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Final Seafood Watch Recommendation
U.S.
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score (0-10)
7.00
6.00
6.80
7.00
10.00
5.00
7.00

Rank
GREEN
YELLOW
GREEN
GREEN
GREEN
YELLOW
GREEN

Critical?
NO
NO
NO
NO
NO
NO
NO

0.00
–4.00
–0.80
44.00
6.29

GREEN
YELLOW
GREEN

NO
NO

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score
OVERALL RANKING

Final Score
Initial rank
Red criteria
Intermediate rank

6.29
YELLOW
0
GREEN

FINAL RANK

NO

YELLOW

Critical Criteria?
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Canada
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score (0-10)
7.00
6.00
6.80
7.00
10.00
5.00
7.00

Rank
GREEN
YELLOW
GREEN
GREEN
GREEN
YELLOW
GREEN

Critical?
NO
NO
NO
NO
NO
NO
NO

0.00
–4.00
–0.40
44.40
6.34

GREEN
YELLOW
GREEN

NO
NO

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score
OVERALL RANKING

Final Score
Initial rank
Red criteria
Intermediate rank

6.34
YELLOW
0
YELLOW

FINAL RANK

NO

YELLOW

Critical Criteria?

Scoring note – scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.
Summary
Pacific geoduck aquaculture operations in Washington State, United States receive a numerical
score of 6.29 under the Seafood Watch criteria and methodology and a final recommendation of
“Yellow–Good alternative.”
Pacific geoduck aquaculture operations in British Columbia, Canada receive a numerical score of
6.34 under the Seafood Watch criteria and methodology and a final recommendation of
“Yellow–Good alternative.”
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Executive Summary
The U.S. state of Washington is the world’s foremost producer of farmed Pacific geoduck, with
total sales of nearly 673 metric tons (1.5 million lbs) and almost $28 million in 2013. The bulk of
Washington’s geoduck farming takes place in southern Puget Sound, with farms also in each of
Puget Sound’s sub-basins, with planned expansion into the Strait of Juan de Fuca and
throughout Puget Sound and Hood Canal.
The Canadian province of British Columbia is a comparably small but growing producer of
farmed geoduck, with $2.4 million in farmgate sales in 2014. In British Columbia (BC), Baynes
Sound is the most important region for shellfish farming, but geoduck farms are scattered
throughout the Strait of Georgia, and interest in expansion throughout the province’s
enormous coastline is high—and in the planning stages.
For both Washington and BC, geoduck production is supported by a strong international
market, and the industry is eager to expand. Geoduck farming has also been a controversial
issue; questions remain concerning the potential environmental impacts of geoduck
aquaculture. Published research has been steadily increasing, and regulators in both
Washington and BC have worked to improve management of the industry.
This Seafood Watch assessment involves a number of different criteria covering impacts
associated with: effluent, habitats, wildlife and predator interactions, chemical use, feed
production, escapes, introduction of nonnative organisms (other than the farmed species),
disease, the source stock, and general data availability.
Data: There are many sources of accessible and reasonably up-to-date farmed geoduck
production information at the international, national, state/province, and industry levels. Some
aggregation of production data and enforcement information occurs, and production data are
self-reported, but some auditing occurs and more detailed information is available upon
request from agencies in Washington and BC, with some limitations. Regulation and
management information is transparent and freely available in both Washington and BC, with
some minor limitations in published enforcement information; additional information is
provided by agency follow-up. Literature on industry practices and locations of farms is also
widely available in the form of scoping documents, industry best management practices,
environmental impact assessments, permitting details, and publicly accessible government
websites.
Bivalve shellfish aquaculture, including many of its potential environmental impacts, generally
boasts a deep body of scientific study. Research into geoduck aquaculture, which is a relatively
young industry, is comparably thinner. Science and management have generally not kept pace
with industry (there are differences in both industry growth and management between
Washington and BC) but both science and management have made recent strides. Because
geoduck aquaculture is a lucrative and growing industry and subject to persistent scrutiny,
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research into the potential environmental costs of the practice—and of the geoduck itself—has
grown significantly. Some gaps in information remain (including related to the Effluent, Habitat,
