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Proceedings of Special Sessions on Offshore Aquaculture and
Alternate Species held at Aquaculture CanadaoM

Victoria, BC, 30-31 October 2003

Craig Clarke, guest editor

Offshore Aquaculture

There is increasing interest in moving the aquaculture industry offshore as a
possible solution to a shortage of suitable sites in coastal areas. Due to the high
cost of coastal land, conflicts with other users, and concerns about pollution of
inshore areas, it is becoming increasing difficult to obtain new tenures for
aquaculture facilities in many regions. However, in order for the aquaculture
industry to move offshore there are a number of legal, engineering and biological
issues to be resolved.

Speakers from across Canada and the United States were brought to Victoria to
provide perspectives on jurisdiction and regulatory issues, as well as recent
research, demonstration and development on engineered systems for culturing
marine finfish and shellfish species in exposed oceanic environments.

I would like to thank Chris Bridger for his assistance in organising and
co-chairing the session.

Session Organising Committee:
Craig Clarke (e-mail : ClarkeC@pac. dfo -mpo. gc. ca)
Chris Bridger (e-mail: chris@naia.ca)

Progress in Commercialization of Alternate Species

In recent years, there has been a growth in research effort directed at cultivation
of new candidate species with a view to diversifying the aquaculture industry in
Canada. This session was intended to review the progress and current constraints
for several species that are moving beyond the stage of laboratory research into
commercial development. The session was made possible by financial support
from the Newfoundland Department of Fisheries and Aquaculture. With this
support, speakers from both the Atlantic and Pacific coasts of Canada came to
victoria to share their knowledge on the status of commercial production of
geoduck, halibut, cod, haddock and sablefish.

I would like to thank Dr. chris Pearce for his assistance with organising and
co-chairing the session.

Session Organising Committee:
Craig Clarke (e-mail: ClarkeC@pac.dfo-mpo.gc.ca)
Chri s Pearce (e-mail : P ear ceC @pac. dfo-mpo. gc. ca)
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A System Design for Surface-based
Open Ocean Aquaculture Operations

G. J. Bridger and C. A. Goudey

Offshore aquaculture-operating out of the sight of land-has the
logistic requirements of nearshore operations plus those associated with
the higher energy ofthe offshore site and increased distance from shore.

The Gulf of Mexico Offshore Aquaculture Consortium (OAC) has been

confronted with these challenges and has developed a suite of compo-
nents to manage offshore aquaculture systems. This report presents a sys-

tem design that integrates the developed components and meets the logis-
tic requirements of offshore aquaculture. Emergency preparedness that
ensures survival of farm capital and fish stock while maintaining system
integrity and worker safety in the event of a tropical front is discussed.
Finally, long-distance communication and monitoring of the farm is ex-
plored for situations with decreased human presence and during severe

storms.

lntroduction

The United States is confronted with a seafood trade deficit approaching US$9
billion annually. Some research investment has been made to offset this trade im-
balance through domestic aquaculture production following creation of a Depart-
ment of Commerce Aquaculture Policy (signed August 10, 1999) "to create sus-

tainable economic opporlunities in aquaculture in a manner that is environmen-
tally sound and consistent with applicable laws and policy." Recognizing a pres-

ently overburdened coast with numerous user-conflicts and substantial
anthropogenic sources of pollution, this investment has been directed towards
developing aquaculture technologies for the open ocean, including areas out of
the sight of land within the US Exclusive Economic Zone.

The Gulf of Mexico is the seventh largest marine area in the world and can be

considered a very productive eutrophic sea. It has been described as the 'fertile
fisheries crescent'.(1)This productivity couldpotentially increase the assimilative
capacity of the water, thereby reducing the environmental impacts associated

with aquaculture effluents from offshore farms.
Acquiring a site with water depth in excess of 25 m, to avoid hurricane damage to

cages, is desirable and may require locating the operation as far as 40 km from
land. Further, some areas of the Gulf of Mexico are prone to seasonal hypoxia as-

sociated with thermally-stratified water during late summer that do not experience
turnover in the absence of tropical fronts. Although the hypoxic layer is generally
restricted to the lower one-third of the water column, large cages or submerged op-
erations may be impacted. The nepheloid layer developed from re-suspension of
fine sea-floor sediment generated from bottom turbulence is also common. Little
is known of the effect of this layer on the health of fish or its seasonal extent in
much of the Gulf of Mexico.

It is unlikely that hurricanes can be avoided completely in the northern Gulf of
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Mexico. However, it may be possible to decrease their impact on aquaculture ven-
tures by sinking cages during storms. With this strategy comes the risk of expos-
ing fish to sediment re-suspension that may irritate the gills, create secondary bac-
terial infections, and result in mass mortality and economic loss to the operation.

Finally, much of the Gulf of Mexico has long supported both commercial and
recreational fishing. User conflicts must be carefully considered and dealt with to
ensure success olan open ocean aquaculture industry. All of these issues limit the
number ofappropriate sites for aquaculture in the Gulf ofMexico to some degree.

The OAC chose a site approximately 40 km off the coast of Mississippi in fed-
eral waters (29" 58.649'N, 88o 36.297'W) that had a water depth of 26 m. The re-
search operation was adjacent to a ChevronTexaco manned gas production plat-
form which minimized conflicts with fishing and shipping activities while pro-
viding continuous surveillance of the cage to monitor for vandalism and storm
damage.

The challenges OAC researchers face include the severity of the offshore envi-
ronment, which compromises both worker safety and structural integrity; the dis-
tance from shore, which limits work days, increases operating costs, and requires
innovative mechanization; and economic viability. The individual components
that have been developed to mitigate these challenges have been described previ-
ously.(z- 

+) However, the components have not yet been combined into a coherent
system design. To this end, we will describe the system design envisioned for ef-
fective and safe farm management within the Gulf of Mexico and other potential
regions requiring development of distant aquaculture sites.

System Components

Developing an open ocean aquaculture sector, in the absence ofnearshore oper-
ations, allowed innovation that might otherwise have been stifled by attempts to
adapt existing operations to exposed high-energy locations. Offshore aquaculture
requires innovative technologies to support operations, maintain cages on station
during extreme weather conditions, allow appropriate levels of feeding, provide
long-distance communication in the absence of cellular phone coverage, and pro-
vide carefully planned levels of response to emergency situations.

Aquacu ltu re Su pport Vessel

Increased capital investment and operating costs associated with open ocean
aquaculture will rely on economies of scale for feasibility. Economies of scale de-
mand increased feed inputs to large stocks of fish during grow-out. Daily trans-
port of feed and other supplies might prove uneconomical due to cost of transpor-
tation. In addition, daily visits could introduce an unacceptable risk due to the un-
predictability of offshore conditions.

A more reasonable approach to manage open ocean aquaculture operations in-
volves establishing a permanent support structure near the cages that can handle
feed requirements and other daily operational logistics. Indeed, previous visions
of offshore aquaculture in the Gulf of Mexico placed operations adjacent to oil
and gas platforms that would serve as support structures to mitigate logistic chal-
lenges.(5) However, this approach has numerous constraints, including the opera-
tion ofboth sectors simultaneously; the requirement to establish an Abandonment
Bond to address removal of a decommissioned platform (estimated at a couple of
million dollars); and inappropriate design and location of existing platforms for
aquaculture operations.
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An alternative approach involves the design and deployment of a purpose-built
Aquaculture Support Vessel (ASV). Design criteria for the expected capabilities
of such a vessel should include:
. Cage fleet communications and control,
. Mooring system installation and removal,
. Cage installation, towing, maintenance, and repair,
. Fish stocking, sorting, harvesting, and transport,
. Feedhopperre-supply,
. Fish health monitoring and treatment,
. Environmental monitoring including benthic sampling,
. Diver and ROV support.
In conjunction with Good Streak Marine (Slidell, LA), a lift-boat concept was

designed to service offshore cages and be the focal point for a permitted offshore
aquaculture site.(2) Within the current design, the lift-boat has a total usable deck
space of 500 m2 and four hydraulic legs appropriate for water 26m deep. The size

ofthe platform and the length ofthe legs can be adjusted according to site specif-
ics.

The regular operational mode would see the lift-boat jacked up from the water
surface, perhaps to a 7-mheight, to provide a stable working platform. Further de-

sign requirements include a helicopter pad, sufficient living space for workers,
adequate feed storage, maintenance and office space, a fish health and environ-
mental monitoring laboratory, and a crane capable of lowering and raising farm
work boats and feed.

Single-Point Mooring

Most objects are anchored in the open ocean using single-point moorings
(SPM). The obvious advantages of using a SPM in aquaculture operations in-
clude:
. Decreased complexity associated with requiring precise adjustment ofmulti-

ple anchors in typical grid mooring systems.
. Predictable location of loads that allow appropriate engineering of the moor-

ing to ensure survival during storms.
. Decreased costs associated with a single mooring line compared to multiple

lines.
. Decreased maintenance requirements with a single mooring line.
. Improved accessibility to the cage or cage anay regardless of weather direc-

tion.
. Allowance for advanced production planning and cage alrangements for

stocks that require high oxygen levels and faster water flow compared to
other cage stocks.

. Decreased environmental impacts compared to a cage system fixed spatially
within a multi-anchor system. The SPM allows the cage system to wander
within a watch circle of a diameter dependent on the length ofmooring line.

. Reduced bottom area required for the mooring system, thereby decreasing
costs associated with leasing space, especially in deep-water areas that re-
quire an expansive bottom area for multi-anchor mooring systems.

. Decrease in the potential impacts on and entanglement with marine mammals
in the vicinity of aquaculture sites by having fewer lines present in the water
column associated with the farm mooring system.

The design of the SPM system evolved over time (Fig. 1).(3) Redundancy of the
more vulnerable components is provided by a second set ofbridles thatare longer
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than the primary set ofbridles. The redundant bridles, and their attachment points,
experience no load unless the primary bridles are severed or disconnected. The fi-
nal configuration was tested on numerous occasions in the Gulf of Mexico, in-
cluding during two tropical storms and two hurricanes. The system provided trou-
ble-free performance prior to cage removal during the summer of 2003.

Robofeeder

Feeding fish in any aquaculture venture is arguably the most important task to
ensure,profitability. Offshore aquaculture ventures are unlike nearshore opera-
tions located within the confines of protected bays and {ords where rough seas
are episodic. Relying on daily site visits for feeding ensures the fish are not fed
continually and jeopardizes the safety of farm workers when conditions are unfa-
vorable. Offshore aquaculture must rely on mechanization and automation for
many of the day-to-day operations. Feeding is one such important task and with-
out cost-effective, reliable, unmanned feeding systems, open ocean aquaculture
is commercially impractical. To this end, an innovative approach to unmanned
feeding-the Robofeeder-has been developed by the Center for Fisheries Engi-
neering Research at the Massachusetts Institute of Technology (MIT) in coopera-
tion with Ocean Spar Technologies for use on the OAC's 600 m3 Sea StationrM
submersible cage.$)

The Robofeeder is an on-cage pellet storage and dispensing system with a
225-kg capacity. Employing electronic control and pneumatic actuation, the sys-
tem relies on gravity to dispense feed. The on-board timer dispenses controlled
amounts of pelleted feed up to 24 timesper day. Robofeeder is relatively trouble
free since its one battery and one air tank are expected to last at least three months.
The silo is designed to specifically fit on top of the Sea StationrM work platform.

Feed is dispensed via a pneumatic-controlled gate-valve that opens to a 5-cm
Y-fitting. From this fitting, sinking pellets fall through tubes into the cage. All
electronic components are housed in an on-board Pelican case. Ifneutral or float-
ing pellets are used, the dispensing tubes are provided with a flow of seawater to
propel the pellets into the cage.

Though not employed by the OAC, Robofeeder can be operated in a submerged
mode by pressurizing the hopper and dispensing passages equal to the ambient
depth. The water level in this "diving bell" approach is automatically maintained
by sensors; however, air consumption is significantly greater. Having a multi-day

Figure 1

lllustration of the OAG

single-point mooring
system showing the
position of the shorter
primary bridles 1.5-m

above the longer,
redundant set of
bridles and their
respective

connection points on

the cage rim.
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Figure 2

Normal operational
configuration of the

aquaculture support
vessel, cage,

single-point mooring,
feeder, and mooring
monitor.

feed storage capacity eliminates the need for daily visits to the site.

lntegration of System Components

There is no doubt that risks increase with distance from shore and greater expo-
sure of the site to natural elements. Economic, environmental, and management
risks might best be avoided through a systems approach that integrates the numer-
ous components of farm infrastructure and management into a holistic design. It is
precisely this approach that has been adopted by the OAC for developing an off-
shore aquaculture systemby evaluating farm components-cages, moorings, nets,

feeders, service and logistics support, applicable regulations, economic inputs,
and market outputs-and taking into consideration the interactions of these com-
ponents to create the system. All the components described have been designed
while maintaining a vision for an operating offshore farm and how best to service
cages in a safe and efficient manner.

Under normal operation cages would be positioned at the surface and necessary

farm chores would be completed when sea conditions allow (Fig. 2). An essential
chore will be to maintain adequate feed levels in the Robofeeder hoppers to cover
extended periods of inclement weather. Operators would be urged to use the
Robofeeder at all times to prevent feed from becoming rancid if left in the feeder
for a long period of time.

The lift-boat would serve as the central point of operations for the farm, which
might service cages both within its immediate vicinity and some distance from the

lift-boat. Feed would be stored in air-conditioned sections of the hull. Cages near
the structure might have feed replenished directly through a hose running be-
tween the lift-boat and Robofeeder during calm conditions. Alternately, feed
could be transferred to work boats that ferry feed to each Robofeeder as neces-

sary.
In severe storm or hurricane conditions, workers would sink the cages prior to

either raising the lift-boat legs and moving to shore or, preferably, keeping the
lift-boat in operational mode andbeing evacuatedby helicopter. The single-point
moorings are independent of the lift-boat (illustrated in Figure 3) and the cages

can be ballasted with water to facilitate sinking.
Cages submerged in this fashion also require active de-ballasting to again bring

them to the surface. The OAC has overcome this issue by designing the sin-
gle-point mooring with excess reserve buoyancy in its surface float that does not

{r
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allow automatic submergence of the cage. Instead, the cage is maintained just atthe water surface in a state of leasl resistance. As 
"storms 

approach andwind-driven currents increase, the cagelmooring system will be pulled underwa_
ter by the added tension in the mooring line. Its aepit witt therefore depend on theintensity of the storm.

As the storm subsides the cage reappears at the surface in the same position as it
was prior to the storm. This configuiation allows immediate communication andmonitoring of the cage systems after the storm passes rather than rerying upon re-
turn of staffto the site which might not occur foi a few days nouowlng ttrJ storm.

