to bacterial kidney disease (BKD), and improve saltwater weight.
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3.4.4.2

Survival Ability of Chinook and Coho Salmon that Escape from Netcages

This section presents a brief evaluation of potential survival of chinook and coho salmon that
escape from netcages. Chinook salmon of farm origin have been reported in streams and in
marine areas near netcages but quantitative data on survival of both chinook and coho are not
available. Small groups of tagged chinook salmon were released on four different dates after
initial placement in marine cages at the Pacific Biological Station in Nanaimo but first returns are
not expected until fall of 1996 (C. Clarke, Department of Fisheries and Oceans, Pacific
Biological Station, Nanaimo, pers. comm. 1995). The review in this section draws upon
available data on the presence of farmed Pacific salmon in streams and marine areas and, to the
extent possible, experience with escapes of farmed Atlantic salmon in Europe. Survival ability is
reviewed in terms of potential marine survival after escape, homing tendency and stream
selection, reproduction in streams, survival of progeny and development of self-sustaining runs.
Potential genetic effects of escaped farm fish is described in Section 3.4.4.4; a brief review of
chinook and coho salmon cultured for release from hatcheries is presented in Section 3.4.4.3.
Marine Survival after Escape
Substantial data have been collected in Europe indicating escaped farmed Atlantic salmon
survive sufficiently to be detected in the commercial fishery and to enter spawning streams
(Section 3.4.3). In British Columbia, small numbers of chinook believed to be from large groups
that escaped from farms near Sooke were detected among spawning migrants in the Sooke River
(J.N.C. Whyte, Department of Fisheries and Oceans, Pacific Biological Station, Nanaimo, pers.
comm. 1995). Survival of escaped Pacific salmon in relation to age and size of fish at the time
of escape has not been determined. Unpublished data suggest fish that escape shortly after
placement in netcages might survive better than fish residing in cages for a longer period possibly
due to poor ability of older fish to forage on natural feeds (C. Clarke, Department of Fisheries
and Oceans, Pacific Biological Station, Nanaimo, pers. comm. 1995).
Homing/Stream Selection
Salmon return to natal streams according to olfactory recognition imprinted during their
migration out of streams as juveniles, though homing to specific streams and locations within
streams is influenced by genetic factors and appears to reflect evolutionary adaptation to
environmental conditions in the natal stream (Quinn 1984; Tallman and Healy 1994). A small
proportion of returning adults stray to nearby streams, possibly as an evolutionary mechanism to
ensure penetration of new river systems and provision of new genetic material to adjacent
populations (Thorpe 1994; Tallman and Healy 1994).
Data are not available to allow prediction of the location and return rate of maturing chinook and
coho salmon that previously escaped from farms. Observations thus far indicate that small
numbers enter nearby streams (J.N.C. Whyte, Department of Fisheries and Oceans, Pacific
Biological Station, Nanaimo, pers. comm. 1995). In Europe, farmed Atlantic salmon that escape
from cages have been observed to enter streams close to the cage location, though the timing of
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entry and spawning locations can differ substantially from wild salmon in the same river
(Section 3.4.3). If farmed Pacific salmon show similar characteristics after escape, juvenile
chinook and coho placed in and escaping from cages early in their life cycle would show a
greater tendency to return to the cage site. In consequence, numbers of escaped fish entering
spawning streams will be influenced by fish size at the time of escape, numbers of fish able to
home to the escape location and proximity of a spawning stream of suitable size for the species
(chinook or coho) to the homing location.
Reproduction
Studies have not been conducted in British Columbia to determine spawning success of escaped
chinook and coho salmon and whether viable young will be produced. Observations of wild
spawning by hatchery produced Pacific salmon (Fleming and Gross 1992) suggest spawning by
escaped farmed Pacific salmon might be less successful than wild counterparts. Returning
Pacific salmon of hatchery origin may spawn at times different from wild populations (described
in Section 3.4.4.3. below) and during spawning can be at a competitive disadvantage (especially
males) with wild fish (Fleming and Gross 1992). Experience with hatchery produced Pacific
salmon suggest stream spawning behavior of escaped chinook and coho salmon might differ
from wild counterparts in terms of spawning time, location and ability to form mating pairs.
Available literature suggest that for successful matings to occur farmed fish must enter the
stream in sufficient numbers so that they are able to mate with one another (in the event timing
and location do not coincide with those of the wild population) or the escaped fish must attempt
to spawn at a time when potential wild mates are present (and are able to successfully mate with
them).
Evidence to date indicate small numbers of escaped Pacific salmon have entered spawning
streams, though the database is small. Ongoing escapes of farmed Pacific salmon increase the
likelihood that eventually sufficient numbers of escaped fish will enter a stream for mating pairs
to form among the escaped fish and with wild fish. Genetic consequences of this occurring are
not clear and are discussed further in Section 3.4.4.4. Atlantic salmon that escape from farms in
Europe have been observed to successfully spawn and produce viable young (Section 3.4.3).
Survival of Progeny
Survival of progeny of farmed Pacific salmon that spawn in streams has not been investigated.
Experience with escaped Atlantic salmon in Europe (Section 3.4.3) suggests young of escaped
chinook and coho salmon or of intraspecific hybrids between escaped and wild salmon can be
expected to survive. However, the degree of survival relative to wild stocks cannot be accurately
stated and will likely vary considerably according to specific circumstances. Progeny of escaped
salmon that spawn successfully in streams might be poorer than their wild counterparts based on
survival of survival of progeny derived from naturally spawning salmonid hatchery stock;
progeny of hatchery origin often have poor survivals compared to wild populations in the same
river (Section 3.4.4.3). This appears to reflect, in part, genetic maladaptation of hatchery stock to
stream conditions.
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Development of Self-Sustaining Runs
Insufficient information is available to state that survival of progeny from small groups of
spawning escaped fish will be adequate to lead to survival of subsequent generations. In order
for self-sustaining populations of salmon derived from escaped farmed salmon or hybrids
between farmed salmon and wild stock to develop, the following must occur:
a)

numbers of farmed fish in a single group of escaped fish entering the spawning stream
must be sufficiently large to ensure progeny of matings among escaped fish, or between
escaped fish and wild fish, adequately sustain conveyance of farmed fish genotypes in
succeeding generations; and/or

b)

numbers of escape events for the same genetic group of farmed fish must occur in
sufficient frequency so that enough genetic material from the farmed fish population is
transferred to sustain the farmed fish genotype (Hutchings 1991).

Wild stocks most vulnerable to this form of intrusion will be those that are small, given the size
of the spawning stream and possibly genetic isolation, and/or subject to strong variations in size
due to factors such as environmental events (frequent seasonal flooding) or heavy fishing. In the
latter case, intrusion by a large number of escaped fish, relative to the wild population, would
have to coincide with a year when the wild spawning population has been depressed. The
potential genetic effects of escaped chinook and coho are described in Section 3.4.4.4.
3.4.4.3

Coho and Chinook Salmon Cultured for Release from Hatcheries

Behavioural, physical and developmental characteristics of salmon populations are influenced by
genetic and environmental factors (Ricker 1972). Natural selection has lead to local adaptation
of wild populations through development of traits, within a population, that enhance the survival
or reproductive success of individuals (Taylor 1991). A number of factors can potentially affect
the genetic features of salmon populations (including human activities such as fishing, pollution,
dams, urban development, hatcheries and other factors such as climate change) but current
knowledge on salmon population genetics and fine-scale spatial organization in British Columbia
is poor (Riddell 1993). Of concern for conservation of genetic features is the fact spawning
populations of Pacific salmon have declined substantially in southwestern British Columbia since
the early 1950s; with one third lost or decreased to a level that spawners are no longer monitored
(Riddell 1993). A large and controversial literature has been produced on the topic of genetic
effects of cultured fish on wild populations particularly in relation to release of non-native strains
into wild populations (e.g., Saunders 1991; Hindar et al. 1991). The amount and extent of
genetic difference among salmonid populations and mechanisms of gene flow between
populations are complex topics. This section presents an overview of issues related to release of
salmonids produced in hatcheries and includes a brief description of historical release of chinook
and coho in British Columbia.
As noted above, hatchery programs involve production of fish for placement in their streams of
origin and production of fish for placement in streams other than their stream of origin. Hatchery

3/61

production can cause rapid genetic change regardless of the stocking destination (Verspoor
1988), leading to interaction between hatchery stocks and wild populations in both native and
non-native recipient streams. Salmonids produced in hatcheries for the purpose of supplementing
local stocks undergo significant behavioural, physiological, and genetic change, often leading to
reduced fitness/survival and disappointing returns to the target fisheries (Heath et al. 1993;
Ewing and Ewing 1995; Muir et al. 1994). Species where genetic change is believed to be a
cause of reduced survival or growth compared to wild stock include:
•

coho (Brown et al. 1994; Nickelson 1986);

•

rainbow trout (Gall 1993: Leider et al. 1990; Chilcote et al. 1986; Reisenbichler and
McIntyre 1977);

•

Atlantic salmon (Verspoor 1988; Cross 1991);

•

pink salmon (Altuhkov and Salmenkova 1991);

•

brook trout (Fraser 1981; Webster and Flick 1981); and

•

lake trout (McLean et al. 1981).

Recognition of genetic risks associated with release of hatchery produced fish has led to
guidelines on genetic management of hatchery stock intended for release into wild populations
(Allendorf and Ryman 1987) and on transplant procedures (Fedorenko and Shepherd 1986).
Release of Non-Native Fish
Most studies of the genetic effects of hatchery release programs on wild populations have dealt
with release of hatchery-reared non-native stocks. Hindar et al. (1991) present a comprehensive
review of reports in the literature describing genetic effects of cultured fish on native
populations. They present strong evidence of changes in the genetic structure of indigenous
populations (which alone does not indicate an alteration in performance capabilities) and several
instances where adaptive change in the performance (e.g., survival) has resulted. Some studies
revealed no detectable change. Observations related to genetic effects that cultured salmonids
may have are summarized in Table 3.4.9; observations related to changes in performance traits
known or suspected of being linked to genetic change in indigenous populations receiving
cultured fish are summarized in Table 3.4.10.

3/62

Table 3.4.9

Summary of effects on genetic structure observed in indigenous
populations receiving cultured salmonids.
Atlantic
salmon

Brown
trout

Chinook
salmon

Rainbow
trout

Cutthroat
trout

Chum
salmon

Genetic Structure Altered
•

change not detected

x

•

some interbreeding

x

•

genetic structure broken down

x

•

introgression or homogenization

x

•

partial or complete displacement
of native populations

x
x

x

x
x

x

Hybridization is high or increases
•

Atlantic and brown trout

•

cutthroat and rainbow

Source:

x

(x)
x

(x)

Hindar et al. 1991.

Release of Chinook and Coho from Hatcheries
Hatchery production of Pacific salmon in British Columbia began in 1884 after construction of
the Fraser River Hatchery (Aro 1979). Initial hatchery practice was to release fry in areas where
eggs had been collected, though frequently eggs and fry were distributed to new areas to
supplement local runs or start new ones. Most hatchery production of chinook and coho in
British Columbia, particularly after inception of the Salmonid Enhancement Program in the late
1970s, has involved placement of hatchery-reared fish back in their stream of origin.
i.

Chinook Salmon Releases

Recorded transfers of chinook eggs and fry to new locations began shortly after the operation of
Fraser River Hatchery commenced in the late 1800s (Aro 1979; Fedorenko and Shepherd 1986)
and involved mainly: Harrison River fish placed in other Fraser Valley waters, the Cowichan
and Nanaimo River, and the Shuswap area; Cowichan River fish placed in other streams on the
east side of southern Vancouver Island; Big Qualicum fish to the Capilano River and Little
Qualicum; and Sproat River fish placed in nearby systems. Production of chinook juveniles from
salmon enhancement hatcheries increased from 14 million juveniles in 1979 to 63 million in
1989 (Cross et al. 1991).
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Table 3.4.10

Observations on genetic effects that cultured salmonids may have on performance traits of conspecific
indigenous populations.

Performance Trait

Atlantic
salmon

Reduced stock size

x

Juvenile survival poorer for hatchery stock

Brown
trout

Chinook
salmon

Coho
salmon

Rainbow
trout

x
x

Chum
salmon

Pink
salmon

Masau
salmon

x
x

Juvenile physical fitness poorer for hatchery
stock
Territorial behaviour poorer in hatchery stock

x
x

Concealment behaviour poorer in hatchery
stock

x

Ocean survival poorer

x

Ocean and river recapture rate poorer

x

River recapture rate poorer

x

x
x

Straying rate higher
Return rate poorer

x
x

x

x

x

Prespawning survival
Disease resistance poorer

Brook
trout

x
x

x

Source: Hindar et al. 1991.

3/64

ii.

Coho Salmon Releases

After commencement of hatchery operations for Pacific salmon in the late 1800s, recorded
transfers of coho salmon to new locations occurred over the early 1900s; these included (Aro
1979):
•

•

Fraser Valley;
•

fish from numerous streams in the Fraser Valley transplanted in other Fraser
Valley locations; and

•

fish from Fraser River tributaries transplanted to the Shuswap Lake area.

Vancouver Island;
•

fish from Henderson Lake transplanted to Temon Lake;

•

fish from Cowichan Lake transplanted to numerous creeks in southern Vancouver
Island; and

•

fish from Kennedy Lake transplanted to Martin Lake and Wanetta Lake.

Coho releases from Salmonid Enhancement Program hatcheries have been approximately
19 million to 20 million per year over the 1980s (Cross et al. 1991).
Alteration of Genetic Structures
As indicated in Table 3.4.9, alteration of genetic structure of indigenous populations has been
associated with interbreeding, introgression or homogenization of genetic material, partial or
complete genetic displacement of native populations, and increased incidences of interspecific
hybridization (Hindar et al. 1991).
However, Hindar et al. (1991) also cite cases where no detectable genetic change occurred even
after substantial introductions of indigenous populations, apparently due to strong differences
between released and indigenous strains which limited behavioural interaction (rainbow trout,
Atlantic salmon).
Reduction in Population Size or Survival
Genetic differences between stocked and wild populations have been associated with eventual
reductions in sizes of populations in one or more generations following stocking for chum, coho,
and Atlantic salmon (Table 3.4.10). Nickelson et al. (1986) found that use of hatchery-reared
coho for stocking in Oregon lead to reduced stream densities of juveniles in subsequent
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generations. They concluded that use of the hatchery stocks failed to rebuild populations mainly
due to the early spawning characteristics of the hatchery stock. Reduction in the population size
of Atlantic salmon in some streams in Norway was attributed to inadequate disease resistance in
Norwegian stocks when exposed to a disease (the fluke Gyrodactylus salaris) brought during
transfer of resistant fish from a different area (Johnsen and Jensen 1986). Brown et al. (1994)
attribute the decline in coho salmon in California to several factors, including the breakdown of
genetic integrity of native populations resulting from use of hatchery stocks originating outside
target river systems.
Changes in Other Performance Traits
A number of other performance traits have been associated with the effects of genetic change on
indigenous populations, including changes in territorial behaviour and concealment behaviour
among juveniles in freshwater and return, recapture, and straying rates for returning adults
(Table 3.4.10). In general, hatchery stocks tend to display poorer performance in these areas than
their wild counterparts, though release of hatchery fish at sizes larger than their wild counterparts
in some cases improves their competitive ability (Ewing and Ewing 1995). Although genetic
factors appear responsible to some degree for relatively poor performance of stocks based on
these characteristics, survival of hatchery stock after release will also reflect non-genetic factors
such as the behavioural and physiological condition of the fish at the time of release (Ewing and
Ewing 1995; Muir et al. 1994), though stress responses in these categories can be genetic in
origin (Heath et al. 1993).
Release of Native Stocks
The genetic structure of hatchery stocks can be altered both by random (non-selective) processes
and selection processes. Random processes can cause genetic change simply as a result of the
small numbers of broodstock used in hatcheries relative to the size of the donor population
(Waples 1991). The result can be the random extinction of genetic material, inbreeding, and
reduced fitness. Waples (1991) identifies both direct and indirect genetic effects on stream
populations that can result from release of hatchery fish:
Direct Genetic Effects
•

reduced genetic variance; and

•

decline in fitness (outbreeding depression).

Indirect Genetic Effects
•

caused by reduction in the size of the wild population due to factors such as
competition, predation, disease from hatchery fish, and less direct pressures
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(underharvest, shifts in predator abundance induced by large numbers of hatchery fish
being present, human alteration of water flow regimes for the benefit of hatchery fish);
and
•

caused by altered selection regimes such as heavy fishing pressure and predation
pressure on specific fish sizes or human-regulated flow regimes that select for
migration times.

Verspoor (1988) found that genetic diversity among Atlantic salmon was reduced by 26% as
early as the first generation in the hatchery, mainly attributable to low numbers of broodstock.
Selection pressures can occur throughout the hatchery production cycle (from broodstock
collection through to final rearing and selection of timing and locations for release). Placement
of hatchery-reared fish back in their stream of origin reduces risk of genetic change associated
with transplanting non-native fish; nonetheless, genetic alteration of native wild populations
might be occurring as a result of genetic changes in hatchery stock (caused by random or
selective pressure) and selective pressures upon release (Gharrett et al. 1993). The degree to
which this has or might be occurring is not clear, particularly since the survival of hatchery fish
might be reduced as a result of poor behavioural or physiological conditioning for conditions at
time and/or location of the release (Ewing and Ewing 1995; Muir et al. 1994).
Gall (1993) indicates that changes in genetic diversity of hatchery stock is not a result of hatchery
production in general but rather faulty design and management of genetic programs at hatcheries.
Nonetheless, indirect effects could be severe. Overfishing of wild stocks in fisheries that capture
a mixture of wild and cultured stock could have a serious effect on small populations that are
sensitive to factors such as unstable habitat. Similarly, release of large numbers of hatchery fish
in some systems has led to high predation in river and estuarine areas both on the hatchery stock,
occurring in relatively high abundance, and wild populations, occurring in relatively low
abundance and therefore affected proportionately more (Waples 1991).
3.4.4.4

Potential Genetic Effects of Escaped Farm Fish

Based on the review in Section 3.4.3 (Atlantic salmon) and the preceding subsection (Section
3.4.4.3), it is clear that cultured chinook and coho that escape from farms have the potential to
survive and reproduce in the wild and induce genetic change among wild stocks, though the
probability and magnitude of genetic change occurring is very uncertain. Numerous authors have
speculated that escaped farm fish that successfully spawn in a stream have the potential to alter
genetic structure of the stream population directly by breeding with the wild population or, if
numbers of escaped fish were very large, by overwhelming the native stocks and indirectly by
causing selective pressures on wild stocks through competition for space, food, and exposure to
abnormally high rates of predation and fishing (e.g., Hindar et al. 1991; Waples 1991). The main
concerns are genetic extinction of native populations, reduced survival of the stream population,
changes in other population characteristics (particularly disease resistance), and interspecific
hybridization.
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Extinction of Native Populations
Extinction of native populations is a serious concern within the natural range of Atlantic salmon
since most stream populations are small and the numbers of escaped salmon entering the streams
are proportionately very high (Gausen and Moen 1991). For this to occur, large numbers of
escaped salmon would have to spawn in or indirectly affect wild salmon in the affected river
system over several successive years. Populations of chinook and coho salmon at risk in British
Columbia would be those that are small, either normally so or depressed as a result of factors
such as habitat damage or overfishing, and genetically isolated (cf. review of genetic interaction
between hatchery and wild stock; Section 3.4.4.3).
Given the apparent homing of escaped fish to the general vicinity of the point of escape,
vulnerable streams would likely have to be located in close proximity to the cages for sufficient
numbers of escaped fish to locate and enter the streams. Likely, the proportion of escaped fish
from a single escape event entering streams would diminish in relation to distance from the
escape location based on the homing behaviour of salmon generally and experience with
returning escaped Atlantic salmon in Europe (Section 3.4.3). Clearly, if escapes occur on an
ongoing basis from multiple sites within an area of concentrated farming activity, the length of
shore containing vulnerable streams would increase. The probability of an individual stream
receiving large numbers of escaped fish on an ongoing basis would increase. Hutchings (1991)
constructed a model to identify the sizes and frequencies of spawning intrusions by Atlantic
salmon that might cause reduction or extinction of native populations. His data suggest that
native salmon populations can be reduced by 50 to 100% by the fourth generation (each
generation being five years) if cultured fish represent 20% of the native population, and they
enter the affected river once every one or two years, reproduce successfully, interbreed with
native salmon, and hybridization leads to functional hybrids. Cultured fish that enter the river on
only one occasion under these conditions were predicted to reduce the native population by
approximately 25% by the fourth generation. These data suggest that extinction of native
populations would require large numbers of successful matings by escaped fish relative to host
populations.
Reduced Survival/Production
The review of hatchery produced fish (Section 3.4.4.3) indicates cultured fish can possess
reduced genetic variation and performance traits resulting from intentional and unintentional
genetic selection. Concern exists that escaped salmon could cause reduced survival and
production within native populations, even if extinction of the native population did not occur.
Studies of naturally reproducing salmonids derived from supplementation programs (described in
Section 3.4.4.3) demonstrate that cultured populations often display reduced fitness compared to
wild stock, characterized by lower freshwater survival rates or adult returns. This suggests that if
escaped chinook and coho are in sufficient numbers to genetically displace native stocks, overall
survival and production in the affected river system could be reduced. However, data are not
sufficient to state whether detectable changes would occur and the probability of this occurring
would appear to depend very much on site-specific circumstances. As noted above, the
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magnitude of the potential genetic effect depends on the size of the native population, numbers of
fish escaping in the vicinity of the stream, and frequency of escapes.
Reduced Disease Resistance
An important concern related to genetic changes resulting from translocation of fish strains is
loss of disease resistance in the wild stock (Hindar et al. 1991). The extent to which the genetic
basis of disease resistance might be affected by salmon escaping from farms has not been
documented. Farmed fish are usually subject to selection pressure for heightened disease
resistance; heritability of resistance to disease varies according to fish species and pathogen and
selection programs for disease resistance are advocated (e.g., Gjerdem and Goen 1995). This
suggests in some cases direct genetic effects on disease resistance resulting from farmed fish
interaction with wild stock might not be negative. This would not be the case if local fish strains
were adapted to a rare or particularly virulent strain of pathogen normally occurring in the host
watershed. In such a situation, loss of disease resistance capability would likely require entry of
sufficient numbers of escaped fish genetically susceptible to the pathogen to create significant
genetic alteration in the wild stock.
Increased Interspecific Hybridization
Chevassus (1979) reviewed results of hybridization experiments in salmonids. His review
indicated that chinook salmon could form hybrids with good survival of eggs to hatching with
pink salmon (chinook females, pink males), sockeye salmon (sockeye females, chinook males),
and coho salmon (coho females, chinook males). Coho salmon could form hybrids with good
survival of eggs to hatching with chinook (coho female, chinook male), rainbow (rainbow
female, coho male), and pink salmon (pink female, coho male). More recently, an array of
crosses was conducted for Pacific salmon and trout by personnel at the Department of Fisheries
and Oceans West Vancouver Laboratory (Table 3.4.11). These data indicate hybrids can form
from most crosses between either chinook or coho and other salmonids found on the Pacific
coast, though results vary considerably (R. Devlin, Department of Fisheries and Oceans, pers.
comm. 1995). The data in Table 3.4.11 suggest that chinook hybridize with more species than do
coho, with high egg survival demonstrated in crosses with pink salmon, though the occurrence
among wild fish under natural conditions appears to be rare (Chevassus 1979; Bartley et al.
1990).
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Table 3.4.11

Egg survival to hatch of progeny from interspecific crosses of Pacific
coast salmonids.
Chinook

Species Crossed With

Coho

Females

Males

Females

Males

Rainbow

0

10.6

0

0.7

Coho

0

52.3

73.3

73.3

Chum

0

35.3

0

0

Chinook

94.3

94.3

52.3

0

Sockeye

0.3

43.2

0

82.9

Pink

93.2

64.3

14.9

1.5

Source: R. Devlin, Department of Fisheries and Oceans, West Vancouver Laboratory, pers. comm.; Proceeding notes on workshop
on the effects of escaped cultured fish - E. Black, Ministry of Agriculture, Fisheries and Food, pers. comm.

