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1.1 Background of the BC Shellfish Growers Association
and the shellfish aguaculture Industry in BC

Originally formed as the BC Oyster GrowsrAssociation in 1948, the British Columbia Shellfish

"O1T xAOB8O ! OOT AEAOETT j"#3'1qQ EAO AAAT OEA O1 EAA 1
1990, the name of the association was changed to better reflect the diversification of the industry.

The association is nonprofit and represents approximately 65% of shellfish growers in British

Columbia (BC) in addition to suppliers and service providers. The objectives of the association are

01 AT AT OOACA OOOOAET AAI A COI siteresisA&ithid GokerntnénA OO O OU R
and the public, direct research priorities to improve both economics and environmental

performance, disseminate information to growers, government, policy makers and the public and

foster the exchange of information between mmbers.

Around 1912 the first Pacific OystersCrassostrea gigas
were imported from Asia to fill in the gap left by the
overfishing of the native Olympia OysterQstreola
conchaphila To this day, the Pacific Oyster is the only
commercially cultured oyster in British Columbia. The
majority of oysters farmed in Canada come from British
Columbia, accounting for 40% of the market share in 2009
worth a wholesale value of approximately $14.5 million. In
that year, entire cultured shellfish production was valud
at $32.5 million.

Environmental impacts of bivalve culture are closely linked
to culture methods. Culture practices that may affect
environmental performance include broodstock collection,
seed production, grow out method and harvest. The type of
culture system employed by the farmer depends on the
species being cultured. Spat may be collected in the wild o
reared in hatcheries by spawning adult broodstock. Grow
out methods include bottom and offbottom culture.

Shellfish aquaculture in BC is an innovare, environmentally dependent industry sustained by
proactive farmers who have and continue to develop innovative production techniques to ensure a
long term viable industry that coexists within the natural boundaries in which they operate. In rural
and coastal communities throughout BC where jobs are scarce, shellfish aquaculture plays a vital
role in the economies of the communities in which they operate underscoring the need for the
industry to maintain healthy ecosystems through effective environmentamanagement.

In December 2010, management of the aquaculture industrgpecifically fin fish management,
passed from the provincial government to the federal government under the Department of
Fisheries and Oceans (DFO) as deemed by Justice Hinkson ef3apreme Court of British Columbia
in Morton v. British Columbia (Agriculture and LaniisSubsequently, the province announced it
would leave management of the shellfish sector to the DFO as welbwever, the province

continues to exercise jurisdiction wer its seabed and Crown land tenures under the BC Land Act.
This transfer of power created a large change in both the structure and administration within DFO.
More than two years later, the shellfish industry continues to work with DFO policy makers on
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implementing a practical and solid regulatory framework that works for the both the needs of

federal regulations and the prosperity of the shellfish industry. Many of the changes in this

document will reflect requirements imposed upon license holders in theiConditions of Licensi
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There are currently (2012) approximately 509 shellfish aquaculture sites tenured out by the
province of British Columbia although not all are in operatia. As the industry takes place in the
natural environment, it is essential and a requirement that waters are and remain pollution free
with abundant food resources.

————
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1.2 Purpose and Scope

The first Environmental Management Codes of PractioggMCP)for the BC shellfish aquaculture
industry were developed in 2001 and since that time there have been many advancements in
knowledge through research and development as well as in the management of the industry. These
changes are essential to include in an updated code of practice to better move the industry forward
AT A OAmEI AAO OEA ATTTEOIATO T/&£ "#80 OEAI T EEOE
aguaculture in the province.

The BC shellfish aguaculixe industry has long recognized the interdependent relationship between
their industry and the health of the environment. They believe that the sustainable use of marine
resources is a shared responsibility requiring cooperation between all marine users drregulatory
authorities.

The animals cultured by the shellfish industry are an integral part of the marine ecosystem, and
commercial shellfish growers are dependent upon a clean and healthy marine environment. By
adopting this EMCP, shellfish aquacultusis will foster environmental stewardship which will be
crucial to the survival and continued prosperity of the shellfish industry.

This document and the guidelines within have been compiled to assist current and new shellfish
growers to comply with the requirements of the applicable federal and provincial environmental

legislation and to establish management practices that ensure environmental responsibility and
sustainability.

For consumers, as the end user of aquaculture products, it is envisaged tttegy will find
value in these guidelines in that they can be used as a yardstick against which the environmental
responsibility of product suppliers can be measured.

The following Environmental Management Codes of Practices (EMCP) has been developed in

co OO1I OACEIT xEOE ET AOOOOU OOAEAEI T AAOORh Al OE
groups. This document will outline the commitment of BC shellfish aquaculturists to maintain and
improve the operation of their industry by taking the lead as enwvonmental stewards of the marine

environment.
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1.3 Environmental Objectives

The long term sustainability of the marine environment is a key factor in developing this code. In
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possible, the enhancement of the quality of the mize environment to ensure longterm viability.

BC shellfish growers are committed to constantly improving the conditions and performance of
their aquaculture operationsand minimize adverse effects on the marine environment wherever
possible. They will take every possible measure to ensure that shellfish are cultured in the most
environmentally responsible way possible as a commitment to preserving the long term viabilityf
the industry.