Lack of, or decreasecl, humai presence, particularly for cages some distancefrom the lift-boat or folrowing i"rr".e storm events, will req:uire a substantial
change in the mindset ofboth owners and managers of offshore aquaculture ven_
tures. These individurals will need to rely more on technology to communicate
with the farm particurarly during storms. Indeed, u. ,rrr.rur froints out ..a major
challenge for future systems may be to overcome the psychoiogical dependence
on human-based manage-ment, allowing greater reliance to be placed on auto-matic monitoring, control and -rruga*"rt systems.,, i

To this end, the oAC partnered with nrightwaters Instrument corporation(Brightwaters, NY) to develop a remote monitoring and communication systemfor offshore cages. The basis for this system is a ciszaRGoS mooring monitor
that checks the cage position at a user-defined time interval and compares deter_
mined positions with a defined 'watch circle, of where the cage should be located
(e.g., the cage position courd be checked every 30 min (Fig. i11. rnalarm will be
activated that e-mails those involved of cage positions should the determined and
defined positions not correspond after thre-e successive position fixes. The instru_
ment also possesses a depth sensor that will notifu op"*to., when a cage is sink_
ing, potentially due to structural failure o, 

"*""si 
bi,ofouling. An addition al dataport could be used to monitor feed revels within the hopper Ind provide an alarm

should levels fall below the threshord needed to meet auiiv r""aGrequirements.
. The mooring monitor is_invaluable during hurricane conditionl. A cage would
be expected to submerge during hurricanesff deployeo on asrngle-point mooringin the least resistance configuration describei above. orrir-g t.r.ricanes, thelift-boat.would likely be evacuated for worker safety. while submerged, no com_munication with the cage would be possible througir satellite ;y.i;-.. However,
once the cage resurfaces an e-mail message *orrld be expected as the mooring

Figure 3

Submerged position of
the cages and
evacuation of the farm
operators during
severe storms,
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monitor again locates its position and communicates with the operators' Feeding

would continue following the hurricane with food maintained in the hopper'

Gonclusions

Developing innovative technologies to mitigate offshore aquaculture logistics

in the absence of a system design strategy would be remiss. Without effective and

safe integration of all componints, the entire system would likely be too ineffi-

cient to support economically-feasible aquaculture in the open ocean environ-

ment. Opeiating within the Gulf of Mexico, the Offshore Aquaculture Consor-

tium has developed numerous individual components-a lift-boat Aquaculture

Support Vessel, 
-a 

single-point mooring, an autonomous feeder, and a cagelmoor-

inj monitor- that, in combination, meet the demands of foreseeable issues asso-

clited with operating a farm in a distant and harsh environment. Open ocean

aquaculture operatiois can now be considered through use ofthese engineering

innovations.
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Design, Operation and Economics
of Submerged Longline Mussel
Gulture in the Open Ocean

Richard Langan and Forbes Horton

Mussel aquaculture industries worldwide are facing constraints on ex-
pansion in protected, nearshore embayments where conditions are fa-
vorable for raft and surface-referenced longline culfure. In some areas,
the carrying capacity of embayments has been exceeded, while in oth-
ers, degraded water quality, user conflicts, and resistance by shorefront
owners have limited opportunities for growth. One solution is to de-
velop mussel culture in the open ocean where space is available. The
University of New Hampshire has established a demonstration site 10
km from shore in the waters of the Gulf of Maine, USA. Water depth at
the site is 52 m, which is fully exposed and can experience wave
heights of 9 m during severe storms. Two longlines, each 130 m in
length, with the horizontal headline submerged 12 m below the sur-
face, were installed in 1999. A frshing vessel was equipped to tend the
longlines. Gear and technology used in surface-referenced longline
culture were modified for use in the ocean environment, and several
types of buoys, grow-out ropes, and socking materials and methods
were evaluated. The project has developed operational protocols and
production strategies and demonstratedthat excellent growth and pro-
duction can be achieved in the open sea. Seven seed cohorts ofblue
mussels have been grown to market size with an average production
cycle of 13 mo from spat settlement to a size of 55-mm shell height.
Yield at market size has ranged from 7.5 to l2kglm of mussel rope,
depending on seeding density. Product quality and meat yield have
been consistently high, with cooked meat weights ranging from 42%o to
nearly 60% of whole cooked weight. An economic analysis concluded
that high quality mussels could be produced at a cost of US$0.55&g,
indicating a high potential for profrtability.

lntroduction

Over the pas t20 yr, aquaculture's contribution to global seafood production has
increased steadily, and now accounts for more than a third of all seafood con-
sumed. At the same time, capture fisheries have continued to decline, signaling an
even greater need for expanding aquaculture production.

A challenge for the United States, which already lags well behind other coun-
tries in aquaculture production, is to determine where aquaculture development
will take place. Inshore waters and protected embayments where conditions are
most favorable for traditional operations are in great demand for other uses such

Richard Langan
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as recreation and fishing, and are highly scrutinized by regulators and the public
due to aesthetic concerns. Many in the industry have recognizedthe need for ex-
ploring the offshore environment; however, the challenges are considerable and

current profit margins slim, leaving minimal resources for exploratory research

and development. The industry needs solid information on the opportunities and

risks before making the move.
In order to frll the critical void between basic aquaculture research and the estab-

lishment of a healthy commercial industry, the University ofNew Hampshire ini-
tiated the Open Ocean Aquaculture Demonstration project in 1998. The overall
goal of the project is to stimulate the further development of environmentally re-

sponsible commercial aquaculture in New England, thereby increasing seafood

production, creating new employment opportunities, and contributing to eco-

nomic and community development. The project has made significant progress in
developing engineering solutions for offshore installations, husbandry methods

for several native cold-water species of finfish and shellfish, and operational meth-

odologies for offshore farms. The shellfish component ofthe projectwas designed

around the concept that inshore commercial fishermen and local fishing coopera-

tives would be the eventual participants in commercial development of offshore

shellfrsh culture, and that existing fishing vessels and the cooperatives' infrastruc-
ture for processing and distribution could be adapted for shellfish production.

Suspension culture of mussels has been practiced for many years and now takes

place in over 15 countries. It is well established and highly productive in many
parts of the world, including Spain, New Zealand, China and Canada. While bot
tom culture is practiced in some locations such as the Netherlands, Scandinavia,

and the USA (Maine), suspension culture, because of superiorproduct quality, ac-

celerated growth, and opportunities for mechanization, has emerged as the lead-

ing method of production.(1) Techniques and materials used for suspension cul-
ture vary somewhat from place to place; however, in general, methodology cog^:

sists of suspending *rrrr.1 ,op", o. "droppers" from either rafts or longlines.(2)

Raft culture was pioneered in Spain and from there became established in Scot-

land and more recently in Maine.(3) While rafts can be highly productive, they are

suitable for use only in very protected embayments. Longline technology, which
was developed in Japan, consists of either surface or submerged longlines, held in
place with anchors and supported by buoys or floats. As with raft culture, surface

longlines are suitable for use in protected arcas.Q) In locations where adverse sea

conditions or drift ice occur, submerged longlines are the only option. Sub-

merged longlines are used primarily in locations where winter ice would impact

buoys and lines (e.g., Canada). It is only in recent years that there has been inter-

est in applying the technology to exposed offshore locations. (a)

Unlike most well-established molluscan shellfish aquaculture sectors, the mus-

sel industry relies almost entirely on wild-caught seed. While seed availability is
seen as a possible impediment to expansion of green-lipped mussel (Perna

canalicului)culture inNewZealand,(1) no such shortage is anticipatedforml'tilid
species in North America. Blue mussel (Mytilus edulis) larvae are abundant in
coastal locations from spring through fall, and are planktonic dominants at cer-

tain time of the year.(s) Spawning commences when water temperatures reach

10oC, so spawning time varies throughout the range.(6) In some locations, spawn-

ing and settlement can occur over an extended period (e.g., in New Hampshire
from May through October(5)) and peak activity is highly variable from year to
year. The larval period can last from 3 to 8 weeks, depending on environmental
conditions.(7) Most culture operations in North America rely on a single seed col-
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lection period, generally during the peak settlement period in June or July.(3)
Many different types of ropes are deployed to capture larvae, and though there is
anecdotal information on the performance of different types of materials, timing
and location of deployment appear to be the most important factors.(3,8) Seed mus-
sels are left on the collection ropes until they reach a shell height of 15 to 25 mm.
They are then removed from the lines, graded to size, and either sluiced into mesh
tubes or "socks" or bound to ropes with a biodegradable mesh cotton sleeve using
e ither the Sp ani sh or N ew Ze aland method. S o cks or rop e s ar e then attached to the
horizontal head rope of the longlins.(1'3) Grow-out time to market size can be
highly variable, andwhile temperature and salinity maybe factors, within arange
of temperatures between 5o and 16' C and salinity > 25 ppt, food quantity and
quality are the most important.(3'6) Growout to minimum market size (55 mm)
from 20 mm seed can range from 8 to 18 months depending on location.(4,e)'The
growth rates reported for the Gulf of Maine generally range from 2 to 5
mm/month averaged over all seasons.(3) In locations with rapid seed development
and good growth rates at growout locations, it is possible to go from seed settle-
ment to market size in 12 to 14 months.(e)

while environmental conditions (e.g., temperature and salinity) in continental
shelf waters of the western Gulf of Maine are ideal for mussel culture, no com-
mercial offshore farms have been established, likely due to the lack oftechnology
suitable for fully exposed waters, and the anticipated risk and expense of operat-
ing offshore. The purpose of this project was to evaluate system designs, equip-
ment, materials, biological performance and production ofmussels in open ocean
environments, and to provide prospective entrepreneurs with information on the
technologies, operational methods and economic data needed to establish
commercial enterprises.

Methods

Sife selection and permitting

Site assessment surveys were conducted offthe
coast of New Hampshire over a period of a year
(1997-1998). A broad area was initially sur-
veyed in waters 45 to 60 m deep and ranging
from 7 to 12 km from the mainland coast. The
surveys gathered data on bathymetry, bottom
substrate, benthic community, current direction
and velocity, and vertical profiles of water col-
umn conditions including temperature, salinity,
turbidity, chlorophyll a concentration, and dis-
solved oxygen. The data indicated that condi-
tions were favorable for mussel culture,(lo)
though chlorophyll concentrations were in gen-
eral lower (< 1 to 5 pglL) than in inshore waters
where mussel culture takes place in Maine and
Atlantic Canada.(3) Following discussion and ne-
gotiation with federal and state regulatory agen-
cies, commercial and recreational fishermen, and
the shipping industry, a final site was selected
(Fig. 1). Permit applications were submitted and
permits granted in 1999.

Figure 1

Map showing the
location of the
submerged longline
installation 10 km off the
New Hampshire coast in
the western Gulf of
Maine.
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Figure 2

A schematic of a
submerged longline
showing dimensions
and depth of
deployment.

Figure 3

The custom designed
and fabricated hydraulic
starwheel mounted on
the starboard side of the
vessel.

Seed collection

Seed collection began in 1998 at a protected nearshore location in Portsmouth.
Several types of rope were used, including natural fiber (sisal), 3-stranded and

braided polypropylene, and polydacron lobster warp. Five-meter lengths of ropes

were deployed from a surface raft, and larval settlement was monitored over a
3-month period. During the first year of growout (1999), seed settlement was ob-
served on the longline that was deployed at a depth of approximately 12 m. Seed

collection was initiated at the offshore site in 2000. Polydacron lobster warp and

subsequently "chopped" polypropylene and "netcord" were deployed from the

offshore longlines in late May-early June and in September 2000, 2001 , and2002.

Longline design and deployment

The initial longline installation consisted. of two lines in series anchored by
three 3.2-tonne mooring blocks. Buoyancy was achieved with 92-cm diameter
steel corner floats, each providing 150 kg of buoyancy. Polysteelrope (2.75 cm)
was used for anchor lines and headlines. The distance between moorings was 200

m and a headline length be-
tween corner floats of 130 m,
resulting in a submerged
depth for the headline of 12 m
(Fig. 2). As mussels increased
in weight, additional buoy-
ancy was added to the sub-
merged longline to maintain
proper depth. Submersible
plastic buoys from several
manufacturers were attached
to the longline using short
lengths of braided nylon
twine. Each buoy type was
evaluated for performance at
depth.

Vessel conversion
and tending operations

A typical nearshore fishing
vessel (13 m LOA) was con-
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Figure 4
A sluicing table is used to fill
mesh socking with mussel
seed.

verted for use in mussel cul-
ture. A custom-designed hy-
draulic starwheel (Fig. 3), an
aft idler wheel purchased
from a Canadian company,
and a stationary boom for
vertical lifting were installed
on the vessel.

Mussel socking and growout

Seed mussels were socked
using either a sluicing table
and tubular mesh socks (in
1999 and 2000) or an auto-
mated socking machine that
employs a rope core and biodegradable cotton sleeve (beginning in 200 1) (Fig. 4,
5). Mussels socked in the tubular mesh were first graded to size and socked in dis-
crete "dropper" lengths of approximately 12 m. Seed socked using the rope core
method and cotton sleeve method were graded to size and attached to the headline
in continuous lengths ofup to 600 mper longline, with the pattern consisting ofal-
ternating short (3 m) and long (25 m) loops (Fig. 6). Several differenttypes ofcore
rope were evaluated for ease ofuse with the automated socking machine and qual-
itatively for the strength of byssal attachment. Socking densities ranged from 500
to 1000 seed/m and growth rates at different densities were evaluated. Growth
(shell height) was measured
approximately monthly by
taking fourto five 0.3 m sam-
ples of sock or core rope at
varying depths from ran-
domly selected socks/ropes.
A1l mussels were measured to
the nearest millimeter. Meat
yield of the samples was cal-
culated using the formula:
cooked meat weight/whole
cooked weight. In all, 7 seed
cohorts were deployed be-
tween June 1999 and May
2003 and length of time to
market size, as well as final
meat yield at harvest, was de-
termined for each cohort.

Figure 5
Mussel seed, bound to a
core rope with cotton
sleeving as it comes off
the top of the wheel of
the automatic socking
machine.

I
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Figure 6

A schematic of the

looping pattern used for
growout using
continuous socking with
core rope and cotton
sleeving
(not to scale).

Figure 7

Harvesting mussels
with the custom
designed mechanical
harvesting machine.

H a rve sti n g, processing
and marketing

Harvesting was ac-

complished with a cus-

tom-designed me-
chanical harvester that
consisted of a slide, a

hopper, and a hydrau-
lically driven hauler
(Fig. 7). Large quanti-
ties of harvested mus-
sels (> 1 tonne) were
sent to commercial fa-
cilities for processing
and smaller quantities
(up to 75 kg) were pro-

cessed by hand. Mussels were marketed to local restaurants and seafood retailers

under the trade name "Isles of Shoals Supremes". A product quality survey was

developed and distributed to restaurant chefs and to customers at retail shops.

Economic assessmenf

An economic assessment and business plan were developed by a contractor to

determine the economics of farm size, options for business ownership, produc-

tion costs and potential profitability.

Technology transfer

A series of meetings were held inNew Hampshire and Maine to inform fisher-

men aboutbusiness opportunities for offshore mussel culture. The meetings were

followed by hands-on demonstrations at the offshore site and additional meetings

with fishing cooperatives and individual fishermen to identify offshore sites and

to assist with the de-

velopment of federal
and state permit aP-

plications for com-
mercial enterprises.

Results

Seed collection

Commercial quanti-
ties of seed were col-
lected from inshore
locations and from
the offshore longlines
in the late spring and

early summer and
again in the fall. An-
nual variation in the

density of settlement
was observed, with
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both spring and fall peaks differ-
ing by as much as 30 d. Average
density lorallyears was approxi-
mately 2,000 seed/m by the time
the seed grew to a shell height of
25 rnm. The 25-mm size was
reached at an ayerage over all
years of 5 months post-set. At the
inshore sites, all rope types
caught mussel seed except the
natural fiber rope which became
heavily fouled with filamentous
algae within a week of deploy-
ment. Best results were achieved
with polydacron lobster warp
that had been used for lobster
fishing for several seasons. Simi-
lar results were obseled at the
offshore location, with the
"netcord" material exhibiting the
poorest and the lobster warp the
best performance. Seed settlement at the offshore site was best between 12 and.17
m, and thinned out quickly beyond that depth. virtually no seed was collected
deeper than 20 m. Fouling by the hydroid Tibttlaria sp. hampered seed collection
and subsequent growth and sorling for growout.