Studies have not been conducted to determine whether farmed chinook and coho that escape
from farms will form hybrids with other species more often than wild chinook and coho. Studies
of interaction between hatchery and wild coho during spawning indicate that larger fish are
generally more aggressive and successful than smaller ones during breeding, though males of
hatchery origin showed lower aggressiveness and breeding behaviour than wild counterparts
(Fleming and Gross 1992). The limited available data suggest that the frequency of hybridization
might increase if escaped chinook or coho, particularly females, occur on spawning grounds of
other species when spawning by those species is in progress, though the extent to which mating
would be attempted and be successful is not known.
3.4.4.5

Conclusions

1.

The reviewed information indicates some escaped Pacific salmon can be expected to
enter spawning streams and successfully reproduce. Studies of wild spawning by
escaped Pacific salmon have not been undertaken. In Europe studies indicate escaped
farmed Atlantic salmon are apt to spawn in locations and at times that are not the same
as locations and times used by wild populations; if escaped Pacific salmon show similar
behaviour they also might spawn in locations and at times that are not the same as wild
counterparts.

2.

A large body of literature now exists describing potential and known genetic changes in
salmonids as a result of cultured stock being deliberately or accidentally placed with
local stocks. Use of fish produced in hatcheries appears in some cases to have caused
changes in population numbers or genetic structure of local populations.

3.

The information base on which to make predictions about possible effects of escaped
Pacific salmon on wild populations is weak. Information reviewed for this study
suggests that escaped Pacific salmon may in some situations cause genetic change in
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wild populations and may also display an increased frequency of attempts to mate with
other species. Beyond this information is not sufficient to state how much change
might occur, geographical extent of such a change, or that genetic change will be
detrimental to the affected wild stock. Although specific effects cannot be stated,
greatest concern would appear to be for situations involving repeated escapes from a
farm or group of farms in close proximity to a stream having a population of chinook or
coho depressed as a result of other factors.
3.4.5

Summary of Conclusions

Conclusions presented in each subsection in Section 3.4 are summarized below.
1.

Effects on Species Composition and Abundance
a)

Field studies to determine changes in composition and abundance of species
adjacent to salmon cages have been conducted in other jurisdictions but not in
British Columbia. Results of studies elsewhere have reflected the type of
capture equipment used (seines, trawls, set nets). Those studies indicate that
among species assemblages attracted to farms, the reasons for attraction to cages
varies among species; a few species feed on pellets from farms, though most do
not, while other species appear to be attracted for other reasons (e.g., shelter or
to feed on fouling organisms attached to farm structures). The studies do not
report negative effects from salmon cage culture and, in some instances, effects
appear to be increased production of wild fish. Studies of salmon farm waste on
herring egg masses have not indicated negative effects.

b)

Studies of interaction between salmon farms and prawn/shrimp fishing indicate
care must be taken when interpreting factors influencing change in production
levels. Interviews of prawn fishermen elicited comments that production was
affected both positively and negatively. Studies of prawn production levels in
sub-areas of the Department of Fisheries Statistical Area 12 indicate production
has not been negatively affected by fish farm activity and if effects (positive or
negative) are occurring they are possibly smaller in area than statistical sub-area
units.

c)

Studies of predation by caged Pacific salmon have been undertaken in British
Columbia and indicate that small quantities of herring, a commercially
important species, are consumed but suggest that levels of consumption are not
sufficient to threaten the commercial viability of stocks. Predation on
commercial species is likely strongly influenced by site location, season, species
of farmed salmon, and size of farmed salmon. The referenced studies were
undertaken for Pacific salmon and are expected to be repeated for Atlantic
salmon. British Columbia appears to be the only international jurisdiction
where studies of predation by farmed fish have been undertaken so far.
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2.

3.

Disease Transmission to Wild Stocks
a)

Potential introduction of exotic diseases is a paramount concern in the literature
reviewed. Available information suggests adherence to current regulations
make introduction of an exotic disease unlikely. Risks of importing new
diseases was recognized by government agencies prior to the rapid development
of the salmon farming industry. Consequently, regulations for minimizing risks
were in place early in the development of the industry and additional measures
(mainly quarantine and disinfection of effluent) were applied to imported
Atlantic eggs.

b)

The potential for farmed fish to act as reservoirs and agents of transmission of
diseases that already occur in local waters is also a concern. Mechanisms of
disease transmission are complex. Reviewed information suggests that
transmission of known endemic pathogens from farmed fish (at cage sites or as
escaped fish) to wild stock and from wild stock to farmed fish requires a
combination of factors to be present to produce a disease outbreak (type and
virulence of pathogen, environmental conditions and host susceptibility).
Evidence of transmission of endemic disease from salmon farms to wild fish
was not identified during the present review. Literature reviewed suggests
concern is greater for introduced pathogens.

Effects of Atlantic Salmon Escaping from Farms
a)

Numbers of escaped Atlantic salmon have increased since 1990. Data on
sightings and recoveries of Atlantic salmon in British Columbia indicate that
some Atlantic salmon that escape from farms survive in marine waters and enter
streams. Evidence of Atlantic salmon spawning in British Columbia is lacking.
Studies in Europe, within the home range of Atlantic salmon, indicate escaped
farm Atlantic salmon that enter spawning grounds can mate and produce eggs
and juveniles survive at least to the fry stage. Studies in eastern North America
on interaction between Atlantic salmon and Pacific salmonids (coho, steelhead
and rainbow) indicate that newly emerged Atlantic salmon juveniles are
displaced in stream habitat as a result of competition with the Pacific salmonids;
these data suggest survival of juvenile Atlantic salmon in local streams might be
impaired through interaction with native salmonids. However, comparable
studies have not been undertaken in British Columbia and the topic of
interaction becomes complex when consideration is given to the diverse
conditions in British Columbia streams. In the event Atlantic salmon
demonstrate an ability to spawn in British Columbia, survival of Atlantic
salmon juveniles (at least to the fry stage) in a particular stream would appear to
depend on emergent Atlantic salmon possessing a competitive advantage over
native species (e.g., depressed numbers of local salmonids) in that stream.
Authors of studies of attempts to establish populations of Atlantic salmon
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outside their native range suggest there are possibly additional factors limiting
survival in estuarine and marine areas.
b)

4.

Studies in Europe suggest that escaped Atlantic salmon on spawning grounds
are apt to display timing and locational tendencies that are not typical of wild
Atlantic salmon in their native range. The extent to which Atlantic salmon that
escape from salmon farms in British Columbia will show similar behaviour to
Atlantic salmon that escape from farms in Europe is not known. Studies in
Europe also show escaped Atlantic salmon will attempt to mate with brown
trout. Hybridization studies in British Columbia suggest that if mating does
occur, viability of crosses with native species will be very low, to the extent that
progeny are not likely to advance beyond juvenile stages.

Effects of Pacific Salmon Escaping from Farms
a)

The reviewed information indicates some escaped Pacific salmon can be
expected to enter spawning streams and successfully reproduce. However,
studies of wild spawning by escaped Pacific salmon have not been undertaken.
In Europe studies indicate escaped farmed Atlantic salmon are apt to spawn in
locations and at times that are not the same as locations and times used by wild
populations; if escaped Pacific salmon show similar behaviour they also might
spawn in locations and at times that are not the same as wild counterparts.

b)

A large body of literature now exists describing potential and known genetic
changes in salmonids as a result of cultured stock, mainly hatchery produced
fish, being deliberately or accidentally placed with local stocks. Use of fish
produced in hatcheries appears in some cases to have caused changes in
population numbers or genetic structure of local populations.

c)

The information base on which to make specific predictions about possible
genetic effects of escaped Pacific salmon on wild populations is weak.
Information reviewed for this study suggests that escaped Pacific salmon may in
some situations cause genetic change in wild populations and may also display
an increased frequency of attempts to mate with other species. Beyond this
information is not sufficient to state how much change might occur,
geographical extent of such a change, or that genetic change will be detrimental
to the affected wild stock. Although specific effects cannot be stated, greatest
concern would appear to be for situations involving repeated escapes from a
farm or group of farms in close proximity to a stream having a population of
chinook or coho depressed as a result of other factors.
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3.5

EFFECTS ON MARINE MAMMALS AND BIRDS

Several species of mammal and birds are attracted to marine netpen facilities to prey upon
salmon contained within the nets and some bird species feed on fish found near the pens and on
fouling organisms growing on farm structures. In British Columbia, interaction between salmon
farms and these fauna have been addressed in:

Topic

Source

Interaction between mammals/birds and salmon farms

Rueggeberg and Booth 1989

The impact of harbour seal predation on salmon farms

Tillapaugh et al. 1995

Effects of anti-predator acoustic devices on harbour porpoise

Olesiuk et al. 1995

Salmon farmers utilize a variety of methods to minimize fish losses and equipment damage
resulting from predation. Methods include mainly devices to deter predators but in some cases
involves direct elimination by use of guns or traps. Interaction between salmon farms and
wildlife occurs in virtually all salmon farming jurisdictions though the species and control
requirements vary substantially (Rueggeberg and Booth 1989; Tillapaugh et al. 1995; Ross 1988;
Howell and Munford 1991). In British Columbia, Rueggeberg and Booth (1989) undertook a
detailed survey of interaction between wildlife and salmon farms in British Columbia based on a
questionnaire of approximately 50% of salmon farms in operation at that time. Much of the
information described in the following sections draws upon data presented in their study.
3.5.1

Attraction to Cage Facilities

Four species of mammal and seven species or species groups of birds were identified by
Rueggeberg and Booth (1989) as preying on salmon in netpens in British Columbia
(Table 3.5.1).
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Table 3.5.1

Source:

Wildlife reported to prey on salmon in netpens in British Columbia.
Wildlife Group

Number of Netpen Sites Affected

Seals

19

Sea lions

6

Otters

22

Mink

4

Herons

15

Kingfishers

11

Eagles

1

Gulls

3

Cormorants

1

Diving ducks

2

Alcids

1

Unspecified

4

Rueggeberg and Booth 1989.

Although the primary attraction for most species was the concentration of captive salmon as
potential prey, some species of birds (e.g., diving ducks) appeared attracted to small fish that
concentrate near the pens, excess fish feed from the pens and mussels growing on farm structures
(Rueggeberg and Booth 1989). Attraction of predatory species to the farms has led to problems
associated mainly with predation, but also includes damage to equipment and perceptions of fish
loss attributed to stress caused by the presence of the predator. In terms of fish lost due to
predation alone, seals and otters were identified as the most important taxa. Herons were
identified as the bird species causing the greatest losses.
Rueggeberg and Booth indicate diving and dabbling birds observed near sites appeared attracted
mainly to small fish that concentrate around farm netpens to eat excess feed and mussels growing
on nets and other farm structures. Some species are attracted to salmon feed. Mammals and bird
taxa that are attracted to salmon netpens vary among growing regions as do the subsequent needs
and methods for predator control (Ross 1988; Howell and Munford 1991; Rueggeberg and Booth
1989).
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3.5.2

Predator Control

The effectiveness of predator control methods for preventing predation are summarized in
Table 3.5.2. Most methods involve deterrence while in some cases direct elimination with guns
and traps are used. Rueggeberg and Booth (1989) concluded the following methods were most
effective for protection against each wildlife taxon:
•

•

•

•

seals and sea lions:
•

bag nets and double bottom nets, with possibly curtain nets combined with double
bottomed nets; and

•

harassment devices such as seal bombs and shooting if used before animals
develop permanent interest in the site.

river otter and mink:
•

top nets and/or jump nets;

•

electric fences; and

•

dogs for mink.

aerial birds:
•

top nets, taut with 3" mesh or smaller and use of bright colour (orange survey tape
or coloured rope); and

•

elimination of perch opportunities near water.

diving birds:
•

bag nets or curtains.

Both Rueggeberg and Booth (1989) and Tillapaugh et al. (1995) found during their surveys that
the use of guns to kill mammals or birds is usually used as a last resort to deal with persistent
animals. Both guns and traps require permits for elimination or relocation (in the case of traps).
Seals and sea lions are protected under the federal Fisheries Act and, if they are deemed to be a
source of loss to fish or equipment, can be killed only with a license issued under the Act. At
present all operating farms possess a valid license (R. Ginetz, Department of Fisheries and
Oceans, Vancouver, pers. comm. 1995). Similarly, small mammals such as river otter and mink
are protected under the British Columbia Wildlife Act and most birds are protected under the
federal Migratory Bird Convention Act. Licenses are required under terms of these Acts if
animals/birds are to be removed or shot as problem species. Tillapaugh et al. (1995) found
during their surveys all but one operator that reported termination of persistent seals was in
possession of a necessary license. They also found that farmers were very aware of public
sensitivity to predator elimination and regarded elimination of seals as a short-term solution
because other seals quickly replace them.
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Table 3.5.2

Predator control methods and their effectiveness.

Method

Seals

Sea Lions

River Otter

Mink

Aerial Birds

Diving Birds

Dog

0

0

0

(*)

*

*

Noisemaker

0

0

0

-

0

-

Underwater AHD

(*)

(*)

-

-

-

-

Seal bomb

(*)

(*)

-

-

-

-

Night watchman

0

0

*

-

0

-

Gun/scare

0

*

0

(*)

*

(*)

Gun/kill

*

(*)

(*)

-

0

0

Trapping

-

-

*

(*)

-

-

Electric fence

-

-

*

(*)

-

-

Double bottom net

**

**

-

-

-

-

Bag net

**

**

**

(*)

-

-

Curtain net

(*)

(*)

(*)

-

-

(*)

Top net (only)

-

-

*

(*)

**

*

Top and jump net

-

-

*

(*)

**

-

Top net sewn

-

-

(**)

(**)

(**)

-

Jump net (only)

-

-

(*)

-

-

-

Strings/wires

-

-

-

-

(*)

-

Source: Rueggeberg and Booth 1989.
** highly effective
* moderate-high effect
0
low-no effect
not applicable
()
sample size less than 10
Note:

3.5.3

A method was rated effective (“*”) if over 50% of respondents who used the method rated it as highly or moderately
effective. Ratings based on small sample sizes (< 10 users) are noted.

Effects on Mammals

Mammals most likely to be affected by farm operations are seals, sea lions, river otter, and mink.
They can be affected by losses due to shooting or entanglement in nets or through displacement
caused by the effects of deterrent devices. Earlier use of Acoustic Deterrent Devices (AHDs)
were found not to be effective in British Columbia, but newer devices with greater power are
used and have been shown to affect non-target cetaceans (Olesiuk et al. 1995).
3.5.3.1

Seals

Rueggeberg and Booth (1989) found that over half of the respondents in their survey used guns
to scare seals. Forty-five percent of respondents that used guns to scare seals found this to be an
effective means to reduce seal problems, and just over 50% who used guns to kill seals found the
method effective for reducing problems. Tillapaugh et al. (1995) found during their surveys that
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the majority of farms (76%) at some point had to terminate persistent seals. Authors of both
studies indicate however that most farm operators perceived the use of guns as effective only in
remedying an immediate problem with persistent animals and was regarded as a last resort, not as
a replacement for other preventive and deterrence mechanisms. Approximately 500 seals were
killed annually over the period 1990 to 1994, inclusive (R. Ginetz, Department of Fisheries and
Oceans, pers. comm. 1995). Tillapaugh et al. (1995) noted that encounters with seals might be
attributable in part to a large increase in seal populations in recent years.
Rueggeberg and Booth found that only one farm reported entanglement of seals in predator nets
(2% of the farms surveyed). They attribute this number, which is low relative to earlier reports of
entanglement in Scotland (Ross 1988), to use of smaller mesh sizes on predator nets in British
Columbia compared to Scotland (two to five inches versus six to eleven inches), making
entrapment difficult.
Seal bombs equivalent to approximately one quarter of a stick of dynamite are used to scare off
seals. Thirty percent of operators interviewed by Tillapaugh et al. (1995) used seal bombs at
some point and most of these (85%) ceased using them because they felt they were not effective.
The remaining 15% felt the devices were effective. These have the potential to harm both
workers and seals, though such reports have not been documented.
3.5.3.2

Sea Lions

Rueggeberg and Booth (1989) indicate sea lions were less commonly seen at farm sites compared
to seals, and consequently found that fewer respondents (21%) in their survey used guns to scare
sea lions; 7% of the farm sites surveyed shot-to-kill sea lions. Sixty-five percent of respondents
that used guns to scare sea lions found this method to be effective. Eighty percent of those who
used guns to kill sea lions found this method to be effective.
No sea lions were reported during the surveys to be tangled in predator nets. As with seals, seal
bombs have the potential to harm sea lions though again, such reports have not been
documented.
3.5.3.3

River Otter

Rueggeberg and Booth report that 34% of respondents used guns to scare river otters and 13%
used guns to kill them. Of respondents using guns to scare river otters, 43% found the method
effective for reducing problems; of those respondents using guns to kill river otters, 44% found
the method effective for reducing the problem.
Twenty-four percent of the respondents use traps to either relocate or kill river otters; 14% of the
respondents use traps for killing, though only 40% of these found it effective for solving the
problem. Deaths or injury resulting from entanglement was not identified as a problem.
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3.5.3.4

Mink

Four percent of respondents (two farms) used guns to scare mink. These farms found this
method highly effective for solving the problem. Four percent of the farms (two farms) use traps
to control mink, one of which used trapping to kill. The farm using traps to kill mink found it
highly effective for solving the problem.
3.5.3.5

Acoustic Deterrent Devices

Acoustic deterrent devices have been used by the industry to deter seal attacks in most growing
areas, though results have been mixed with generally poor success in British Columbia
(Tillapaugh et al. 1995). This has lead to development of more powerful acoustic deterrent
devices designed to transmit sounds of sufficient amplitude to be painful to seals at greater
distances. However, these devices have the potential to affect other marine mammals.
Olesuik et al. (1995) found numbers of harbour porpoise to be dramatically reduced within an
observation distance of 3.5 km from the device location when in use. Their results suggest the
zone of effect might extend beyond 3.5 km will likely reduce habitat areas used by harbour
porpoise and could interfere with migration patterns. Other cetaceans such as orcas might be
affected.
3.5.4

Effects on Birds

Several species of birds attracted to netpen facilities are occasionally shot by farm operators if the
birds are observed or perceived to prey on farm stock, or become entangled in nets. During
surveys by Rueggeberg and Booth (1989), four farms reported they would shoot bird species
(heron and kingfishers), though only 25% (one farm) of these felt the method was effective. Four
taxa (heron, kingfisher, cormorant, and diving ducks) were reported to become entangled in nets,
mainly top nets. However, the incidence of entanglement is apparently low (10 to 13% of farms
reported entanglement of birds) and, in the case of kingfishers, birds are often rescued. This is in
contrast to Scotland where relatively large numbers of heron and cormorant were reported in the
late 1980s to become entangled in nets (200 heron and 2,050 cormorants were estimated to be
entangled each year; Ross 1988). Both predation by birds and associated losses of birds can be
prevented by using taut top nets, small mesh sizes, and other measures such as removing
opportunities for birds to perch close to water level near pens (Rueggeberg and Booth 1989).
3.5.5

Conclusions

1.

Species of mammals and birds are attracted to and prey upon salmon in netpens, feed on
other organisms attracted to or attached to cage facilities, and possibly excess fish feed.
To prevent predation by some species, salmon farmers use methods to deter and in
some cases eliminate them.
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2.

Methods used to eliminate predator species are shooting and trapping; in most cases,
these methods appear to be used when other methods have failed. Nonetheless, results
of surveys suggest that a number of farmers might shoot or trap to kill as soon as a
predator species is perceived to be a threat. Sources of mortality to mammals are
shooting, trapping, and entanglement in bag nets used to deter predators. Sources of
mortality to birds are shooting and entanglement in top nets (also used to deter
predators). Species that appear to experience highest mortality are seals, river otters,
sea lions, mink, and heron. Data are not available to quantify numbers of birds killed.
Suitable methods are available to minimize bird predation mortalities; seal predation
control and mortality remains problematic.

3.

Other sources of potential effect include use of new high-powered acoustic deterrent
devices (to deter seals) which might cause displacement of non-target species. The
latter are of particular concern because limited testing undertaken so far demonstrated
they are capable of displacing non-target cetaceans from substantial areas around the
device location.

3.6

EFFECTS OF CHEMOTHERAPEUTANTS

Use of antibiotics and other chemicals to control disease on salmon has lead to strong concern
about the persistence and effects of these compounds in the receiving environment. In
consequence, a large number of studies have been conducted on these compounds worldwide,
including two in British Columbia:
Topic

Source

Potential contamination of shellfish with oxytetracycline
and Romet 30

Black et al. 1991

Preliminary examination of oxytetracycline in fish and
other biota near a salmon farm

C. Levings, Department of Fisheries and Oceans,
West Vancouver Laboratories, pers. comm. 1995

In the following subsections, the types of antibiotics and other chemicals used to control diseases
in salmon farms and their known environmental effects are reviewed.
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3.6.1

Antibiotics and Other Chemicals Used to Prevent and Treat Diseases

Large numbers of chemicals are in use or are available for use in salmon cage culture for the
purpose of preventing or controlling salmonid diseases (Alderman et al. 1994; Kent 1992). The
general types of chemical used to treat disease and the pathogenic taxa they are used for are listed
below:
Compounds

Therapeutant Use

Antibiotics/synthetic antibacterials

Bacteria

Quaternary-ammonia compounds (e.g., hyamine/
Roccal, chloramine T, benzalkonium chloride)

External bacteria/protozoa

Iodophors (iodine based compounds)

External bacteria/viruses

Formaldehyde

Ectoparasites

Pesticides (organophosphates; ivermectin)

Ectoparasites

Vaccines/Killed bacterin

Bacteria

Antibiotics and synthetic compounds are administered by addition to salmon feed, or in some
cases by injection. Quaternary-ammonia, iodophor, and formaldehyde compounds are normally
used to disinfect facilities and equipment or are given as immersion treatments; vaccines are
administered by injection prior to placement in pens, often followed by revaccination by
immersion shortly after placement in the pens; pesticides are normally administered as
immersion treatments (Kent 1992). Chemical and biological products used to prevent and
control diseases in salmon farming in British Columbia are listed in Table 3.6.1. Compounds
might change as new ones are approved for use; a variety of compounds not shown in Table 3.6.1
are used in other jurisdictions (for example, antibiotic compounds used elsewhere include
oxolinic acid, sulfamerazine, furazolidone and flumequine; Alderman et al. 1994).
3.6.2

Antibiotics and Synthetic Antibacterials

Antibiotics most commonly used in salmon culture in British Columbia are:
Antibiotics
•

oxytetracycline/tetracycline; and

•

erythromycin.
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Synthetics
•

sulfadimethoxine and ormetoprim (potentiated sulfonamide); and

•

sulfadiazine and trimethoprim (potentiated sulfonamide).