The aim of this document is to promote the responsible and sustainable development of the BC
shellfish industry. It will highlight the issues relevant to shellfish farmers in BC and provide
recommendations to assist growers to meet releant legislative and social requirements. It will
assist the industry in working to the highest standards and enable the sector to produce safe and
healthy food in a viable and efficient manner whil®@ptimizing farm husbandry, maintenance and
the interactions of the farm related activities with the surrounding environment.
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Administration
of the Code
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2.1 Administration of the Code

The codes laid out in this document serve as best management practices (Byifhat BC shellfish
aguaculturists can abide by to ensure the long term sustainability of the marine ecosystem and in
turn their industry. The administration of this Code will be the responsibility of the BC Shellfish
Growers Association. As such, they Wensure that copies are readily available to any shellfish
aquaculturists in BC, actively promote the use of the Codes throughout their membership and
beyond when possible, maintain a registry of farmers who commit to abiding by the Code, promote
the Cock to regulatory agencies and other stakeholder groups and review and update the Code as
required.

Shellfish aguaculturists who choose to abide by this Code will have the responsibility to familiarize
themselves with the guidelines described within, managtheir operations in an environmentally
responsible manner, submit Code revision requests to the BCSGA when appropriate and ensure
that all employees are familiar with the details of the Code.

Many of the guidelines in this document will help growers nobnly run a more efficient and
environmentally sound business, but will also help them keep in compliance with trepecific
conditonsi AEA T OO Eohditi@nk & Lickrssé. 6 O
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2.2 Review of the Code

It is extremely important that this document remain an organic piece of work that can be updated

as needed. The shellfish industry works regularly with academic and government research bodies

that are continually conducting research on better management practices and production

efficiencies. ® 1 x AOO OEAI OAI OAO EAOA OEA AATAZEO | £ AAET ¢
to notice where research priorities should lead or changes occur within their production schedule.

Review submissionswill be reviewed and acceptedat any timefor consideration. All submissions

will be reviewed for consideration by the Board of Directorsat the following scheduled board

meeting. This review will ensure that any new knowledge of operational practices or advancements

in technologies can be implemented intéhe Code including changes from government regulations,
ie. Conditions of Licese.

A review form submission sheet will be included in the appendix section of this document.
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3.1 Oysters

The commercial culture of the Pacific oyster in British
Columbia began soon after it was first introduced from the
Far East in 1912. In BC, the primary farmed species is the
Pacific oyster Crassostrea giggs Currently, virtually all of
the commercial harvest of BC oysters comes from aquaculture
operations.

The Pacific oyster is not native to this area but originated

around the northern Japanese island of Hokkaido. A few of these oysters were first brought to BC
around 1912, but mostof the seed was imported from Japan between 1930 and World War II.
These oysters became naturally established in several areas including Ladysmith Harbour, and
Pendrell Sound. Natural breeding of these oysters produced most of the seed for outplanting i@.B
In 1950, Pendrell Sound was set aside as a reserve to protect breeding oyster stocks. Today
Pendrell Sound and Pipestem Inlet are still widely used by growers to collect oyster seed (spat).

The species native to this area, the Olympia oyste©étrea cochaphila) is a smaller, slower
growing oyster and not as suitable for culture except for a limited specialty market.

Planning Production

The oystergrowing industry in British Columbia has been revolutionized over the past twenty
years. Since ofbottom methods of growing oysters have been developed, more and more
production is moving from intertidal to deep water. Many beaches with suitable substrate material
where oysters have beengpwn are now being converted toclam culture or clams are cecultured
with oysters. The development of ofbottom growing methods for oysters has pushed productivity
and technology to new levels. Where once oyster growing was more like ranching, it is now more
like farming and agribusiness. Extensive methods of culture areding replaced by intensive ones.
Mechanization is now beginning to push productivity to higher levels than ever before.

The information that follows is intended to illustrate production systems and options available to
growers. Growing oysters is now a miger of production planning. Decisions about seed, for
example, will affect how the crop can be growsout or harvested which in turn is determined by the
type of product the grower aims to send to market. Output of product needs to be predicted with
reasomable accuracy which will be more consistent the more control the grower has over the
production process.

As the industry grows, production systems will become increasingly standardized, resulting in

higher productivity and lower costs. Shellfish growers Bould be planning for growth (and profits).

Production of oysters is an integral process with intefinked decisions. It should be part of a

general management approach that involves defined goals and objectives, clear alternatives to
achieve those goals OAT OEA 1 EI EOCAQGETTO T £ 11A80 OAOI OOAAD
analyze each step of production, look at the alternatives available and make decisions in the light of

the objectives.
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STEPS TO PRODUCTION

Seed

Planning and decision makig is followed by preparation and then production itself. Seed or larvae

will be the first step. Oyster growers no longer need to depend upon unreliable natural spawning
events to collect spat. Hatcheries in Washington and British Columbia produce qualityesl and

there is a reliable supply. Growers have the optionf@urchasing eyed larvae andloing the setting

on site or they can buy seed that has already set. Setting eyed larvae can be done in tanks on land or
done en mass in tarp enclosures on the beaci floating in deep water. Seed can also be set using
ground shell fragments in downweller/upweller systems. These are uslly nursery reared in the
upwellers to produce single seed. Seed can also be acquired already set and conditioned on shell
cultch or tubes that are moved to the nursery or growout site. Another option is to purchase single
OAAA OEAO EAO AAAT AT 1T OOAA Op O oFts EIT A &,5039
grown out in tray systems. For details see the section on seed and remetting.