Figure 8

Growth rates of seven
cohorts of mussel seed
deployed for growout
since 1999.

Figure 9

Market sized mussels
produced at the offhore
site.
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Longline design and dePloYment

All ropes, anchors, corner buoys, and lines were in very good condition after 4

years of use; therefore, the estimated life expectancy of the materials was 7- 10 yr.

The one difficulty encountered was with the submersible plastic floats that were

added for additional buoyancy during grow-out. Buoys from three manufacturers

failed when they sank below 20 m, causing the longline to sink even deeper and

on two occasions actually touch bottom. A 40-cm diameter rotationally molded

buoypurchased from a fourth manufacturerwas tested in 2002; itmaintainedvol-

ume and integrity at depths as great as 50 m. These buoys were used exclusively

for all subsequent glowout cycles, resulting in more reliable depth stability for

the line and decreasing the number of maintenance trips to the site to add buoy-

ancy during growout.
InFebruary 2003, the original longline was destroyed when either a safety cable

from a tug and barge or a large mid-water trawler fouled the installation (the cause

is speculated). Two new lines were installed in March 2003. These differed from

the original in that each line was moored separately with two granite blocks (2

tonnes each), ratherthan 3 concreteblocks fortwo lines. One additional change in

design was th atthe 92-cmsteel corner floats on one ofthe lines were replaced by a

cluster of six 40-cm plastic buoys.

Vessel conversion and tending operations

The conversion vessel performed well under most conditions; however, the di-

rection of the wind, waves, and currents were nearly as critical a factor as the

wave height and wind speed. Line tending was difficult at wind speeds greater

than 35 km/h and wave heights greater than2 m, particularly in beam winds and

seas. In addition, the vessel had difficulty safely tending a line fully loaded (> 5

tonnes) with market-sized mussels in marginal sea conditions.

Mussel socking and growout

Mesh socking lacked the strength needed for droppers of the length used (12 m)

and virtually all socks from the 1999 deployment broke as mussels reached mar-

ket size. In 1000, lengths of 5-mm braided nylon twine were run through the mesh

sock during seeding operations to provide greater strength' This worked to some

degree; however, the use of mesh socking was abandoned after the purchase of the

automated socking machine. Beginning in 2001, the rope core and cotton sleeve

method was used for growout. Though no scientifically valid data were gathered

on rope performance, qualitative assessment indicated that the New Zealand
.,loop;, urrd "Christ-as tree" ropes were the preferred materials in terms of han-

dling, ease and efficiency of socking, and strength of byssal attachment.

Growth rates for all seed cohorts were remarkably similar, regardless of initial
seed size of season of deployment. Mussels grew an average of 4 mm per month,

reaching minimummarket size (55 mm) after 8 to 9 months onthe longline (Fig.

8). Seeding density up to 900/m did not affect growth rates. At higher densities,

growth was slightly slower, but yield was higher. Optimal density was deter-

mined to be 750 mussels/m, which resulted in a yield of 9 kg/m of rope, and a total

yield of 5.4 tonnes per line (Fig. 9). Meat yields ranged from42o/otonearly 600/o,

with the lowest percentages recorded in post-spawning mussels.
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Harvesti ng, processing and marketing

Mussels were removed from the growout ropes quickly and efficiently using the
mechanical harvester, and very few mussels were damaged during harvesting op-
erations. Some difficulties were encountered in guiding the mussel-laden ropes
onto the overboard slide when tidal currents and wind direction affected vessel
positioning on the line. Processing at commercial facilities resulted in a substan-
tial breakage ranging from 29%o to 40o/o of individual lots. The two processors
that were used deal almost exclusively with bottom cultured or wild mussels that
have substantially thicker shells. Therefore their handling methods and process-
ing machinery resulted in unacceptable product loss.

The consumer response to the ocean-grown mussels was very positive, with
most respondents indicating their preference to "Isles of Shoals Supremes,, over
all other products.

Economic assessrnenf

' An economic assessment was conducted by the Marine policy Center at woods
Hole oceanographic Institution. Their published findings used cost and produc-
tion data from the UNH offshore demonstration project.(rr) They examined a
number of scenarios and determined that a farm with 100 longlines can produce
up to 600 t per year, and deliver unprocessed mussels dockside at a cost of
US$0.55/kg. Based on the current market, this assessment indicates that offshore
operations can be profitable ifthey are developed at the proper scale.

Technology transfer

Technology transfer efforts resulted in applications for two commercial startup
operations that were submitted in late 2003.It is anticipated that permits will bi
granted in the spring of 2004.

Conclusion

over the past four years, the project has demonstrated the operational and eco-
nomic feasibility ofgrowing high quality mussels in offshore waters. Convincing
and repeatable data on the production cycle has been compiled, and important in-
formation on optimal materials, equipment, and operational methodologies has
been provided to potential entrepreneurs. It has been demonstrated that converted
fishing vessels can be used in offshore culfure operations, providing an alterna-
tive business opportunity for local and regional capture fishermen. The applica-
tions for two commercial farm sites that were submitted in late 2003 areaffirma-
tion ofthe value of applied research, technology development and demonstration
to commercial development.

Despite optimism that commercial startups will be successful using the meth-
ods developed through this project, it is anticipated that issues (such as invasive
fouling organisms) that can affect production may arise in the future, as they have
in other aquaculture sectors. It is also likely that while converted fishing vessels
may be successfully used in a nascent industry, continued evolution will include
larger specialized vessels and a higher degree of mechanism, similar to what has
occurred in the New Zealandmussel industry.

"Over the past

four years, the
project has

demonstrated the

operational and

economic

feasibility of
growing high
quality mussels in

offshore waters. "
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An Open Ocean Aquaculture System
for Submerged Operations
in New England

David W. Fredriksson, Michael D. Chambers,
Judson C. DeGew, Brett Fullerton, M. Robinson Swift,
Glen Rice and Barbaros Celikkol

The open ocean conditions off the coast of New England pres_
ent unique challenges as the coastal marine aquaculture industry
considers moving into exposed locations. Many of these chal_
lenges are being investigated by researchers involved in the
Open Ocean Aquaculture project at the University of New
Hampshire. The investigation of nearly,,commercial-scale,, op_
erations was initiated in July 2003 when a four-cage, submerged
grid mooring system was deploye d in 52 m of water approxi_-
mately 10 km from the New England coast. Deployed in the
grid are three submersible Sea StationrM cages being used to
contain Atlantic halibut, haddock and Atlantic cod. The cages
are kept in the submerged configuration since 9 m seas und i"_
ing can occur at the site. Distance from the shore, energetic
sea-states and submerged operations make consistent feeding
difficult. Since existing feeding technologies are geared to ttre
inshore aquaculture industry, two automated, ex-
perimental feeding systems were developed and

Figure 1

Location of the Open
Ocean Aquaculture re-
search site off the New

Hampshire Goast.

are deployed at the site.

lntroduction

As environmental and fiilization issues put pressure
on existing nearshore aquaculture facilities, the need to
move operations into more exposed sites is becoming
necessary. The technologies required to perform eco-
nomic open ocean aquaculfure, however, are still in the
process of being developed. The University of New
Hampshire (wg) operates a 12.4 hectare, open ocean
aquaculture site in 52 m of water, approximately 10 km
from the New Hampshire coast in the USA (Fig. 1). The
site is permitted to perform research related to the opera-
tional, engineering, biological and environmental as-
pects of open ocean aquaculture. Specification for
equipment suitable for the site is difficult because of the
harsh environmental conditions. The most extreme
storms come from the northeast where significant wave
heights have been measured to be on the order of g m
with maximum waves possibly approaching 13 m.(1)
Cold temperatures and high winds that occur during the
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Figure 2

Three submersible cages

are deployed within the

four-cage grid mooring

with two feed buoys.

Crown lines are attached

to the anchors to adjust

the mooring if needed.

winter months often create freezingspray that covers surface gear with ice. Cur-
rent velocities can be substantial, with magnitudes often exceeding 50 cm/s. Re-

search performed in the past few years, however, has shown that equipment can

survive at this location during extreme conditions.(2)
A four-cage grid mooring deployed at the site is being used to hold three,

submersible Sea StationrM fish cages and two feed buoys (Fig. 2). Atlantic
halibut (Hipp o glos sus hippo glossrzs), hadd ock (M elano grammus aegl efi nus)

and Atlantic cod(Gadus morhua) are being raised separately in each of the three

cages. Many of the operations are being performed below the surface (the top of
the cages are at a depth of approximately 10 m). Distance from the shore,

energetic sea-states and submerged operations make consistent feeding difficult.
Since existing feeding technologies were developed for the inshore aquaculture

industry, new feeding systems are being designed and deployed.(3'a) These

feeding mechanisms generate their own power and are controlled remotely so the

fish can be fed in the submerged cages without having personnel at the site. The

mooring systems used with each of the feed buoys are uniquely designed with
elastic elements that connect into the four-cage grid mooring. The objective of
this paper is to describe the equipment deployed and the species being raised to

investigate open ocean aquaculture where exposed, cold water conditions exist.

Submerged Aquaculture Equipment

Fish Containment Structures

One ofthe primary components necessary for open ocean aquaculture is the fish

containment structure. Since energetic wave conditions and icing are typical in
New England, submerged containment systems are being used. Three were pur-

chased from Net Systems, Inc. located in Bainbridge, Washington State, USA.
Two ofthe cages consist ofthe 600 m3 , Sea Stat;rrrru (S5600) deployed as paft of
a previous phase of this project.(5-7) The third cage consists of the 3000 m3 Sea

StationrM (SS3000) purchased in July 2003. The 55600 cages are constructed

around a central spar approximately 9 m long and a rim with a nominal diameter

of 1 5 m, held together with spoke lines. The rim is made of eight, 6.2 m sections

of steel pipe. One of the 55600 cages incorporates a ballast weight assembly at-

tached to the bottom of the spar consisting of a 25 m line connected to a 1 . 1 tonne

clump weight. Attached to the clump weight is 16 m of chain that extends to the

bottom and drags on the ocean floor. The other 35600 cage uses a single 2 totne
weight. The SS3000 cage has a similar construction except the spar is approxi-
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Crows nest or work
platform

Chimney section

Crows nest water lines

Rim flange
1ot12

Bottom rim water lines
Boftom water lines
1o112

Harvest ring

Spar

Ballast pennantl Ballast weight

mately 15 m long and the rim is made oftwelve 6.63 m sections of steel pipe with a
nominal diameter of 25 m. The ballast weight assembly attached to the bottom of
the spar consists of a 6 tonne clump weight. In each of the cages, a chamber in the
spar permits ballasting, allowing the cage to be either at the surface or submerged.
component details can be found in Fredriksson et al.G) and Kurgan(e) foithe
ss600 and SS3000 cages, respectively, or from the manufacturer. The general
components of the SS3000 are shown on Figure 3.

Mooring Sysfem Concept

The mooring system was also designed to facilitate submerged aquaculture. It
incorporates a four-cage grid that is located approximately 15 m below the sur-
face (Fig. 4). Four sets ofbridle lines connect the cages to the submerged grid (not
shown on Fig. 4). The grid openings allow the cages to be submerged and are an-
chored to the bottom using 12 anchor legs each incorporating co-polymer rope

,/
sectaon
12

Rim
1of

Figure 3

A schematic of the
general configuration of
the SS3000 cage. The
SS600 is similar except
the spar is shorter and
the rim is constructed
with eight sections.

Figure 4

An isometric view of the
submerged four-cage
grid system. !t consists
of eight corner anchor
legs, four side anchor
Iegs, one center anchor
line and 12 grid lines.
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Figure 5

A schematic of external features of

the227-kg feed buoy (left). A

cross-section of buoy showing the

internal feeding mechanisms (right).

Figure 6

Schematics of external (left) and

internal (right) components of the

907 kg feed buoy.

Feed hatch

Feed hopper

Flotation collar

and a chain catenary. Tension in the system is maintained using grid

flotation at the nine nodal locations. Due to the 12 anchor design, flo-
tation elements at the corners are larger than those at the grid sides to

accommodate the weight of chain for two anchor legs. Design details

are provided in Fredriksson et al.(10) During the deployment process,

the anchors were set using crown lines to form the required geometry,

which submerges the flotation elements down to the desired depth and

Diameter
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Rotary airlock

Approximate
water line

Generator

Batteries

Feed hose
connection

5.2 m

I
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5.0 m

24 Bull. Aquacul. Assoc. Canada 103-3



i

lifts chain up off the bottom. The chain catenary in the anchor legs provides nec-
essary compliance to the system. This effectively pretensions all of the grid moor-
ing gear, which is an important consideration to minimize marine mammal entan-
glement. The mooring concept also employs large diameter rop es (44 to 52 mm),
which also helps to prevent entanglement.

Quarter-Ton Feed Buoy

To feed the fish in the cages, automated feed systems were developed since the
equipment is not available in the United States. The first system was designed for
a227 !.9 (quarter-ton) capacity to supply feed to one of the ss600 submerged
cages.(o) It consists of a surface b.roy, r.rot.ings attached to the submerged grid, a
feed transfer hose, feed dispensing machinery, and telemetry/control compo-
nents. The buoy is taut-moored above the cage by compliant members to provide
flexible response to tides and waves. The buoy operates remotely at the site using
automated feed dispensing, power supply, control and communication systems.

The major dimensions and the arrangement plan of the hopper, batteries, pumps
and other internal systems of the 227 kg feed buoy are shown on Figure 5. The
main body consists of a 1.5 meter diameter aluminum cylinder based on a
previous design described by Rice et a1.(3) A 0.6 m diameter cylinder extends
downward and supports a 1 m diameter "bucket" at the base frlled with lead
ballast. Reserve buoyancy is provided in the form of a20 cm thick Surlon foam
flotation collar. The center of gravity is well below the center of buoyancy. The
resulting metacentric height provides a substantial reserve righting moment.
Extra buoyancy and righting moment were viewed as essential for safety of
maintenance personnel as well as buoy survival in severe storms, icing conditions
or loss of watertight integrity.

Feed pellets are loaded into the buoy through the top hatch and stored in the
hopper shown in Figure 5. A rotary drum valve is used to meter out the desired
amount of pellets for each feeding. The feed pellets drop through an open ball
valve ino a small chamber with water, where a pump forces the mixture down
through the hose to the cage. These components are powered by both solar and
wind energy. Two 60 watt solar panels provide electricity during clear, sunny
days and a wind generator provides power during moderate wind. The power
systems charge two 24 volt, 105 amp-hour battery banks.
A CF-l microcontroller with a load distribution panel controls the systems

inside the buoy. The system was designed to allow the microcontroller to monitor
all ofthe voltages and currents that control the feeding operation. The controller is
also interfaced with two spread-spectrum radio systems to allow for land-based
remote control ar.d data acquisition. The first of these systems contains two 900
MHz serial (RS-232) radios that allow for direct monitoring and control of the
cF-1. The system was designed and programmed to allow for land-based
upgrading of the control programs/feed schedules without having to be at the site.
The second radio system consists of a set of 2.4 GHzradios used for live video
monitoring from two cameras strategically placed within the fish cage to view
feeding behavior.