Chemicals, Disease, and Predators and Wildlife criteria). Some projects and publications have
limitations, but research questions are well identified and many are being addressed by
institutions in the United States and Canada. Publication since 2013 has increased markedly,
with 2015 especially productive in published research on geoduck aquaculture. Government in
both BC and Washington has also contributed to the literature, with a number of white papers
and information on regulation readily available. Overall, the quality and availability of
information on geoduck farming in Washington and BC ranges from moderate to moderate to
high, and improving.
The final numerical score for Criterion 1—Criterion score is 7.0 out of 10.
Effluent: The Effluent criterion assesses the release of waste from farms and the implications of
that release. Farmed geoducks are not provided external feed for the bulk of the production
cycle and only small volumes of cultivated algae in the hatchery setting. Effluent related to
geoduck aquaculture generally comes in the form of sediment disturbance resulting from the
harvest of geoducks, which occurs infrequently given the growout time required for geoducks
to reach market size (5–7 years). Several studies have focused on this type of effluent related to
intertidal and subtidal geoduck harvest. Sediment disturbance does result in the resuspension
of solids and nutrients, and transport away from farm boundaries, but impacts beyond (and
within) the farm appear to be minimal, temporary, and limited in frequency and scale. Most or
all sediment appears to settle on or near the farm plot and well within Seafood Watch’s
Allowable Zone of Effect, and this type of disturbance has repeatedly been described in the
scientific literature as within or less than natural disturbance regimes.
Hatcheries and nurseries are also potential sources of effluent in the form of nutrients and
metabolite wastes. Though specific information in this area is lacking for geoduck aquaculture,
these stages of the geoduck production cycle are considered unlikely to be significant effluent
concerns. Hatcheries represent a fraction of the geoduck farm cycle, are few in number, and
house a low total biomass of animals (geoducks are but one species typically cultivated in these
settings). Nurseries are similarly considered to be insignificant sources of effluent due to a lack
of feed inputs and low total biomass of animals. Geoduck farming relies extensively on plastics,
which contribute effluent to the marine environment in the form of occasional plastic litter
(debris) and potential microplastics.
At the farm level, escape of plastic farm gear to the marine environment occurs at likely
occasional levels, and some measures are taken to minimize the loss of plastics—such as farm
patrols and maintenance requirements, labeling of farm gear with identifying information, and
reducing the use of plastic. Still, loss occurs, and cumulative impacts of the input of plastic
debris and microplastics to the marine environment over time for an expanding geoduck
aquaculture industry are not well understood. Given this uncertainty and the increasing
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concerns over microplastics in the marine environment, but also demonstrated minimal
impacts from harvest-related sediment effluents, the Effluent Criterion score is 6 out of 10.
Habitat: The potential effects of geoduck aquaculture on marine habitat have been the subject
of much debate and controversy. The opportunity for habitat effects is present in the nursery,
preparation, growout, management, and harvest stages. Effects on sediment processes,
community composition, seston resources, nutrient cycling, and hydrodynamics are all
possibilities with geoduck farming.
Research into the habitat effects of geoduck aquaculture is challenging because of the nature of
scientific study in such a dynamic estuarine environment: ecological interactions are highly
complex. Seasonal effects, population dynamics, changing environmental conditions, spatial
heterogeneity, scale, and data gaps are some of the challenges facing scientific understanding
of the habitat impacts of geoduck aquaculture. A growing body of literature on ecosystem
effects exists, and though it is sometimes narrowly focused—occurring over a single farm cycle,
not wholly representative of farm practices, or lacking in a cumulative perspective—some
themes have emerged. The body of literature researching habitat and ecosystem effects of
bivalve shellfish aquaculture is rich, and coupled with geoduck aquaculture-specific work,
makes apparent that geoduck aquaculture certainly affects habitat—and in different ways.
The structured and harvest phases appear to have the most impact on habitat, and effects vary
by species of interest—some are promoted while others suppressed. Effects also vary by time