Nursery Rearing

Nursery rearing follows seed acquisition and follows the stream of type of seed chosen. Seed on
tubes or shell cultch can be nursed in intertidal sites or suspended in deepwater from rafts or
longlines. Single seed can be nursed tray systems. Upwellers can also serve as nungesystems
for single seed. Some growers with large scale operations have builFating Upwelling System
(FLUPSY for single seed nursery production. For more details see the nursery rearing section.

Grow-out

Grow-out systems follow from nursery systems and types of seed. Cultch oysters might still be
spread out on a beach for growout or for hardening and defouling after deep water growth. Oysters
on shell cultch or tubes can be suspended from rafts aoriglines until harvest. Some of these may
be high-graded to singles for the haHshell market or go as shuck oysters. Single oysters can be
grown in tray systems suspended from rafts or longlines. Vexar bags can also be used for rearing
single oysters andcan either be suspended or integrated into an intertidal system. For more details
see the sections on tubes, trays, and bags.

Although there is no section dedicated specifically to the method of stringing oyster on shell cultch

for deepwater production systems, some information is found in the unit on rafts. Information is

also available in the book by D.B. Quayle and some of the other publications. Oysters that have been

set on shell cultch (about 15 per shell is considered about optimum) are normally nsery reared

on special nursery beaches that have low siltation and are relatively well protected from storms

AT A POAAAOT 008 ! FOAO A CiT A OOIi 1 AO6O cOi xOE OEA A
grow-out beaches where they are spread or more commnly now, suspended in deep water. This is

usually done on rafts but longlines may also be used. The poly rope most commonly used is-two

O0OOAT A OI UOOAO Al OAo8 4EA x1 OEAO OOAOG A OAAT A xEO
tables are usually mae of aluminum, with a contained surface to work with the shells, a chute to

discard the junk, a holder for the string and a rod and spacer to separate strands and insert shell at

specific intervals. See the section on Redonda Rafts for details of stringjirafts.

Each option requires different resources and inputs that must be weighed capital investment,
labour, technology, and site suitability. The flow chart below illustrates some of the production
method possibilities open to the oyster producer.

Harvesting and shipping the product to the processor in top condition is the final challenge.
Technigues range from haneharvesting to crew-operated harvest machines and which method is
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best depends on the volume of production and the type of production sy&h used. Tube harvesters
are now well advanced and trays on rafts and longlines can be efficiently harvested because high
volumes of product are contained in a small area.

Site Specificity

If there is one cardinal rule for growing shellfish in BC it is tis: there is no recipe. Although the
industry is moving towards mechanization, modularization and standardization, there is no single
method or device that will perform identically at all sites. Techniques that work well in one place
may be substandard iranother. Each growing site is unique and it is up the grower to find the best
means to produce oysters for any given location.

Some farmers collect the larvae in the wild. However, larvae are increasingly produced in
controlled hatchery facilities from spavning adult broodstock. The larvae are kept suspended in
tanks by circulating water- and in a few weeks they transform into tiny seed. The seed is essentially
a very small version of the adult oyster.

Once the seed reaches an appropriate size, it cantb@nsferred to the ocean for final growout.
However - in British Columbia z before final grow-out the oyster seed is often transferred to a

OfFI T AGET ¢ ObxAlTETC OUOOAI & | OAEZAOOAA O AOC A O4AI

are kept incompartments on the flupsy whereby nutrient rich ocean water is circulateq thereby
allowing them to reach a larger size before the final growaut phase.

When the seed is ready for the grovout phase, it is transferred to the ocean where it may be reade
in one of a variety of systems:

Beach or seabed cultured, ) T AEOEAOAT 1T UOOAOO AOA Obi AT OAAGS
has been ongoing in Canada since the 1800s and the first aquaculture leases granted were for
oysters in the 1850s in Prine Edward Island for this type of farming.

Tube culture : The flupsy stage is not used for tube culture. The larvae are allowed to set along
lengths of plastic tubing or rope where the seed then naturally attaches itself to the surface. The
tubing/rope is then vertically suspended from a secured flotation device (e.g. raft or buoy) in deep
subtidal water.

Raft culture : Oysters are placed in trays which are then suspended from a secured flotation device
(e.g. raft or buoy) in deep subtidal water.

Environmental Management Codes of Practice BC Shellfsh Growers Association
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3.2 Clams

species that now dominates clam farming in BC is the Manila clam
(Tapes philippinarun). Like the Pacific Oyster, Manila clams are not
indigenous to the Pacific Northwest buivere accidentally introduced.
Some clam seed was inadvertently included with Pacific Oyster seed
AOi 6CeEO ET &01Ti *APAT ET OEA »p : SREL - 0O00 Ob
in Ladysmith Harbour in 1936. It lives along much of the BC coast as
far north as Bella Rlla. It occupies an area higher in the intertidal .
zone and does not burrow as deeply as native species such as Butterf
clams (Saxidomus giganteysand Littleneck clams Protothaca
stamineg). It has managed to c@xist well with its other clam species §
while supporting both a wild clam harvest and a growing aquaculture

industry. Other clam species farmed include, Savory or Varnish clams®
(Nuttallia obscurata) and Geoducks Panope abrupta.

Manila clams have been harvested along the British Columbia coadthAA OEA pwyx med AOO |
1985 have they been farmed. Techniques developed in Washington for clam culture were adapted
for British Columbia and the industry has continued to expand since then.

Clams are a traditional food staple for coastal First Nains. First Nation clam gardens were
widespread up and down the west coast reflecting the importance of clams to coastal peoples. Clam
gardens are shoreline terraces built to expand and protect the clam beaches. Historically these
gardens were worked and maaged to cultivate clams thereby increasing their productionan early
form of aquaculture.Today shellfish aquaculture can offer significant economic and social benefits
to First Nations communities and can be done in a way that is consistent with tradithal values and
practices.