The227 kg feed buoy mooring system connects to the four-cage grid using two
compliant tether assemblies and an elastic feed hose connected to the top of the
cage. Each tether assembly consists of a pair of 2.5 cm diameter elastomeric
members (connected inparallel) and a single, 89 kN capacitybraidednylon rope.
Since 9 m waves and a 3 m tidal range can occur at the site, the feed buoy mooring
components were designed to remain taut with the buoy at the level of low tide in
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the trough of the wave, yet be within the operational elastic limits of the hose and
tether while the buoy is at the high tide, wave crest level.

One-Ton Feed Buoy

Another prototype feed buoy is deployed at the site to feed the fish in the

SS3000 cage. This system is similar in design and operation as the 227 kgbttoy;
however, the new buoy incorporates upgraded control systems and has a907 kg
(one ton) feed capacity. It consists of a surface buoy, moorings attached to the

four-cage grid, a feed transfer hose, industrial feed dispensing machinery and a

telemetry/control system. The buoy is taut-moored above the submerged SS3000

cage. The major dimensions and the arrangement of the hopper, dispensing ma-

chinery, generator, pumps and other internal systems of the feed buoy are shown

on Figure 6. The main body of the buoy consists of a 2.5 m diameter cylinder that
is 5.0 m tall. The section is split into two parts; the lower section is made of steel,

while the upper section is aluminum (it is important to note that the dissimilar
metals are electrically isolated). The aluminum upper portion was used to reduce
the weight so that the center of gravity is significantly lower than the center of
buoyancy, offering a substantial righting moment.

Feed is loaded into the buoy through the top hatch and stored in the hopper. A
stainless steel rotary airlock dispenses the feed and seals the hopper from getting
wet. The airlock consists of a Y, hp motor which drives an 8 vane rotary unit
within a sealed housing. The vanes can rotate at 10 rpm dosing approximately 1 8

kg/min (the dosing rate can be adjusted by changing the rpm). The feed drops into
a mixing chamber below the airlock valve where it mixes with water. The feed

mixture is then pumped out of the buoy and through a 100 m long transfer hose to
the cage.

The 907 kg feed buoy also incorporates a self-contained power supply, control
and telemetry systems. The systems built for the 907 kg buoy are substantially
different than those designed for the 227 kgbuoy. With increased feed capacity,
the power requirements were also increased and therefore required a 5 kW diesel
generator as the major power source. The control system was also upgraded. In
the previous feeder, it was designed to be passive (i.e., conditional testing was not
necessary for operation). The control system in the 907 kg buoy, however, is

designed to check if certain components (like the diesel generator) are running
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before the feed process starts. In addition, since the generator is capable ofproducing hazardous voltages in excess of 240vAC, mole sa[ty precautions areincorporated to maintain a safe situation. Emergency stop systems, accurate
1uI"ol limiting circuits, wiring that complie, *itt me zo6z National Electric
code, interior lighting, and a fire extinguishing system ur" uilpunof the existing
safetyprecautions. Ifanysafetyprobr.*do".occur(e.g.,circuitbreakertripped]
emergency stop system activated, etc.) the information is logged by the iri"-ui
computer and transmitted to shore.

^ 
The_telemetry system is similarto the one used with th e227 kgbuoy and allows

for full control and acquisition of all data. The user hur trr" uuilit] to choose which
days and hours they want the buoy to feed and to v ary therate at which the fish are
fed. The control and telemetry system was developed to 

"o-pt"-"rt a web_based
control center that will allow engineers/technicians and -u"ug... to be able tomonitor and certain personner to control many aspects of the o-peration.

Presently, the 907 kg feed buoy is moored i, ui"-porury.o'rrfigrrution. Thepermanent mooring system is designed to keep the buoy from colliding with the
cage during exffeme storms, since the buoy has a 7 m dr#. ru" design consists of
a two-point mooring systemwith two highly stretchabre (220;A) rubber hoses.
Each mooring hose is approximately l5 ,., rorrg with a 7.6i cminiernal diameter
and a 10.67 cm outside diameter. ihe hore is flooded with water and the ends
capped to prevent compression of the wall under significant tension. packed
inside the flooded hose is a length of coiled rope, whlch in the severe event ofpossible overstretching, the rope member would prevent damage to the rubber.The remaining length of the mooring consists it z.s cm braicled nylon rope.
Mooring tethers would be attached to tle west and southwest gridcorners. A third
rubber hose with less stretch would supply feed from thJ buoy to the cageapproximately 33 m long. However, itls expected that this hose would seeminimal forcing and therefore is not considered part of ,n" ,*s-point mooring
used for the buoy.

Open Ocean Aquaculture Species

Atlantic Halibut

In addition to investigating equipment for open ocean aquaculture, work is be-
ing conducted to develop culture techniques for cold waterLarine species in New
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England.(rr) One of the first cold water species to be stocked at the site was Atlan-
tic halibut. In May of 2001, approximately 2000 juvenile halibut averaging 30 g

were acquired from R&R Development located in Digby, Nova Scotia. The hali-
butweretransferredto theUNH CoastalMarine Lab (CML) inNewCastle, NH at

a density of 22kg nS .A[ fish survived the 1 7 hour trip. At the CML, the fish were
held in 2 m3 tanks with flow-through seawater and fed4o/obody weight/day with
belt feeders. During this time, stocking density increased from4.7 to 12.7 kgl^'
as the fish grew. Transfer to one of the 55600 cages occurred in October 2001,

when the halibut had reached 100 g mean weight. Transfer was conducted in I m-

fish boxes. Fish were placed into rubber coated trays and then stacked into the

fish boxes, which were supplied with oxygen and flowing seawater. After the

cage was stocked, it was submerged to 12 m. Since stocking, fish have been fed
(Shur Gain and Dana Feed halibut ration), approximately twice per week, at arate
of 3 to 4o/obody weight during waflner summer months and I to 2%o $tringcooler
winter months. Monthly sampling of the fish has been performed to track growth
and survival. The growth results in weight are shown on Figure 7 and survival is
approximately 68%. The mortalities were caused by fat cell necrosis syndrome
(FCNS) or "sun burn". The syndrome is a degeneration of the subdermal fat de-

posits, and is caused by the imbalance of oxidants and anti-oxidants in the diet
along with excessive sunlight. This condition occurred during the summer
months when the cage was at the surface for cleaning. In addition, the warmer sur-

face temperatures created heavy fouling by the colonial hydroid Tubularia sp.,

which have stinging nematocysts. Divers observed minor skin irritations on the

ventral (non-ocular) side of the fish, indicating that halibut are sensitive to the

stinging cells, and are reluctant to settle onto substrates populated by Tubularia.
The halibut cage is kept submerged during summer months to reduce the risk of
FCNS and cleaned more frequently so the fish can achieve their maximum growth
potential. Presently the halibut are 2.5 kg and should be ready for harvest in the

spring of 2004 at 3 kg.

Atlantic Haddock

Another cold water species being investigated is Atlantic haddock. This work is
part of a collaborative study initiated in September of 2002 between UNH and

Heritage Salmon Limited located in New Brunswick, Canada. Although the com-
pany concentrates on the production of Atlantic salmon, they have also been con-

ducting extensive and very successful research aimed at producing haddock. The

objective was to study the performance of haddock in offshore net pens with had-

dock in inshore pens. The National Research Council Laboratory in Halifax,
Nova Scotia, Canada, produced the 3000 juvenile haddock (16 g mean weight)
for the study. The fish were transferred to IINH in insulated containers at a den-

sity of 23 kg/m3. The haddock were placed in a 35 m' n rsery pen located near the

I-INH Coastal Marine Laboratory and fed a formulated diet (3-5mm, DANA
Feed) three times a day by a solar powered, automatic feeder. The fish were later
transferred to the other 55600 cage at a mass of 78 g in December 2002 and fed a
Zeigler and Skretting Marine diet using the 227 kg feed buoy twice a day. The
growth performance in the open ocean is shown on Figure 8 and little mortality
has been observed, except for fish handled during sampling. The intention is to
leave the fish in the open ocean cage until they reach market size (2 to 3 kg).

Atlantic Cod

The third cold water species being investigated is cod. This work is being per-
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formed in collaboration with Great Bay Aquaculture (GBA). cod production be-
gan at GBA early in 2003 using eggs and sperm collected from wild broodstock.
Larval rearing techniques were changed to incorporate information leamed over
the last 2years about water quality management, live food enrichment, causes of
hyperinflation of the swim bladder, and larval stocking density. Hatching suc-
cess, larval growth and survival were remarkable. For example, growth rates of
up to 5% per day were recorded, andat day 100, survival was approx imately 25%o.
A total of 200,000 juveniles were produced during the first run. All the fish were
dip vaccinated with vibrogen 2 (Arya Health Ltd.), and repeated tests for the
presence of nodavirus were negative.

In April of 2003, atotalof 30,000 cod (3 g mean weight) were transfered to two
35 m3 nursery pens near the cML in New castle, NH. Fish in both pens were
initially fed 3 times per day by hand, and later with an automatic, solar powered
feeder. As the fish grew, approximately half the fish from each pen were moved
into two other 35 m'pens to reduce stocking density. In SeptemLer, the 50 g cod
were moved to the open ocean site and placed inside a2o0 m3 nursery net (12.5
mm stretch mesh) suspended within the SS3000 cage. Approximately 600 fish
were maintained in the inshore net pen so that a comparison could be made
between the two locations. Transport of the fish was facilitated by pumping the
fish through a 30 mm diameter hose into large tanks aboard a 30 m, fishlransfer
vessel from Maine. Transfer of the fish from the vessel to the cage, (while it was at
the surface) was also done using the fish pump. Following the transfer, the cage
was submerged to 10 m. Fish have been fed commercial diets especially
formulated for cod (zeigler or Skretting) since the transfer. In November, fish in
the offshore nursery net were released into the ss3000 cage. The cod will stay in
the submerged cage and be fed via the 907 kgfeed buoy until they reach a market
size of 3 kg.

Summary

Significant engineering challenges still exist to make open ocean aquaculture
more economically feasible. As grow-out takes place, it will become more evi-
dent that other technologies such as harvesting systems and uniquely engineered
support vessels need to be developed in support of cost-effective open ocean
aquaculture. The development of these and other technologies will require an in-
tegrated systems engineering approach considering biological and environmental
design criteria. The engineering and operational costs must be balanced with the
appropriate seafood product and market and reflect responsible environmental
practices. The challenges are substantial, but many believe that open ocean
aquaculture can be performed economically at a scale that can make a significant
impact on the global need for seafood.
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"As aquaculture

operations continue

to expand in

Canadian waters,

one can expect the

interest in operating

in the offshore area

will also grow. "

Offshore Aquaculture
in Ganadian Waters:
Legal lssues and Ghallenges

Gloria Chao

Although commerical aquaculture operations in Canadian waters are

currently being carried out in coves, bays and nearshore areas well
within 3 nautical miles (nm) of the shoreline, there is growing interest
in the possibility of operating aquaculture farms in the offshore area.

Offshore aquaculture, occurring hundreds ofnm from the shore, could
prove an attractive option, especially as nearshore areas approach their
carrying capacity for both aquaculture and non-aquaculture activities,
increasing the likelihood of conflicts between aquaculturists and users

ofcoastal areas over the next decade.

However, even if technology permitted offshore aquaculture opera-
tions to be cost-effective in the near future, there are a number of legal

issues and challenges associated with such activity. The key one is the

uncertainty surrounding the regulation of Canada's offshore area,

which is divided along constitutional and territorial lines. Such

multijurisdictional regulation creates both regulatory overlap and gaps

among different governmental levels and departments.

This paper examines these jurisdictional complexities as well as the
integration attempts initiated by the federal and a number of provin-
cial governments in the regulation of marine aquaculture. This paper

concludes by identi$ring the key issues in regulating offshore
aquaculture and suggesting a number of regulatory models for future
consideration should offshore aquaculture ever be commenced in Ca-
nadian waters.

lntroduction

The aquaculture industry in Canada has experienced significant growth in the

last decade, with increased growth projected in the near future. In the next 15

years, it is projected that at an annual growth of 10 to 15 percent, Canada'.s

aquaculture output could reach $2.8 biltion annually in farm-gate reven es.(')

Such growth will require increased marine areas to be allocated to aquaculture.
Currently, the total area occupied by aquaculture operations in Canada is approx-
imately 30,971hectares, equivalent to an area measuring 17.6 km long by 17.6

km wide (approximately the size ofthe core area of the average Canadian provin-
cial capital city).(2)

As aquaculfure operations continue to expand in Canadian waters, one can ex-
pect the interest in operating in the offshore areawill also grow. Although there

are no commercial aquaculture operations currently underway in Canadian off-
shore waters, there is already interest in examining the economic feasibility of
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aquaculture activities that go beyond the nearshore area,such as sea ranching or
the enhancement of selected shellfish species.(3)

However, even if technology permitted offshore aquaculture operations to be
cost-effective in the near future, there are a number oflegal issuesind challenges
associated with such activity. The key one is the uncertainty surrounding the rig-
ulation of Canada's offshore area,which is divided along constitutional and terri-
torial lines. Such multijurisdictional regulation creates both regulatory overlap
and gaps among different governmental levels and department{ resulting in in-
consistent standards and uncertain sustainable development in the aquaiulfure
industry.

Scope and Organization

This paper is divided into three parts. The firstpartprovides an overview ofthe
general jurisdictional complexities ofregulating aquaiulture in the nearshore and
offshore areas. The second part examin"r u ,rrrmber of the integration attempts
that have been initiated by the federal and provincial levels of girernment to co-
ordinate their regulation ofaquaculture in nearshore areas. Thi paper concludes
by identifzing the key issues in the regulation of offshore aquaculture and the
possible regulatory models that may be considered should offshore aquaculture
operations be undertaken in Canadian waters.

Reg u lati n g Nears hore and offshore Aquacu rture Activities
in Canadian Waters: Jurisdictional Complexities

Because of the constitutional division of powers between the federal and pro_
vincial governments, the re.gulation of aquaculture is inherently
multijurisdictional and complex.(a) The federal government can legislate in re-
spect of aquaculture activities in relation to a number of constitutional heads of
power, including: sea coast and inland fisheries.(5) shipping and navigation.(6)
trade and commerce;(7) interprovincial and international -urtt"r.;(firrai"r. ,"0
lands reserved for Indians;(e) and federal works and undertakings and matters de-
clared to be within federal jurisdiction.(r0)

The provincial governments also play an important role in the regulation of
aquaculture. In nearshore areas, the principal aspect of private aquaculture, the
farming of aquatic organisms within a leased area, is mosi likely to 6e a matter un_
der the provincial head of power over property and civil rights.{t tt other provin_
cial heads.of power include all matters of a merely local oi private nature in the
province,(12) as well as, the regulation of the subaquatic lands underlying fresh-
water lakes and rivers, and tidal areas within bays, inlets and estuaries (with mi-
nor exceptions).(13)

with the various heads of power divided between the two levels of government
and then further divided under different subject matter within each level, the reg-
ulation of aquaculture consists of a patchwork of statutes,_administered by multl-
ple departments and ministries. Beyond the oceans Act,oa) thereis no overarch_
ing federal stafute that regulates either aquaculture or coastal zone management,
in contrast with other federal states, such as the United States.(rs) The role of ab_
original communities, through the exercise of aboriginal rights, especially title
claims and the right to be consulted,('u) also contribuie to the multijurisdiciional
regulation of aquaculture development. Adding to the regulatory iomplexity is
the fact that most of the statutes that currently regulate aquacutiure were origi_
nally conceived for wild fisheries management and have been adapted, soire
more successfully than others, to apply to aquaculfure activities.