Other compounds such as nitrofurazone (a nitrofuran) and sulfa drugs (e.g., sulfamerazine) are
potentially available, but usage is limited due to development of rapid resistance to these drugs
among treated pathogens (Kent 1992). Oxytetracycline is a broad spectrum antimicrobial,
suitable for use against a number of disease agents. Erythromycin is used for its effectiveness
against specific Gram-positive bacteria (bacterial kidney disease), usually by injection of adult
broodstock, and sulfadimethoxine and ormetoprim are sulfonamides which are often applied in
combinations (potentiated) given their synergistic action.
Antibiotics are normally administered for five to ten days, according to the antibiotic being used
and disease involved, and sometimes as long as 21 days (e.g., use of oxytetracycline for bacterial
kidney disease; Kent 1992). Antibiotics enter the aquatic environment by leaching from feed and
feces. Recent studies have indicated that substantial proportions of the antibiotics might in fact
enter the surrounding water; for example, in Norway, 70 to 80% of the oxytetracycline
administered is estimated to enter the environment (Samuelsen 1989).
Pearson and
Chanratchakool (1993) indicate that 30 to 40% of the oxytetracycline administered with shrimp
feed is lost to seawater in 30 minutes and 50 to 70% is lost within four hours. Antibiotics have
the potential to affect microbial communities through elimination of sensitive species or strains
leading to (Michel and Alderman 1992):
•

selection of resistant strains associated with fish and human diseases; and

•

removal of ecologically important species such as aerobic bacteria involved in the
breakdown of organic matter.

Concern over the potential effects of antibiotics used in aquaculture has lead recently to a number
of studies on antibiotic persistence in the environment, resistance among bacteria, and effects on
other organisms and humans.
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Table 3.6.1

Chemical and biological products used to prevent and control diseases.

Substance

Licensed for Fish

Licensed for Other
1
Animals

Other

Antibiotic and Synthetics
Oxytetracycline (Terramycin-Aqua)

x

Erythromycin

x

Sulfadimethoxine and Ormetoprim
(Romet-30)

x

Sulfadiazine and trimethoprim
(Tribrissen)

x

Anaesthetics
Marinil

x

Tricaine Methanosulphonate

x

Vaccines
Vibriosis bacterins

x
2

Autogenous vaccines
Immunoglobulins

x
x

Pesticides
Ivermictin (Ivomec, MSD Aquet)

x
3

Organophosphates

x

Pyrethrins and pyrethoids

x

4

Disinfectants
Iodine products

x

Bleach

x

Quaternary-ammonium compounds
Formalin
Source:

1
2
3
4

x
x

Kent 1992; J. Brackett, Syndel Laboratories Ltd., Vancouver, BC., pers comm. 1995.

Other drugs licensed for use in non-fish species or having potential for use in salmon include: virginiamycin, fumagillin,
albendozole, and praziquantel.
Licensed on farm-specific basis.
Future use uncertain.
Future use uncertain.
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3.6.2.1

Antibiotic Fate and Persistence

Mechanisms affecting the degradation of antibiotics vary greatly among the antibiotic types.
Oxytetracycline
Oxytetracycline appears to be degraded in the environment mainly by photodecomposition,
though degradation is low in freshwater compared to seawater (Lunestad 1992). Degradation
requires the availability of sufficient light; for aqueous solutions at 15°C, Lunestad (1992)
reports:
•

Dark:

Small reduction in concentration and bacterial activity after two months.

•

Light:

Half-life of 30 days in freshwater/half-life of 30 hours in saltwater.

In marine areas, Samuelsen (1989) reported the half-life in the water column to be five days (at
5°C) to 16 days (at 15°C). Oxytetracycline concentrations reported in marine sediments under
salmon farms are shown in Table 3.6.2; values vary greatly due to wide variation in site
conditions, particularly quantities of antibiotic and feed applied and water current velocity.
Oxytetracycline persists for a much longer time in marine sediments than in the water column.
Reported half-lives of oxytetracycline are summarized in Table 3.6.3. Oxytetracycline has been
reported to persist in sediments beneath salmon cages for up to approximately 500 days
(Samuelsen et al. 1992). However, Samuelson et al. (1994) found that antibacterial activity
ceased after one month even though concentrations remained constant for six months. In
seawater, a substantial loss of antibacterial activity occurs apparently in association with binding
of calcium and magnesium to the oxytetracycline molecule (up to 95%; Lunestad and Goksoyr
1990).
Table 3.6.2

Concentrations of oxytetracycline recorded in sediments beneath or near
salmon netpens.
Concentration in Sediment

Source

0.1 to 4.9 mg/kg dry matter

Jacobsen and Berglind 1988

180 ppm - low sedimentation from farm

Samuelsen 1989

260 ppm - high sedimentation from farm

Samuelsen et al. 1992

mean 0.1 µg/g - bottom exposed to current

Bjorklund et al. 1990

mean 2.0 µg/g - stagnant bottom

Bjorklund et al. 1990

9.9 to 10.9 µg/g

Coyne et al. 1994

0.5 to 0.8 µg/g

Capone et al. 1994b
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Oxytetracycline does not appear to be subject to microbial degradation so that removal from
sediments is dependent mainly on dissolution and diffusion (Samuelsen 1989); Capone et. al.
(1994b) suggest that reduced concentrations over the course of experiments was likely due to a
combination of resuspension and transport of oxytetracycline-contaminated sediment away from
the farm site, dilution with additional inputs of unmedicated feed and feces from the farm,
sediment transported into the area, and dissolution into overlying waters. Coyne et al. (1994)
found that oxytetracycline concentrations, using a predictive model to determine separate zones
of deposition for feed and feces, were detected within the zone of feed (an area slightly less than
twice the area of the cages) but not within the broader zone of feces deposition only. Most (50 to
90%) of the recorded oxytetracycline is usually found in the top 4 cm of bottom sediment,
particularly the top 2 cm (Coyne et al. 1994; Samuelsen et al. 1992). Coyne et al. (1994) note
that long half-lives of oxytetracycline recorded in sediment by other researchers, compared to the
short half-life recorded in their own study, were possibly related to anoxic conditions in the other
studies. They suggest infaunal organisms found in sediment with oxygen may play a significant
role, through burrowing activity and sediment irrigation, in recycling oxytetracycline to upper
layers of sediment and contributing to short half-lives of oxytetracycline.
Table 3.6.3

Half-life of oxytetracycline reported in sediments below marine netpens.

Half-Life

Description

70 d
32 to 64 d

Jacobsen and Berglind 1988
•
•

9 to 419 d

Source

•
•

32 d - low sedimentation
from farm
64 d - high sedimentation
from farm

Samuelsen 1989

9 d - bottom exposed to
currents
419 d - bottom stagnant

Bjorklund et al. 1990

55 d

•

aquaria

Samuelsen 1992

87 to 144 d

•

under three cages

Samuelsen et al. 1992

125 d

Hansen et al. 1992

16 d

Coyne et al. 1994

> 180 d

Samuelsen et al. 1994

28 d

Capone et al. 1994b

Sulfonamides
During investigations in which oxytetracycline showed evidence of relatively high persistence in
bottom sediments, Capone et al. (1994a) found that Romet 30 (sulfadimethoxine and
ormetoprim) did not. Residues were detected several days after cessation of Romet 30
application but concentrations were not detectable approximately three weeks later during both
field sampling at farm sites and in microcosm experiments. The ormetoprim component appears
to be characterized by relatively low persistence (undetectable within one month) while the
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sulfadimethoxine component might be characterized by high persistence (decrease in
concentration by 20% after six months; Samuelsen et al. 1994).
Oxolinic Acid
Lunestad (1992) indicates that preliminary data showed oxolinic acid to be stable over a period
of two months even when illuminated. Samuelsen (1992) reports a half-life for oxolinic acid in
marine sediments of 48 days, compared to 55 days for oxytetracycline during the same
experiment.
Furazolidone (a nitrofuran)
In seawater, furazolidone has a half-life of ten days when illuminated and 12.5 days when kept in
the dark (Lunestad 1992). Samuelsen 1992 indicates that in contrast to oxytetracycline and
oxolinic acid, furazolidone in marine sediments is actively metabolized by microorganisms. In
such sediments, furazolidone had a half-life of 18 hours (compared to 55 days for
oxytetracycline).
3.6.2.2

Antibiotic Resistance

Resistance to commonly used antibiotics has been identified in numerous pathogens among
cultured stock in both fish and shellfish aquaculture. Examples are serious problems with drug
resistance associated with furunculosis in Atlantic salmon (Richards et al. 1992), drug resistance
in numerous pathogens in most aquaculture species in Japan (Aoki 1992), and resistance in
Vibrio spp. in penaeid shrimp (Brown 1989).
The prevalence of drug resistance among bacteria associated with aquaculture has been
increasing over the last several decades (Aoki 1992; Meier et al. 1992; Alderman and Michel
1992). The widespread use of antibiotics in aquaculture has led to concerns that resistance will
develop among human pathogens (Midtvedt and Lingas 1992). This concern is based on the fact
that antibiotics used in aquaculture are the same as those used in human disease control, the
occurrence of some human bacterial pathogens in the aquatic environment (e.g., Vibrio spp.), the
ability of bacteria to transmit resistance to other bacterial species and strains (through horizontal
transfer of DNA by means of plasmids), and the tendency of some bacteria to exhibit resistance
to several drugs upon exposure to a single drug. The development of drug resistance in bacteria
is generally associated with sustained usage of specific drugs.
Resistance patterns among bacteria to several antibiotics commonly used in salmon culture are
briefly described below. Data on resistance levels among cultured fish and in the receiving
environment must be interpreted with caution because analytical methods and reporting of results
have not been consistent (Smith et al. 1994). In addition, recent investigations have found
frequencies of resistance to specific antibiotics in as much as 40% of the bacterial population in
circumstances where the antibiotic was absent (Smith 1995).
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Oxytetracycline
Experiments using marine sediments showed an increase in resistance to oxytetracycline from
5% before addition of oxytetracycline to 16% 12 months after addition (Nygaard et al. 1992).
Spanggaard et al. (1993) compared the proportion of bacterial strains resistant to oxytetracycline
at freshwater trout farms to the proportion resistant in an unpolluted stream. Fifteen percent of
the bacteria strains were resistant at the trout farms and 6% were resistant in the unpolluted
stream. Austin (1985) indicates that bacteria sampled from a freshwater trout farm outlet showed
a 90% resistance to oxytetracycline during treatment with that antibiotic but a reduction to 0%
when measured nine days after completion of therapy.
Samuelsen et al. (1992) found oxytetracycline resistant bacteria in sediments reached 100% at
the end of medication of three selected cages at a fish farm, dropping to 20% after 72 days.
Recent studies reported by Smith (1995) suggest that factors other than the presence of
oxytetracycline may have led to selection of bacteria strains possessing non-specific resistance
mechanisms, and which played a significant role in the elevated frequencies detected under fish
cages. Frequencies of oxytetracycline resistance of up to 35 to 40% were reported in the absence
of oxytetracyline but in the presence of fish feed and anaerobic decomposition.
Bacteria resistance to oxytetracycline in bottom sediment reached 1 to 10% of total cultivable
bacteria during or shortly after medication with oxytetracycline of fish farms in Puget Sound;
pretreatment levels were 1% (Gray et al. 1994). Resistance to Romet 30 tended to parallel
increases in resistance to oxytetracycline. During marine sediment microcosm experiments,
bacteria resistant to oxytetracycline represented 17 to 34% of cultivable bacteria two days after
cessation of a 10 day treatment period using oxytetracycline (Gray and Herwig 1994). A high
level of cross resistance to Romet 30 was apparently conveyed to the bacteria community, with
bacteria resistant to Romet 30 representing 40 to 100% of the cultivable bacteria. Gray et al.
(1994) found the proportion in microcosm experiments decreased to control levels after four
weeks when sediment not found under cages was used but remained at elevated levels (10 to
25% resistant bacteria) until the end of the experiment (two months after treatment) when
sediment from beneath a fish farm was used (the farm had been treated with oxytetracycline 74
days prior to sediment collection). Kerry et al. (1994) found that resistance to oxytetracycline in
sediments directly below marine cages declined exponentially with a half-life of 26 days.
Sulfonamides
Austin (1985) found that bacteria sampled from a freshwater trout farm outlet showed an 85%
resistance to potentiated sulfonamide (mixture of sulfonamide and trimethoprim) during
treatment with that compound but a reduction to 0% when measured seven days after completion
of therapy. Gray and Herwig (1994) found during controlled microcosm experiments mimicking
salmon farm sediments that the proportion of Romet 30 resistant bacteria among the total
cultivable population increased from background levels of 4% to approximately 5 to 15% two
days after cessation of medication and levels of 10 to 15% were recorded approximately 60 days
after cessation. Resistance to Romet 30 was also observed under farms medicated with
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oxytetracycline (20% of cultivable bacteria were resistant to Romet 30; Gray et al. 1994) and, in
microcosm experiments using only oxytetracycline, up to 100% of cultivable bacteria were
resistant to Romet 30 two days after treatment was stopped, but this declined to 20 to 25% after
two weeks (Gray and Herwig 1994).
Furazolidone (a nitrofuran)
Experiments using marine sediments showed an increase in resistance to furazolidone resulting
from cross resistance imparted by other antibiotics (Nygaard et al. 1992). Twelve months after
treatment, levels of bacteria resistance were 5% in controls, 7% in sediment treated with
oxytetracycline, and 34% in sediment treated with oxolinic acid.
Erythromycin
Ansary et. al. (1992) identified resistance levels of 59% to Aeromonas hydrophila among fish
specimens taken from warm water aquaculture units in Malaysia. Larkins (1993) reports an
overall resistance to erythromycin of 50% among bacterial isolates from shrimp farms and
hatcheries in North Sumatra.
3.6.2.3

Ecological Effects

Bacterial Community in Marine Sediment
Hansen et al. (1992) investigated the effects of four antibiotics (oxytetracycline, oxolinic acid,
flumequine, and furazolidone) in marine sediments. They indicate:
•

a dramatic initial reduction in the total number of bacteria;

•

an elevated number of bacteria resistant to oxytetracycline and oxolinic acid for at least
11 weeks; and

•

a strong initial reduction in bacterial activity, measured as sulfate reduction, followed
by a return to control levels within ten weeks (anaerobic sulfur reducing bacteria are an
important pathway for the degradation of organic matter in aquaculture sediments).

In contrast, Capone et al. (1994a) found that oxytetracycline, Romet 30, and amoxycillin did
not appear to affect the rate of microbial degradation of organic matter. Dysfunction was not
evident using bacterial counts and indicators of bacterial activity (sediment oxygen consumption,
increased ammonia, sulfate concentrations, thymodine uptake). These authors attributed this to:
complexation of oxytetracycline with calcium and magnesium in seawater, rendering the
compound inactive, rapid disappearance of Romet 30, and increased proportion of antibacterialresistant strains. Hansen et al. (1992) found the rate of sulfate reduction (an indication of organic
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matter degradation) after tetracycline treatment dropped to zero within one week, regained
activity after four weeks then returned to high levels after 10 weeks. Similar results were
obtained for oxytetracycline, oxolinic acid, and flumequine (Hansen et al. 1993). During this
study, the total number of bacteria were 50 to 70% of control levels during the first week
following addition of each antibiotic.
Other Effects
Bioassays of marine algae and bacteria with tetracycline indicate toxic effects on survival and
cell function at seawater concentrations of 16 to 50 mg/L, which are within the range of fish
therapeutic concentrations in seawater (Peterson et al. 1993, who cite fish therapeutic seawater
concentrations of 0.5 to 100 mg/l in Lunestad and Goksoyr 1990). The true potency of
tetracycline in these experiments was believed to have been suppressed by the normal presence in
seawater of calcium and magnesium, which are known to reduce the concentration of free
oxytetracycline; the potency in freshwater likely would be much higher. Nair et al. (1992)
indicate that isolates of marine bacteria were highly susceptible to several antibiotics, particularly
chloramphenicol and tetracycline.
Marine bacteria display a high susceptibility to
chloramphenicol at concentrations of 15 µg/L, though some pigmented forms tolerated levels up
to 55 µg/L.
Erythromycin has been identified as being very toxic to Daphnia magna nauplii, a sensitive
freshwater crustacean commonly used to test the toxicity of chemicals, with acute toxicity values
(EC50) of 388 mg/L in 24 hours and 211 mg/L in 48 hours (Dojmi di Delupis et al. 1992).
3.6.2.4

Residues in Biota

In British Columbia, studies of antibiotics in oyster tissue indicate accumulation of tetracycline,
oxytetracycline, and a potentiated sulfonamide (sulfadimethoxine and ormetoprim) is not high or
persistent (Black et al. 1991). Oxytetracycline showed a very low incidence of detection near a
small farm in British Columbia (C. Levings, Department of Fisheries and Oceans, West
Vancouver Laboratory, pers. comm. 1995).
Residues of oxolinic acid were found in fish, crabs, and mussels following medication at farms in
Norway (Samuelson et al. 1992). Oxytetracycline and oxolinic acid have been reported in wild
fish caught up to 400 m from marine aquaculture facilities being treated with those antibiotics
(Lunestad 1992). Residue levels in fish caught close to the facilities exceeded acceptable levels
for human consumption but were below detectable levels 12 days after termination of treatment.
Similarly, Bjorklund et al. (1990) found residue levels (oxytetracycline) in fish captured close to
aquaculture sites declined rapidly within the first week after medication but traces were found in
specimens captured 13 days later.
Capone et al. (1994b) measured antibiotic levels in invertebrates at farms receiving a large
quantity of oxytetracycline during prophylactic treatment in Puget Sound; they found no
concentrations in oysters and Dungeness crab during and after treatment but recorded residues in
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red rock crab (4 µg/g) in the midst of treatment and for 12 days after. Ervik et al. (1994) found
that two devices used to minimize feed wastage at farms (lift up feed collection devices mounted
at the bottom of pens and acoustic feed detectors) contributed to a reduction in muscle residue of
antibiotics (oxolinic acid and flumequine) in nearby wild fish.
3.6.2.5

Effects on Humans

Serious concern exists that use of antibiotics in aquaculture might lead to resistance to these
drugs among human pathogens and the likelihood of this occurring is the subject of debate (Roed
1991; Michel and Alderman 1992). Alderman et al. (1994) suggest that human health
implications of antimicrobial resistance derived from usage of antimicrobial agents in
aquaculture are likely not significant when compared to quantities of antimicrobials and of viable
human enteric bacteria discharged in sewage to the marine environment. Apart from potential
effects on human pathogens and ecosystems related to bacteria resistance, other hazards
associated with antibiotics identified above include (Schnick 1991): allergies (erythromycin,
furazolidone, sulfonamides), digestive disorders (furazolidone, oxytetracycline), hepatorenal
disorders (oxytetracycline, sulfonamides), and leukopenia (sulfonamides). The greatest risks of
chemotherapeutants, used in aquaculture, appear to be to farm workers (Alderman et al. 1994).
3.6.3

Other Compounds Used to Control Diseases

3.6.3.1

Pesticides and Other Compounds for Sea Lice Control

Pesticides are used to control sea lice infestations on farmed salmonids (Atlantic salmon appears
to be particularly susceptible to sea lice problems). The organophosphate insecticide dichlorvos
is currently the only effective method for controlling sea lice, though the drug Ivermectin appears
to offer potential if limitations associated with dosage limits and efficacy can be overcome
(Johnson and Kent 1992). Dichlorvos is used for sea lice control in Europe but is not licensed
for use in Canada. Alternate treatments for sea lice are approved and in use elsewhere or in
development (Armstrong 1994). These include: hydrogen peroxide (approved in Scotland and
Norway); metrifonat/trichlorfon (approved in Norway); an additional organophosphate,
azamethiphos (close to approval in both Norway and Scotland); and pyrethrin compounds (one
compound is being developed in Norway as a dip treatment during vaccination and submission
for registration is being prepared by the Canadian Salmon Health Consortium for an aqueous
pyrethrin emulsion). Compounds that will come into common usage for sea lice control in
British Columbia are not known at this time. Dichlorvos is toxic to marine invertebrates and
fish, though amounts used in salmon farm treatments appear to dissipate rapidly such that test
organisms (larval lobsters) placed adjacent to farm facilities were not killed, and Ivermectin is
the subject of toxicity studies in Ireland (Alderman et al. 1994).
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3.6.3.2

Disinfecting Compounds

A variety of compounds are used for disinfection or to treat external disease organisms due to
their biocidal properties (Alderman 1994); those used at salmon netpen facilities in British
Columbia include (Table 3.6.1);
•

quaternary-ammonia compounds (such as benzalkonium chloride and chloramines);

•

iodophors; and

•

chlorine compounds.

These treatment and disinfectant compounds are toxic to most biota, but the toxic effects are
determined by concentrations in the receiving waters and are usually very low near aquaculture
facilities due to the small quantities used and rapid dilution in adjacent waters (Alderman et al.
1994).
Quaternary-Ammonia Compounds
Quaternary-ammonia compounds are commonly used to control bacterial and parasitic infections
on gills and body surfaces. Concentrations and exposure times are low given the effectiveness of
the compounds and need to prevent harm to the fish being treated. Kaniewska-Prus (1982)
indicates the toxic concentration of chloramines, one type of quaternary-ammonia compound
used in aquaculture, is approximately 5 to 20% of the toxic concentration of free chlorine for
zooplankton (Daphnia magna).
Iodophors
Iodophors are iodine-based disinfectants commonly used to remove pathogens from the surface
of eggs and as sterilizing media for equipment and footbaths. Small quantities are normally used
for these purposes such that quantities reaching the receiving environment would have negligible
effects. These compounds are used repeatedly until their efficacy is believed to be reduced, at
which time they are discarded.
Chlorine
Chlorine, administered in compounds such as calcium hypochlorite, is an effective disinfectant.
However, chlorine is very toxic to aquatic organisms, including cultured species to the extent that
many culturists avoid using it unless conditions are very controlled. When used, residual
chlorine must be neutralized with sodium thiosulfate either before allowing contact with culture
organisms or before discharge of chlorinated water in effluent.
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3.6.3.3

Anaesthetics

Anaesthetics are not normally used as treatments for diseases of salmon, but are subject to
licensing as drugs and administration by prescription (Kent 1992). Two anaesthetics (Marinil
and Tricaine methanosulphonate) are licensed for use on fish in Canada; additional anaesthetics
include benzocaine, phenoxyethanol, and carbon dioxide. Quantities of anaesthetics are usually
very small and risks other than hazards to users are considered to be negligible (Alderman et al.
1994).
3.6.4

Conclusions

1.