The production cycle on a Canadian clam farm begins with the collection/production of clam larvae
and juveniles. All clam larvae are produced in a hatchery from spawning adult broodstock. The
larvae are kept in hatchery tanks wiere they transform into tiny juvenile clams (seed) within a few
weeks. The seed is essentially a very small version of the adult clam. On the east coast, juvenile
clams are collected in natural nursery areas using various collector substrates.

After leaving the hatchery, the young clams are transferred to nursery facilities to allow them to

reach a larger size. One type of nursery system that is commonly used in British Columbia is a

O£ 1T ACET ¢ OBPxAITTEI C OUOOAI 6 | odrambotdelodeanOihe sked A O I
are kept in compartments on the flupsy where nutrient rich ocean water is circulated thereby

allowing them to reach a larger size before the final grovout phase.

Once the nursery phase is completed, the juvenile clams ararefully spread on subtidal regions of
an ocean beach where they then burrow into the substrate. Clams remain on the beach for 2 to 4
yearsz until they reach marketable size. Clams are usually harvested by hand using a long tined
rake. Yields of clam®n well-managed farm plots can reach to over 2kg per square meter each year.

During the 1990s, aquacultural production of Manila clams was only one third the size of the wild
harvest clam harvest. However, in 2003, aquacultural production was equivalent that of the wild
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industry z providing another example of how the growing demand for seafood can only be met by
farming.

Seed Production

The production cycle for Manila clams begins with the hatchery production of larvae. Hateries
maintain broodstock for the production of clam seed sold to growers. Most hatcheries will aim to
have seed available in the spring but it is up to the grower to make sure orders are placed well in
advance. To plan production, hatcheries must begin conditioning broodstock fopawning in
winter. Spawning is induced by manipulating temperature and feed. The larvae are grown for two
weeks until they set and may be reared for a further period in the hatchery until they are large
enough to be shipped to growers. Experimental methods set clam larvae on specially prepared
intertidal sites are under development. For details on clam seed go the seed page.

Nursery Rearing

Growers who choose to buy posset juvenile clams in the spring will not usually plant them directly
on the beach.They will be boosted to a larger size under more controlled and gentle conditions.
Hatcheries will often undertake the first stage of nursery rearing in indoor upwellers, which can be
used to raise seed from the time they have set (somewhere around 0.2mn size) up to the specific
sizes growers can purchase (e.g-2mm, 34mm, 46mm, 6:9mm). Growers may build their own
upwellers, either on land or floating (FLUPSY), to boost the seed further after purchase. The size at
which to purchase seed dependsrothe rearing system to be used. However, it should be
remembered that the lower cost of smaller seed can easily be offset by higher mortalities. Many
growers prefer to start with larger seed which have higher survival rates thus making production
more predictable. One method is to use a combination of spat bags held in tray stacks or trays lined
with fiberglass window screen. How large to grow the seed in the nursery depends on when and
how the grower plans to put them out on the intertidal beach growot area. They can be reared in
off-bottom systems up to a size of 20mm before having to be planted. If they are grown larger there
will be shell erosion and mortality. For details see nursery page.

Growout

Prior to seeding the beach with clams, the areaust be properly prepared (assuming the site meets
suitable biophysical criteria). Just as fields for agriculture are plowed, disked and harrowed, plots
for clam culture require substrate enhancement, measures to minimize storm and wave damage,
and predaor control. The clams are removed from the nursery system and spread at a specific
density on the prepared subtidal plots. If the seed is started in the spring this may be done in the
fall. In other cases seed may be nursery reared through the wintena outplanted on the beach the
following spring or summer. Once seeded on the beach, the clams will burrow into the substrate,
ideally a mix of sand and pea gravel.

It is recommended that the area be covered with a plastic mesh material to protect theaois from
ducks, crabs and other predators. The netting can be secured by digging the perimeter into the
substrate, staking it down with rebar or cedar stakes or putting large rocks around the mesh
perimeter. If it is staked or weighted with rocks a leadine can be threaded around the perimeter

to keep the edges from floating up and allowing predator access. In many instances, clam farms will
benefit from some natural recruitment of Manila clams, enhancing production and offsetting some

of the inevitable stock mortality. For details see the intertidal page.

Harvest
Depending on site characteristics, clams may take from 2 to 4 years to reach marketable size. To
harvest clams, the predator cover (if present) is removed and clams are dug out of the sulasé&
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and collected. This is still usually done by hand using a lottiped rake. The substrate is turned
with the rake and clams are brought to the surface in the process. They are hapidked and
collected into mesh bags. A tined scoop has been devissdone grower to dig and grade clams
from areas with poor tidal drainage (see the harvest page). Mechanical harvesters are under
development in BC and a couple of prototypes have been tested.

The harvested clams are generally wet stored, either by theprAAOOT O 1T O 11 OEA CcOIl xA
least 24 hours to purge sand. They can be wet stored longer, in the low intertidal or in sink floats,

until ready for delivery. For beach storage mesh bags of clams should be set out in a single layer on

firm substrate and turned and gently shaken daily.

Yields of clams on welmanaged farm plots can reach to over 2kg per square meter each year. Wild
harvested clams on average yield only 0.05 to 0.1kg per square meter per yeatr.