"Adding to the
regulatory

complexity is the
fact that most of
the statutes that
currently regulate

aquaculture were

originally

conceived for wild
fisheries

management and

have been adapted,

some more

successfully than
others, to apply to
aquaculture

activities."
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"Goming into force in

1997, the federal

Oceans Act
articulated a new

order of oceans

governance based on

LOSG principles as

well as other

emerging

international law

principles, including:

sustainable

development,

integrated

management and the

precautionary

approach. .. .

But the Oceans Act

does not resolve the

jurisdictional issues

of multiple regulators

and multiple

ownership of the

ocean spaces."

Extending the purview of aquaculture activities to the offshore area further ex-

acerbates the jurisdictional complexity of aquaculture regulation. The national

regulation of offshore areas of the oceans is a relatively new phenomenon, be-

coming more and more prevalent in the latter part of the twentieth century, with
the United Nations Convention on the Law of the Sea ("LOSC"), the defining

document of international oceans law, signed in 1982. LOSC governs a range of
matters, including: fisheries, navigation, marine pollution, scientific research,

compulsory dispute settlement procedures, and the means by which a state is to

delimit the outer edge of its continental shelf. In force since Novemb er 16,1994,

its 144 parties (including Canada, whose ratification came on November 6,

2003;{ta include all major developed countries.

Coming into force h 1997, the federal Oceans Act artictiated a new order of
oceans governance based on LOSC principles as well as other emerging interna-

tional law principles, including: sustainable development, integrated manage-

ment and the precautionary approach. Sections 31 to 33 of the Oceans Actreqltffe
that the Minister of Fisheries and Oceans facilitate the development and imple-

mentation ofplans for the integrated management of all activities affecting Cana-

dian estuaries, coastal waters, and marine waters. Integrated management is in-
tended to bring together interested parties, stakeholders, and regulators to reach

general agreement on the best mix of conservation, sustainable use, and eco-

nomic development of coastal and marine areas for the benefit of all Canadi-

ans.(")
Other than setting out these legislative imperatives, the Oceans Act does not

elaborate further on how integration may be achieved. The federal government

has just recently articulated iti very general Oceans Strateglt,0e) as required by
the Oceans Act. Accompanying the release of Canada's Oceans Strateg,t, the

"Policy and Operational Framework For Integrated Management of Estuarine,

Coastal and Marine Environments in Canada" sets out how Fisheries and Oceans

Canada is addressing its responsibilities for integrated management under the

Oceans Act and Canada', O""orc Strateg,,.(20) Thus far, at least two integrated

management plans are currently being develope^d to examine the management

mix o1 coastai activities, including aquacultwe.(2r)
The Act also reiterates ocean zones that had previously been claimed by Can-

ada, either through legislation or unilateral action, including:
. The Territorial Sea-12 nm (previously 3 nm) from the baselines;

. The Exclusive Economic Zone-200 nm from the baselines, for the pur-

pose of exploring, exploiting, conserving and managing the natural re-

sources, whether living or non-living, of the waters superjacent to the sea-

bed and of the seabed and its subsoil, and with regard to other activities for

the economic exploitation and exploration of the exclusive economic zone

ofCanada; and

. The continental Shelf-350 nm from the baselines for the purpose of ex-

ploring, exploiting the mineral and other non-living natural resources of
the seabed and subsoil of the continental shelf o f Canada, together with
living organisms belonging to sedentary species (organisms that, at the

harvestable stage, either are immobile on or under the seabed of the conti-

nental shelf of Canada or are unable to move except in constant physical

contact with the seabed or the subsoil of the continental shelf of Canada).

But the Oceans Act does not resolve the jurisdictional issues ofmultiple regula-

tors andmultiple ownership ofthe ocean spaces. As subsections 9(5) and21(1) of
the Act state, nothing in the Act "shall not be interpreted as providing a basis for
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any claim, by or on behalf of aprovince, in respect of any interest in or legislative
jurisdiction over any area of the sea in which a law of a province applies under this
section or the living or non-living resorrces o f that area,or as limiting the applica-
tion of any federal laws."

The trilogy of offshore jurisdiction cases heard by the Supreme court of canada
in the last forfy years have shown how difficult it is to determine ownership of
offshore areas. First, inthe 1967 case, Reference re: Ownership of Offshore Min-
eral Rights (British columbia),(22) the supreme court of canada held that the ter-
ritorial sea (offshore the west coast of Vancouver Island) was not part of British
Columbia and was owned by the federal government. Next, in the 1984 Reference
re: Seabed and subsoil of the continental shelf offshore Newfoundland,Q3) the Su-
preme Court of Canadaheld thatNewfoundland didnothave jurisdiction overthe
continental shelf as it did not have such jurisdiction at the time of entering Con-
federation.(24) The third case is the 1984 Reference Re: Ownership of the Eeds of
the Strait of Georgia and Related Areas,(2s) where a majority of the Supreme
Court of Canada held that the Georgia Strait land and waters between Vancouver
Island and the mainland were within British columbia at time of entering con-
federation and thus remained within the province.

Given the political and judicial difficulties in determining territorial bound-
aries, the federal and provincial governments have for the most part chosen to ad-
dress jurisdictional questions in the development of aquaculfure in a manner that
does not decisively determine such issues. However, without further regulatory
coordination, the multijurisdictional regulation of aquaculture in the near or off-
shore areas by a number of different agencies and departments will continue to re-
sult in delays, inconsistencies in standards, and uncertainty for the sustainable de-
velopment of the industry.

Aquaculture lntegration lnitiatives

As the nearshore aquaculture industry has grown in the last few decades, efforts
have been made to integrate the decision-making processes among the various
government levels and departments in the regulation of marine aquaculture de-
velopment. The following sections summarizes only some of the key integration
initiatives undertaken by the federal and provincial government, some of which
can be used as the basis for the regulation of the offshore area.Q6)

One of the key integration initiatives is through the use of vertical integration be-
tween the federal and provincial governments, through the delegation of power,
and the signing of memoranda of understanding. Federal administrative power
has been delegated to provincial levels of govemment in a number of instances.
For example, federal control over freshwater fisheries has been transferred to the
provincial governments.('l The federal govemmenthas also signed several mem-
oranda ofunderstanding (Mous) on aquaculture with provinces and territories, in-
cluding British Columbia, Qu6bec, Nova Scotia, New Brunswick, Prince Edward
Island, and Newfoundland and Labrador. In general, these Mous set out the areas
of exclusive jurisdiction and the areas of cooperation between the two levels of
government. The MoUs also include provisions creating Management Commit-
tees (or Coordinating Committees, in the case of Prince Edward Island).

Another important integration initiative is the formation of federal-provincial
or federal-aboriginal bodies or programs. The Canadian Council of Fisheries and
Aquaculture Ministers (ccrav), composed of federal, provincial and territorial
Ministers, was formed to allow the Ministers to discuss national and global issues
affecting the fisheries and aquaculture sectors and identify shared policy objec-

"...withoutfurther
regulatory

coordination, the

multijurisdictional

regulation of
aquaculture in the

near or offshore
areas by a number

of different

agencies and

departments will
continue to result in

delays,

inconsistencies in
standards, and

uncertainty for the

sustainable

development of the

industry."
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tives and principles. In 1999, the members of the ccFAM signed the Agreement
on Interjurisdictional Cooperation With Respect to Fisheries and Aquaculture.
The Agreement is intended to foster a significant improvement in federal-provin-
cial relations with respect to the management of fisheries and aquaculture. Under
the Agreement, both levels of government commit to work together to contribute
effectively, with sector stakeholders, to the development of ecologically sustain-

able and economically viable flsheries and aquaculture resources, habitats, and

industries.(28)
Another recent integration initiative is the Federal Aboriginal Aquatic Re-

sonrce & Oceans Management Programs, announced on October g ,2003 .(2e) The
programs are the Aboriginal Aquatic Resource and Oceans Management Pro-

gram (aaRoM) and the Aboriginal Inland Habitat Program (emr). Together,

they will enable Aboriginal groups to become more involved in the processes

used for aquatic resources and oceans management, which could include
aquaculture activitie s.

The integration initiatives listed above are a good start for establishing the basis

for an offshore aquaculture regulatory framework. However, it is important to
note that Canadian aquaculture regulation is fragmented among a number of fed-

eral and provincial departments and agencies. For example, even though the re-

view of the environmental effects of aquaculture operations occurs through the

Canadian Environmental Assessment Agency, which coordinates a cenlralized
environmental assessment process, the granting of leases and permits remain for
the most part, a multi-departmental process at the provincial level. Currently,
there are at least 17 federal departments and agencies delivering programs and

services to the aquaculture industry.(30) This fragmentation is due in large part to
the fact that legislative provisions governing aquaculture have been enacted by
both federal and provincial levels of govemment over an extended period of time,
often on a species-or geography specific basis-and tlpically as part of flsher-
ies regulation.(") This fragmented approach has been identified by the Office of
the Commissioner for Aquaculture Development as a critical area for reform if
Canada is to ensure a susiainable aquaculture industry.(32)

Consideration of lssues and Possible Models
of Offshore Aquaculture Regulation

Given the inherent difficulties in regulating offshore aquaculture activities in a

coordinated and integrated manner, this section identifies some of the initial is-

sues that must be addressed when establishing a regulatory framework. It con-

cludes with a brief examination of a few regulatory models that may be consid-

ered in order to ensure efficient regulation ofoffshore aquaculture in Canadian

waters.

Key Issues in Regulation of Offshore Aquaculture

A number of issues arise when deciding how offshore aquaculture should be

regulated. The following list sets out only some of these initial istart-up' con-

cerns, including:

. Current Regulatory Scheme
. Will the current scheme requiring the proponent to undergo a multi-

plicity of processes to obtain licences & permits be considered a de-

terrent to offshore aquaculture development?
. What are some of the limits of applying the existing nearshore

1l

t:
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aquaculture regulatory framework to offshore aquaculture?
. Conflicts with Other Offshore Users

' what are the other offshore uses thatmay conflict with offshore
aquaculture (e.g. wild fishery, shipping & navigation, the protection
of the marine environment and rpi.i"r ut risk, Ind development ofoil & gas reserves)?

' How should they be accommodated if offshore aquaculture interferes
with their operations?

' what are the mechanisms for pre-empting or resolving conflicts (e.g.
mapping, regional strategic environmental assessmenito establish no
go areas, and alternative dispute resolution)?

. New Processes Necessary for Offshore Aquaculture
' How wilr quasi-ploperty rights (such as leasing) be accorded over

ocean areas, which have traditionally been considered common prop_
erty?

' How will offshore aquaculture be regulated to ensure that interna-
tional effects of the activity (escapes/polrution in high seas) are mini_
mized and controlled?

' should a department or agency be given the explicit authority to
lease areas ofthe ocean for aquaculture activities? Ifso, should the
department or agency be federal, provincial or jointi

' what other reguratory frameworks can be used"as a possible model
for canadian offshore aquaculture? (e.g., The unitea siu,", is cur-
rently considering the development of a policy pramework for off-
shore Marine Aquacurture inihe 3-200 Mile U.S. ocean z;;;)a,;

Possrb/e Modets of Offshore Aquaculture Regutation

In conclusion, there are a number of possible models for regurating offshoreaquaculture in canadian waters. The following list is not meantio be comprehen_
sive. Instead, it is intended to be simply to idJntift .o-. 

"o-ptr"il;;'.'"g"1"tory models that can be considered foruse in regulating offshore aquaculture.
' Federa-l-Led Regulation of offshore Areas Beyond a certainocean Zone. Would likely require explicit legislation or MOUs;

' May be difficurt to draw a bright line in the ocea., space from whichpoint the federal government wourd take the read regulatory role;' May result in inconsistencies as most nearshore areas would be underprovincial reases whereas offshore areas would be under federal
leases.

' Provincial-Led Regulation of offshore Areas Beyond a certain ocean
LOne

. Would likelyrequire explicit legislation or MOUs;
' Seems unlikely given wordirg of o""ons Act enabring the federal

government to take the lead coordination role.

' Adjustment of Existing Federal and provincial Framework to be
Appropriate for Offshore

' would be a conservative, incremental approach to reforrning the frag-
mented regulatory framework for both nearshore and otfshoie u."uri' Less likely to.be difficurt to implement (from a practicafor poritical
perspective) than the other options;
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. May be perceived as too slow to adequately respond to the projected
growth in the industry.

. Joint Federal-Provincial Offshore Aquaculture Board
. Could follow the model of the Offshore Petroleum Boards in Atlantic

Canada,which were created by the enactment ofjoint Accord legis-
lation;

. The Accord legislation, and accompanying Regulations, Guidelines
and Policies, make up the regulatory framework governing oil and

gas operations on the East Coast. Offshore Aquaculture Boards could

be created in the same manner, with an equal number of federal and

provincial appointees and a jointly selected chair to award leases,

licences and permits, and to review environment impact statements

and safety and environmental plans;
. Although the Board's jurisdiction can comprehensively cover off-

shore aquaculture activities, it cannot oust thejurisdiction ofother
federal or provincial departments or agencies and its creation can re-

sult in added bureaucracy and delays in regulatory decision-making.

In considering these various regulatory models for offshore aquaculture, it is
important to note that no model will be apatacea to the overlapping mandates

and jurisdictional complexity inherent in regulating aquaculture activities in Ca-

nadian offshore areas. Instead, the development of an effective regulatory frame-

work for aquaculture activities in Canadian offshore areas will require meaning-

ful participation and integration among and between the various federal and pro-

vincial governments, aboriginal groups, and other interested parties.
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Figure 1

Wild-caught cod being

transferred from a

seasonal grow-out cage

to a sorting cage in Trinity
Bay.

God Grow-out in Newfoundland:
History and Future Considerations

Ghristopher l. Hendry

The development of Newfoundland culture has been based in the wild
cod fishery. However, with nafural and regulatory limitations on ac-

cess to the fishery, there is an increasing need to integrate fishing and

aquaculture technologies. Cod grow-out is such a marriage, as it uses

the established technology, infrastructure, and knowledge of tradi-
tional cod harvesters to procure wild cod during the fishing season.

The cod are maintained in cages and fed until late fall or early winter.
The advantages of this approach are that market demand and prices are

traditionally higher atthat time of year and the fish are larger and are

in better condition than when they were caught in the fishery.In 1997,
seven cod grow-out sites collectively increased a starting stock of 32

tonnes to 41.3 t (round weight). The industry grew to 14 active sites by
2002 and increased production from 187 t to 285 t (round weights). In
terms of market value, the industry grew from $123,000 to $850,000
(-600%) during those 7 yearc. Key factors to the success of the indus-
try will be feed supply, fish health, marketing, and over-wintering.
Currently, the largest constraint to the expansion of cod grow-out is
access to starting stock from the wild.

lntroduction

The discovery ofNorth America by Europeans is largely based on the cod fish-
ery,(l) and the cultural evolution and social climate of Newfoundland has been

greatly influenced by
this resource. There has

been a global trend, not
only in the cod fishery,
of declining catches and
dwindling stock sizes.(2)

Aquaculture production
is expectedto filI the gap

between increasing con-
sumer demand for sea-

food and decreasing
harvests from fi sheries.