(season), location, and farming practices. Some effects have been found to be significant (such
as changes to community structure), but research has often demonstrated rapid recovery of the
parameters of study, that effects are frequently minor to moderate, and that there is overall
ecosystem resilience in an environment adapted to frequent disturbance. Other studies have
found no significant impacts. Geoduck aquaculture does provide some ecosystem services,
although there are clear tradeoffs. Scientific uncertainty remains, because some questions are
unanswered—including long-term and cumulative impacts. Regulation and enforcement
incorporate ecosystem principles and cumulative perspective, and defer to the best available
science. Though management and enforcement is evolving, it is considered moderately
effective because of some weaknesses in management infrastructure—including vague
language, some enforcement capacity limitations, and as-yet unfinished (though nearing
completion) management improvement efforts.
Coastal subtidal and intertidal habitats are considered to be of moderate and high value,
respectively, for the ecosystem services they provide. Geoduck farming results in the loss of
some ecosystem services through habitat conversion and disturbance. Overall, this assessment
considers the habitat effects of geoduck aquaculture to be moderate, with many of the known
impacts appearing to be short-term and reversible. Habitats appear to be maintaining some
functionality, but uncertainty remains—such as how habitat is affected over multiple, repeated
farm cycles, the extent of impacts when considered cumulatively with other human uses of the
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same environment, and the effects of larger scales. There is room for improvement in scientific
understanding and management. Thus, the Criterion 3 - Habitat scoring is 6.80 out of 10.
Chemical Use: While select pesticides, herbicides, and antibiotics are known to be utilized by
other aquaculture operations, the culture of geoduck farming does not utilize chemicals except
for small amounts of dilute chlorine-based solutions and neutralizing agents (sodium
thiosulfate) associated with cleaning in the hatchery setting, which is a small fraction of the
production cycle. Antibiotics are generally not used in the farming of geoduck, and for the
majority of the production cycle, no chemicals are used or are necessary. Therefore, the risk of
chemical use from geoduck farms on the surrounding environment is low. The score for
Criterion 4 - Chemical Use is 7 out of 10, with some uncertainty because of a lack of regulation
and monitoring of hatchery outflow.
Feed: Geoduck aquaculture occurs in an open system in the marine environment: geoducks are
essentially deployed to the wild. Because geoducks are filter feeders, they rely on grazing of
naturally occurring phytoplankton and other seston for food. Unlike in finfish aquaculture, the
culture of bivalve shellfish in open systems does not require the provision of feed for most of
the production cycle, except in the hatchery setting. No fish or terrestrial crop ingredients are
involved in feeding bivalve shellfish, so the Feed criterion is not applicable to geoduck
aquaculture. Score is 10 out of 10.
Escapes: Geoduck is a native species farmed in an open system, in proximity to its wild
conspecifics. As a prolific broadcast spawner that reaches reproductive age before harvest,
farmed geoduck is likely spawning during the farm cycle and, through this mechanism, there is
potential for interaction with wild geoducks. Geoducks have been shown to exhibit panmixia
(potential for random mating via connected populations) on regional (50–300 km) and larger
(500–1000 km) scales, but research has demonstrated that some genetic differentiation in
farmed geoducks (which are the progeny of a limited number of wild broodstock) does occur,
such as lower genetic diversity and reduced fitness. The risk of genetic introgression from
“escaped” farmed geoducks in the form of gametes, larvae, and recruits to wild populations
exists as a result of geoduck farming practices. Best management practices exist in both BC and
Washington, and management according to the best available science is largely occurring. This
may reduce genetic risk, but there is currently no means of preventing spawning by farmed
geoducks in use, and the possible effects are unknown. Therefore, the risk of escape related to
geoduck aquaculture is considered moderate. Criterion 6 receives a score of 5 out of 10.
Disease: Geoducks are raised in high densities in hatchery, nursery, and farm settings near wild
populations. This production system represents a potential risk of amplification and spread of
disease to wild populations, with additional concerns related to the relative lack of baseline