While Manila clams will likely continue to be the mainstay of clam farming in BC, culture of another
clam species is currently under investigation: the large and valuable Geoduck claRafope
generosa. Development of subtidal growout methods may soon lead to commercial viability.
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3.3 Scallops

In British Columbia, the primary species of scallop farmed
is a Japanese/weathervane hybrid scallofP@tinopecten
caurinus x yessoengidt was developed for culture by
Island Scallops Ltd. of Qualicum, BC anddirintroduced to
BC waters in 1985. It is known as the Pacific or Qualicum
scallop.

The production cycle on a BC scallop farm begins with the
production of scallop larvae that comes from hatchery
broodstock.

"OEOQOEOE #1101 AEA DOl A@GMmadscallofsAHdweyar this |eveE of préduchioh A
is still low compared to production from clam and oyster farming. Scallops are farmed in the
Georgia Strait, and on the west coast of Vancouver Island. Scallops are also farmed on the
Central/North Coast.They can be grown anywhere where there is a constant cool temperature of

nutrient -rich water.

0

Seed

Unlike Japan or the Atlantic coast, the culture of scallops on the Pacific coast relies entirely upon
hatchery production of seed. Seed production methods A OA AZEO0OO ET OAOOECAOAA
researchers at the Pacific Biological Station in Nanaimo. Commercial production of seed was
subsequently developed at Island Scallops Ltd.

Scallop broodstock are conditioned in tanks by manipulating water temperate, photoperiod and
feeding so that they spawn at a predictable time. The larvae are reared in a tank and fed algae until
they are ready to set (2128 days). At this stage they are about 250 microns and have a distinct
eyespot and foot.

Setting is done dher in the hatchery or growers may be equipped with setting tanks on site to do
their own remote setting. Seed collectors are put in the tanks to which the setting larvae attach. The
seed collectors are usually spat bags filled with a collecting materiéd.g. kinran). Growers can then
take these seed bags, usually filled with about 1000 seed per bag, and transfer them to the growing
site for nursery rearing. This would usually be done in April or May.

Nursery and Intermediate Culture Stages

Scallops arewell known to have relatively low tolerances for temperature and salinity fluctuations.
During the early postset stage, the juvenile scallops are particularly prone to mortalities. Gilare
not yet fully developed so they do not filter feed yet. They ugle foot to probe around in the
detritus and transfer food to the mouth by cilia. When the spat are transferred to an ocean nursery
site it is important to put them deep enough to be free of temperature and salinity fluctuations yet
making sure they haveaccess to plankton in the water. The spat bags containing the scallop spat are
transferred directly from the hatchery to the nursery site and fastened onto downlines attached to
a longline. Eight bags may be attached to each downline at one meter intervafgl downlines are
spaced one meter apart on the longline. The scallops grow in these bags until migmmer when
they reach a size of 14.5cm and they detach from the collecting material.
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Scallops are graded by sieving through a screen and transferreal pearl nets, which consist of a
plastic coated frame surrounded by plastic mesh, usually 6mm mesh size.

Itis critical to stock the pearl nets at sufficiently low densities. Scallops do not tolerate crowding
well and will damage eactother if they aretodl  AAT OAT U OOT AEAA8 #1 11111 U AA
scallops will clap their shells to move or expel material and, clipping other scallops in the act if they
are too crowded causing damage to the mantle and usually mortalities. A density of not more than
60 1.0-1.5cm scallops per net is recommended, based on the size to which the scallops will grow in
the pearl net when they are sorted the second time (3:8.5cm). At this density, an additional sar
before transfer tolantern nets is not necessary unlessibfouling becomes a problem. This will
reduce labour and handling stress on the scallops. Once they are stocked, pearl nets are fastened
one on top of the other and the line of approximately 15 nets is then tied to the longline, again deep
enough to avoidtemperature and salinity fluctuations, usually 515 meters below the surface.

Length of time in the pearl nets depends on the rate of growth of the scallops, but under good
conditions they may reach the 3cm size by September.

Growout

Once they have reach#the 3cm size, the scallops are removed from the pearl nets, graded and
either ear hung or put into lantern nets. Stocking density is again critical for lantern nets.
Depending on the diameter of the net, scallop density should be calculated on the basisize at
harvest (8-10cm) such that no more than half the surface area is covered by the scallops. Lantern
nets usually have 10 tiers and hung individually on the longline.

Environmental Management Codes of Practice BC Shellfsh Growers Association 20



3.4 Mussels

Although still a small but growing industry, in British Columbia, both
Blue mussels Mytilus eduli§ and Mediterranean musselsNlytilus
galloprovincialis) have been farmed commercially since the 1980s.
Like the Pacific scallop, all mussel larvae comes from hatchery
broodstock.

Growing musses commercially in BC has been challenging because o
"#860 ATT1 A0 xAOAO OAi DbAOAOOOA A
resulted in a high mortality rate before the mussels reach market size.

However, off the coast of southern Vancouver Island growers are :

starting to see greater success using deep water suspension methods

Those involved in mussel growing in British Columbia are all utilizing
deep water suspended culture methods, so consideration will be given to those systems only. Using
longlines or rafts, a growout period of 12-18 months appears to be attainable here. Growers are
adapting techniques from the Atlantic coast and other parts of the world as well as developing their
own innovations to deal with the unique conditions here. Mussel growing ggears to be on the

verge of developing into a large scale operation for some shellfish growers. Besides typical longline
culture techniques, growers are experimenting with tray culture of mussels using the HighFlow

tray system. This system will eliminate dsses of stock due to duck predation and sloughing.
However, significant challenges remain in increasing handling efficiency of mussels grown in trays.
The high initial capital cost of the tray system is another consideration for a stattp operation.