Atlantic cod (Gadus
morhua) were first cul-
tured in Newfoundland
by Adolph Neilsen, a

Norwegian scientist
working onbehalf ofthe
Newfoundland govern-
ment in the 1890s.(3'a)
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Figure 2

ln 2002, at the peak of cod grow-out production, there were 48

developmental licenses issued in Newfoundland. These are
presented here, combined with the research and

commercial licenses issued.

The objective was to enhance wild stocks and the operation in-
volved hatching, early rearing and release offirst-feeding cod
into Trinity Bay. The work was discontinued in 1897 , ayear af-
ter financial support for the hatchery was halted.

The concept of cod grow-out utilizing adult cod captured in
the wild fishery has been around since the mid 1980s. In recent
years, there has been renewed interest in holding cod obtained
from cod traps, increasing their weight over the srrtnmer
months, and harvesting them in the fall when market demand
and prices are kaditionally higher (Fig. 1). More detailed ex-
planations of the cod grow-out process are provided by
Wells(s) and Murphy.(u) With the re-opening of the cod fishery
in 1997 , eight growers became involved in cod culture and by
2002 there were 48 sites licensed in Newfoundland for cod grow-out (Fig. 2).
Over this period, there was a 600%o increase in the production and value of cod
from this sector of the industry Gig. 3). In addition, significant assistance from
many govemmental and other agencies through the CanadaA{ewfoundland Fish-
eries Diversification Program(7) (administered by the Newfoundland and Labra-
dor Department of Fisheries and Aquaculture) aided in the industry's evolution.

Advantages of Cod Grow-out

Aside fromNewfoundland's intimate relationship with Atlantic cod, there are
many advantages to the process of cod grow-out. First, the system uses existing
technology from traditional cod harvesters, including boats, cod traps, and nets,
and the established infrastructure (i.e., processor relationships and networks)
needed to maintain cage sites and sell fish. These existing relationships also pro-
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Figure 3

The cod grow-out

industry in

Newfoundland
and Labrador
increased annually
in both tonnes of
head-on, gutted

harvest and value
until 2002, after
which reductions in

quotas limited
access to starting
stock. Numbers

above each bar
indicate the ratio of
the number of
licenses used to the
number of !icenses
issued.
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tors affecting quality of the fish are: l) the condition of fish before slaughter, 2)
chemical and microbiological changes occurring after slaughter, and 3) dam-
ageldefects caused by handling and processing. In 2001, the Marine Institute of
Memorial university conducted a Flesh Quality Studrrtl using tank-reared and
wild cod. Many comparisons between the two were made and an attempt was
made to determine the best harvesting method. Overall, the wild fish scored lower
for texture than farmed cod. Crowding of cod for up to 8 h before harvest does not
improve nor detract from flesh quality. The best harvest practice does not require
the fish to be stunned before slaughter. Killing the cod with a percussive blow
coupled with gill severing does not improve flesh quality compared to gill sever-
ing alone, although the use of a percussive blow is warranted to lessen struggling
at harvest. Processing methods also affect the quality of the product. The flesh of
cod that are grown out responds differently to processing than that ofwild-caught
cod, especially with respect to the time after slaughter that the fillet enters rigour.
As a result, the processing schedule for cod harvested from grow-out needs to be
altered from the traditional process. when chilled, grow-out cod can be in full rig-
otxby 24 h post-harvest and can remain in rigour for up to 120 h post-harvest. As
a result, cod must be filleted prior to rigour, although this will result in higher drip
loss than if fillets are produced while the fish is in rigour or beyond. Fish should
be filleted 0-2 d post-mortem and kept at low temperatures to increase the time
spent in rigour and thus decrease damage. Filleting before rigour produced the
best results.

Feed Supply

In some cases, availability of fresh or frozen feed to grow out sites has been a
problem. Due to the relatively small scale of cod grow-out, a processor selling
frozen bait would profit more by selling en masse to the fishing industry than in
the smaller quantities required by grow-out operators. As well, it is often a gam-
ble for individual cod growers to try and catch their own bait, considering the
variation in distribution of bait species around the island. One possible solution
would be for cod growers to unite into a larger entity that could purchase large
quantities of frozen bait from processing plants. Additionally, agreements could
be made prior to the commencement of a grow-out operation for the purchase of
feed, in order to reduce the risk.

Marketing

It is widely recognized that a fragmented cod grow-out industry cannot be
maintained in the long term if the sector is to become viable. with that in mind,
one of the key objectives of a marketing program is to establish a co-ordinated
harvesting and sales program to explore potential niche markets.

The cod grow-out initiative has experienced relatively good prices for both
whole cod and fillets over the past 3 yr. To date, the sale of farmed cod and the
prices received come from the spot market for fresh cod, primarily in late fall in
eastern US markets. The prices are not predictable, however, and growers should
explore other avenues to achieve top value for their product. It was expected that
cod grow-out production would increase significantly over the following five
years, and the establishment of secure markets in the early marketing phase
should ensure the highest possible retum to the growers in the years to come.

one challenge is that the market does not distinguish between cod from
grow-out operations and those caught in the wild fishery. As a result, there is no
market premium for the higher quality of cod harvested from grow-out. The

"Overall, the

wild fish scored

lower for
texture than

farmed cod."
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"The positioning

strategy should be

to establish cod

from grow-out

operations as a

premium,

environmentally

and ecologically

friendly, all natural,

high quality,

semi-wild fish
yielding

consistently large,

thick white fillets

ideally suited for

high-end restaurant

menus."

Newfoundland Aquaculture Industry Association did extensive work in2002to
identiff and establish markets for cod grow-out beyond the^commodity market

into which the cod had traditionally been lumped. The study(e)made several mar-

keting recommendations :

. The target market should be high-end, white tablecloth restaurants located in

large cities, whose celebrity chefs have a predisposition to menu fare featuring

cod fillets.
. The positioning strategy should be to establish cod from grow-out operations

as f premium, environmentally and ecologically friendly, all-natural,
high-quality, semi-wild fish yielding large, thick white fillets ideally suited for

high-end restaurant menus.
. The product strategy should be the processing of fresh, whole head-on,

gut-removed cod, 8 to 12 lbs (3.6-5.5 kg) each, well iced, and packaged in 50-lb

(23 kg) StyrofoamrM cartons.
. The pii"irrg strategy should be to demand a premium price in recognition of

cod's intrinsic value, seasonality of supply, and the cod grow-out story.
. The production strategy should be to negotiate a partnership with a proces-

sor(s) to maximize efficiencies, maintain a consistent high-quality product,

and ensure a reliable source offeed.
. The harvest strategy should be to develop a protracted and orderly harvest

schedule, designed to maintain a strong market presence over a minimum of 3

months.
. The distribution strategy within an area should be to centralize processing

among one or fwo processors and to centralize distribution according to geo-

graphic market segmentation and target market orientation.

Lack of Gohesion

As already mentioned, there are problems associatedwith cod growers working

and operating independently from one another. These challenges include pro-

curement of bait, achieving an adequate price from a processor, and market sup-

ply. Operating independently, cod growers do not have the same appeal to pro-

i.iro.i b".urrse ofthe small amount ofproduct they produce relative to that avail-

able from the conventional fishery. As a result, it can be difficult fot newer, or

even established, growers to negotiate a consistent supply of bait or a defined

market price, either during or before the grow-out season starts. This is also evi-

dent in the aforementioned special processing requirements of grow-out cod,

which at smallervolumes is not cost-effective considering the downtime and ad-

justments required to the processing line. Furthernore, all the risk of cod

grow-out is currently borne by the growers. If one or more processors would enter

into a formal agreement with the growels (i.e., to supply bait, process harvest, and

distribute product), this could alleviate some of the risks associated with cod

grow-out.
Consolidation also benefits marketing, as market demand could be better met

during a broader window. Product quality could be regulated (e.g., with a grading

system), and a market price could be negotiated based on the larger volume that

the market knows can be met.

The Future of Cod Grow-out

In20O2,the Newfoundland and Labrador All-Party Committee on the 2J3KL

and 3Pn4RS Cod Fisheries was established and directed to prepare a unified posi-

tion on possible fisheries closures, identif' measures needed to aid the recovery
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of the cod stocks, and assist those who would be significantly impacted by the
closures. This was in response to the possible closure of fisheries at that time,
which were to be announced in the spring of 2003. In its report,(l0) the Committee
provided reasons for continuation of a limited cod fishery in these NAFO areas
around Newfoundland and Labrador, and cod grow-out was one of those sustain-
able measures, because of its profitability, employment, and efficient use of a
limited resource. Contrary to the report's recommendations, the 2K3KL and
3Pn/4Rs fisheries were closed, allowing a cod fishery only in the 3Ps zone.

In light of the greatly reduced 2003 cod grow-out season, possibilities for con-
tinuing the industry irrto 2004 include coupling the culture industry with the sen-
tinel fishery, transferring cod from the 3Ps area, and possible enhancement opera-
tions.

The current sentinel fishery was implemented in 1994to monitor the evolution
of cod stocks after the moratorium. This program, involving a number of fish har-
vesters around the island, aims to develop a time series of abundance indices to be
used in the assessment of cod stocks. This program has the potential to provide
starting stock for cod grow-out in areas around Newfoundland. However this
fishery is normally a destructive fishery; cod are lethally sampled for assessment
of fecundity, diet, age, etc., and the fishery would have to be modified if the cod
growers are to gain any benefit from it.

The transfer of cod caught in the 3Ps area to other areas around Newfoundland
has several economic obstacles, whether transport is via water or land. Aside
from fish health issues and mortality due to transport, there are costs for fuel,
time, labor, and truck rental (ifby land). It would be more economical to move the
cod grower than the cod! However, there has been little interest in relocating cod
grow-out sites.

A partial move toward stock enhancement could also shed light on the value of
cod grow-out, with advantages to both growers and the fishery. One issue with
grow-out is that it removes fish from an already depleted stock. However, given
the nature of cod grow-out and its method of increasing the yield of a set amount
of fish, there is an opportunity to return a portion of these fish to the wild. For ex-
ample, a cod grower may procure 18,000 kg of cod from the wild and, over the
grow-out season, the yield may increase (conservatively) to 27 ,000 kg by harvest.
The grower could release 18,000 kg of cod back to the wild, which are healthier,
bigger, and have a higher fecundity(rt) than naturally-occurring cod. However,
this approach has not been attempted.

Finally, there is currently a rapidly growing fuIl-cycle, or egg-to-plate, cod
aquaculture industry inNewfoundland, whose goal is to produce 32,000 tonnes of
farmed cod for the market by 2010. This will require at least 30 marine cage sites.

The potential is illustrated by the current construction of a cod hatchery in Bay
Roberts, with a capacity estimated at 10 million juveniles annually. It is certain that
some of the knowledge gained from cod grow-out could be directly transferable to
the full-cycle aquaculture industry. This is especially true for growers who have
gathered extensive experience in over-wintering (year-round) grow-out.

One obstacle to this latter suggestion is that there are obvious size and financial
differences between cod grow-out and full-cycle aquaculture. For example, it is
estimated that to be economical, full-cycle operations should produce 500 tonnes
annually just to break even, with 1000 tonnes recommended to minimize the cost
per kilogram of cod produced.(l') However, such issues can be mitigated through
partnerships and business relationships that have yet to be discussed.

"...itcanbe
difficult for
newer, or even

established,

growers to
negotiate a

consistent

supply of bait

or a defined

market

price.. ."
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Conclusions

Cod grow-out, the practice of taking wild-caught cod in the early sum-

mer, holding them in cages and feeding them, and ultimately selling them

in the fall when prices are higher and fish arelarger, has already proven

its viability to participating Newfoundland and Labrador cod fishermen
and the province's aquaculture industry. With continued support, this

sector has the opportunity to continue its marked increase of almost

600% between 1997 and2002.
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Creating a Gulture-Based System of
Management for the Geoduck Gtam
lndustry in British Golumbia

Eric Gant

The commercial geoduck clam (panopea abrupta) fishery be_
gan in British Columbia in 1976. Since then, decreasing supply,
increasing price, uncertainty in the sustainabihty of thJwili
flshery, and the introduction of aquaculfure havl necessitated a
change in the system of management. In this paper, various op_
tions are proposed to create a spirit of co_operation within the
management system so that the industry will more effectively
evolve to its next level of development.

lntroduction

It is axiomatic to say that creating the right system ofmanagement for an indus_
try is critical to the prosperity of its parts. oi equal importince is the ability to
change the system of management as an industry passes from one phase of its dy-
namic existence to another. The necessity for change can also be an opportunity
to develop the industry to a new revel of moral and mentar maturity.

People within any system of management become accustomed to a certain way
of doing things and to a certain way of thinking. over time, they build vested in-
terests and relationships within the system. This mindset tends to make them re_
luctant to change, even when it becomes critical to the health of the industry. The
challenge facing the geoduck industry in British columbia is to replace the exist_
ing system of management with a culture-based system that will increase the
value and sustainability of the industry.

Background

The geoduck clam (panopea
abrupta) is the largest burrowing
clam in its natural range throughout
Alaska, British Columbia, and
Washington State (Fig. 1). The
commercial fi shery began in British
Columbia in I976 and at that time
the animal sold for about $0.55 per
kilogram. Since then, the price has
increased to several dollars per ki-
logram. Annual production peaked
in 1988 at 5,800 tonnes, but has
since decreased to less than 1,800
tonnes. The long term sustainability
of the wild fishery has become in-
creasingly unceftain in the past few

Figure 1

Adult geoduck clam
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Figure 2

lntertidal planting of
geoduck seed in

Washington State.

years because the total allowable catch (TAC) of the fishery is based on an esti-
mate of natural recruitment. This is virtually impossible to do on a coastline the

size of British Columbia's, particularly with a species that is not uniformly dis-
tributed. In the early 1990s it became obvious that aquaculture had the potential
to dramatically improve the industry.

The factors of decreasing supply, increasing price, uncertainty in the
sustainability of the fishery, and the introduction of aquaculture, require that the
global system of management be changed to allow research into commer-
cial-scale aquaculture. Unfortunately, the change to the management system had
to be designed to overcome political opposition to aquaculture, rather than creat-

ing a truly supportive system for the development of aquaculture. For example, a

5-year moratorium was put in place which limited research and development
(R&D) work to one company working in a joint venture with the existing fisher-
men's association, preventing many quality-mindedpeople in the aquaculture in-
dustry from becoming involved.

Despite this flaw in the system, grow-out technology for both intertidal and

subtidal culture of geoducks has finally been developed. There is still a great deal
of room for improvement, but we now have well over 100 hectares of grow-out
sites in BC and Washington State producing commercial quantities of cultured
geoducks (Fig. 2). Several hatcheries are producing seed, with mixed results. An
enhancement program has been established that will help ensure the
sustainability of the wild fishery. Political opposition to geoduck aquaculture has

been reduced to the point where we have the opportunity to develop the system of
management in a way that will allow us to significantly reduce the resistance that
has been present for the past few years.

Examining some of the mistakes made by past systems of management of the

geoduck industry could help us create a better system for the future. When the

wild fishery began in the early 1970s, an interim system of management was put
in place which essentially called for the biological managers to estimate a TAC
for each fishing area. An opening date was set for the harvest and on that date all

the fishing vessels would shoot
out of port like pellets from a
shotgun, each scrambling to get
the greatest possible share of the
TAC.