Studies indicate a large variability among antibacterial agents in terms of their
persistence in the receiving environment, association with bacterial resistance, and
ecological effects. Study results also appear strongly influenced by location and
experimental procedures. Oxytetracycline and a potentiated sulfonamide (Romet 30)
are the two antibiotics most commonly used in British Columbia. Results of studies
indicate these compounds have the following characteristics:
a.

Oxytetracycline is characterized by rapid breakdown in seawater, long
persistence in sediments below cages, a rapid and severe drop in antibacterial
capability in seawater due to complexation with other compounds (notably
calcium and magnesium), and development of resistant bacteria in bottom
sediments during medication, with a return to background levels in as early as
one month to greater than two months, and possibly at times greater than one
year, depending on site conditions.

b.

Romet 30, a potentiated sulfonamide, comprised of a sulfadimethoxine and
ormetoprim, appears to have lower persistence in sediments than oxytetracycline
though the sulfadimethoxine component appears to be more persistent than
ormetoprim. Bacterial resistance to Romet 30 is high shortly after medication
with resistance persisting at least one to two months after medication is stopped.

2.

Studies of effects of antibiotics on the ecology of marine sediments present
contradictory results. In Norway, studies indicate oxytetracycline and other antibiotics
reduce bacterial populations and activity in bottom sediments for several months after
medication. In Puget Sound, studies indicate oxytetracycline and Romet 30 do not
reduce bacterial populations and activity.

3.

Residues of antibiotics have been detected in wild biota in the vicinity of netpens being
medicated mainly during studies in Norway. Data suggest that uptake varies among
wild species collected close to cages, possibly reflecting differences in feeding
behaviour; tissue concentrations drop rapidly within one to two weeks of cessation of
medication.
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4.

Reports reviewed suggest risks of antibiotics’ effects on humans appears to be low,
with perhaps farm workers being at greatest risk. Antibiotic persistence and resistance
levels in sediment and detection in biota in most cases fall within a zone of influence
close to the farm site.

5.

Generalizations regarding the persistence, residues, and ecological effects of antibiotics
must be made with care. Very large differences can be expected according to the type
of antibiotic and individual site conditions.

6.

Other compounds used to control diseases through treatment and disinfection have a
high toxic potential but quantities are usually so small that toxic capability would
diminish rapidly from the point of release. A possible exception might be pesticides for
sea lice control, which will require larger quantities than other compounds in use at
farms. Pesticides are used to control sea lice infections in other jurisdictions and are a
potential option among others being examined for application in British Columbia.
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4.0

ENVIRONMENTAL REGULATIONS FOR FISH FARMS

4.1

BRITISH COLUMBIA

As in many jurisdictions, British Columbia does not have a distinct act controlling its aquaculture
industry. Rather, salmon netcage farming is governed by various regulations in accordance with
different federal and provincial statutes. Responsibility is further dispersed amongst different
departments; however, respective roles of the various agencies has been clarified by a
Memorandum of Understanding in 1988. Although certain federal departments impose restrictions,
the provincial departments are the primary administrating bodies. The specific responsibilities of
key federal and provincial agencies are summarized in Table 4.1.1.
Table 4.1.1

Responsibilities of the primary provincial and federal agencies.

Agency

Jurisdiction

Responsibility

DFO

Federal

•

protection and conservation of
wild fish stock populations as
well as other marine wildlife

Agriculture Canada

Federal

•

agency responsible for
controlling pesticide usage by
fish farms

Health and Welfare Canada

Federal

•

agency responsible for
controlling drug use by fish
farms

MAFF

Provincial

•

lead agency responsible for
finfish industry growth and
development

MOELP

Provincial

•

lead agency responsible for the
allocation of Provincial Crown
land for fish farm sites; and

•

lead agency responsible for
controlling wastes from fish
farms.

In terms of environmental protection, regulations and management controls exist during the
approval and operational stages. Pre-operational controls determining where farms are located are
extremely important given potential environmental impacts are greatly influenced by local
conditions. In fact, proper biophysical location is considered by the Ministry of Environment,
Lands and Parks to be the most important method of avoiding or minimizing operational impacts
(Ministry of Environment 1990).
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4.1.1

Pre-Operational Control

The siting of aquaculture facilities requires two types of approvals: the approval to locate, and the
approval to operate (Ministry of Agriculture, Fisheries and Food 1992). Since the majority of farm
sites are located on provincial Crown land, they require a license or lease from BC Lands in
accordance with the Land Act. If the operation is to be on federal land (e.g., in a public harbour or
port), a federal lease or licence must be obtained from the appropriate Port Authority or Harbour
Commission. Applications for tenure must include submission of the proposed farm’s development
plan, describing the proposed site as well as the anticipated schedule of production and planned
improvements. By policy, BC Lands will not issue Crown tenure if it is not in compliance with
local zoning by-laws.
All provincial land tenure applications along with their corresponding development plans are
referred by BC Lands to various agencies and interest groups for comment. The parties consulted
vary with jurisdiction, but always include DFO, MOELP, and MAFF, as well as First Nations and
local governments (R. Deegan, Ministry of Agriculture, Fisheries and Food, Victoria, pers. comm.
1995; R. Ginetz Department of Fisheries and Oceans, Vancouver, pers. comm. 1995). Applications
may also be forwarded to other interest groups such as upland property owners, yachting clubs,
kayaking groups and/or archaeology societies. By policy, applications must also be advertised in
the local newspaper and the BC Gazette. Although this initiative is primarily taken to mitigate
potential conflicts between different resource users, it also provides an opportunity for interested
third parties to comment on any environmental concerns.
Environmental considerations are primarily based upon biophysical evaluation of the site,
information provided in development plans, as well as other guidelines developed by the various
governmental agencies (Levings 1994). Guidelines developed by the Department of Fisheries and
Oceans recommend that new farms locate:
•

>3 km from existing farm tenures (unless applicant can demonstrate the restriction
should be relaxed);

•

>3 km from major rivers;

•

>1 km from important salmon bearing streams, herring spawning areas, marine parks,
ecological reserves or native reserves;

•

>1 km from established commercial fishing grounds and substantial recreational fishing
areas;

•

>100 m from a significant shellfish beds, extensive seaweed beds, and large rocky reef
habitat; and
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•

generally away from sensitive fish habitats and waterways used for commercial or
recreational interests, or for navigation, and away from areas identified as “No
Opportunity” in Coastal Resource Interest Studies.

Although BC Lands has sole responsibility for site approval from a legal standpoint, input from the
referral process is of significant practical importance in the final decision.
Regardless of the specific tenure requirements, all farms must obtain an approval to operate in the
form of an aquaculture licence. These licenses are administered by MAFF according to the
aquaculture regulations under the British Columbia’s Fisheries Act. Approval for licence issuance
is primarily based upon information provided in the development plan and the biophysical
conditions of the proposed site. The evaluation process incorporates the Salmon Farm
Sedimentation and Organic Loading Model to predict changes in oxygen supply in the water
column as well as potential sedimentation and organic loadings on the seabed. This information is
used to provide further guidance on site requirements to avoid detrimental environmental effects as
well as stipulate production levels. The aquaculture regulations also require ongoing adherence to
development plans and the submission of annual production reports. Any proposed amendments to
the development plans must also be pre-approved.
While an aquaculture licence is a primary requirement to operate an aquaculture facility in British
Columbia, other agencies have additional licensing or permitting requirements (e.g., sewage
disposal permit, water licence, waste management permit, etc.) depending on the nature of the
operation and its location.
4.1.2

Operational Control

4.1.2.1

Waste Management

The management of waste accumulations from salmon farming operations is the responsibility of
the MOELP and is governed in accordance with the Waste Management Act (Ministry of
Environment 1988). In general, the discharge of any waste to British Columbia’s environment
must be permitted or approved unless it is specifically exempted by the Act and/or waste
management regulations. In 1988, the aquaculture waste control regulations were enacted, which
allow exemption of a farm from permit requirements for discharge resulting from fish farming if the
following criteria were met:
•

total feed used is <630 t dry weight/year;

•

use, storage, and disposal practices for materials and waters minimizes odour and risk
of spillage;

•

no attraction of and impacts on wildlife;

•

compliance with a monitoring program stipulated by the regional waste manager;
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•

compliance with requests for information from the manager;

•

operator notifies the manager regarding any operating changes which may affect
discharges; and

•

a contingency plan exists describing waste disposal methods in the event of a major fish
kill.

In an effort to address concerns regarding potential impacts, all farms are required by the Waste
Management Act to participate in a environmental monitoring program. Details of this program are
described in Section 5.1. Specific recommendations on preferred management practices which
avoid or minimize potential environmental impact are given in the “Environmental Management of
Marine Fish Farms” document prepared by the Ministry in 1990. Guidelines address practices for
the handling, storing and use of chemical, fertilizers, vaccines, feeds and other substances; disposal
practices for unmarketable fish and blood; and management of waste feed and fish feces. However,
no standards or criteria have been established which stipulate acceptable levels of discharge
parameters specific to the aquaculture industry.
4.1.2.2

Use of Chemicals

Chemical use is primarily controlled by Agriculture Canada (which regulates pest control
substances) and Health Canada (which regulates the use of antibiotics and most therapeutants)
(ESSA and Sea Test Inc. 1993). However, federally registered chemicals may be further restricted
by the provincial Ministry of Health. As a result, the use of chemicals in salmon farming is closely
governed by a number of federal and provincial regulations derived from various acts (e.g., B.C.
Veterinary Act, B.C. Pharmaceutical Act, B.C. Pesticide Control Act and the Canadian Pest
Controls Product Act), the same regulations used by the agriculture industry. Since the aquaculture
industry is relatively new, all products have been approved under these regulations. Consequently,
chemicals used in the salmon farming industry have received much closer scrutiny than some
chemicals used in the agriculture industry which were approved before these regulations were
enacted.
Presently, only one anaesthetic and no disinfectants, hormones, or pesticides are approved for
specific use in aquaculture. Only two antibiotics (Oxytetracycline and Romet 30) are available to
treat disease outbreaks but approvals include strict specifications regarding their application. One
other drug (Ivermictin) is approved for sea-lice control, however, it is only available through
veterinary prescription and restricted for use during short-term isolated incidents. Industry
operators generally feel that the regulations concerning chemical use are overly restrictive and the
lack of readily available sea-lice controlling substances could pose serious problem for the industry
(ESSA and Sea Test Inc. 1993).
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4.1.2.3

Prevention of Disease and Domestic-Wild Fish Interactions

Siting requirements for fish farms and the waste management practices previously described reduce
the risk of disease and the likelihood of interactions between domestic and wild salmon. The
transport of live fish is also prohibited by both federal and provincial regulations in accordance with
the federal Fisheries Act and the British Columbia Wildlife Act unless authorized by licence or
permit. Approval of fish transfers is decided by the Federal-Provincial Transplant Committee.
Specific conditions for approval is dependent on the area of transport. The province has been
divided into four coastal zones and five inland zones. Fish transfer between zones is much more
stringent than fish transport within a zone.
4.2

OTHER JURISDICTIONS

4.2.1

New Brunswick

Many regulatory aspects of the aquaculture industry in New Brunswick closely resemble those used
in British Columbia. However, a major difference is the use of a specific Aquaculture Act in New
Brunswick. Regulations are also largely consolidated in New Brunswick under the Aquaculture
Regulations. Environmental protection restrictions exist both during the approval and operational
stages of fish farming.
4.2.1.1

Pre-Operational Control

As in British Columbia, the development of fish farms requires both a licence to occupy an area and
a licence to operate (Department of Fisheries and Aquaculture 1994). Since the majority of farm
sites are located on provincially owned public land, they require an Aquaculture Lease/Occupation
Permit. However, unlike British Columbia, applications for tenure are submitted along with
applications for Aquaculture Licences to one central agency, the provincial Department of Fisheries
and Aquaculture (Department of Fisheries and Aquaculture 1994).
Minimum criteria are legislated by the Aquaculture Act and Regulations. Proposed sites must be
300 m from any other aquaculture sites, herring weirs, lobster ponds, or marine structures; and
although not legislated, guidelines also recommend siting farms where there is:
•

a minimum water depth of 8 m beneath cages at mean low tide;

•

a minimum average current speed of 5 cm/s at the center of cage clusters (10 cm/s is
preferable); and

•

sediment composition at the center of cage clusters is not more that 65% silt/clay
(Department of Fisheries and Aquaculture 1993).

Farms may be approved if they do not meet these recommended guidelines; however, increased
restrictions will likely be imposed on their allowable cage capacity. Approval for new sites may
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also be denied if they may conflict with fisheries, environmentally sensitive areas, other resource
uses, or if they would create unacceptable risks.
Similar with British Columbia requirements, all applications must be accompanied by a Site
Development Plan. These plans are expected to include two maps differing in their level of detail.
The first map situates the farm in the general area and includes: proposed site boundaries;
properties within 100 m of the proposed site; hydrographic features within 350 m surrounding the
area; and, any structures within 350 m of the proposed site. The second map requires presentation
of detailed features within the proposed site including: hydrographic features; approximate location
of structures and equipment; and approximate measurements showing distances between facility
components and their distances to the site boundaries.
Following a site evaluation, regional district offices will forward applications to the department
Registrar of Aquaculture (DFA) for further processing. Applications for Aquaculture Licences are
not subject to public review; however, applications for land tenure are open for public comment.
These latter proposals must appear in two local newspapers and additional letters are sent by the
DFA to surrounding property owners. Landowner information is also provided in the Site
Development Plans which are themselves, available for review at Regional Offices. A 30 day
period is given for filing comments.
As in British Columbia, the approval process for new fish farm developments in New Brunswick
incorporates an interagency review. Applications for both tenure and operating licenses are referred
by the DFA to various provincial and federal departments:
•

•

Provincial Departments:
•

Natural Resources and Energy;

•

Environment;

•

Municipalities, Culture and Housing; and

•

Supply and Services.

Federal Departments:
•

Fisheries and Oceans Canada;

•

Canadian Coast Guard;

•

Environment Canada;

•

Public Works Canada; and

•

ACOA (Atlantic Canada Opportunity Agency).

Depending on individual circumstances, other governmental agencies may be included in this
review. However, this referral process generally does not include private interest groups (as is the
case in British Columbia).
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Once the closing date for public comment has expired, the Registrar forwards proposals to the
Aquaculture Site Evaluation Committee (ASEC) for review of both application submissions (i.e.,
land tenure and operating licenses). This committee is comprised of representatives from
provincial agencies; Fisheries and Aquaculture, Natural Resources and Energy, and Environment;
and from federal departments; Canadian Coast Guard, Fisheries and Oceans and ACOA. The
ASEC makes recommendations on a site-by-site basis to the Registrar of Aquaculture for the
issuance of Aquaculture Licences. Declined projects can be appealed directly to the Minister of
Fisheries and Aquaculture within 30 days. Decisions to issue land tenures are made by the Minister
of Fisheries and Aquaculture based on the public consultation along with the interagency and
ACES reviews.
4.2.1.2

Operational Control

Both aquaculture leases and licenses are subject to operating restrictions established by the
Aquaculture Act and Regulations, and by departmental guidelines (Department of Fisheries and
Aquaculture 1993, 1994). Limits are imposed on the type of species approved for culture, fish
density and total production. In general, both Atlantic salmon (Saint John River strain) and
rainbow trout are permitted for marine cage culture. Some other species (i.e., halibut, haddock, and
winter flounder) are currently being cultured on a research basis and may be approved for
commercial use in the near future.
Fish stocking density must be ≤ 18 kg/m3. Maximum fish production is determined on a site-by-site
basis according to the local environmental capacity to sustain aquaculture development
(Department of Fisheries and Aquaculture 1993). An “estimated site potential” (ESP) is
determined according to the following equation:
•

ESP =

[(A x SA) x D] x SD/MW; where,

•

A

site area below mean low tide;

•

SA =

% of surface are used for cages, excluding walkways;

•

D

average depth (6.0 m is generally used);

•

SD =

maximum stocking density allowed (regulated at 18 kg/m3); and

•

MW =

average market weight (4.5 kg is generally used).

=

=

Determination of the ESP assumes ideal conditions as well as no accumulation of organic wastes.
Consequently, authorities almost never approve sites at their full site potential (M. Johnson, New
Brunswick Department of Fisheries and Aquaculture, Fredericton New Brunswick, pers. comm.
1995). Depending on specific site conditions, new fish farms are approved with cage capacities
ranging from 50 to 70% of their total ESP value. If after a two year period environmental conditions
are acceptable, maximum production levels may be increased to up to 85% of their ESP.
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The provincial Department of Environment in New Brunswick is responsible for waste discharge
(G. Shanks, New Brunswick Department of Fisheries and Aquaculture, Fredericton New
Brunswick, pers. comm. 1995). However, unlike British Columbia, this agency has never extended
its legislation to include the marine environment. Hence, although it regulates wastes pertaining to
the freshwater aquaculture industry, the Department of Environment plays a relatively minor role in
controlling the operation of marine netcage cultures.
If an existing license holder wishes to increase production or expand site boundaries, the farmer
must undertake the following (Department of Fisheries and Aquaculture 1993):
•

•

•

a video tape and survey of the seabed on the site during the period between August 1
and September 30, including:
•

use of two marked 50 m transect lines;

•

video tape along the length of each transect and showing 1 m on either side of the
line; and

•

along each transect at each 10 m interval collection of data on: sediment (type,
thickness, colour), water depth, presence of feed and feces, presence of the
bacterium Beggiatoa, presence of gas production, and the three most dominant
flora (species and number).

sediment sampling and analysis, analyzing
•

% sand/gravel

•

% silt/clay; and

•

% volatile solids.

any other environmental data which may be available or requested.

The farmer must first complete two production cycles at the maximum authorized level before
applying for a revised license.
4.2.2

United States

Environmental regulation of the aquaculture industry in the United States involves several federal
and state agencies, as well as local authorities. The primary federal agencies are listed in
Table 4.2.1.
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Table 4.2.1

Responsibilities of primary federal agencies.

Federal Agency

Responsibility

Environmental Protection Agency (EPA)

Responsible for nation’s water quality and regulates
wastewater discharge (pursuant to Clean Water Act,
Federal Water Pollution Control Act, and Water Quality
Act).

Army Corps of Engineers (ACOE)

Requires a permit for any activity which may affect
navigation (Harbours and Rivers Act) and/or discharges
materials (Federal Water Pollution Control Act).

Fish and Wildlife Service (FWS)

Reviews ACOE permits and make recommendations to
protect freshwater and anadromous fish, marine fish,
shellfish, marine birds and mammals, and their habitats.

National Marine FisheriesService (NMFS)

Review ACOE permits to assure protection of marine
mammals and fish.

Food and Drug Administrations (FDA)

Regulates use of antibiotics.

The Army Corps of Engineers reviews projects to assess their probable impact on the nation’s
waters for the public interest. One stipulation for permit approval is that the proposed project will
not negatively affect environmental quality. The EPA requires permits for wastewater discharge in
accordance with its National Pollutant Discharge Elimination System (NPDES). However,
administration of this permitting process is usually done at the state level.
Typical state agencies involved in the regulatory control of fish farming include state environmental
departments and state fisheries departments. However, many more agencies may be involved. For
example, netpen culture operations in Washington are regulated by seven different state agencies.
As a result of differences in the number and types of state agencies involved, large differences exist
among states with respect to their level of control and subsequent degree of environmental
protection (Campney and Murphy 1991). Differences also exist in specific strategies incorporated
to fulfil environmental objectives. In addition to federal and state departments, local government
authorities are also involved in regulating the industry.
Partially a result of the industry’s relatively recent beginnings, many responsibilities continue to
evolve and have yet to be clearly defined (DeVoe 1994; Honey and Churchill 1995). In attempts to
respond quickly to industry development, state and federal regulations have also largely been
developed in a piecemeal fashion to serve a diverse and unrelated array of objectives. Since much
of the regulatory authority is decided by individual states, there is much variation in the
requirements for new development throughout the United States. One main instrument used by
states to regulate farm location is to attach criteria to the NPDES permit requirements (DeVoe
1994).
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4.2.2.1

Washington State

In Washington State, the Department of Ecology is the main agency responsible for
environmental protection associated with salmon farm development, primarily through
administration of the State Environmental Policy Act, SEPA (Washington Department of
Fisheries 1990). Other state agencies concerned with environmental effects of salmon farm
development include: Department of Fisheries (protection of fish and shellfish resources);
Department of Natural Resources (manages state-owned aquatic land); Department of Wildlife
(protection of game fish and animals, marine mammals, and birds); Department of Agriculture
(disease control and prevention); Washington Parks and Recreation Commission; and Puget
Sound Water Quality Authority. In 1986, the Department of Ecology, in association with the
Department of Natural Resources, Department of Fisheries, and the Department of Agriculture
developed Interim Guidelines for the Management of Salmon Netpen Culture in Puget Sound
(Washington Department of Ecology 1986). In 1990, an environmental impact statement
addressing the environmental effects of fish culture in floating netpens was prepared and
recommended continued use of most elements in the Interim Guidelines (Washington
Department of Fisheries 1990).
Pre-Operation Control
Applications for farm development in Washington State must also be accompanied by an operating
plan (Washington Department of Ecology 1994). These plans should detail:
•

site developments (e.g., netpens, log booms) and their relationship to natural features
(e.g., bathymetry, shorelines, natural reefs);

•

farm structure (e.g., netpen number, size, and configuration);

•

schedule of development and maintenance;

•

fish specifics (e.g., species, size of harvest, annual production, biomass throughout the
year; average and maximum stocking density);

•

feeding practices (e.g., type, method);

•

disease control medications
immunizations); and

•

predator control measures.

and

chemicals

(e.g.,

antifoulants,

antibiotics,

In addition to the regulations associated with NPDES permit approval and controls afforded by
state guidelines, farm developments must be approved by the Department of Ecology (WDOE),
and be consistent with overall state coastal zone management regulations. The WDOE reviews
all aquatic constructions to ensure that fish and shellfish habitats are protected. Development
must demonstrate that they will not adversely affect important habitats or fish life. All

4/10

development within the shoreline is also subject to the Washington Shoreline Management Act
and to local shoreline master programs to ensure the orderly development of the state’s coast.
Permit approvals in Washington also require netpens facilities to be consistent with overall state
coastal zone management regulations aimed at protecting resources and ecology over the entire
shoreline (EPA 1991).
The Washington State Environmental Policy Act (SEPA) requires lead departments (i.e., deciding)
to consult with agencies that have expertise on potential environmental impacts prior to making a
decision on project approval. All permits issued by local and state governments in Washington
State are subject to SEPA. In cases where proposals may lead to significant environmental effects,
developers may need to submit an environmental impact statement (EIS).
Specific site requirements are also provided in the Interim Guidelines for the Management of
Salmon Netpen Culture in Puget Sound, Washington (Washington Department of Ecology 1986).
To minimize environmental impacts, these guidelines recommend:
•

>91 m from habitats of significance located in the direction of the prevailing tidal
current; and

•

45.7 m from other aquaculture facilities.