understanding of geoduck diseases and parasites and the need to expand participation in Best
Management Practices. Regulation and monitoring for diseases in the hatchery and transfer
components of geoduck aquaculture are fairly strong. Management is in place to minimize risk,
agencies have latitude to manage conservatively, and most (though not all) hatcheries involved
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in geoduck production have well-defined disease risk minimization and monitoring protocols.
The industry has a vested interest in managing disease, with Best Management Practices and
third-party assessment programs in place. New hatcheries are entering production and are
required to demonstrate a disease-free history before shipment of geoduck seed.
Transfer of geoduck seed from hatchery to farm within state/province waters is restricted and
requires permitting. Quarantine is required for animals crossing international or state
boundaries, and export may have additional disease risk-management requirements from
federal regulators. Few disease-related mass mortality events of geoduck seed in the hatchery
setting have been reported since the 1990s. Third-party certification programs exist in
Washington, with all of the largest companies involved earning an endorsement from the
USDA. Canada’s pending Integrated Management of Aquaculture Plan outlines a robust disease
risk management framework. Overall, biosecurity measures in both Washington and BC appear
reasonably strong. The risk of disease is considered to be low to low to moderate.
The final numerical score for Criterion 7 - Disease, pathogen, and parasite interaction is 7 out of
10.
Source of stock: Geoducks are highly fecund; one animal can produce tens of millions of
gametes annually and can spawn multiple times each year. Thus, only small numbers of
broodstock are required to produce large quantities of seed. Though wild-caught broodstock
are utilized for hatchery production of farm animals, this practice promotes genetic diversity of
the farm stock, and the taking of small numbers of wild geoducks has no demonstrable impacts
on robust wild populations. The score for Criterion 8 - Source of Stock is 0 out of 10, meaning
no reductions have been taken for this Criterion.
Wildlife Interactions: Geoduck aquaculture uses passive predator exclusion in the forms of PVC
tubes and mesh as its primary means of predator control. Beach preparation prior to planting
juveniles may result in the removal or mortality of some intertidal species. The addition of
artificial structure to an unstructured marine environment, as well as the high density of
animals at aquaculture operations, can attract a variety of organisms. Structure-oriented
invertebrates settle on PVC tubes and other structures. Fish and invertebrates hide among the
same structure, and the concentration of prey may attract predators. These interactions may
result in mortalities of colonizing or transient organisms. Others can be damaged or killed due
to trampling, the insertion of tubes into the sediment, active removal, and at harvest.
Additionally, birds, mammals, and fish may potentially become entangled in the predator
exclusion mesh or other gear. Data on these occurrences are lacking, although reporting
requirements exist, and regulators in BC and Washington have suggested that mortalities of airbreathing animals are likely minimal—if somewhat challenging to track.
Though wildlife mortalities occur beyond exceptional cases (mostly marine invertebrates), the
high population of intertidal species and the apparent low mortality numbers of air-breathing
organisms indicate that the affected species population sizes are not significantly impacted.
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Species of particular conservation concern are afforded legal protections in both the United
States and Canada and are not expected to be significantly impacted by geoduck aquaculture.
In addition, the industry uses a passive exclusion approach as its primary means of predator
control, and Best Management Practices dictate prioritizing nonlethal approaches. Impacts on
wildlife populations resulting from geoduck aquaculture are considered to range from low to
low to moderate. The score for Exceptional Criterion 9X - Wildlife and Predator Mortalities is –4
out of –10.
Unintentional Species Introductions: Both Washington and BC have regulations and permitting
requirements in place that are aimed at the prevention of the spread of nonnative species
within state/province and across international boundaries. The use of transfer permits and
management zones exists to reduce the risk of spreading nonnative species. The movement of
live animals in geoduck aquaculture is largely limited to the movement of juvenile “seed” from