This management system fos-
tered a multitude of adverse hu-
man behaviors. Fishermen died
fighting their way out of port in
bad weather in order to beat
each other out. Divers were
killed trying to work under the
water in heavy storm surges and

extreme tidal currents. Many di-
vers suffered multiple cases of
o'the bends" (neuroembolism)
from working beyond the limits
of the decompression tables.
Product was smashed and
spoiled in the rush, and fisher-
men behaved as though other
fishermen were enemies, rather
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than allies. Market prices collapsed from oversupply during the opening of the
fishing season, then atrophied from a lack of supply when the areas were shut
down for the year.

Probably the worst aspect of the management system was that the regulators
considered the harvesting efficiency ofthe fishermen a threat to the ocean's ecol-
ogy. This caused fishery managers to incorporate strategies to reduce the produc-
tivity of the industry to protect the ocean's ecology. The fishermen viewed these
repressive govemment strategies as a threat to their prosperity-even to their
very survival. They responded by working longer, harder, and smarter, with
better equipment and bigger boats. This increased their productivity, which in
furn caused the govemment to become more restrictive, and so on. Evenfually the
two entities-industry and government-behaved as ifthey were enemies, strug-
gling to co-exist within a system of privileged oppression.

oppression finally won out over productivity, causing the management system
to collapse in 1989. It was replaced with an individual quota (Ie) system, which
resolved many of the problems. However, even under the Ie system, productivity
is viewed as a threat to the ocean's ecology. Fishermen have voluntarily reduced
theirproductivity to the point where they are using 41 boats to do a job that could
easily be done by five. The lesson is clear:

If we allow the productivity of the geoduck culture industry to be
defined as a threat to the ocean's ecology, the end result will be a
system of management designed to suppress that productivity.

we will be limited, for example, to small tenured areas, which naturally causes
us to intensifu our productivity to the point that it may become a threat to the
ocean's ecology. we may well end up fulfilling the very definition that we should
be striving to rise above. The intensity of our productivity may become a threat to
the ocean's ecology.

If we are willing to move beyond the intensive mindset of monoculture and put
into place an extensive, low density strategy that fits into the natural ecology of
the ocean, then government will probably feel more comfortable about creating a
system of management that allows us to have much larger tenures. we must be
willing to move beyond the present concept of "economic sustainability,, that is
in fashion within our industry. This concept means that as long as we are making a
long-termprofit everything is fine. Most ofus knowwithin ourminds andhearts
that this is simply not true.

we need to accelerate the movement within our industry towards greater accep-
tance that our responsibility to care for the quality of life in the ocean goes beyond
the species on which we focus for profit. we need to become "profitable ecologi-
cal caretakers". How will this strategy be of immediate help to us beyond the ob-
vious benefit of long-term ecosystem sustainability?

The biological managers of the wild fishery estimate there are about 20,000
hectares of commercial concentrations of wild geoduck beds in the Province of
British columbia. It is within these naturally productive areas that the
aquaculture industry should strive to secure its tenures, as this will give the indus-
try the best chance of success. However, under the existing system of manage-
ment, the wild fishery needs all this area for its own production.

If the aquaculture industry helps the fishery move from a system based on esti-
mating natural recruitment to one based on extensive, low-density culture, fisher-
men would maintain their current level of production from fewer than 300 ha,
rather than the 20,000 ha they are now using (assuming an adult density of 5 ani-
mals per square meter and that the animals grow to a size of 1 kg over a7-yr

"An opening date

was set for the

harvest and on

that date all the

fishing vessels

would shoot out of
port like pellets

from a shotgun,

each scrambling
to get the greatest

possible share of
the TAC."
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Figure 3

Triple helix management

model

grow-out period ). The fishery could become vastly more productive on a fraction
of the present fishing area, freeing up room for new members who want to become
a viable part of the geoduck industry. If the new entrants also take a low-density,
extensive approach to culturing their product, they should also be able to secrre
large tenures within the most naturally productive areas of the coast, in a manner
compatible with the fishery. Under an appropriate system of management,
aquaculture will resolve end-user conflict over the limited coastal area.

The Triple Helix Tenure Model Area

The Triple Helix is a simple concept intended to help us to see at a glance how
we fit together as components of a whole (Fig. 3). In this gestalt, industry gener-
ates wealth, which is taxed by govemment so that it can provide funding to acade-
mia, which educates the labour force used in industry to create greater wealth, for
greater tax revenue, and so on. The new system of management could go beyond
simple wealth creation with the Triple Helix concept if government allows cer-
tain generic entities, which work on behalf of the whole, to secure geoduck ten-
ures within a model tenure area. These entities could work within this model ten-
ure area in an open spirit of co-operation, advancing industry at a far more effi-
cient rate than under the existing system of management. Each tenure would act
as an economic taproot for its respective generic entity, generating the revenue
that would allow it to become vastly more effective in the work that it does on be-
half of the whole. The following are some suggested generic entities for such a

model area:
. The Center for Shellfish Research (CSR) at Malaspina University-Col-

lege. Its tenure would also become a student training ground and a scientific
R&D site.

. The Alliance of Independent Companies (AIC). This is a group of compa-
nies focusing on the development of cutting- edge technology for the industry
as a whole.

. The British Columbia Shellfish Growers Association (BCSGA) and the
Underwater Harvesters Association (UHA). Members of these groups
would be able to go into the generic model area to learn of the latest advances

and to seek out graduating students to help them run their farms.
. Geoduck Enhancement Aquaculture Research (GEAR). The revenue gen-

erated from this tenure would be used for generic market development and to
help create co-operative marketing mecha-
nisms. Unlike finfish culture, geoduck cul-
fure does not have the costs of adult contain-
ment, feeding, or early mortality, which nor-
mally forces growers to dump their product
onto the market at the earliest possible mo-
ment. What we really need is to market our
product in a co-operative rather than a com-
petitive manner. This will not be easy be-
cause it will require a fundamental shift in
mindset. GEAR can help us do this.

Tri-Party ModelArea

Anothermodel areathatwe are advisingbe set

up within the new system of management
would involve a First Nations village, the AIC
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and the lrHA. within this model area, each of the three entities would be granted
their own tenures. They would strive to independently develop their respective
tenures with an open spirit of communication and cooperative support amongst
the three basic entities. People do have the capacity to rise above clan and individ-
ual gamesmanship if they are allowed to work within a system of management
that supports the finer side of their nature. History has proven this many times.

This project would need to be undertaken with carefully selected, qual-
ity-minded individuals representing the three larger entities. It would also have to
be given proper political support within the new system ofmanagement. The goal
would be to make the model area vastly more productive, in an environmen-
tally-sound manner, than if the area was left within the existing system of man-
agement. If successful, this project could be used as a model for other coastal vil-
lages (Native and otherwise). The long-term goal would be for the cooperative
production to evolve over time into co-operative marketing, thus avoiding the
problems we have seen with cultured salmon as a result of aquaculture being al-
lowed to develop within an improper system of management.

Residual Natural Stocks on
Prospective lndividual Aquaculture Tenures

What to do about residual nafural stocks on prospective aquaculture tenures is
an issue that needs to be resolved within the new system of management. The pro-
tocol that was used to remove the residual natural stocks from the initial experi-
mental culture sites in BC needs to be improved upon. on these sites the fishing
vessels were forced to harvest the stocks off the sites by working within a fishery
management plan that has been deliberately designed to make them dysfunc-
tional. They harvested at the wrong time of the year, when plankton blooms im-
paired visibility, or when the siphons were down due to bad weather. several
boats were sent onto the same site at the same time, compounding the furbidity
and silting problems ofharvest. The boats had to apply the sparse residual harvest
from the tenures against their regular boat quotas in the fishery, instead of being
able to take their regular quotas in areas where the higher densities would have re-
duced their fishing effort. This angered the fishers, creating conflict where none
needed to exist. Some ofthe boats were accused ofwandering offthe culture sites
to harvest in other areas but applying their harvest to the aquaculture sites, all the
while accusing the aquaculture company of having taken away viable fishing ar-
eas. Lack ofa properly coordinated harvesting protocol resulted in boats harvest-
ing residual stocks in areas that had been freshly seeded. All this resulted in the
aquaculture company having to put a monitoring boat on the grounds whenever
the harvesting boats were present. This cost the aquaculfure company over
$50,000 because of the unnecessarily long period of time that it took to complete
the pre-seeding harvest.

under the new system of management we are recommending that the pre-seed-
ing harvest be done outside of the regular management plan for the fishery, so that
it can be done more efficiently. we are proposing that one vessel be allowed to
start the harvest at$2.20 per kilogram to the boat, with the remaining profits go-
ing to assist the generic entities mentioned earlier. This funding will help the ge-
neric entities develop their sites. Once the first vessel can no longer make a profit
at$2.20 per kilogram, a second vessel should be allowed to harvest at about half
the full market value of the product, followed by a third vessel at just below mar-
ket price. By the time the third vessel is done there would not be enough stock left
to be ofconcern.

"People do have
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above clan and

individual
gamesmanship if
they are allowed to
work within a

system of
management that
supports the finer
side of their
nature."

Bull. Aquacul. Assoc. Canada'1 03-3 51



"Waiting for a

fishery to collapse

prior to starting

up commercial

scale aquaculture

is a tragic solution

that we are trying

to avoid by the

creation of a

cooperative

system of

management."

This strategy will enable the boats to harvest far more efficiently, without con-

flict, in series rather than in parallel, using an incremental, competitive auction-

ing process to keep harvesting costs down. They would be able to harvest at the

right time of the year, with the lion's share of the profits going to where it will do

the most good for the overall well being of the whole.

Visuallmpact

Various aquaculture systems of management used around the world have often

paid little attention to the appearance of aquaculture. As a result, our industry often

developed in ways that were ugly, crude, noisy and smelly. This has created oppo-

sition to the expansion of our industry that has wasted a massive amount of our

time, money and energy. The AIC is advising that the basic strategy for dealing

with this problem is for industry to strive to be either invisible or inoffensive to the

eye. Dive boats, for example, should be clean, neat, good looking, and quiet.

The AIC is working within this strategy in two basic ways. We now have

subtidal geoduck grow-out technology that leaves no visible trace of our work on

the surface of the ocean. We have also incorporated this strategy into our

land-based operations. The AIC, for example, developed an intertidal lagoon as a

7 million liter algal pond for use at their Gartley Point Shellfish Facility. How we

were able to do this in the heart of a residential, estuarine area without serious re-

sistance from the local residents, the environmental movement and the federal

govemment is an article in its own right. Suffice it to say that paying attention to

appearance was the cornerstone of our strategy. The goal with this project was to

create a natural algal pond for our own purposes that would also act as an econom-

ically viable guardian for the sensitive estuarine area, and would enhance both the

ambience and the property values of the residential area.

Fishermenns Mitigation Program

The traditional conflict that often develops between the fishing and aquaculture

industries when a new species begins to be cultured usually creates a massive

waste that terminates in cutthroat marketing. Waiting for a fishery to collapse

prior to starting up commercial scale aquaculture is a tragic solution that we are

irying to avoid by the creation of a cooperative system of management. Specific

individuals have resisted the development of this spirit of cooperation, but that

does not mean that the entire industry should suffer because of the mindset of a

few individuals. A morally and mentally mature system of management should

help people to evolve in kind over time. So we are advising that a fishermen's mit-

igation program should be set up in an ecologically healthy zone where the fisher-

men would be allowed to secure tenures as a form of mitigation for their pattial

loss of access to the common resoulce due to aquaculture. Giving fishermen the

opportunity to acquire tenures will encourage them to make a personal invest-

ment in culture rather than fighting against it as an encroachment into their

lives.The foundation for the new geoduck industry has now been laid. It is time to

create the managerial framework that will allow the industry to advance to its

next level of commercial development. Hopefully this advisory will help.

Author
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Progress in Gommercialization
of Sablefish (Anoplopoma fimbria)
Farming

Gidon Minkoff and Craig Glarke

Hatchery production ofjuvenile sablefish was first achieved in
1998. Since then, the numbers ofjuveniles produced by the pri-
vate sector and by Fisheries & Oceans Canada increased from a
few individuals in 1998 to over 10,000 in 2000. Notwithstand-
ing these achievements, the numbers ofjuveniles produced and
sold to farms has not surpassed 10,000 to 20,000 fish per an-
num. The current technology for hatchery production of
sablefish requires further research to increase larval survival
and improve the quality of the juveniles. Overcoming the im-
pediments to hatchery production has enabled some of the com-
mercial fish farms to develop glowout methods. Growout trials
have demonstrated the feasibility of sablefish reaching 3 to 4 kg
within two years. Most of the production has been obtained us-
ing commercial diets developed for salmon or yellowtail. There
is, however, a need to develop diets specifically for sablefish.
Market analysis performed for the British Columbia Ministry of
Agriculture, Food & Fisheries has forecast a demand ranging
from 2,000 to 16,000 tonnes by the year 2021with a value to
the Canadian economy of $22 to $114 million annually. There
is a requirement for continued research funding so that these
objectives can be realized.

lntroduction

Adult sablefish occupy waters of the continental shelf and slope at depths of 300
to 1,500 m, from central Baja California to the Bering Sea and Japan. They grow
quickly, with mature females reaching an average length of 55 cm in three to five
years. Although frequently known as blackcod in North America, this species is a
member not of the cod family but of the skilfish family. Sablefish meat has a soft
texture and a high oil content, making it popular for smoking.

Research on sablefish aquaculture was initiated more than 30 years ago, but
progress toward commercializationhas been slow due to intermittent effort and
limited funding for research and development. Early work by Kennedy(1) demon-
strated that captured sablefish adapted readily to confinement and grew well. His
research was discontinued because it was not possible to obtain a reliable supply
ofjuveniles from the wild for stocking of farms. Research at the Pacific Biologi-
cal Station (PBS) was restarted in 1985 to develop techniques for induced spawn-
ing of captive broodstock, incubation of the eggs and feeding of larvae.(2-s) The
program was intemrpted due to lack of funding, but resumed in 1996 via collabo-
ration between industry and Fisheries & Oceans Canada. In 1998, the first juve-
niles were produced at PBS and in a commercial hatchery built by Island Scallops

"Despite a slow

start, sablefish

aquaculture is

poised for
expansion in

British

Golumbia."
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Figure 1

Sablefish egg at 4-cell

stage, 8 h after
fertilization
(incubated at 6'C).

Figure 2

Sablefish larvae at hatch,

13 days after fertilization
(incubated at 6'G).

Ltd. near Qualicum Beach, British Columbia
(BC).(u) By 1999, larger numbers ofjuveniles pro-
duced at PBS and at Island Scallops Ltd. enabled
growout trials to be undertaken at commercial
farms.

Existing Fishery

The commercial fisheries for sablefish in Can-
ada and the United States have been managed by
individual quotas since 1990 and 1995, respec-

tively. This allowed the fishing season to be ex-
tended andproduct quality to be improved. In fu-
ture, total landings are expected to be relatively
stable at approximately 30,000 tonnes annually,
down from a peak of 50,000 t onnes in the late
1980s.(7) The BC commercial fishery had a landed
value of $16.6 million in2002.