Significant habitat includes areas supporting substantial wildlife populations, important to
ecosystem productivity and/or contain specified species (e.g., eelgrass beds, kelp beds, geoducks,
endangered or threatened wildlife). Farm approval may also be contingent upon initial site surveys.
Washington’s guidelines recommend that site characterization surveys be performed prior to
NPDES permit approval. Initial site reviews should be conducted from April to September and
should include: a bathymetric survey, hydrographic survey, and diver survey of biological
resources in the proposed site area.
Operational Control
In Washington State, the Aquatic Lands Lease issued by the Department of Natural Resources
specifies operating practices. A variety of operating controls as outlined in the Interim Guidelines
are listed in Table 4.2.2.
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Table 4.2.2

Recommended operating restrictions for salmon netpen facilities in the
State of Washington.

Regulation

Limit

Feed

•

unpelletized wet feed (i.e., minced fish or shellfish)
shall not be used

•
•

not used as antifoulants
reviewed on a case by case basis by state
environmental management agencies; all use should
be reported

•
•

only licensed drugs by USDFDA can be used
shall not be used prophylactically on a long-term
basis
all use will be reported

Chemicals
•
•

Tributyltin, leachable metals, and toxics
Other antifoulants

Antibiotic

•
Predator control

•

non-lethal devices should be used; control methods
must comply with state and federal rules

Effluent discharge to marine waters within Washington State are regulated by the Washington
Department of Ecology; new and simplified requirements and standards for monitoring are
presently being developed in Washington (B. Ward, Water Quality Division, Washington
Department of Ecology, pers. comm. 1995). The approval of permits is performed at the state level,
however, existing requirements are based on broader technology-based standards developed by the
EPA. Unfortunately, no national standards have yet been established for the aquaculture industry
(DeVoe 1994). Some states have responded to this deficiency by developing their own standards.
Consequently, permit requirements for aquaculture discharge are largely determined on a case-bycase basis and on general criteria developed in each state (e.g., water quality guidelines). Although
this process allows for the consideration of local conditions, it has also resulted in numerous
inconsistencies in decision-making (DeVoe 1994).
Specific operating conditions may be associated with tenure applications. In Washington State, the
import of aquatic organisms requires a permit from the Director of the Department of Fisheries.
Permits for Atlantic salmon will only be issued for eggs which have been certified disease free,
disinfected, and held in quarantine for 90 days after hatching. Introduction of any new exotic
species are assessed under SEPA. Limitations are also placed on the total area an individual or
corporation may lease which encourages small local development and likely fosters environmental
stewardship. Operating practices are also specified by the Aquatic Lands Lease issued in
Washington by the Department of Natural Resources (Washington Department of Ecology 1994).
4.2.2.2

Maine

Permitting and monitoring procedures in Maine have recently been revised (Honey and Churchill
1995; Maine Department of Marine Resources 1994). A suitable regulatory process was not in
place when the industry encountered rapid growth in the late 1980s. Application, permit, and
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monitoring requirements involved 11 state and federal agencies plus local requirements in 1988.
When expansion began to accelerate, growers were required to provide monitoring results to
several agencies including the US Environmental Protection Agency, U.S. Army Corps of
Engineers and Marine Department of Environmental Protection. In response to a high level of
criticism by industry, environmentalists and legislators, new legislation was proposed in 1990 to
coordinate permit requirements. However, extensive environmental restrictions contained in the
proposed legislation were felt to be so severe, that, if implemented, may have halted development
of the industry.
A new unified application/monitoring process evolved through a combination of legislative study
plus industry workshops and multi-agency involvement. The State of Maine Aquaculture
Application/Monitoring Program was created in 1991 (Public Law 381), and is coordinated by
the Maine Department of Marine Resources. Monitoring requirements are described in Section
5.2.2. Siting criteria/guidelines are not firmly established and each application is judged on its
own merits through an adjudicated public hearing process (K. Honey, Aquaculture
Administrator, Maine Department of Natural Resources, West Broadway Harbour, Maine, pers.
comm. 1995).
Maine has three tidal water classifications (SA, SB, and SC; Honey and Churchill 1995).
Aquaculture is not allowed in the most sensitive zone (SA), which contains features such as the
Acadia National Park or primary herring spawning grounds. The other categories require
adherence to water quality criteria which include changes to dissolved oxygen which are not to
exceed less than 80% saturation (category SB) and 70% saturation (category SC). The
application must be accompanied by a baseline survey undertaken together with other
information and is subject to a site review by the Department of Marine Resources (Table 4.2.3).
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Table 4.2.3

Maine Department of Marine Resources salmon farm application
requirements.

Application Requirements

Department Site Review

Application Information:

A.

On Site Inspection

1.
2.
3.
4.
5.

1.

3.
4.
5.

Bottom composition includes: topography and
composition, depth, features plus currents.
Typical flora and fauna local phytoplankton and
zooplankton. Local macro flora and fauna
includes video.
Observed fishing activity
Distance to shore
Navigational channels and mooring

B.
1.
2.
3.

Documented Information
Tides
Current
Temperature Data

4.
5.
6.
7.
8.
9.

Ice
Shellfish Beds
Fishing Activity
Existing aquaculture sites
Harbourmaster
Additional Information

6.
7.
8.
9.
10.

General Information
Site location
Site Development
Operations
Baseline Field Survey
•

Diver Survey

•

Hydrography

•

Water Quality

•

Benthic Analyses

•

Sediments

•

Infauna

2.

Area Resources
Surrounding Area Use
Technical Capability
Financial Capability
Other Requirements

FAMP, Statutes, Regulations, ACOE additional
requirements, MDEP information, EPA information, etc.

4.2.3

Norway

The salmon farming industry in Norway is regulated by four national ministries: the Ministry of
Fisheries, the Ministry of Environment, the Ministry of Agriculture, and the Ministry of Local
Government and Labour. In terms of environmental protection, a number of different laws and
regulations apply. However, the principle statutes are the Act Relating to the Breeding of Fish and
Shellfish, the Pollution Control Act, and the Act of Fish Disease. The main instruments used to
maintain environmental quality are the licensing systems required for approval of proposed farm
development as well as a host of specific regulations and guidelines controlling farm size and
husbandry techniques.
4.2.3.1

Pre-Operational Control

As in several jurisdictions, the establishment and or extension of fish farms requires pre-approval in
the form of a licence. Whereas national authorities are responsible for the overall framework of
licenses, the administration of licenses is performed by local authorities at the county level. The
current licensing system was introduced in 1973 by the Act Relating to the Breeding of Fish and
Shellfish (Lefferstra 1991; Act No. 16 1985; FES 1992). Pursuant to this act, any fish farm
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development must be licensed. Fish farm licenses will not be granted without prior licences being
obtained from the Veterinary Authority (Act of Fish Diseases), the Environmental Authority (Act of
Pollution) and the Local Government and Labour Authority (Act for Building and Planning). Fish
and shellfish, fish farm licenses will also not be granted if the intended development:
•

will cause risk of spreading disease among fish and shellfish;

•

will cause risk of pollution; and/or

•

has distinctly unfortunate location in relation to the environment, lawful traffic or other
exploitation of the area (Act No. 16 1985).

In general, fish farm developments will only be approved in areas with good water exchange and
with no tendencies towards eutrophication, reduced oxygen supply, and/or accumulation of
sediments beneath the culture netpens.
Specific siting criteria require a minimum separation distance between fish farms of 1 km and
between a broodstock and a rearing farm of 3 km (Levings 1994). (There has been some discussion
to increase these distances to 3 km and 5 km, respectively). Fish farming is prohibited near rivers
important to wild salmon populations. In addition, fish farms are discouraged in areas where the
wave height exceeds 2 m. There is also a minimum depth requirement of 20 m, assuming an
average netpen depth of 10 m.
Decisions to grant licences also consider the professional qualification of the operator of the fish
farm. In addition, environmental authorities provide advice to the fisheries authorities regarding the
proposed site suitability based on a general evaluation of the potential impacts on wildlife,
recreation and/or nature conservation. However, this is only advice as there is no legal requirement
for fisheries authorities to comply with these recommendations.
No standardized environmental impact assessment is required. In many cases, authorities feel that
the use of geographical data is sufficient to predict whether planned fish farms will meet
environmental guidelines. However, when recipient conditions are not optimal or impacts are
unclear, initial environmental surveys may be required.
4.2.3.2

Operational Control

Regulations for effluent discharge and waste management are primarily derived in accordance with
the Pollution Control Act and are administered by the Norwegian State Pollution Control Authority
(Lefferstra 1993). All farm operators must have a management plan for the handling of wastes,
including a contingency plan for incidences of mass fish mortality. All wastes not contaminated by
antibiotics must be delivered to licensed companies capable of recycling fish farm wastes for
production of feed or fertilizers. Contaminated wastes must be delivered to licensed facilities
capable of their disposal.
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Unlike many jurisdictions, a number of regulations also exist which control specific husbandry
practices which directly or indirectly affect the amount of waste generated or the method of
disposal. These restrictions limit farm production, the size and design of the farm, the type of feed,
as well as the fish disposal methods practices and have been summarized in Table 4.2.4. Some of
these requirements date back to 1986 while others were established by more recent regulations
(Aalvik 1995; Ervik and Hansen 1994; Lefferstra 1993; Levings 1994).
Drugs for the treatment of farmed salmon can only be obtained by veterinary prescription. Farms
must also signal their use of antibiotics and continue notification for a certain period following the
treatment application. Any spillage of feed or excrement which contains medicines must be
collected. Dead fish and other organic wastes contaminated with antibiotics must be stored
separately and destroyed. The Director of Fisheries receives copies of all prescriptions as well as
standard notification forms directly from the veterinary authority.
Controls to reduce potential effects from diseased domestic fish primarily focus on preventative
health care techniques (Aalvik 1995). The risk of disease is reduced by limitations on farm size,
location and waste management practices described above. Limitations exist which restrict the total
number of permits allowed in the country as well as in specific areas. By controlling the total
biomass of farmed fish, these limits diminish the chance of disease transmission. In addition,
authorities are attempting to have more than one farm site per licence (the goal is to have three sites
per licence). This initiative ensures that fish farms will have sites free of fish which will have the
opportunity for recovery from adverse environmental impacts, decreasing the persistence of
infectious bacteria and viruses (Aalvik 1995).
Smolt health is also protected by specific transport regulations. In addition, all smolts introduced
into the sea must be accompanied with a veterinary health certificate. Furthermore, the Act of Fish
Breeding prohibits the import of live fish for breeding or for release.
The right to re-catch escaped domestic fish extends for up to 14 days. However, the Ministry of
Fisheries can restrict this right of re-catch to specific species, limit the area in which it may occur
and impose restrictions on the type of gear used.
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Table 4.2.4

Environmental regulation of Norwegian fish farm operations.

Regulation

Limit

Farm Size Restrictions
•

Stocking density

•

Rearing volume

•

Joint cage area

•

Maximum biomass

< 25 kg fish/m

3

3

< 12 000 m down to 5 m depth
2

max. 2 400 m /farm
300 metric tonnes

Feed Usage
•

Feeding coefficient

< 1.2 kg dry matter per kg fish growth

Fish Mortality
•

Removal frequency

•

daily in summer and every second day in winter

•

Disposal method

•

all fish removed must be preserved at once by
grinding with formic acid (e.g., by ensiling)

•

Storage practices

•

dead fish must be stored in a tank on the farm until
later transport to a factory capable of processing
morts

•

Storage facilities

•

> 5% of production capacity/yr. and at least 10 m

•

fish farming activities must be recorded in accordance
with rules set by the Director of Fisheries

Reporting

3

The anticipated actions of future regulations in Norway are to:
•

impose limitations on discharges instead of on feeding coefficients (e.g., 29 kg N/t fish
produced);

•

restrict chemical usage to only those with environmental certification;

•

prohibit the use of copper in antifoulants;

•

impose a certification program for fish farms;

•

impose design standards to prevent wreckage of cages and domestic fish escapes; and

•

increase the use of environmental standards and develop site specific standards
(Lefferstra 1994).

Norwegian authorities have also decided that the environmental risk associated with the use of
copper and nuvan/neguvon is unacceptable. It is anticipated that these products will be severely
restricted or even banned once alternatives have been developed.
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4.2.4

Scotland

Overall responsibility for the coordination and regulation of marine fish farming lies with the
Scottish Office through both its Environment Department (SOEnD) and its Agriculture and
Fisheries Department (SOAFD) (Burbridge et al. 1993; FES 1992). However, specific control and
management of the industry is dispersed among several agencies, having either statutory or advisory
authority. As a result, new farm proposals may require up to six different permits from separate
agencies. The key agencies involved in the environmental control of the industry are listed in Table
4.2.5.
Table 4.2.5

Primary agencies in the environmental control of Scotland’s salmon
farming industry.

Agency

Authority

Responsibility/Interest

Scottish Office
SOEnD & SOAFD
SOAFD

statutory

•
•

overall coordination & regulation
fish disease control

Crown Estate Commissioners
(CEC)

statutory

•

allocation of Crown Estate land

River Purification Authority (RPA)

statutory

•

effluent discharge control

Nature Conservancy Council
(NCC)

advisory

•

marine ecology & wildlife protection

Similar to British Columbia, regulation of Scotland’s aquaculture industry is primarily exercised in
three ways:
•

control over farm location;

•

control over effluent discharged; and

•

monitoring of any impacts during farm operation.

4.2.4.1

Pre-Operational Control

Since the seabed and most of the foreshore belong to the Crown Estate, fish farmers must obtain a
lease from their local Crown Estate Commissioner (CEC) (Burbridge et al. 1993). Although the
CEC has complete discretion over decisions to grant seabed leases, all applications are reviewed
through a consultation process and are advertised in the local press. Typical groups consulted
include: other governmental departments such as the Nature Conservancy Council; local
authorities; existing leaseholders, landowners and tenants; fishers groups; conservation societies;
and, special interest groups. Applications are sent by the Crown Estate to the most relevant groups
on a case-by-case basis. An independent advisory committee is available to assist the Crown Estate
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with more difficult cases. A committee, including both CEC officials as well as independent
persons, has also been established for applicants or other interested parties to appeal decisions.
In addition to this consultation process, policy guidelines of the Crown Estate Commissioner
provide specific conditions on farm location (CEC 1989). On a broad scale, there is a preference:
•

against further fish farms in the Inner Lochs;

•

in favour of small and medium-scale fish farms compatible with other interests but
against further large-scale fish farms in the Outer Lochs; and

•

in favour of further fish farms compatible with other interests off the open coasts.

Some sea lochs and bays have also been designated as Very Sensitive Areas (VSAs) and approval
of fish farm proposals in these areas is highly unlikely. Since these VSAs are mainly within the
mainland sea lochs, additional approvals for further fish farm development approval within the
Inner Lochs is extremely rare. More specific siting guidelines also exist (Levings 1994; CEC 1989)
which specify distances between new farms and other existing facilities or resources and are
summarized in Table 4.2.6.
Table 4.2.6

Guidelines for separation distances for Scotland’s marine fish farms.

Resource/Facility

Salmon Farm Distance Guideline
(approx. km)

Existing salmon farms

8

Shellfish farms

3

Provisos

Closer siting may be possible
between small-scale farms, and in
large loch systems or open water

Wildlife colonies

0.8

Assuming effective anti-predator
nets, etc.

Fishing grounds

0.4

Assuming specific productive areas
in frequent use.

Anchorages/approaches

0.4

Depending on assessments by
Department of Transport.

Public viewpoints

1.7

Concealment of headlands or
woodlands may permit closer siting.
Attitudes of residents should be
taken into account; closer siting
may be appropriate in some areas.

Hotels/tourist centres

1.7

Houses (other than staff)

0.8

As indicated previously, separation guidelines are not rigid standards and variations may be
justified depending on local environmental conditions and specific development intentions.
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Farm approval and site selection is also dependent on decisions made by the River Purification
Authorities (RPA) (Burbridge et al. 1993). Those authorities with marine cages in their
jurisdictions include Clyde and Highland RPAs and the Island Councils of Orkney, Shetland, and
the Western Isles. The discharge of effluents from a fish farm into a sea area is regulated by the
RPAs and all developers must obtain a Consent to Discharge before a farm is in operation. The
information required on applications differs slightly between the different RPAs but generally
includes specifics on the proposed farm location, the size of development (e.g., number and size
of cages, maximum biomass to be held), characteristics of the food to be used (e.g., type and
quantity), and the anticipated use of chemicals and therapeutants.
Assessment of site suitability is primarily based upon the tidal energy and anticipated flushing
rate of the proposed location; however, specific criteria and method of study vary among the
different authorities. For instance, tidal energy of proposed sites in Highland are assessed from
tidal current measurements at neap tide or from a diver survey. The energy level of the proposed
location is then classified as high or low based on the flushing rate of the body of water in which
it is situated (>3 days low energy, <3 days high energy). In the Clyde region, applicants are
required to submit bathymetric and hydrographic data (i.e., current profiles for spring and neap
tides) as well as baseline sediment conditions. Consents for farms in the Shetlands primarily rely
upon seabed conditions, bottom sediments are classified into one of five categories ranging from
flocculent mud to gravel based on photographic surveys.
The Environmental Assessment (Salmon Farming in Marine Waters) Regulations were enacted
in 1988 in accordance with the European Community Directive on Environmental Assessment
(85/337/EEC) (FES 1993; Burbridge et al. 1993). These regulations require that impact
assessments be conducted on salmon farm projects likely to have significant environmental
effects because of the type of operation, scale or location. Any requirement for an Environmental
Impact Assessment (EIA) is solely determined by the CEC. Unfortunately, the current
Environmental Assessment Regulations do not provide well-defined criteria to assess the need
for EIAs. However, new guidelines have been prepared by SOEnD to assist the CEC in deciding
when an EIS is required. These proposed criteria require that EIA be conducted for:
•

proposals for new farm sites or significant modifications to existing sites in very
sensitive areas; a “significant modification” is defined as any increase of more than
25% which would result in a license area of greater than 6,000 m2 or a cage area of
more than 2,000 m2;

•

any development with a proposed annual output of greater than 500 t, or resulting total
change exceeding 6,000 m2, or results in exceedance of either limit within a 2 km
radius of an existing development in enclosed inshore areas; and

•

any development with a proposed annual output of over 500 t, or total cage area of over
12,000 m2, or results in exceedance of either limit within 2 km radius of an existing
development in the open sea.
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However, until these guidelines are accepted and implemented, the CEC will continue to use the
broad criteria under the 1988 regulations. In addition, there are very few officials qualified to
review impact statements and standards for EIA evaluation are also lacking. As a result, no EIAs
had been submitted as of 1993, although there were a total of 446 businesses registered operating
721 sites. In addition, many of the sites which would otherwise have required an EIA were
already licensed prior to the introduction of the Environmental Assessment Regulations.
4.2.4.2

Operational Control

The management of wastes is primarily controlled by the Consent to Discharge permits required
by the different RPAs such that requirements vary throughout the country. Approvals may
stipulate special controls and standards such as biomass production limits or specific discharge
prohibitions, depending on farm location and size (Burbridge et al. 1993). Consents may also
include requirements for the maintenance of records and the use of chemicals. Most RPAs
reserve the right to inspect facilities during chemical treatments, especially pertaining to sea lice
control. A self-monitoring program may also be required. For instance, consent conditions in
the Shetland area typically contain the following clauses:
•

there shall be no visible evidence of objectionable foreign material in or on the surface
of the water;

•

redox potential measurements are within parameters specified in the consent; and

•

detailed seabed surveys must be performed and submitted to the controlling authorities.

For most locations, consents are issued based on the tidal energy conditions at the site as
determined by photographic, hydrographic and/or sediment quality surveys.
Chemicals used for disease control are generally considered to be medicines and as such, are
regulated under the Medicine Act (1968) as well as the Economic European Community
Veterinary Medicines Directive 81/85/EEC (Burbridge et al. 1993). The principle chemicals
approved for use by the aquaculture industry are listed in Table 4.2.7. Therapeutants not under
licence are either available under prescription from a veterinary surgeon or do not require a
licence since they are considered to be traditional remedies.
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Table 4.2.7

Principal chemicals used by Scotland’s marine aquaculture industry.

Chemical

Use

License Required

Oxytetracycline
Oxolinic Acid
Amoxycillin
Potentiated sulphonamides

Antibiotic

Yes

Aeromonas salmonicida vaccine

Vaccine

Yes

Aquaguard (Dichlorvos)

Sea Lice

Yes

Ectoparasites/Fungus

Yes

Iodophores
Calcium Hypochlorite

Disinfectant

No

MS222
Benzocaine
Carbon Dioxide

Anaesthetic

No

Formalin
Malachite Green

Live salmonids cannot be imported to Great Britain (Burbridge et al. 1993). However, imports
of salmonid ova are permitted if they are licensed and accompanied with supporting health
certification. The control of disease in wild and farmed fish salmonids within Scotland is
governed by the SOAFD in accordance with the Disease of Fish Acts 1937 and 1983. As part of
the approval process, all new proposals must be registered. The SOAFD also has the authority to
control the movement of live fish, ova and food supply in designated areas to prevent the spread
of serious or “notifiable” diseases. In addition, it can require that diseased fish be removed from
infected waters and specify the method of disposal.
4.2.5

Chile

Policies for the development and management of aquaculture have been incorporated in the
General Law of Fisheries and Aquaculture, promulgated at the end of 1989 (Mendez 1991). The
law identifies the Undersecretary of Fisheries, Ministry of Economy, as the agency responsible
for development and regulation of aquaculture. The Undersecretary of Fisheries is coordinating
efforts with the General Directorate of Maritime Territory which has been developing water and
effluent quality standards for the country.
Prior to promulgation of the new General Law, licensing requirements for siting cage facilities
were administered by the Department of Navy and Undersecretary of Fisheries, Ministry of
Economy, though specific requirements for protecting the surrounding environment were not in
place. Regulations have recently been prepared pursuant to articles contained in Title VI of the
General Law. “Regulations for the Protection of the Environment in Aquaculture” are in the
final stage of elaboration by the Undersecretary of Fisheries, but will not be released for public
review until officially published in the government Gazette (R. Alvarez, Acting Head,
Department of Aquaculture, Undersecretary of Fisheries, pers. comm. 1995).
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Title VI contains 25 articles including those enabling regulations that address:
•

protection and control of introduction/propagation of disease, including eradication;

•

responsibilities of concession title holders for cleanliness and maintenance of ecological
equilibrium in the concession zone;

•

establishment of protection measures based on carrying capacity of the affected
waterbodies; and

•

limitation of the surface area occupied by facilities based on environmental factors
(Mendez 1991).

To aid in formulation of the new regulations, the research and development agency, Fundacion
Chile, organized a seminar on “Aquaculture and the Environment,” which brought together
national and international experts to provide experience on an array of topics related to effluent
discharge characterization and management and to introduction and transfer of species (Munita
1993).
Other new regulations that are directed at maintaining a healthy culture industry but also pertain
to management of environmental resources are (Fundacion Chile 1994):
•

Regulation on Sanitary Certification and Other Requirements for Importing
Hydrobiological Resources;

•

Regulation on the Introduction of Exotic Species; and

•

Regulation on Limiting Aquaculture Concessions and Authorizations.