the hatchery or nursery to the farm setting; however, some movement of aquaculture gear and
vessels occurs. The movement of gear represents a possible risk for the spread of nonnative
species, although most gear is likely reused on the same beach or in the same water body from
which it was removed, and agencies restrict such movement. Hatcheries generally have strict
biosecurity measures in place—disease management is critical to the industry—although some
water leaves the hatchery untreated.
The shellfish aquaculture industry has long been associated with nonnative species
introductions, although improved understanding of this issue has led to improved (if imperfect)
management. To date, the geoduck aquaculture industry has not been implicated in any
nonnative species introductions; however, some risk exists via the potential movement of seed,
gear, and vessels, and room for stronger management exists. Both Washington and BC have
regulations and permitting requirements in place aimed at the prevention of the spread of
nonnative species within state/province and across international boundaries. The use of
transfer permits and management zones exists to reduce the risk of spreading nonnative
species.
The movement of live animals in geoduck aquaculture is largely limited to the movement of
juvenile “seed” from the hatchery/nursery to the farm (or nursery) setting; however, some
movement of aquaculture gear and vessels occurs. The movement of gear represents a risk for
the spread of nonnative species, although most gear is likely reused on the same beach or in
the same water body from which it was removed, and agencies regulate such movement. The
shellfish aquaculture industry has long been associated with nonnative species introductions,
although improved understanding of this issue has led to improved (if imperfect) management.
To date, the geoduck aquaculture industry has not been implicated in any nonnative species
introductions, although some risk exists via the potential movement of gear and vessels, and
there is room for stronger management.
Washington: the final numerical score for Criterion 10X - Escape of Unintentionally Introduced
Species is –0.8 out of –10, for very low risk.
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BC: the final numerical score for Criterion 10X - Escape of Unintentionally Introduced Species is
–0.4 out of –10, for very low risk.
Summary: On-bottom and subtidal geoduck from Washington achieves a final numerical
scoring of 6.29 out of 10 and a Seafood Watch recommendation of Good Alternative.
On-bottom and subtidal geoduck from British Columbia achieves a final numerical scoring of
6.34 out of 10 and a Seafood Watch recommendation of Good Alternative.
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Introduction
Scope of the analysis and ensuing recommendation
Species
Farmed geoduck clam (Panopea generosa Gould, 1850; formerly Panopea abrupta)
Geographic Coverage
The U.S. state of Washington and British Columbia, Canada (BC). Though it is recognized that
there are nascent geoduck aquaculture industries in Alaska, Mexico, and elsewhere, these
production volumes are comparably minor, so these regions are not included in the scope of
this assessment at this time.
There are some notable differences in geoduck farming between Washington and BC, such as:
● size of the industry (Washington is much larger and more developed)
● culture practices (BC currently does more subtidal cultivation than Washington)
● regulation (BC has had advantages in developing progressive management, largely
keeping pace with industry; there are also fewer agencies involved here)
● hatcheries (typically smaller in BC)
● growout times (BC geoducks may take longer to reach market size)
● geography (the BC coastline is much longer and less developed)
● public perception (geoduck farming remains more controversial in Washington)
Differences between BC and Washington geoduck farming are discussed in applicable criteria;
however, many differences were not deemed significant enough to warrant independent
scoring for the purposes of this assessment. In some cases, tradeoffs negate any would-be
differences in scoring (e.g., less reliance on anti-predator tubing in BC subtidal culture than
intertidal culture in Washington is negated by the increased acreage of subtidal culture in BC),
and in other cases, the differences were not comparably significant enough to warrant any
difference in scoring (e.g., in Management and Enforcement Effectiveness [Factors 3.2a and
3.2b], BC has been more proactive in their management but permitting in Washington is more
extensive). Furthermore, culture practices in BC are largely modeled on those developed and
used in Washington. Therefore, BC and Washington geoduck farming were assessed together in
most criteria, except where noted; final scoring for BC and Washington was completed
separately.