Hatchery and Nursery

Because most of the natural populations of mussels in British Columbia are unsuited to culture
collecting seed from natural sets is not practiced. Therefore the industry must be based on the
reliable availability of hatchery-produced supgy of seed. Several Pacific coast hatcheries produce
seed and all but one (Island Scallops Ltdaye in the United States.

Seed may be purchased by the grower after it has set and is about 1mm in size or after it has been
nursed in upwellers for 3-6 additional weeks and is 23mm. If seed has not been set directly on
material (e.g. ropes) that are to be used for growsut, the seed must be transferred to a material

with a suitable surface where nursery rearing will occur. However, a remote setting method is

being developed in BC by Island Scallops Ltd. where advanced larvae are brought to the nursery site
and set there on framed screens. The screens are then placed in protected floating nursery systems.
Once the mussel seed is hard set on the screens, theg e@moved from the frames and put into fine
mesh bags and hung from longlines. These bags hung on strings are enclosed to protect them from
duck predation. This nursery phase may take only three months. At this point, seed must be

stripped from the bags aml socked.

A somewhat different method involves a combination of landbased downwellers, upwellers and
marine floating nursery systems. Taylor United, operating in Puget Sound, Washington, raise the
mussel larvae from spawn to set in tanks. When they aready to set, they are put in screened
downwellers for a few days which then switch to upwellers. After & weeks when the mussel shell
height measures 23mm), they are transferred to the nursery sea sites. This is done by allowing
mussels to attach to screes (24 hours) and then transferring them in bundles to trays in floating
nursery rafts. They are held there for 36 weeks. These are protected by netting to keep perch from
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grazing on the juvenile mussels. Ideally seed grows to aboutlmm in the nurseryrafts. At that
size, the frames are dipped in fresh water to remove the flatworms and seed are stripped from the
the frames in the trays, size graded and socked.

A recent development has been the production of triploid mussel seed. They may prove to have
significant advantages over diploids. They do not spawn so it is possible to ship all year. Diploids
stop or slow growth in winter and most available energy is diverted to gametogenesis. As they do
so their condition is poor for marketing. Triploids contirue to grow through the winter, although at
a reduced rate. They appear to attach more firmly to the culture ropes reducing stock losses.
Triploids are also reputed to have smoother, less grainy meat.

Socking

The rapid growth of mussels through the nurseryphase means that after three months they are
ready to be socked and hung in the growut system. Socking is the process in which the mussels
are transferred to tubular mesh material forming sausagdike socks of specific length depending on
bottom depth and the depth of food availability. Mussels are removed from nursery systems and
transferred to socking tables or a socking machine. The tables have sides to contain the mussels and
a hole at one end with a length of pipe attached. The entire length of teeck, which may be netted
polyethylene or extruded vexar, is placed around the pipe, knotted with a half hitch at one end and
mussels fed into it. As mussels fill the sock it is drawn off the pipe until it is filled and the other end
knotted closed. A polypropylene line is sometimes threaded into the sock to give it added strength.
There are also socking machines available that feed mussels into the socking material. The socks
are then hung on longlines or rafts for growout. The mussels will soon migrated the outside of the
sock to maximize food capture. A more recently introduced method involves using a biodegradable
socking material wrapped around a culture rope. When the material disintegrates, mussels have
established a firm enough attachment to theape. However, continued growth may lead to
weakened attachment and growers take precautions to prevent mussels from sloughing off by
inserting pins through the lay of the rope at regular intervals.

Growout and Predator Protection

A variety of systems araused for mussel growout but most of them fall under either raft or longline
systems. One grower in BC uses salmon net pens to contain the culture and has installed barrel and
timber floats inside the perimeter to hang the mussel socks. The net pen provisla barrier to duck
predation. The principle concerns for growout systems are predation control and ensuring calm
conditions prevail around the mussels. Too much agitation caused by rough water conditions can
result in mussel detachment and significant stok losses.

Long lines are the most common system in use on the Atlantic coast. On the Pacific Coast, both
longlines and raft systems are used. Where conditions are reasably calm and protected, rafts may
be the most suitable system. In the Puget Soundea, rafts are used more frequently than longlines.

Rafts have the advantage of offering the potential for very high stock densities, but there will be
limitations depending on water flow and food availability. One grower in Washington reports that
at spedfic sites, around 10,000 feet of growout socking is attached to each 30 by 34 foot raft
producing about 18,000 pounds of mussels. Nets can be hung around rafts to prevent access by
diving ducks.

For higher energy sites with greater wave and current aadn, longlines may be more suitable. They
are better able to withstand such conditions and absorb the energy better than rafts, keeping in
mind mussels can be lost as a result of excessive movement. However, predator control is generally
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more difficult with a longline system. The most common means to prevent access by ducks is to
surround the socks or culture ropes with a lantern net.