These regulations are in the final stages of revision, and will apply to both new and existing farm
developments. However, transitional provisions exist enabling farms developed prior to
establishment of the regulations to select temporary options in order to obtain and comply with
new licensing requirements (basically transferring from previous Maritime Concession Licenses
to new Concession of Aquaculture Licenses; Mendez 1994).
4.2.6

Other Countries

4.2.6.1

Ireland

Unlike many areas, the regulatory authority of Ireland’s marine aquaculture is not shared among
various agencies, but rests entirely with the Department of the Marine (Doyle 1993). However,
in keeping with the common trend, environmental regulations are governed by a number of
different statutes as opposed to one consolidated Act.
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Pre-Operational Control
Similar to British Columbia’s controls, marine aquaculture projects in Ireland require separate
licences to locate and to operate (Doyle 1993). Since the foreshore is under state jurisdiction, a
licence is required under the Foreshore Act. This licence enables operators to lease designated
areas and includes specific constraints such as the number and dimension of the fish cages
allowed. Past policy has been to hold public enquiries prior to the designation of new farm sites
in order to consult with the public and to ensure that traditional rights are not impinged.
However, the approval process has been substantially hampered by consultative and appeal
procedures and public hearings have not been held for some time. Further specifics on siting
guidelines were unavailable at the time of publication for this report.
Site surveys are also conducted to produce Environmental Impact Statement (EIS) as required by
the EC Directive 8/337 and Irish Fisheries and Foreshore Regulations, an Environmental Impact
Statement (EIS) is a requirement for an aquaculture licence for those farms whose annual
production exceeds 100 tonnes (Doyle 1993; FES 1992; Gowen 1990). Impact statements must
include a detailed description of the physical, chemical, and biological characteristics of the site,
its hydrographic features and the chemicals to be used. General guidelines on the information
required are provided and are summarized in Table 4.2.8. However, prospective developers must
ensure that the detail provided is sufficient to enable the Licensing Authority as well as third
parties to assess any potential environmental effects of the proposed development. All
applications are announced in local newspapers and must include details on the location and type
of the aquaculture facility. A copy of the EIS must also be made available for public review and
comment. Any third party submissions must be considered by the Ministry when granting
aquaculture licences.
Operational Control
Fish husbandry is regulated by a separate aquaculture licence issued under two Fisheries Acts.
The Water Pollution Act delegates responsibility for issuing effluent discharge permits for
aquaculture projects to local governments. However, because they are issued at the local level,
licensing conditions vary considerably. Consequently, it remains unclear from the sources todate the extent to which discharge permits are required for marine netpen farms. Once a site has
been established, monthly water monitoring is required and a control site is sampled for each
bay.
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Table 4.2.8

Irish requirements for Environmental Impact Statements for marine
salmonid farms.

Study Requirements

Details

Operational Characteristics

•
•

Baseline Survey of Water
Characteristics

Physical

Chemical

Biological

•
•
•
•

temperature profiles
salinity profiles
Secchi depth
pH

•
•
•
•
•
•

•
•
•
•

Baseline Survey of Seabed

•
•
•

type
depth of deposits
redox potential

Hydrodynamic Investigation

Open sites with no sensitive areas ( e.g., shellfish beds)
•

anticipated effluent characteristics
chemical/therapeutants to be used

oxygen tension
Total ammonia
nitrate
Total N
Total P
Silicate

phytoplankton
chlorophyll
zooplankton
benthic fauna

the movement and eventual degradation of solid wastes; involve
current measurements of speed and direction for at least 3 depths
and over a complete tidal cycle

Additional requirements for all other farm sites
•

any effect on the chemistry of the water body; involve estimation of
the turnover time of the water body

•

time and concentration of chemicals near shellfish beds

All anticipated chemicals and therapeutants to be used by a farm must be indicated in their
Environmental Impact Statements. While the principle source of environmental contention
surrounding Irish sea-farms is the use of chemicals and therapeutants, the control of sea lice is
one of the most pressing challenges facing the industry (Doyle 1993). The traditional insecticide
(Nuvan) tends to be effective only during spring to autumn temperatures and only for adult
stages. Although the trial use of Ivermectin has been found to be very effective for controlling
sea lice on smolts, its wide scale use continues to be discouraged.
4.2.6.2

New Zealand

The legislative framework for environmental regulation in New Zealand was dramatically
changed in 1991 when a number of large statutes were consolidated into a single Resource
Management Act (RMA) (Belby 1994). The intent of this Act was to promote sustainable
management of natural and physical resources of New Zealand, by attempting to achieve a
balance between environmental protection and development.
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Pre-Operational Control
Under this Act, the principal authorities for the coastal marine area are the Minister of
Conservation and local bodies of government (i.e., Regional and District Councils) (Swale 1995).
The Minister is responsible for establishing a national coastal policy statement for the entire
country. Local authorities are responsible for promulgating specific regional policies and plans.
Local Councils are required to produce Regional District Plans which detail rules and standards
regulating the planning and land use of the coastal marine area, providing information such as
permissible activity options and water quality standards. National environmental standards have
been proposed in the Resource Management Act but have yet to be proclaimed Belby 1994). As
under the pre-RMA legislation, there is an opportunity for public review of all plans and policy
statements. All documents are publicly posted and dissatisfied parties can appeal their case at
council hearings. Unfavourable decisions can further be appealed to the Planning Tribunal.
Effluent discharge permits administered by Regional Councils are also required under the RMA.
Some responsibility for the environmental control of the aquaculture industry also rests with the
Ministry of Agriculture Fisheries and Food (MAFF) (Swale 1995). Under the Marine Farming
Act, operators must obtain authorization from the MAF Fisheries to possess and farm fish. The
responsibilities of these key agencies are summarized in Table 4.2.9.
Table 4.2.9

Primary agencies in the environmental control of New Zealand’s salmon
farming industry.

Agency

Responsibility/Interest

Minister of Conservation

•

environmental regulation of coastal marine areas on a
national level

Regional and District Councils

•

environmental regulation specific to local coastal marine
areas

MAF Fisheries

•

authorization to possess and farm fish

Operational Control
Salmon farming takes place in two regions, Southlands and Marlborough Sound, and siting
guidelines are addressed in draft coastal plans being prepared by the two respective Regional
Councils (K. O’Sullivan, Head , New Zealand Salmon Farmers’ Association, Bluff, New
Zealand, pers. comm. 1995) The Proposed Regional Coastal Plan for Southlands establishes
siting policies and rules for salmon farming, though indicates marine farming proposals on a
case-by-case basis. A moratorium on development in the region, restricting salmon farming to a
single bay (Big Glory Bay), is under consideration for removal.
Control and containment of fish disease is governed in accordance with the Animals Act, the
Fisheries Act, and the Conservation Act (Swale 1995). The provision of the Freshwater Fish
Farming Regulations under the Fisheries Act, enable MAF Fisheries officials to develop
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additional policy controls. One such policy, the “Whirling Disease Policy,” governing the
transfer of fish suspected to be infected with this disease, is currently close to promulgation.
Other such policies are also under development.
Chemical usage for the culture of organisms is currently controlled under the Animals Remedies
Act 1967, the Pesticides Act 1979, the Fertilizers Act 1960, and the Stock Foods Act 1946
(Swale 1995). These measures have been consolidated into one Act and the resultant “Hazardous
Substances and New Organisms Bill” is in its first reading before Parliament.
4.2.6.3

Japan

As in many jurisdictions, no legislation exists in Japan specifically for the environmental control
of environmental impacts from marine aquaculture. As such, the Japanese salmon netpen
operations are regulated by national environmental pollution legislation applicable to all
industries. National environmental quality standards (EQS) have been established for public
water areas in accordance with the Basic Law for Environmental Control (Nagao 1994). Total
pollutant load standards for specific areas have also been developed pursuant to the Water
Pollution Control Law. Pursuant to federal legislation, environmental management and
regulation of aquaculture is undertaken at the prefectural government level (M. Nakai,
Commercial Officer, Canadian Embassy, Tokyo, Japan, pers. comm. 1995).
Most salmon production takes place in Miyagi Prefecture, located in north eastern Japan. Recent
economic losses in Miyagi Prefecture as a result of poor environmental quality precipitated a
joint effort between government and industry to improve conditions and ensure development of
the business is sustainable (R. Matsuura, Miyagi Prefetural Government, Japan pers. comm.
1995). This partnership resulted in the development of prefectural guidelines (Coho Culture
Guidelines) which provide standards and operating controls specific to the industry.
Pre-Operational Control
The Coho Culture Guidelines recommend that farms be situated in areas with good water current
and where underlying sediments are both smooth (i.e., without depressions) and inclined.
However, farm developments should avoid areas where the sediments are fine (i.e., muddy). It is
preferable that the water depth beneath the pens by greater than 15 m, but this depth should
always exceed 5 m. Guidelines also recommend a distance of ≥100 m between culture sites.
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Operational Control
Fish farm operations must be conducted such that they comply with national environmental water
quality standards (see Section 5.2.6.3). National guidelines also impose restrictions on total farm
production (R. Matsuura, Miyagi Prefectural Government, Japan 1995). Maximum production
limits are determined based on farm size and the number of pens at the site, according to the
following formula:
Total Production

<

5.7 x (Farm Size)
(# of Farm Nets)

The derivation of the formula was not explained in material supplied.
Biomass values must be reported by fish farm operators each December. Governments may also
confirm fish biomass directly through farm inspections. Restrictions may also be applied on the
number of cages and the stocking density allowed on a site according to regional environmental
conditions.
Nationally, the Fisheries Agency is currently organizing a research committee to develop further
guidelines for marine aquaculture practices (Nagao 1994). Specific areas of consideration
include guidelines for the appropriate scale and design of facilities, appropriate feeding practices,
and the appropriate indices of environmental quality. Since the late 1980s, the Fisheries Agency
has been developing models to quantify the loading capacity of water bodies for cultured species.
New research programs are now being planned to investigate the use of integrated systems which
simultaneously culture organisms at different trophic levels and recycle organic wastes.
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5.0

ENVIRONMENTAL MONITORING

5.1

BRITISH COLUMBIA

The Ministry of Environment initiated a mandatory monitoring program in 1988 through the
Aquaculture Waste Control Regulations in an effort to obtain information on the effects of
salmon farming on the environment. Information obtained was to be used to guide “future
decisions regarding government regulations and environmental management policies, as well as
providing a useful tool to enhance farm husbandry practices” (Ministry of Environment 1988).
The program identified three levels of production based on the amount of dry weight of feed used
per year:
•

<120 tonnes;

•

120 to 630 tonnes; and

•

>630 tonnes.

The intensity of the monitoring program increased with feed usage based on the assumption that
water quality and benthic impacts would be directly related to the amount of feed used.
Parameters measured for each level of effort are summarized in Table 5.1.1.
Administration of the monitoring program is the responsibility of the regional Environmental
Protection offices (Nanaimo and Surrey) of the Ministry of Environment, Lands and Parks.
Since environmental impacts are largely dependent upon local conditions, Regional Waste
Managers may require additional monitoring requirements. It was anticipated that this program
would serve as a basis for the design of site-specific programs based on local conditions. The
initial tenure of the monitoring program was to last three years, then was to be reassessed and
modified based on data collected.
A comprehensive review and evaluation of the mandatory environmental monitoring program
was conducted in 1994 (Cross and Kingzett 1994). This program was felt not to have met
expectations partly as a result of lower numbers of monitoring submission and partly because
data was not analyzed or acted upon following submission. In addition, the targeted program
review scheduled for 1991 was not met and no amendments have been made. Recent discussions
with the Ministry and the two regional offices confirm that the situation has not improved during
this past year. Recommendations for improving British Columbia’s monitoring program are
presented in Section 6.0.
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Table 5.1.1

British Columbia’s mandatory environmental monitoring program.
A
(<120 tonnes)

B
(120 - 630 tonnes)

C
(>630 tonnes)

quarterly
quarterly

quarterly
quarterly

quarterly
quarterly

quarterly
quarterly

quarterly
quarterly

quarterly
quarterly

quarterly
quarterly
quarterly

quarterly
quarterly
quarterly

quarterly
quarterly
quarterly

Temperature Profiles

NR

monthly for 1 year, then monthly
from April-Sept. each year

monthly

Salinity Profiles

NR

monthly for 1 year only

monthly

DO Profiles

NR

monthly from April-Sept. each
year

monthly

Current Speed/Direction

NR

once/hour for 1 month only

once/hour for 1
month only

Ammonia/Nitrite/Nitrate
Profiles

NR

NR

monthly

NR

annual

annual

Parameters
Operational Practices
Materials Accounting
Feed Type & Quantity
1
Other Materials
Fish Production
Biomass
Mortality Weight
Waste Handling
Dead Fish Disposal
Sewage Disposal
Bleeding
Water Column Measurements

Bottom Sediments and Benthic
Community Monitoring
Qualitative Diver Survey
NR = Not Required
1

Other materials (other than those which are a normal constituent of the feed type) that are directly or indirectly released to the
water; examples include, therapeutants, hormones, pesticides, anaesthetics, antifoulants, disinfectants, pigments and
cleansers.

5.2

OTHER JURISDICTIONS

5.2.1

New Brunswick

A mandatory monitoring program for fish farms in New Brunswick has been instigated this past
summer (G. Shanks, Aquaculture Coordinator/Environmental Officer, New Brunswick
Department of Environment, Fredericton, New Brunswick, pers. comm. 1995). Historically,
regulatory monitoring has not been required. However, environmental monitoring has been
ongoing, undertaken by individual farms to ensure adequate conditions for fish farming. The
mandatory program follows several research studies conducted by the Department of
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Environment in the Bay of Fundy from 1991 to 1993, initiated at the request of the Deputy
Minister and the Department of Fisheries and Aquaculture (DFA). These studies were used to
prepare an environmental management plan, specifying the requirements for the mandatory fish
farm monitoring (Washburn and Gillis 1995). Industry/government consultations also guided the
document preparation.
The intensity and cost of the monitoring program is scaled according to the level of impact of the
farm (Washburn and Gillis 1995), and anticipated to follow the format: low, moderate, and high
impact. The overall assessment will be determined by comparing specific monitoring results
with the above impact classifications, primarily based on observed seafloor conditions. The
assessment classifications and descriptions are given in Table 5.2.1.
Table 5.2.1

Impact assessment of marine finfish farms in New Brunswick.
Degree of impact

High - C Assessment

Moderate - B Assessment

Low - A Assessment

Observed Conditions
•

Redox <-315;

•

Silt/clay >90%;

•

Bacterial coverage grey or absent under
depositions conditions;

•

No epibenthic macrofauna;

•

No benthic infauna;

•

Gas bubbles freely released;

•

Depth <10 m; and

•

Current <5 cm/sec.

•

-250> Redox >-315;

•

25%< Silt/clay <90%;

•

Bacterial coverage 25 to 100%;

•

No gas bubble release from sediment;

•

Less diversity but higher biomass than control;

•

Occurrence of low oxygen tolerant species; and

•

Absence of strong current/hard bottom species.

•

Redox >-250;

•

Silt/clay <33%;

•

Bacterial coverage <25%;

•

Wide diversity of epibenthic macrofauna;

•

Occurrence of strong current/hard bottom fauna;
and

•

Conditions under cages similar to control.
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Given the dynamic nature of the Bay of Fundy and the influx of material from multiple users,
New Brunswick authorities have found it extremely difficult to assign cause and effect
relationships based on water quality data (G. Shanks, Aquaculture Coordinator/Environmental
Officer, New Brunswick Department of Environment, Fredericton New Brunswick, pers. comm.
1995). However, the Bay of Fundy studies found that effects on the sea floor were localized
directly under cage site and therefore allowed reliable causal linkages (Thonney and Garnier
1993). Measured variables best correlated with excessive organic accumulation were: undercage
clearance, bottom current speed, sediment redox potential, total sediment organics, and percent
silt/clay ratio (Thonney and Garnier 1993). The percent silt/clay ratio represented the tendency
of sediments to collect fine material. For example, erosional sediments had a low silt/clay
percentage and tended to remain free of fine particles. Conversely, sediments with a high
percentage of silt/clay had a greater potential to collect fine particle and thereby were
characterized as depositional.
As a result of the Bay of Fundy studies, monitoring program parameters primarily focus on
evaluation of sediment conditions and local hydrographic conditions. Although there is a
standard base program required for each level of impact (i.e., low, moderate, and high),
additional site-specific requirements may be required. The standard base program consists of a
qualitative and a quantitative assessment which requires the following specific measurements:
1.

Qualitative Assessment
•

video transect under cage;

•

sediment colour;

•

sediment consistency;

•

sediment odour;

•

outgassing (hydrogen sulfide and methane);

•

bacterial mat coverage;

•

macrofaunal abundance;

•

feed and feces distribution;

•

current speed, direction, tidal slack period; and

•

general site aesthetics, including water quality.
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2.

Quantitative Assessment
•

sediment particle size; and

•

sedimentary total organic carbon.

It is anticipated that monitoring requirements will be amended to reflect technological advances
(e.g., sediment profile imagery, isotope analysis, image analysis of video and still photos,
quantification of indicator benthic species). The intensity and frequency of the monitoring is
scaled according to the assessment classification (Table 5.2.2).
Table 5.2.2

Specific monitoring requirements for New Brunswick finfish farms based
on the assessment classification.

Assessment Category

Requirements

Frequency

A

1 video transect
2 sediment samples

Annual

Qualitative assessment at each
group of cages.
B

1 video transect

Annual

4 sediment samples
Qualitative assessment at each
group of cages.
C

1 video transect

Bi-annual (spring & fall)

Qualitative assessments at each
group of cages.
4 sediment samples

Annual

Monitoring of all farms will be administered by one contractor, selected jointly by the DFA and
the Salmon Growers Association (SGA). This will ensure consistency throughout the program,
especially regarding the qualitative assessments. Selection of the contractor will be repeated
each year. Monitoring fees will be calculated by an industry-consistent formula depending on the
level of monitoring required at a specific site. All fees will be paid directly by industry to the
contractor. Impact ratings for each farm will be determined by the contracting consultants based
on quantitative measurements and qualitative assessment, and using professional judgement as
well as guidance given by the DFA. Depending on each year’s results, monitoring requirements
and associated costs may be amended for a farm for the following year (i.e., increased if the
impact rating has declined, and decreased if the impact rating has improved). A poor rating will
need an appropriate mitigation plan.
An annual report will be submitted to the DFA by the contractor. This report will include the
overall assessment classification and, if required, recommendations for remediation. However,
no site-specific production or environmental data will be included in the report. Thus, the DFA
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is only notified of a farm’s impact rating and is not involved in any data compilation or analysis.
However, the DFA will perform sporadic inspections and perform its own testing to confirm the
consultant’s reports. In addition, the DFA will be conducting baseline surveys prior to the
establishment of new farms.
Although not to be included in the annual report to the DFA, farms are encouraged to submit
production information so that the contractor can better assess environmental conditions and
make recommendations to improve management when impact ratings are high. Production
information recommended for submission include:
•

site diagram;

•

cage numbers, types, size raft configurations, mooring, and net types;

•

overall site operational age and age of operation at cage raft locations on the site;

•

long-term fallowing schedules;

•

feed types, approximate rates, and techniques;

•

locations and numbers of brood, market and smolt fish on the site and per cage;

•

local surface and bottom current speed, and directions over tidal cycles;

•

harvesting schedules;

•

fish health information, losses to disease or superchill, parasite or disease occurrence,
general stock well-being, net conditions, and change; and

•

water quality data collected from the site, including temperature, dissolved oxygen and
salinity.

It is anticipated that the monitoring program and overall management plan will be reviewed on
an annual basis (H. MacDill, New Brunswick Department of Fisheries and Aquaculture,
Fredericton, New Brunswick, pers. comm. 1995).
5.2.2

United States

5.2.2.1

Washington State

Monitoring requirements for fish farms vary considerably between states depending on specific
state legislature and on the agencies involved in the regulatory process (Section 4.2.2). In
general, industries requiring NPDES discharge permits must conduct regular monitoring as a
condition of their permit. Farms in Puget Sound which produce >20,000 lb. of fish per year must
have NPDES discharge permits and as such are required to monitor the parameters listed in Table
5.2.3 (EPA 1991; Washington Department of Ecology 1994).
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Table 5.2.3

NPDES Monitoring Requirements in Puget Sound.
Parameter

Type

Frequency

Dissolved oxygen

Grab

3/wk

Turbidity

Grab

1/wk in Feb., May, Aug., and Nov.
during net cleaning

Inorganic nitrogen

Grab

1/wk in June, Aug., and Sept.

Settable solids debris: total solids
and total volatile solids

Sediment Trap

monthly

Parameters measured must meet Washington State Water Quality Standards (Table 5.2.4).
However, Washington State regulations allow for a dilution/mixing zone where water quality
measurements may be acceptable even if they do not meet state standards. In the case of marine
netpen operations, the consumption of DO at the cage perimeter may exceed water quality
standards during particular periods (i.e., summer). However, re-aeration will occur as a result of
mixing within the water column. Net cleaning may also produce intermittent periods of
increased turbidity; however, dilution and mixing will also quickly mitigate these effects.
Consequently, state authorities may define a mixing zone around the perimeter of the fish farm
where water quality does not need to comply with state standards.
Table 5.2.4

Washington State water quality standards.

Parameter

Standard

Fecal coliform

≤14 CFU/100 mL (geometric mean; not more than 10%
of the samples ≥43 CFU/100 mL)

Dissolved oxygen

>6.0 mg/L

Temperature

≤16°C due to human activities; when natural
temperature >16°C, any temperature increases ≤0.3°C

pH

7.0 to 8.5; human-caused variation < 0.5

Water quality testing is essential to ensure compliance with federal criteria and state water
quality standards. However, a diver survey of the benthic environment in the vicinity of netpens
is considered to be the foundation for environmental monitoring of netpen operations in
Washington State. Observations include: the accumulation of fish feed and feces; the
presence/absence of Beggiatoa sp. mats; and approximate densities of macroinvertebrates.
Surveys are conducted along two transects extending between opposite points on the boundary of
the dilution/mixing zone. Due to safety concerns, drone underwater recorders are used instead of
dive surveys in waters deeper than 100 ft. If limits are being exceeded or if the benthic
community has been significantly impacted, permit conditions will require farms to increase their
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monitoring efforts. The expanded monitoring program may involve increasing sampling
frequency and/or include more parameters.
5.2.2.2

Maine

Monitoring requirements in Maine were revised by legislation passed in 1991, Public Law
381(Maine Department of Marine Resources 1994). Before 1988, few monitoring requirements
were placed on fish growers, but over the period of 1988 to 1989, as the industry grew rapidly,
farmers were required to supply monitoring results to at least three separate agencies (U.S.
Environmental Protection Agency, Army Corps of Engineers, and Maine Department of
Environmental Protection). The new legislation combined application and monitoring program
requirements under a new unified program, the State of Maine Aquaculture
Application/Monitoring Program.. The new program went into effect in 1992 and was revised in
1994 following a review of data and methods. Initially, the program comprised of eight main
elements:
•

monthly confidential production reporting by lease holders;

•

semi-monthly dissolved oxygen monitoring in July, August, and September;

•

annual dissolved oxygen water column profilings in August;

•

spring and fall video recordings of the bottom beneath and adjacent to the cages;

•

biennial fall sediment reduction-oxidation (redox) discontinuity (RPD) layer depth
determinations;

•

biennial fall total organic carbon content analyses of the bottom surface layer;

•

biennial fall sediment grain size analyses, or granulometry; and

•

biennial fall benthic macrofauna community analyses.