Market Demand

The majority of the catch from the Canadian commercial fishery is e_xported to
Japan and inireasing amounts are being sold to Taiwan and China.(7) In North
America, sablefish is known mainly as a smoked product, although in recent
years it is being featured by high-end restaurants.(7) Un-smoked sablefish is usu-

ally sold Japanese-cut ('J-cut'; head and collar off and belly flap intact), although
a growing Norlh American market has increased demand for headed and gutted

fish with collar on. Sablefish are also sold in the form of fillets and steaks with the

pinbone in or out. Current prices for Canadian sablefish in the Japanese market
for frozen, J-cut product is $15.401kg and in Seattle fresh J-cut sells for
$17.60/kg.

The main competition for sablefish in the Japanese and North American mar-

kets is the Patagonian toothfish (a.k.a. Chilean sea bass, Dissostichus
eleginoides). Imports of this fish into the United States amounted to 11,000

tonnes in 2001 but de-
clined to 6,275 tonnes in
2003. Catches of the
Patagonian toothfish in the

Southern Ocean are de-
clining due to over-exploi-
tation. It is estimated by
the Convention on the
Conservation of Antarctic
Marine Living Resources
that the total catch of
Patagonian toothfish de-

clined from 100,978
tonnes in 1996197 to
33,660 tonnes in
tgggtzooo.(8)
Harvest from sablefish

farms could offset the re-
ductions in the harvest
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from the wild fishery
for sablefish. Sablefi sh
could also take the
place of the Pata-
gonian toothfish in
North American as
well as Japanese mar-
kets and create a novel
live product cus-
tom-made for ethnic
fish markets.(7) Market
analysis commis-
sioned by the BC Min-
istry of Agriculture,
Food & Fisheries has
forecast a demand
ranging from 2,000 to
16.000 tonnes by 2021
lion annually.(7)

with a value to the Canadian economy of $22to $ I 14 mil-

Rearing Technology

Sablefish broodstock are held at6"cto promote sexual maturation and spawn-
ing. The spawning season can be shifted by photoperiod manipulation so that
eggs are available over a prolonged period and producers can make more efficient
use of hatchery facilities. Females spawn batches of eggs at2 to 3 day intervals.
output from a single female can total 3 to 6L,or 450,000 to 900,000 eggs per sea-
son.

The eggs have a diameter of 2 mm and hatch after l2to 13 days at 6'c(e) 1Fig. 1,
2). During the yolk stage the larvae are kept in incubators under darkness atk"c
for a month and are then transferred to tanks for feeding (Fig. 3). Live food organ=
isms-first rotifers, then artemia-are presented during the early stages. wean-
ing onto manufactured diets begins after amonth on live feed at temperatures of
9o to 1 1 

oc. Juveniles weigh about 0. 5 g at anage of two months and are approxi-
mately 40 g at four months, at which time they can be stocked into netpens for
growout (Fig. a).

Figure 3

Larvae ready to be fed
one month after hatch.

Figure 4

Juvenile sablefish at 4
months of age ready for
stocking into netpens.
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Growth of sablefish in netpens continues steadily for two years to a size of 3 to 4

kg (Fig. 5, 6). There have been some instances of vibriosis and firunculosis re-
ported during growout trials with unvaccinated fish. In experiments, sablefish re-

sponded well to vaccination against the bacterial agents causing these diseases.

Sablefish are resistant to infection from infectious hematopoietic necrosis virus
and viral hemorrhagic septicemia virus, which have caused substantial losses of
herring (Clupea pallasi), sardine (Sardinops sagax) and farmed Atlantic salmon
(Salmo salar) in the Pacific region.(l0) Furthermore, current experience suggests

that sablefish have a high tolerance for algal blooms during the growout stage.

To date, most of the feeds used for rearing sablefish have been developed for
other species such as Atlantic salmon or yellowtail (Seriola quinqeradiata) . Ala-
boratory experiment with juvenile sablefish has indicated that they are able to uti-
lize dietary lipid levels up to atleast2To/o of dry matter with no enlargement of the

liver. Current research is examining the potential for partial replacement of ma-

rine oils with cold-pressed flaxseed oil in sablefish diets.

Technical Constraints

Although there have been substantial advances in the cultivation of sablefish,
there are important gaps in our knowledge. There is a need to develop diets de-

signed specifically for growout of larger sablefish to harvest size. There is also a

requirement for diets that optimize the health and reproductive performance of
broodstock.

Survival during the early feeding stages prior to metamorphosis is variable and

needs to be improved through optimization of rearing conditions and develop-

ment of probiotics. Although progress has been made, spinal deformities have

been prevalent in some batches; further research is required.
Males grow more slowly and mature earlier than females, so it would be advan-

tageous to develop the technology for delaying or suppressing sexual maturation
of males.

Even though sablefish have been vaccinated successfully in experiments, there

is a need to understand the ontogeny of the immune system in order to determine

the optimum time for administering vaccines.
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Figure 5

Growth of sablefish from

0.4 to 3.4 kg in a netpen

while being fed a

commercial salmon diet.
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Existing Producers

As of December
2003, there were 33
commercial salmon
farm sites in British
Columbia licensed
to produce sablefish
and another 16 had
applications under
review. However,
most of these farms
were not holding
sablefish atthis time.
This was due both to
the depressed state
of the aquaculture
industry as a result
of low salmon prices
and to the need to
build the confidence of fatmers that a secure supply ofjuveniles is available for
stocking net-pens on a commercial scale.

Island Scallops Ltd. initiated research into the commercial production ofjuvenile
sablefish in 1994 and completed the first commercial sablefish hatchery in i 997. In
spring 1998, it concluded the first trials on rearing lalae and produced a small
number of juveniles. Production rose to 12,000 juveniles in 20b0. However, in
2003 the company had a surplus ofjuveniles for sale.(l1)

The second hatchery was established by cluxewe Enterprises Ltd. near
Nanaimo, BC in 2002. It is conducting development work and has made signifi-

Figure 6

Sablefish grown in a
commercial farm to a size
of 4 kg.

Figure 7

A 900-m2 hatchery built
by Sablefin Hatcheries
Ltd. in 2003.
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cant progress eliminating the problem of vertebral deformity. Sablefin Hatcher-
ies Ltd. completed a 900 m2 hatchery in 2003 (Fig. 7). Sablefin plans to produce
100,000 juvenile fish in 2004, increasing to two million annually over 5 years.

Totem Oysters Ltd. marketed the first 1,700 kg of sablefish harvested from
netpens in January 2002.The harvest in 2003 increased to l0 tonnes frorn Totem
Oysters Ltd. and Target Marine Products LLP. Sablefish have not yet been
farmed commercially outside of Canada, but research is being conducted by sci-
entists at the National Marine Fisheries Center in Seattle. (r2)

Summary

Despite a slow start, sablefish aquaculture is poised for expansion in British Co-
lumbia. For this to become a reality there is a need for investment by the industry
and for continuedresearch support fromuniversity and government laboratories.
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Book Review

"The Eel"
by F.-W. Tesch, with contributions by various authors

This book is a comprehensive review of eel biology,
consisting of 8 chapters, covering body structure and
function, developmental stages and distribution of eel
species, post-larval ecology and behaviour, harvest
and environmental relationships, fishing methods,
culture, diseases, and trade and processing.

The first chapter would be dry reading if it were not
for the unusual characteristics ofeels. The skin ofeels
is much thicker than in most fishes and as a result it
has found some unusual uses; in Scandinavia the skin
has been used to fashion door hinges. Scales are not
formed until the eel is l5 cm in length andtake 2 to 3
yr to develop. The larvae have large canine teeth
which are lost at the glass eel stage. Eels have a ca.udal
heart, as well as the regular one. The caudal heart beats
more rapidly, probably an adaptation to the elongate
body form. Eel blood is toxic; 0.2 ml/kg will kill a dog
if injected into its blood stream. Persons dissecting or
processing eels should wear gloves and ensure that no
blood contacts one's eyes. The brain has an inhibitory
influence on movements, and excitation is controlled
by the tail section. Thus eels can be immobilized by
wrapping the tail in a towel. The olfactory surface area
ofthe eel is 6 times the optic surface area, as compared
to 0.14 to 1.4 times for other fishes. The eel is ranked
second to the dog in terms of olfactory acuity.
As with most chapters, there are numerous er-

rors-more than one would expect for a 3'd edition (5th
if you believe the cover). For example, in Fig. 1.33,
the ductus cuvier is in the legend but not identified in
the figure; the islets of langerhans are not properly
identified in Fig.l.34; onpage 33, "punctuation ofthe
heart" should be puncture of the heart.

Chapter 2 deals with two rather unrelated aspects of
eel biology: larval development and speciation. Lar-
val development, metamorphosis and migration have
long fascinated eel biologists, and there is still much to
be learned. Newly spawned eggs have still not been
found at sea. European eel (Anguilla anguilla) larvae
takes much longer to reach home streams (3-4 years)
than American eel (A. rostrata) larvae (8-9 months,
and consequently are considerably larger as glass eels.
It has been concluded that the lawae must swim ac-

tively at about 1.4 body lengths per second. Among
the errors in chapter 2 is the incorrect vomerine tooth
band word sequence in Table 2.1.

There are some 22 species of the gents Anguilla,
most in the Indopacific region. It is thought that the
common ancestor of today's eels originated abott 2
million years ago, before continental drift separated
America from Europe-Africa, with the ancestral
spawning area near the current Sargasso Sea.

The third chapter, one of the longest and most ram-
bling in the book, deals with some ofthe poorly under-
stood aspects of eel biology-larval and silver eel mi-
grations. For example it is conjectural as to how larvae
manage to navigate along the edge of the European
continental shelf after reaching it. The suggestion that
they sense reverberations from the ocean bed seems a
bit far fetched to me. Glass eel movements once they
reach estuarial influences are apparently conholledby
positive rheotaxis and negative phototaxis. Conse-
quently during the day and during bright moonlight,
glass eels stay near the substrate to keep from being
swept back out to sea on ebb tides. Active migration
occurs on dark nights, principally during the new
moon phase-translating into a 14-d rhythm of activ-
ity. Glass eels are currently widely stocked in lakes in
Europe, principally Germany, but in the past have had
various uses, including being eaten in soup with garlic,
canned and used in glue production, and fed to swine.

The section on yellow eels , as with most ofthe chap-
ter, deals mostly with the European species. The sepa-
ration into narrow and broad headed forms is probably
not relevant to most other species. That sexual differ-
entiation is largely controlled by environmental fac-
tors is pretty well accepted at present for most species.
This book is somewhat ambivalent about the critical
environmental influence. Some sections indicate that
population density is critical, with high densities re-
sulting in higher proportion of males, a view sup-
ported by some experimental and culture results. In
this chapter, however, maleness is thought to be the re-
sult of early rapid growth, which is not necessarily co-
incident with high population density.

Part of chapter 3 deals with silver eel migration,
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which brings up another mystery-how do they find
their way back to the Sargasso Sea? The preferred
mechanism is use of the earth's magnetic field in
open seamigration, mainly from elimination ofother
explanations. More information has been obtained
on changes in swimming depth through ultrasonic
tracking. Silver eels submerge to 200-600 m during
the day, and rise to the surface at night, while main-
taining an average swimming speed of 15 km/day.

The figures dealing with migratory pattems are dif-
ficult to understand. In Fig.3.3 i the color bars indi-
cate that day and night occur simultaneously. Table
3.17 places the Penobscot River in southwestern
New Brunswick, rather than Maine.

Chapter 4 was one ofthe most difficult to read, pos-
sibly reflecting translation difficulties. It also did not
utilize some recent syntheses ofNorth American data
on harvest trends, such as the ICES workshop on eels
held in 2000. Older references are mostly relied on
such as Eales (1968) forAtlantic Canada, andHurley
(early 1970' s) for the Great Lakes. Harvest trends are

similar in both Europe and North America, with most
wild stocks declining; the period of decline begins
anl.rvhere from 1970 to 1990. World wide fishery
production of eels maximized at about 27,000 tonnes
in the early 1970's. In comparison, aquaculture pro-
duction attained 205,000 tonnes by 1975.It is essen-

tial that adequate required escapement of glass eels

and large silver eels (mostly females) be determined
and regulated for heavily exploited species in Europe,
Japan, New Zealand and North America.

Chapter 5 is a readable and interesting description
of the devices used to catch various life stages of
eels. In general the temporal trend has been to larger
and more efficient trawls and weirs. Spearing is the
oldest fishing method, dating back 10,000 years.

Among the errors in the chapter are referral to Fig.
5A,B,and C, but no lettering in the figure, and on
page 268 stating that staked stow net bag lengths
were as long as 25 cm (should surely be 25 m).

Chapter 6, dealing with eel culture, is only 10 pages

so don't buy the book hoping to learn the technicali-
ties of culturing eels. It deals mainly with the geo-
graphical distribution and historical development of
eel culture. Eel culture still depends upon acquisition
of wild glass eels for seed stock. Hence with wild
populations on the decline, the long term viability of
aquaculture may require ways to successfully cul-
ture leptocephalis larvae, in turn requiring improved
knowledge of their behaviour and feeding (they ap-
parently feed on cnidarians in the wild).

The Japanese and European eels are ofmost impor-

tance to aquaculture, with A.rostrata, australis and
dieffenbachia (the latter two indigenous to Australia
and New Zealand) of minor importance. Total pro-
duction of eels in 1995 was 205,000 tonnes, with
aquaculture production totalling 188,400 tonnes
(over 90%o). The value of these cultured eels
amounted to 3.1 billion US dollars-about 12 Yo of
the total value of all cultured fish species.

China is the leading producer of cultured eels at
120,000 tonnes, followed by Japan (29,000 tonnes)
and Taiwan (26,000 t). Europe produces ca. 8,000 t,
the rest of Asia 6000 t, Australia 2700 t, and North
America only 100 t. The North American eel (4.
rostrata) is not highly regarded as a culture species
in Asia, and sale of elvers depends on the abundance
of A. an guil I a and A. j ap onic a. Recent market prices
have declined in Japan due to strong Chinese produc-
tion, with a negative impact on Japanese production.
Glass eels supply is often a restriction in Asia but not
in Europe. One error noted in this chapter: Fig.6.2 in
the text should be Fig. 6.a @304).

Eels are subject to the usual array ofviral and bac-
terial diseases (Ch.7). As of 1999,3 viral diseases

were of importance; EV2 produces cauliflower-like
growths on the jaws, and is specific to A. anguilla;
EVA is an IPN-like virus affecting A. anguilla and
japonica, inducing swollen gills and hypertropfied
kidneys; EVE was isolated in Japan from anguilla
and rostrata, and induces hemorrhage and necrosis
of the musculafure. Bacterial diseases are catego-
rized as freshwater diseases (e.9. Aeromonas
punctata, andPseudomonas spp) and salt water dis-
ease (Vibrio anguillarum). Parasites include nema-
todes, stch as Angillicola, introduced into European
populations from Japan, as well as the usual
assembale of trematodes and cestodes.

Chapter 8 deals briefly with world trade and pro-
cessing, some of it repeating information in the
aquaculture chapter. Canada has been exporting
wild caught eels live and frozen to Europe since the
7920's, but is not included as one ofthe more impor-
tant eel exporting countries (Table 8.1) Eel prices in
general are three times higher in Europe than in
North America, reflecting perhaps the lower esteem
in which the species is held in North America.

In summary the text totals 340 pg with about 50 pg
of references, one ortwo as recent as2002. As men-
tioned earlier, some recent compilations of data for
North American eels have not been referenced.

- R.H. Peterson, Scientist Emeritus
Biological Station, St. Andrews, NB

(e-mail petersonr@mar. dfo-mpo. gc. ca)
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