Mussels are usually harvested when they reach a #Dmm shell length, but this will vary

depending on the market demands. Haest ability will also depend on the condition of the mussels
and timing of gametogenesis and spawning. Retrieving the mussels from rafts or longlines is usually
done by hoist and winch, sometimes with the aid of longline rollers. This is done carefullinee the
byssal attachment may be weak enough that the mussels may drop from the rope. Harvesting from
rafts can also be done by winch and hoist. However, larger companies such as Taylor United are
using sink floats that are maneuvered under the rafts. Theulture ropes are cut and the mussels fall
onto the sink float and can be transported to the processing point. Typically growers will be
responsible for washing and declumping their stock prior to delivery. Some markets also prefer the
mussels to be debyssed which adds cost to processing. There are machines available for these
processes.
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3.5 Geoduck

Culture of the geoduck Panope abruptq, also known as king clam
or giant clam, has been under development for more &m twenty
years in Puget Sound, Washington and there are now hatcheries
and farms there producing a significant amount of market product. |
Here in British Columbia the first significant step to develop a
geoduck aquaculture industry was taken around 1995. Ave-year
initiative was undertaken by a number of stakeholders, including
investors and researchers. During this time the technology for
geoduck culture in BC was refined and developed and culture of
geoduck is now poised to move forward into commercial
development and expansion. Unfortunately, almost 20 years later,
the industry is still waiting. The culture of geoducks continues to be debated by the DFO on the
potential to develop a geoduck aquaculture sector in BC that is not at odds with the wild hast of
geoduck.

Planning Production

Geoducls have a five to seven year culture cycle from planting to harvest, requiring a significant
level of planning, management and investment capital. It is a high value product that has the
potential to realize a significant return on investment. Geoduck aquaculture in Puget Sound is
undertaken only on inter-tidal lands and culture methods and technology has been developed to
meet those conditions. In British Columbia, much of the development work has been focused on
sub-tidal culture technology. As commercial aquaculture of geoduck moves forward in BC, a
combination of inter-tidal and sub-tidal techniques will likely be employed.

Hatchery and Seed

The backbone of a viable aquaculture industry is the production of sdevith reliable quality and
guantity. Hatchery capacity to produce geoduck seed will have to increase to promote the growth of
a culture industry. British Columbia companies have risen to meet this need with at least three
hatcheries now capable of produceig geoduck seed animals. Much of the hatchery technology for
geoduck seed production has been developed around Puget Sound and a great deal of this
knowledge has been shared with BC firms.

Ideally, broodstock will be selected from the areas where they ate be grown, and maintained in

the hatchery for one year or more. Broodstock should be goeddoking, contain fatty gonads and be
diseasefree. Geoduck can spawn repeatedly (every two weeks) when held under appropriate
conditions (e.g. water temperature atLl20C). Spawning is induced by warming the water to 160C

and feeding them large quantities of algae. Males and females are kept separate and the milky male
spawn is mixed with the more granular female spawn.

Larvae are reared in larval tanks and fed a bitel of algae. Temperature is maintained at 140C. It
will take 21-25 days to reach 256280 microns in size at which point the larvae are nearly ready to
set and metamorphose. Larvae are very delicate and all screening is done under water.

Nursery Rearing

Early rearing of juvenile geoducks in nursery systems is a rapidly evolving technology as more is
learned about the culture requirements and optimum conditions for these animals. Hatcheries are
generally equipped to handle large numbers of small size juverilanimals and the cost of
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production in a hatchery rises dramatically with increased size of the animals. Nursery methods are
under development for both early postmetamorphosis and larger juveniles. Nursery systems are
also sometimes distinguished as prirary early stage rearing systems and secondary later stage
systems

According to the reports from one hatchery, the larvae set on fine screens (120 microns) in a down
welling system. The seed animals are maintained on these screens in a primary nursery and
continue to grow until they are outplanted in a secondary nursery. As the seed grows, densities per
screen are reduced. Maintaining flow and adequate feed over the screens is critical to producing
healthy larvae. Screens must also be washed daily. At teimge and under these conditions the
larvae are especially vulnerable to bacterial problems. In addition to the screens, a sand nursery
system with totes and tanks is sometimes used. Sea water is pumped through the tanks and flows
over the sandfilled totes containing the seedling geoduck. They feed on plankton contained in the
sea water. Although this is a lower maintenance system and the seed grow more quickly, the tanks
and totes are prone to infestations of other marine organisms leading to fouling amdmpetition for
food.

Experimentation with a nursery system designed as a Floating Upweller System (FLUPSY) has been
undertaken in British Columbia. This system allowed nursery rearing to be done on a floating

system in the same areas as the groaut beds. The FLUPSY has been used very successfully for
nursery rearing of oysters and clams and it was hoped that its efficiencies could be transferred to
geoduck applications.

Seed was boosted in this system over the spring and summer and has been growrhim ELUPSY to
25mm or more. It has proven to be a difficult system to manage well with fouling by tunicates or
mussels, anaerobic conditions in the sand, and densitglated conditions just some of the problems
that have been encountered.

Transferred from the FLUPSY, the seed are held over winter in a benthic nursery system consisting

of a protected enclosure with sand substrate for the seed. When the seed are harvested in spring for
planting in grow-out areas, a screen is pulled from the container separatj seed from substrate.

While there have been successes with the FLUPSY nursery system, the cost of operating the FLUPSY
is high relative to the amount of geoduck seed that can be boosted in the sdiiléd totes. The

FLUPSY may play a more limited role inoosting seed for short periods without the use of sand
substrate, provided the seed is not compromised.

Recent geoduck nursery systems under development have begun to utilize tank or raceway systems
where there is greater control over culture conditions Since such systems require pumping and
filtering seawater, production costs can be quite high but it is hoped that advances in technology
and efficiencies will eventually lead to lower costs.