This was revised in 1994 by:
•

replacing the spring diver/video survey with agency discretionary inspection dives;

•

replacing the summer water quality sampling with a coordinated Department of Marine
Resources survey;

•

coordinating the annual fall dive/video survey with other sampling activities that
coincide with maximum temperatures; and

•

modifying elements of the biennial fall benthic survey.
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Video recording and benthic monitoring is undertaken by a single team for all farms, funded by
the Salmon Aquaculture Monitoring Research Fund, which receives revenue from a one cent per
pound assessment on whole fish harvested (payable to the Department of Marine Resources).
Video recordings are made along transects at each end of cage systems. Benthic parameters
include: redox discontinuity layer depth, total organic carbon content (of the bottom surface
layer), sediment granulometry, and benthic macrofauna community analysis.
5.2.3

Norway

Although no standardized monitoring program presently exists in Norway (B. Aalvik, Directorate
of Fisheries, Norway, pers. comm. 1995), a full-scale test program is scheduled to commence
next year. According to Norwegian legislation, responsibility rests entirely on individual farm
operators to ensure that developments do not cause unacceptable impacts on the environment.
To meet this obligation, farms have historically developed their own monitoring programs. Fish
farmers are also required to maintain detailed records on all farm activities and to submit an
annual report summary to environmental authorities (described as the Internal Control System).
The annual report must include the monitoring data as well as information on fish stock,
mortalities, escapes, handling of waste and use of chemicals.
Environmental authorities also conduct random audits (described as Random Control). The
frequency of these audits varies with each County but typically, occurs at least once per month.
In addition to this Random Control program, there are also Special Control efforts whereby
specific parameters or specific farms may be investigated more thoroughly. If there are concerns
that a farm might be causing an impact, a specified monitoring program may be developed based
on the predicted level of impact and site conditions. Sediment characteristics, oxygen levels and
bottom fauna have been the most common parameters measured.
Monitoring efforts focus on measuring effects rather than predicting and measuring farm
effluents (Ervik et al. 1994). Since the present environmental objective is to safeguard the long
term utilization of a site and ensure that benthic infauna in the underlying sediments are
maintained, monitoring programs have tended to target sediment sampling versus water quality
measurements.
The full-scale monitoring program to be implemented next year is one component of an overall
management system aimed at adjusting the local environmental impact from fish farms to the
holding capacity of the site (Ervik et al. 1994; Ervik and Hansen 1994). This system denoted
MOM (Model-On Growout fish farms Monitoring) consists of two integrated parts
(Figure 5.2.1):
1.

a model to simulate the environmental impacts on a sites given the size, operational
parameters, hydrodynamical conditions, and local topography.

2.

a monitoring program to assess the environmental conditions in the farm vicinity.
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Figure 5.2.1

Anticipated Norwegian Management System, MOM.

EQS

MONITORING
PROGRAM

MODEL

SIMULATION

MEASUREMENTS

Degree of Exploitation

Level of Surveillance

DEGREE 1

LEVEL 1

DEGREE 2

LEVEL 2

DEGREE 3

LEVEL 3

The model simulates the benthic impact based on site-specific characteristics and classifies
projections into three categories which reflect the relative exploitation of the site based on
predefined environmental quality standards (EQS). If the impact is near holding capacity, the
degree of exploitation is high (degree 3). If the impact is small compared to the holding capacity,
the degree of exploitation is low (degree 1). The model simulates the amount, dispersion, and
effects of projected effluents according to four modules (Figure 5.2.2). The degree of
exploitation is originally determined by modelling but can be altered depending on the
monitoring results.
The three degrees of exploitation classified by the model simulations correspond to three levels
of surveillance which determine the monitoring frequency required to avoid exceeding predefined environmental quality standards. The monitoring program consists of three types of
investigations (A, B, and C). Monitoring specifications of each type are summarized in
Table 5.2.5.
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Table 5.2.5

Classification
A

Monitoring investigations according to the Norwegian MOM management
system.
Type
Qualitative (local impact).
Internal control purposes.

B

Quantitative (local impact).

Field Measurements

Specifics

Sediment traps
(continuous).

Particulate output (excess food
and fecal pellets).

Sediment samples
(monthly).

Smell, consistency, colour,
presence of fauna.

Sediment samples.

Chemistry (pH, redox potential,
and sulphide content) in a depth
profile.

Baseline survey prior to farm
establishment and ongoing
monitoring.

Presence of macrofauna.
Antibacterial levels if applicable.

C

Long-term deterioration (local
and adjacent areas).

Faunal study.

Intervals of several years.

Fauna structure along a transect
from the local impact zone into
the intermediary impact zone (i.e.,
maximum 200 m from the farm
depending on topographical and
hydrological conditions).

All three types of investigations are conducted at every level of surveillance but differ in their
frequency requirements (Table 5.2.6). The prime concern is to maintain the indigenous benthic
fauna in the sediments. However, since fauna investigations are time consuming and expensive,
chemical parameters such as pH, redox potential and sulphide concentrations have been selected
for frequent monitoring.
Although the monitoring program is based on benthic impact, measurements of oxygen in the
cages is recommended (Ervik et al. 1994). If results of the monitoring differs considerably from
the environmental quality standards, the fish farm will be reclassified in terms of its degree of
exploitation and subsequently, the surveillance level and frequency of monitoring will change.
Environmental quality standards and the parameters to be measured are still under consideration
(Ervik et al. 1994). However, the concept of MOM is independent of any potential alteration to
specific field parameters or relationships incorporated into the monitoring program or model.
Water quality may be incorporated as a second step. The application of MOM is only possible if
the relationship between the environmental impacts and farm effluents can be identified. It is
anticipated that the use of MOM will identify information gaps on impact relations and lead to
more focused research in the field. Although MOM operates at the site level, it can be integrated
into larger geographical planning levels which concerns the whole coastal zone and considers
various activities. A coastal zone management system, LENKA, has been developed for Norway
which integrates socio-economic and environmental aspects of mariculture. However, this
system has never been fully adopted (B. Aalvik, Directorate of Fisheries, Norway, pers. comm.
1995). Whereas benthic impact is considered to be the most important impact at the local level,
oxygen depletion is considered to be the dominant regional impact (Aure and Stigebrandt 1990).
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A working committee is being initiated to address regulation at the regional level (W. Nilson
Directorate of Fisheries, Norway, pers. comm. 1995).
Figure 5.2.2

Flow diagram of the MOM model showing the inputs and factors affecting
each module.
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Table 5.2.6

1
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SEDIMENT
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TEMPERATURE

Monitoring frequency requirements under the MOM management system.

Classification

A

B

Surveillance Level 1

Monthly

0.5/PC

Surveillance Level 2

Monthly

1/PC

5 years

Surveillance Level 3

Monthly

2/PC

2 years

PC: Production Cycle
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C
1

8 years

5.2.4

Scotland

The River Purification Authorities (RPAs) are responsible to ensure that fish farms are in
compliance with their Consents to Discharge. However, due to the remoteness of most sites and
differences in resources between Authorities, large variations in the monitoring requirements
exist in the different regions (CEC 1989). In fact, no monitoring is required for farms in the
Orkney Islands Council jurisdiction due to a shortage of governmental staff and lack of
standardized criteria for evaluation. Self-monitoring is also not required by the Western Isles
Council. However, this Authority inspects farms twice each year to evaluate the aesthetic quality
of the surrounding shoreline and/or inspect sea lice treatments. The Western Isles Council plans
to introduce more detailed monitoring in the near future.
Some form of self-monitoring is required as a condition of the discharge consent by the
Highland, Clyde and Shetland River Authorities. The general requirements of each these selfmonitoring programs are summarized in Table 5.2.7.
Table 5.2.7

Parameter

Self-monitoring requirements of fish farms in the Shetland, Highland and
Clyde regions of Scotland.
Shetland

Highland

Clyde
Farm Size
250-500 t
1
production/y

>500 t/y

one hydrographic
survey

Water Column
Measurements
NR

NR

one hydrographic
survey

Water Quality

NR

Winter water sampling at
designated “Low Energy”
sites

NR

Water sampling
twice a year

Visual inspection and
redox measurements of
sediment cores or
alternatively, a
photographic survey
based on Shetland
Protocol

Annual sediment
and benthos
survey

Annual sediment
and benthos
survey

Bottom
Sediments and
Benthic
Community
Monitoring

1
2

2

Current Profiles

Annual
photographic
survey and redox
measurements

Self-monitoring is not required of farms with <250 t production/year.
NR = Not Required.

Little or no water sampling is generally required as all three authorities emphasize monitoring of
the sediments. The Shetland Seabed Monitoring Program was developed through a joint effort of
the local River Authority and the Shetland Salmon Farmers’ Association. Examination of the
sediments and marine life is conducted by scuba divers along a weighted transect line of 50 m.
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At marked intervals of 5 m standard colour photographs of the sediment along with written notes
of its characteristics and associated marine life are collected at each site. Specific details noted
include the colour and texture of the sediment, the species of animals and plants, and the types of
burrows and casts. The Council strives to audit 10% of the farm sites each year. Shetland’s
Seabed Monitoring System is generally supported by industry since it is viewed as meaningful
and cost-effective. Farms operating in the Highland area have the option of performing a visual
inspection of the sediments from collected core samples or from a photographic survey based on
the Shetland protocol.
Only the Clyde River Authorities regulate the degree of monitoring required based on farm size.
However, unlike British Columbia, size is measured in terms of total production output instead
of total feed usage. Protocols for annual sediment and benthos surveys are determined by the
Clyde River Protection Board. This Board conducts site audits to ensure compliance and has a
rolling programme whereby all farm sites are surveyed over a five to ten year period.
5.2.5

Chile

As described in Section 4.2.5, new regulations for environmental protection related to
aquaculture in Chile are in the final stages of preparation. The contents have not yet been made
public, but there is no indication that a mandatory monitoring program will be established
(R. Infante, Head, Asociacion de Productores de Salmon y Trucha de Chile, pers. comm. 1995).
5.2.6

Other Countries

5.2.6.1

Ireland

Environmental monitoring is mandatory for all salmonid farming cage operations in Ireland in
accordance with the requirements of the Environmental Impact Statement (Doyle 1993; Hensey
1991). This mandatory monitoring requirement was precipitated by the introduction of the first
deep-water cage in 1984. Programmes encompass monitoring the water quality, sedimentation
rates as well as impacts on benthic communities (Table 5.2.8). Monthly water testing
requirements likely make the Irish monitoring program the most stringent in European waters.
However, given the financial burden it places on farm operators, consideration is being given to
reducing this frequency provided that there is no loss in pertinent scientific information. This
proposed change for water testing requirements has been validated by many recent studies which
have found that the main impact of salmon netcage farming occurs in the sediments.
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Table 5.2.8

Ireland’s mandatory monitoring program.
Parameter

Water Column Measurements

Frequency

1

Temperature
Dissolved Oxygen
pH
Salinity
Secchi Depth

Monthly

Total Ammonia N
Nitrate
Nitrite
Phosphate
Reactive Silicate
Total Phosphorus
Total Nitrogen
Chlorophyll

Monthly

Bottom Sediments and Benthic Community Monitoring
Depth of Sediment Deposit
Redox Potential
Benthic Faunal Assessment

Annual

1

Water samples should be taken at slack tide at 0.5 m sub-surface, 10 m sub-surface and 1 m from the bottom
(indicating real depth).

5.2.6.2

New Zealand

Under the Resource Management Act, the Regional and District Councils are responsible for
environmental monitoring programs.
Necessary monitoring requirements are currently
determined by each Council. The following program was designed for one of two main salmon
growing areas in New Zealand, Big Glory Bay in Southland Regional District by the National
Institute of Water and Atmosphere Research (Pridmore 1992). Given the tendency for algal
blooms in Big Glory Bay, and concern that environmental quality in the bay might be
progressively degraded by marine farming in the bay, the program is concerned solely with
eutrophication. Farm development in the bay is limited by predictions of nutrient carrying
capacity. The following parameters are to be measured monthly:
•

dissolved nutrients (i.e., NO3-N1, NH4-N, urea, DRP);

•

particulate nitrogen and phosphorus;

•

chlorophyll a;

•

dissolved oxygen; and

•

black disk.
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Samples were recommended to be collected weekly during extended calm periods or
phytoplankton blooms. Sediment samples were to be collected every three months at least for the
first year and measured for:
•

percent mud, sand, and gravel;

•

overall grain size;

•

sorting coefficient;

•

volatile solids;

•

total nitrogen; and

•

total phosphorus.

Wind direction and wind speed are also to be collected routinely.
The farming industry is expected to collect the samples from an array of locations in the bay,
measure dissolved oxygen and black disk view range, ship processed samples for chemical
analysis, and secure climate data.
5.2.6.3

Japan

Limited information was available on the monitoring requirements for Japanese marine fish
farms. As for any industry, farm operators must ensure that farms are in compliance with
national water quality standards (R. Matsuura, Miyagi Prefectural Government, Japan pers.
comm. 1995). Three classes of standards exist for maintaining the quality of fish-bearing waters
depending upon the fish species. Environmental standards applicable for salmon are listed in
Table 5.2.9.
Table 5.2.9

National environmental standards for water quality for salmon.
Parameter

Standard

pH

7.8 to 8.3

COD

<8.3 mg/L

DO

>5 mg/L

n-hexane

not detectable

Farm operators should also visually inspect bottom sediment conditions three times each year
(May, August, and October) according to national guidelines. Regulation of Japan’s marine
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aquaculture industry is presently under review.
requirements will be revised in the near future.
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Therefore, it is likely that monitoring

6.0

RECOMMENDATIONS FOR IMPROVING THE MONITORING
PROGRAM IN BRITISH COLUMBIA

6.1

SUMMARY OF RECOMMENDATIONS IN PREVIOUS STUDIES

Recommendations presented in this section draw upon the review of physical, chemical, and
benthic impacts described in Section 3.1, 3.2, and 3.3 and the review of monitoring programs that
exist in other jurisdictions (Section 5.0). In addition, a number of papers were identified that put
forward recommendations for revisions to existing or future monitoring programs. These are
summarized below.
6.1.1

General Design

To assess the long-term ecological impact of fish farming, Gowen (1990) recommends that
monitoring programs:
•

include an initial site evaluation to identify the most likely impacts and define
acceptable limits;

•

incorporate a baseline survey to obtain background data and identify sample sites;

•

are ongoing to ensure that the spatial and temporal scale of impact is within predetermined acceptable limits; and

•

ensure that the level of effort reflects the size of the farm as well as the estimated scale
of potential impact.

Unlike many jurisdictions, British Columbia’s requirements for monitoring are scaled according to
farm size based on the amount of feed used as the sole criterion. However, requirements do not
consider the extent of impact as influenced by other factors such as local hydrological conditions.
In addition, potential impacts of fish farms should not be treated in isolation (as is generally the
case in British Columbia), but should consider total fish production in an area (Gowen 1990) as
well as possible combined effects with other industries and users.
In 1994, Cross and Kingzett conducted a review of British Columbia’s mandatory monitoring
program. Recommendations included the development of:
•

operating standards (e.g., netcage structural considerations, feed storage facilities,
storage and usage of therapeutants, etc.) to ensure that operations are within acceptable
limits;

•

a compliance system to ensure that limits are not exceeded;
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•

pre-operational siting parameters to include, as a minimum, one monthly tidal cycle as
well as measurements of current velocity and directions over an entire lunar cycle;

•

an enforced monitoring program during farm operation with information compiled into
a data base management system; and

•

an annual industry environmental report for both industry and government.

6.1.2

Parameter Assessments

6.1.2.1

Sediment Quality

Water quality data can be difficult to interpret due to high internal variability and confounding
influences from different sources. Therefore, much of the focus for monitoring the effects of fish
farming has shifted towards assessing the seafloor directly beneath net-cages using the health of
benthic populations as the principal indicator. Advantages of benthic degradation include its
relevance to both fish health and the environment; it is quantifiable; information exists relating
effluents and effects; and it integrates impacts over time (Ervik and Hansen 1994). The following
chemical and biological tools have been recommended to detect impacts on the macrobenthic
community and monitor their recovery rates.
Physical Parameter Assessment
Results of recent studies in the Bay of Fundy in New Brunswick found sediment particle size to
be an effective indicator of organic pollution (Thonney and Garnier 1993). Sediments with high
percentages of silt/clay had a greater likelihood of collecting fine sediments and were
characterized as depositional. Conversely, sediments with a low percentage remained relatively
free of fine particles and were characterized as erosional. Sites prone to excessive organic
accumulation were found to have a silt/clay content of >68%.
Thonney and Garnier (1993) also found bottom currents at the seafloor and the clearance under
cages to be important for determining seafloor health. Video survey and photographs of the
sediment surface have also proven useful as they provide a visual record of the site (Gowen 1990;
Thonney and Garnier 1993). However, Gowen (1990) contends that photographic surveys alone
are inadequate for monitoring the ecological change to benthic communities as a result of fish
farming.
Chemical Parameter Assessment
One consequence of benthic enrichment is the subsequent increase in sedimentary organic carbon
and nitrogen. Therefore, analysis of sediment chemistry for these two parameters has been
suggested as a useful monitor of benthic enrichment. Retzer (1994) observed that changes in
sediment chemistry closely paralleled changes in the benthic polychaete assemblage subsequent to
farm closure. At the two sites studied, concentrations of total organic carbon, total organic
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nitrogen, and ammonia were significantly correlated with population densities and species richness.
Thonney and Garnier (1993) also found total sedimentary organic matter to be a good indicator of
seafloor conditions. However, in his study of Irish monitoring data, Gowen (1990) found
considerable variation between the levels of organic carbon as well as nitrogen for both enriched
and undisturbed sediments. Gowen suggests that this observed variance was partly a result of the
variation within the distribution of benthic fauna as well as within the deposition of organic
material. Brown et al. (1987) also found that sediment chemistry did not always correspond to
changes in the macrobenthic community. However, Gowen recommends that these indicators not
be used for routine monitoring purposes, but only as supplemental indicators for farms situated in
sensitive areas.
However, Cross, and Kingzett (1994) recommend that monitoring parameters should focus on
estimating sedimentation rates. Specifically, these include the total volume of deposition and the
total sedimentary organic carbon. Due to the potential for accumulation of farm wastes in nearby
sedimentary sinks, Frid and Mercer (1989) recommended that the sedimentary C:N ratios be
monitored in nearby fine particle areas. However, Thonney and Garnier (1993) found depositional
results to be inconclusive due to logistical sampling difficulties resulting from cage movements.
Reduction-oxidation potentials have also been proposed as a parameter for monitoring the effects of
fish farms on the macrobenthic community (Frid and Mercer 1989; Weston and Gowen 1988;
O’Connor et al. 1990; Gowen 1990; Thonney and Garnier 1993). The most notable advantage of
their use is the ease of measurement and relative low cost. Redox potentials can be obtained in the
field immediately after sampling with no analytical costs once the pH meter and Eh electrodes are
acquired. It is recommended that measurements be taken at a depth of 4.0 cm in order to avoid
surface sediment which may be disturbed and hence more variable (Gowen 1990).
However, the usefulness of redox potentials may largely depend upon the type of sediment. For
instance, they have been successful indicators of benthic health in sandy sediments but may be of
little use in highly variable muddy sediments (Weston and Gowen 1988). Gowen (1990)
recommends that redox potentials be combined with other macrofaunal measurements for the
analysis of benthic communities and not be used as a sole parameter.
Biological Parameter Assessment
Biological data have been suggested to be a better indicator of benthic disturbance than sediment
chemistry data (Weston and Gowen 1988; Gowen 1990). In some instances, macrofaunal data has
yielded evidence of alteration when sediment chemistry data has not (Weston and Gowen 1988). It
is feasible that the biota were responding to chemical and physical parameters unmeasurable by
conventional methods. Weston and Gowen (1988) also suggest that biota are better integrators of
temporal variation. In fact, Gowen (1990) maintains that benthic macrofaunal structures are the
most sensitive indicator of benthic enrichment.
Rezter (1994) suggests that the mean body weight of macrobenthos could determine the recovery
status of fallow sites. For example, several core sediment samples of approximately 10 cm deep
could be strained on either 1 mm or possible 2 mm screen. The residue would then be sorted for
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polychaetes only and subsequently counted and weighed. This crude yet simple measure could be a
useful and practical method to determine the stage of community recovery following disturbance or
pollution abatement. However, Thonney and Garnier (1993) found that there was significant
variation in the benthic numbers of Capitellids both between years, and between replicate samples
at the same location. These polychaete worms have historically been used as indicators of
environmentally stressed conditions.
Integration of Biological and Chemical Components
The parameters selected to monitor benthic macrofauna depends upon the level of change
determined to be acceptable. According to O’Connor et al. (1991) benthic monitoring should
include both biological and chemical parameters including:
•

depth of redox layer;

•

organic carbon content;

•

antibiotic residues;

•

numbers and species of macro fauna invertebrates; and

•

photographic documentation of the sea floor showing aspects such as the extent of
bacterial mats, prominent surficial macrofauna, etc.

The determination of these parameters has been quite successful at several sites off the west coast
of Ireland using diver surveys and techniques such as sediment profile imagery, still photography
and chemical analyses of collected core samples. Gowen (1990) recommends that the monitoring
of benthic communities concentrate only on the benthic macrofauna structure and the sedimentary
redox potential.
Both O’Connor et al. (1991) and Gowen (1990) recommend that surveys be conducted along
transects in the direction of the predominant current and include samples at the outer cage edges.
The same parameters must also be measured concurrently at a control site away from the area of
impact (O’Connor et al. 1991; Gowen 1990).
6.1.2.2

Water Quality

Although the need for extensive measurement of the water column is now being questioned,
monitoring programs should not completely disregard water quality parameters (Frid and Mercer
1989; O’Connor et al. 1991; Gowen 1990). O’Connor et al. (1991) recommend regular checks for
temperature and nitrite levels with less frequent measurements for other selected parameters. Frid
and Mercer (1989) recommend water chemistry monitoring in areas with already high nutrient
loadings (e.g., estuaries) and/or with slow flushing rates.
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Since local effects are likely to occur but unlikely to be serious, Gowen (1990) suggests that
hypernutrification be monitored only when it relates to a whole water body; that is, when the
ecological impact is significant. The most important parameters are ammonia and nitrate, although
phosphorous may be important in some cases. Silicate is unlikely to be influenced by fish farming
and hence, it need not be necessary to monitor. Gowen also questions the need for sampling during
the summer months as high natural variation in levels would likely mask small changes due to a
fish farm. The most likely period to detect hypernutrification is during the winter when there is
little uptake of nutrients by phytoplankton and minimal excretion of nutrients by zooplankton to
complicate analyses. According to Gowen, samples should be collected monthly (during the
winter) at four depths according to the physical structure and depth of the water column. Samples
should generally be collected from the upper 12 m of water but exclude any brackish layers (i.e.,
mix of both saltwater and freshwater).
However, Cross and Kingzett (1994) recommend that most of the current water testing required in
British Columbia’s monitoring program be abolished.
6.1.2.3

Phytoplankton

Phytoplankton biomass measurements should be confined to the winter months in order to reduce
the variance associated with data obtained during other periods of the year (Gowen 1990).
However, chlorophyll-a may not always be a sensitive indicator of eutrophication as phytoplankton
growth may not respond to increased nutrient levels for a variety of reasons. For example, an
increase in nitrogen levels will not stimulate growth if the rate limiting factor is another parameter
(e.g., light). Furthermore, an increase in the biomass of phytoplankton can only occur if
hydrological conditions are favourable (e.g., mild water circulation). In addition, it is possible that
an increase in production will be masked by an increase in their removal through the grazing by
zooplankton.
6.1.2.4

Other Factors Potentially Causing Impacts

Monitoring programs reviewed in this study encompassed differing biological and chemical
requirements to assess water and sediment quality. However, none of the programs included
assessment of other potential impacts arising from fish farming; namely, the use of chemicals (e.g.,
antibiotics and other therapeutants), or effects from interactions between domestic fish and other
wildlife, particularly with respect to the wild fisheries stock. The likely reason for this exclusion is
that hypernutrification and subsequent eutrophication were considered to be most important when
these monitoring programs were designed (Gowen 1990). In addition, at that time, little was known
about other potential impacts. However, now that these concerns have been raised, monitoring
programs should incorporate other appropriate indicators to assess wildlife impacts and effects from
the use of chemicals used in fish farming (Gowen 1990).
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6.1.2.5

Consideration of Other Monitoring Activities at Farms

Two types of environmental monitoring do or might take place at salmon cage sites: monitoring to
safeguard the environment, and monitoring to safeguard the fish (Poxton 1991). Monitoring
programs should take into consideration parameters which are monitored to maintain domestic fish
health in order to protect both the fish farm’s financial prospects as well as the environment. Water
quality requirements most likely to maintain the health of farmed fish are now well known and
most farmers collect these data routinely. Also, some farmers are interested in benthic conditions
for determining site fallowing and rotation requirements.
6.1.3

Methods Assessment

6.1.3.1

Methods to Detect Sedimentation

An array of methods are available for detecting changes in sediment accumulations beneath cages.
These range from fast, low cost visual inspections by divers to more sophisticated use of benthic
monitoring grids and sedimentation traps. As described in Section 5.0, a variety of techniques are
being employed in other jurisdictions with a tendency to utilize some form of visual inspection (use
of still photographs or videos) supplemented with periodic sampling for sediment quality and/or
benthic macroinvertebrates. The advantages and disadvantages of possible methods are
summarized in Table 6.1.1.
6.1.3.2

Suitability of Current Meter Usage at Farm Sites

Current speed plays an important role in the site location of fish farms, and has a strong influence
on the extent of environmental impacts in the receiving environment. Consequently, accurate
measurements of current speed is essential to designing and executing an adequate monitoring
program. To achieve accuracy, a number of factors are essential in choosing an adequate current
meter. The meter must be sensitive enough to measure bottom current speeds reaching as low as <2
cm/s (the lowest bottom current encountered in reviewing the literature). However, detection of
current speeds below 2 cm/s is probably not required as a site with slower currents would not be
suitable for sustainable aquacultural practices (M. Penny, Applied Microsystems Ltd., Sidney, B.C.
pers. comm. 1995).
The meter should be capable of determining both speed and direction, as well as being
programmable for the selected intervals of measurement. Ideally, measurements should be taken
every 15 or 20 minutes over a one hour period (i.e., three to four measurements per hour) for the
duration of one lunar month (R. Hall, Water Quality Branch, Ministry of Environment Lands and
Parks, Victoria, pers. comm. 1995). Current speed measured over a 24-hour period does not give
adequate information (S. Pawn, Westwater Research Centre, University of British Columbia,
Vancouver, pers. comm. 1995). Finally, it must be possible to pre-set the meter for the correct
interval, and to record the results automatically using an internal data logger.
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Table 6.1.1

Summary of possible methods to detect sedimentation beneath salmon
netpens.
Method

1.

Visual Inspection

•

Diver Observations

•

Still Photographs (used in
Washington State)

Advantages

•
•

fast
minimal cost

•

•
•

fast, low cost
some standardization of methods
(e.g., photographic distance from
bottom possible)
permanent record

•

photograph interpretation subject
to variation in image quality

•

as above, though image quality
can be improved with experience
and choice of artificial light
intensity (Heinig 1994).

•

fast
relatively low cost, but higher than
above
some standardization of methods
possible
permanent record

•
•
•

fast
some standardization possible
permanent record

•

more expensive relative to above

•
•
•

fast but slower than above
minimal cost
can use to partially quantify depth
data along transects
can be used in conjunction with
visual evaluations of sediment
distribution/quality

•

estimation of penetration depth
difficult at most locations
small amount of initial training
likely required
must standardize probe type and
use (penetration depth)

usually used to collect samples for
measurement of physical/chemical
characteristics of samples
allows measurement of separate
layers

•

slower

•
•

more costly
more training required

not appropriate at all sites,
subject to bottom conditions
not commonly used

•
•

Video Cameras
•

•

2.
•

Diver Operated (used in
Maine)

Remote

•
•
•

Depth Probes used by Divers

Core Samples

•
•

•

•

•

subject to large variations in
judgement among observers
difficult to standardize between
sites

Physical Measurement

•

•

Disadvantages

•
•

Placement of Permanent Depth
Gauges on Bottom; Read by
Divers

•
•

fast once installed
can be used in conjunction with
visual evaluations of sediment
distribution/quality

•

Sedimentation Traps

•
•

equipment cost usually not high
accurate identification of
sedimentation rates possible

•
•
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•

training required
correct positioning important for
reliable results; contract services
might be needed initially

There are several types of current meters that can be used, based on the level of sensitivity needed
to measure the surface and bottom currents at a farm site (M. Penny, Applied Microsystems Ltd.,
Sidney, B.C., pers. comm. 1995). These include:
•

electromagnetic meters;

•

vane and rotor systems;

•

acoustic meters; and

•

drogues (not a current meter).

Electromagnetic meters are most popular and have been used to measure current speed at fish farms
on a regular basis (R. Hall, Water Quality Branch, Ministry of Environment Lands and Parks,
Victoria, pers. comm. 1995; M. Penny, Applied Microsystems Ltd., Sidney, B.C., pers. comm.
1995). Advantages of these meters are:
•

sensitive to low current speeds (2 to 5 cm/s threshold);

•

vector averaging (continuous readings of speed and direction over a set time interval);

•

no moving parts, more robust (i.e., no interference from algae);

•

internal compass (no northern orientation required prior to deployment); and

•

reliable.

Disadvantages of electromagnetic meters:
•

expensive.

Electromagnetic current meters are able to measure both speed and direction, can be obtained from
a number of manufacturers including Aanderaa, Applied Microsystems, General Oceanics, and
Interocean Systems (BC Ministry of Environment 1988).
Current speed can also be measured using a vane and rotor system (R. Hall, Water Quality Branch,
Ministry of Environment Lands and Parks, Victoria, pers. comm. 1995; M. Penny, Applied
Microsystems Ltd., Sidney, B.C., pers. comm. 1995), which has the following advantages:
•

sensitive to low current speeds (2 to 3 cm/s threshold); and

•

vector averaging.
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However, there are several more disadvantages to this system than with the electromagnetic meter:
•

assembly of instrument is required;

•

must be calibrated to a reference point (i.e., north); and

•

high interference by algae, seaweed, fish, etc.

Acoustic meters were not recommended as the level of resolution they provide is not necessary for
aquacultural purposes, and they are very expensive (M. Penny, Applied Microsystems Ltd., Sidney,
B.C., pers. comm. 1995). They are accurate at low current speed (threshold of 0.5 to 1.0 cm/s), and
do not have moving parts, thereby reducing the possibility of interference (M. Penny, Applied
Microsystems Ltd., Sidney, B.C., pers. comm. 1995).
A number of different meters have been used to measure current speed at British Columbian farms.
Cross (1990) used an Aanderaa RCM-4 current meter to collect data on a 15 minute sampling
interval over one lunar month. He also used a Aanderaa SD-2000 current meter to measure bottom
current over one complete lunar cycle. The meter was programmed to collect data on a 20 minute
sampling interval over two channels; one channel recorded current speed and the other current
direction. The S4 electromagnetic meter has been used by R. Hall (Water Quality Branch, Ministry
of Environment Lands and Parks, Victoria, pers. comm. 1995) for the regular monitoring of farms
in British Columbia.
Anderson (1992) measured current speed with parachute drogues. Each drogue was a nylon
parachute of approximately 3 m diameter suspended on a weighted rope beneath a pole float.
Drogues were deployed for 0.5 to 4 h about 5 m above the bottom. However, this time frame did
not allow for accurate current measurements. Further complicating the use of drogues was their
frequent interception by moorings, compromising the quality of data obtained (Anderson 1992).
Electromagnetic meters are the preferred choice to measure surface and bottom currents. Accuracy
of current speed measurements will also be increased if measurements are taken at selected hourly
intervals over a period of one lunar month.
6.1.3.3

Use of Models to Refine Monitoring Programs

Mathematical models have been used as a tool to manage aquacultural practices in coastal areas
(Chandler 1994; Levings 1994). The primary purpose of a model is to provide decision makers
with a tool to predict environmental impacts of a fish farm, whether it is a pre-operational
assessment or in support of an existing aquaculture site. The model must simulate changes in the
receiving environment in the vicinity as well as away from netpens; have the ability to deal with
time and spatial changes; and be user-friendly so that the operator does not need a scientific or
technical background. However, the development of models includes parameters that are
difficult to quantify at present; therefore, there are presently no substitutes for direct observation
and prudent management (Caine 1987).
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Models that provide relevant and practical solutions for problems faced by the aquaculture
industry are either (Chandler 1994): 1) modelling systems that represent a number of biological,
chemical and physical processes specific to aquacultural operations; or 2) systems that predict a
specific process such as sedimentation and will simulate direct effects on environmental impacts.
Modelling systems specific to aquaculture include (Chandler 1994):
•

Sedimentation and Organic Loading at Fish Farms;

•

The Marmion modelling system; and

•

Decision Support System (DSS).

Models used to predict specific processes include:
•

hydrodynamic models - simulate water circulation;

•

transport models - predict behaviour and fate of dissolved or particulate material;

•

sediment models - deposition of material in the benthic layer; and

•

physiological models - growth and metabolism of specific fish to provide information
on oxygen demand, nutrient flux, and source of strength of organic particles.

A number of different models predict these processes. For example, sedimentation and organic
dispersion of waste material can be predicted using models described by Caine (1987), Gowen
and Bradbury (1987), Gowen et al. (1988), Aure and Stigebrandt (1990), and Weston and Gowen
(1990). Hydrodynamic models are derived from a variety of different coastal circulation models
including those described in Chandler (1994) by Blumberg and Mellor (1987), Sheng (1986), and
Backhaus (1985). It is beyond the scope of this project to conduct an extensive review of
different models used to predict environmental effects of farming practices.
A new modelling approach has been recommended by Ervik and Hansen (1994) to regulate
environmental impacts of farming activities in Norway. The concept is based on regulating
environmental effects of aquaculture, rather than controlling the amount of waste released from
the farm. This new approach consists of two integrated parts: 1) a monitoring system (cf.
Section 5.0); and 2) a simulation model. The model is used to determine the degree of
exploitation based on farm and site specifics, and to subsequently calculate the maximum loading
from farm activities. The model consists of four modules:
i.

Fish module simulates:
•

dissolved and particulate material in effluent; and

•

oxygen demand of fish in relation to composition and amount of food, fish size
and biomass, temperature, and uptake, incorporation, and excretion of food by
fish.

6/10

ii.

Dispersion module simulates:
•

iii.

dispersion and sedimentation rates of food and fecal pellets in relation to farm
area, current velocity, direction, and depth.

Sediment module simulates:
•

iv.

accumulation and degradation of organic material in relation to loading
temperature and benthic fauna.

Water Quality module simulates:
•

oxygen and ammonia concentrations and primary production in netpens in relation
to hydrodynamic and topographic factors.

The success of this model to predict environmental impacts related to farming activities remains
to be determined. However, it is sufficiently general to enable use in other industries, provided
the relationship between loading and effects is known (Ervik and Hansen 1994).
6.2

RECOMMENDED CHANGES

Development of suitable monitoring programs for salmon cage culture has been a challenge in
many areas where salmon farming takes place (Rosenthal et al. 1993). The review of monitoring
programs in other jurisdictions (Section 5.0) indicates a variety of approaches have been adopted;
in a number of locations monitoring measures are still being developed. Based on the review of
programs in other jurisdictions (Section 5.0) and recommendations put forward in previous
studies (Section 6.1), the following items are recommended for improvement of the current
environmental monitoring program in British Columbia. In general, information reviewed
indicates opportunities for improvement; these include:
•

incorporation of a component enabling definition of baseline conditions;

•

simplification of parameters collected by removing requirements for most water quality
parameters;

•

focus of the program on detection of change in bottom conditions (using visual aids and
sample collection methods similar to those described in the current program but with
modifications); and

•

scaling of monitoring intensity at individual farms both to size of farm and to amount of
estimated impact.
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1.

Purpose and Design Concept

a.

The current monitoring program in British Columbia is described as having been
developed “to provide data and information for impact assessment” (BC Ministry of
Environment 1988). Methods and criteria to be used for determining significant
impacts are not specified. Statements of purpose and concept for the program should
indicate how monitoring decision criteria will be used for determining whether impacts
have occurred. This will influence design, level of effort, and analytical requirements
for data collection.

b.

Although MELP are able to review site conditions and potential impacts during the
application referral process, the types of benchmark tools and data requirements to be
used for impact determination should be described as part of the monitoring program.
Pre-monitoring data needs should be described for environmental parameters that will
be monitored (Point 2 below). In this regard, the program should incorporate a premonitoring site evaluation component that identifies conditions without farm
development, expected impact from farms and acceptable change in parameter levels.
The monitoring program at individual sites should be based on:
•

identification of baseline conditions;

•

prediction of effect, using models as appropriate (possible modelling approaches
are outlined in Section 6.1.3); and

•

monitoring requirements to verify the predictions.

c.

As indicated above, monitoring intensity should be scaled to both the size of the farm
operation and to magnitude/extent of predicted impacts at the site. Site impacts will be
influenced by a number of factors but of primary consideration are water currents and
circulation at the site. Other jurisdictions (Section 5.0) have adopted an approach
whereby sites are categorized according to their potential for impact; consideration
should be given for development of similar categorizations in order to guide site
specific monitoring requirements (e.g., based on water current conditions; well-flushed
locations vs. poorly flushed).

d.

Cross and Kingzett (1994) suggest development of industry operating standards,
including government environmental guidelines. Development of industry “Standard
Operating Practices” has merit as a component in requirements for the environmental
monitoring program and should be considered further.

2.

Parameters and Sampling Frequency

a.

Data collection requirements of the existing program should be reduced, with water
quality parameters removed (unless specific parameters are deemed necessary on a site
specific basis) and should focus on sediment loading and changes in the health of
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bottom biota. The existing program contains a requirement for early collection of site
data on currents over approximately a one month period. This feature should be
retained given the need for these data in order to predict zones of impact as sediment
falls through the water column and settles in bottom areas. In addition to early
collection of current data, initial baseline/benchmark surveys should be conducted of
bottom sediments and bottom benthic macrofauna.
b.

Monitoring should include features of the existing program through:
•

collection of sediment in sediment traps as outlined in Cross and Kingzett 1994;

•

qualitative appraisal of bottom conditions using visual inspection;

•

measurement of bottom chemistry (pH, redox and organic carbon); and

•

measurement of bottom fauna (emphasis on numbers of species).

Possible methods to detect sedimentation under pens are outlined in Section 6.1.3.
Reference/control locations should be established so that effects from farm operation
can be distinguished from effects from other sources.
c.

d.

Initial requirements for sampling frequency would be based on the farm size and scale
of predicted impact. Long-term requirements for sampling frequency would be based
on a strongly adaptive approach. Data collection frequency should be adjusted over
time so that collection is more intense over the first several production cycles, to detect
near term impact, verify accuracy of predictions and prescribe corrective measures, and
less intense subsequently in order to detect impacts over the longer term. For example,
a site supporting a large farm but predicted to exert low impact based on pre-monitoring
site analysis may be prescribed to:
•

collect sediment in sediment traps (annual);

•

undertake a qualitative appraisal of bottom conditions using visual inspection
(annual sampling to begin with but reduced to once every two years after three
production cycles if conditions appear stable);

•

measure bottom chemistry (again annual sampling to begin with but reduced to
once every four years after three production cycles if conditions appear stable);
and

•

collect/assess bottom fauna (annual to begin with but reduced to once every four
years after three production cycles if conditions appear stable).

In addition, once sample sets for bottom chemistry and bottom fauna have been
collected over a number of production cycles with evidence of stable conditions, these
may be removed completely as a scheduled requirement, subject to future
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implementation if periodic visual inspection indicated a substantive qualitative change
in bottom conditions. A number of other jurisdictions use visual methods (underwater
videos, photographs, and diver inspections) as a main component of the program (cf.
Section 5.0). Use of these methods in British Columbia should be investigated.
Regardless of established sampling frequency, sites should be subject to periodic
inspection by government personnel.
3.

Data Handling and Reporting

Important shortcomings of the existing program have been incomplete data acquisition at sites
and lack of data analysis. Cross and Kingzett (1994) recommend compilation of data into a
single database (located at a government office, the British Columbia Salmon Farmers’
Association office or at a third party location) with issuance of an annual industry environmental
report for both industry and government. This has merit and might be extended to a format
where once data is compiled for a given year, individual farms are issued a statement of site
environmental performance, in concert with the summary of industry performance. This
approach would enable both the regulator and site operator to be aware of site performance in
terms of the industry average.
4.

Implementation

a.

Current documentation for the monitoring program highlights importance of data
collection for compliance with requirements of the Waste Management Act; however,
there also is a description of data requirements of benefit for farm operators in terms of
understanding environmental health of a site. The intent and data collection
requirements of the environmental monitoring program from a regulatory perspective,
must be clearly separated from those for industry operational requirements. Farm
operators may in fact find data collected as part of the mandatory program useful and a
complement to other data collected at the farm, however the objectives should not be
mixed in the mandatory program.

b.

Mechanisms for implementation of the program should be clearly defined, including:

c.

•

inspection/verification activities of government personnel;

•

timelines for data analysis and dissemination of results, in particular distribution
of annual reports or other reports summarizing the results of the program; and

•

compliance and enforcement provisions.

Cross and Kingzett 1994 suggest there is an opportunity for self regulation and
enforcement by the industry; this possibility should be considered further.
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d.

The current program contains a phased approach, whereby modifications to the program
can be made once initial implementation results are reviewed. This concept should
remain given available information is insufficient at present to define a fixed procedure
in British Columbia and, in addition, information likely will be forthcoming from
approaches that are still evolving in many jurisdictions (Section 5.0). A revised
program, with consideration to modifications suggested above, should be implemented
for a trial period (e.g., three to five years) with expectation that improvements may be
required based on a performance review and new information at the end of that period.

5.

Considerations for Monitoring other Possible Environmental Effects

a.

A program currently exists to record the occurrence of Atlantic salmon outside fish
farms (Atlantic Salmon Watch). This program should continue.

b.

Based on the review of other topics examined during this review, consideration should
be given to examining whether a monitoring program for escaped Pacific salmon
species is warranted by undertaking a more detailed examination of potential risks.
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Alexandra Morton, Raincoast Research, Vancouver Island;

•

Cathy Booler, Save Georgia Strait Alliance;

•

Paul Senz, Sierra Club, Vancouver;

•

Craig Orr, Steelhead Society, Coquitlam;

•

Ann Hillier, West Coast Environmental Law Society, Vancouver and Victoria;

•

M. Mullholland, President, B.C. Salmon Farmers’ Association, Vancouver;

•

D. Tillapaugh, Former Executive Director, B.C. Salmon Farmers’ Association,
Vancouver;

•

J. Brackett, Syndel Laboratories, Vancouver;

•

B. Egan, Pacific Biowaste Recovery Society, Oyster River;

•

S. Pawn, Westwater Research Center, University of British Columbia, Vancouver;

•

P. Harrison, Department of Oceanography, University of British Columbia, Vancouver;
and

•

M. Penny, Applied Microsystems Ltd., Sidney.

Government
•

E. Black, Ministry of Agriculture, Fisheries and Food, Victoria;

•

B. Harrower, Ministry of Agriculture, Fisheries and Food, Courtenay;

•

R. Deegan, Ministry of Agriculture, Fisheries and Food, Victoria;

•

B. Carswell, Ministry of Agriculture, Fisheries and Food, Victoria;

•

R. Hall, Environment Branch, Ministry of Environment, Lands and Parks, Victoria;

•

L. Erickson, Ministry of Environment, Lands and Parks, Nanaimo;

•

M. Sexton, Ministry of Environment, Lands and Parks, Nanaimo;

•

R. Ginetz, Department of Fisheries and Oceans, Vancouver;

•

C. Levings, Department of Fisheries and Oceans, West Vancouver;

•

R. Withler, Department of Fisheries and Oceans, Nanaimo;

•

R. Devlin, Department of Fisheries and Oceans, West Vancouver;

•

C. Clarke, Department of Fisheries and Oceans, Nanaimo;

•

J. Whyte, Department of Fisheries and Oceans, Nanaimo;

•

D. Hay, Department of Fisheries and Oceans, Nanaimo; and

•

T. Perry, Department of Fisheries and Oceans, Vancouver.

B.

OTHER JURISDICTIONS
•

M. Nakai, Commercial Officer, Canadian Embassy, Tokyo, Japan;

•

R. Matsuura, Fisheries Development Division, Miyagi Prefectural Government, Miyagi,
Japan;

•

M. Hastings, Maine Aquaculture Innovation Centre, Brewer, Maine, USA;

•

K. Honey, Aquaculture Administrator, Maine Department of Natural Resources, West
Boothbay Harbour, Maine, USA;

•

B. Ward, Water Quality Program, Department of Ecology, Olympia, Washington, USA;

•

P. Sparks-McConchy, Water Quality Program, Department of Ecology, Olympia,
Washington, USA;

•

R. Infante, Head, Salmon and Trout Producers Association, Chile;

•

R. Alvarez, Acting Head, Aquaculture Secretariat, Dept. of Fisheries, Ministry of
Economy, Chile;

•

B. Aalvik, Directorate of Fisheries, Norway;

•

A. Ervik, Institute of Marine Research, Bergen, Norway;

•

W. Nilson, Directorate of Fisheries, Norway;

•

B. Swale, Ministry of Agriculture and Fisheries, Christchurch, New Zealand;

•

K. O’Sullivan, Head, New Zealand Salmon Producers Association, Bluff, New
Zealand;

•

N. Boustead, National Institute of Water and Atmospheric Research, Christchurch, New
Zealand;

•

M. Crawcour, Commercial Officer, Canadian Embassy, Madrid, Spain;

•

J. Joyce, Head, Irish Aquaculture Association, Galway, Ireland;

•

M. Johnson, New Brunswick Department of Fisheries and Aquaculture, Fredericton,
New Brunswick;

•

G. Shanks, Aquaculture Coordinator/Environmental Officer, New Brunswick
Department of Environment, Fredericton, New Brunswick; and

•

H. MacDill, New Brunswick Department of Fisheries and Aquaculture, Fredericton,
New Brunswick.