The geoduck seed is brought in from a hatchery ataZmm in size and planted in a sand bed
installed in a flow-through tank. In this experimental system, the algaeich water is pumped in
from the outdoor salt water pond, passed through a sand filter (which filters out large particles
over 50 microns in diameter) anddistributed in the tank through a grid of pipes laid out on the
bottom.

The pipe grid is covered with a layer of gravel followed by a filter layer of landscape cloth followed
by the sand substrate in which the geoduck seed are planted. The water flowrindelow the
substrate prevents anaerobic conditions from developing below the surface of the sand. A
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secondary inflow of water is introduced into the tank at the surface by means of the perforated
cross-pipe. This creates a light surface current across theand enhancing the ability of the geoduck
juveniles to feed by means of the siphon tube it extends to the surface of the sand. Insertion of a
screen beneath the sand will allow the nursery tank to be harvested efficiently when the seed
reaches a size apppriate for out-planting in the grow-out beds.
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3.6 Other Species

There are a handful of other species currently being discussed for potential aquaculture
development. There has already been much research dmetcommercial viability and growth

potential of these species but currently they still lack full authority to be added as a hew species in
shellfish aquaculture by the DFO.

Some of these species include sea cucumbers and sea urchins.
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4.

Codes of
Practice for
Shellfish
Aquaculture
Activities
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4.1 Site Planning

DEFINITION: the taking of ecological and social
considerations to ensure the most optimal site to start farm
operations.

OBJECTIVES:
9 Find optimal location for shellfish aquaculture
operation

9 To minimize adverse environmental effects from the
shellfish aquaculture operation
1 To minimize potential conflict with other marine user groups

Integrated, flexible and detailed planning is required to ensure the success$fauthorization and
sustainable operation of an aquaculture venture. Site selection is a critical component of for the
successful operation of a shellfish farm. In determining appropriate sites for shellfish aquaculture,
the BC Ministry of Forests, Landand Natural Resource Operations consider the most important
factors being:

water chemistry

phytoplankton availability

sediment type

presence of harmful algae

predators

history of toxic blooms

Canadian Shellfish Sanitation Program(CSSP) classification

=A =4 =8 =8 -8 -8 =9

Farmers also want to consider water depth, protection from severe weather and security as other
important factors in determining a suitable location.

Shellfish farmers also want to take into account social considerations including riparian rights of
upland owners. It is important to identify other stakeholders in the areas adjacent to the site
including property owners, potential sources of sewage, pollutants, and other contaminants
detrimental to shellfish culturing. User conflicts, such as access to wategtketics, boating traffic
and water quality impacts can be minimized if attention and forethought are brought into the
equation when deciding on an appropriate site.

Once operational, farmers must conduct their operations in an environmentally consciousay as
well as abide by DFO Conditions of License including:

9 Avoid disruption of herring spawn (COL 10.2)

9 Avoid disruption of squid spawn (COL 10.4)

1 Avoid disruption of aquatic vegetation (COL 10.5)

1 Avoid aquaculture activities in eelgrass (COL 10.6)

GUIDH.INES:
1 All structures and equipment will remain within the designated boundaries of the license
ET 1 AAO6O OAT OOAs
9 Aquaculturists to take into consideration riparian rights, access to water and any species at
risk in the area
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1 Properly size and set all ancha for securing rafts, vessels, floating structures and
equipment

9 Itis prohibited to disrupt or grow species in eelgrass £ostera maring pursuant to
Conditions of License (10.6)

1 Work floats and Floating Upwelling Systems (FLUPSY) to be in at least 10nwater to
avoid shading existing aquatic vegetation or impede navigation

1 Floating structures will be designed, constructed and maintained to maximize openings to
increase light penetration and prevent shading of sultidal eelgrass and other fish habitat

1 Bea good neighbour
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4.2 Site Marking

DEFINITION: regulations require that all shellfishaquaculture tenures are properly marked to
identify its boundaries.

OBJECTIVES:
1 Maintain navigational safety for all marine users adjacent to the site
1 Ensue that aquaculture operation is operating within its designated boundaries

Aquaculture works placed in the waterways of Canada can pose a hazard to navigation. Therefore,
to mitigate any potential impacts on navigation safety, they must be marked in aagdance with the
requirements of the Private Buoy Regulations made under théanada Shipping Aand the
conditions of approval under theNavigable Waters Protection AGNWPA).

Marking your site boundaries ensures that all navigational requirements are lireg met and
increases navigational safety for other marine resource users in the area. Because of the working
environment, shellfish farmers understand that from time to time, due to the nature of the oceans,
working floats and other equipment sometimes mues beyond its original position within the
tenure area and sometimes out of it. There is an industry compromise that any equipment within
5m of its location on the management plan is considered acceptable but will be corrected at the
earliest possible comwvenience.

GUIDELINES:

1 Shellfish aquaculture operations will be sited and marked as
laid out in the tenure document coordinates using a GPS

1 Beach boundaries will be marked with yellowShellfish Tenure
signs in the appropriate locations as described in #nlicense
holders Site Management Plan

1 Establish a monitoring and repair schedule to ensure that
privates aids to navigation and equipment are correctly
positioned and in good working order

1 Locate anchors, buoys and equipment inside the approved
boundary of the aquaculture site

91 Ensure that private aids to navigation and works are constructed so that they will withstand
the wake of vessels transiting the area

1 Ensure that a reliable and safe mooring system is in place that is capable of maintaining the
works in position under all foreseeable weather and sea state conditions
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