Species Overview
The Pacific geoduck is the world’s largest burrowing clam and is a long-lived, broadcastspawning native of the west coast of North America. The clam, which burrows deeply to escape
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predation, exists in wild populations that collectively make up some of the highest biomass of
any animal found in west coast estuaries (Emmitt et al. 1991). Although geoducks have been
eaten by native Northwest tribes for millennia (the name “geoduck” comes from a native
Nisqually word meaning “dig deep” (NMFS 2014)), international markets have been driving
demand since modern commercial harvest of wild geoducks began in the 1970s. The modern
aquaculture production system was piloted by the Washington Department of Fish and Wildlife
later in the 1970s (WDFW 2015) and has since grown to be an important segment of the
shellfish industry in both Washington and BC . BC began experiments in geoduck farming in the
1990s (DFO 2014). In response to strong global markets, geoduck farming for P. generosa has
been successfully developed in Alaska and Mexico, with exploration of other species occurring
in South Korea, New Zealand, and elsewhere. This assessment focuses only on Washington and
BC farmed geoduck.
Production Methods
On-bottom culture of hatchery-raised clams, utilizing intertidal and subtidal benthic plots;
harvest of adults using “stingers”/“wands,” which are high-volume, low-pressure water guns.
Beach preparation
A beach may first be prepared for geoduck farming by the hand removal and discard or
relocation of predators and some obstructions to farming, such as marine algae, rocks, and
wood, and competitors for space, such as sand dollars and other species of clams (PCSGA 2011;
as Galliardi 2014 reviews for clam aquaculture). But practices vary by farm (Ruddell 2014), and
this is not necessary for all beaches (pers. comm., three anonymous industry representatives
2013, 2015). It is also somewhat restricted by the WDOE’s Shoreline Master Plan in Washington
(WDOE 2015). Such “cleaning” may also be done as part of regular maintenance of geoduck
plots, but predator exclusion devices used in geoduck farming largely obviate the need for
significant ongoing predator management.
Additionally, during the course of preparation and management, vehicles such as all-terrain
vehicles (ATVs, a.k.a. four-wheelers) and tractors may be used below the high water mark in
some instances (Kitsap County 2013) (Skagit County 2013) (WDOE 2015), and boats may be
used to ferry gear and equipment.
Nurseries
Geoducks are vulnerable to mortality by predation and environmental influences in their postsettlement juvenile stage (herein “seed”), especially in the first 1–2 years of life (Goodwin and
Pease 1989). Some geoduck farmers make use of nurseries as a tool to acclimate geoduck seed
to a growing area and allow for continued growth and enhanced survivorship of the tiny, 3- to
8-mm clams. Geoduck seed may be housed in a nursery for several weeks to 6 months (Davis
2004).
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Nurseries have included various designs, including on-ground structures, such as 3.7- to 6-foot
(1.13- to 1.83-m) diameter “kiddie” pools or screened rectangular bins, 3 ft x 3 ft (1 m x 1 m)
and as small as 1 ft x 2 ft (0.3 m x 0.6 m), which have typically been placed directly on the
sediment in the low intertidal, filled with sand to accommodate geoduck seed and prevent drift,
and covered with plastic mesh to exclude predators. The number of nursery pools used
depends on the capacity of the farm, the needs of the grower, and permitting requirements. Up
to 800 to 1,000 nursery pools on one farm have been documented (WDOE 2009b). Nursery
pools are being phased out in some instances in favor of other nursery designs (Hart Crowser
2013), and may not be typical of smaller farms (EVIRON 2009). Other nursery designs include
floating systems (a method used by several of the industry’s largest growers and seed
producers in Washington) and land-based tank systems. Individual geoduck growers may use a
combination of multiple nursery systems during the production cycle (BCSGA 2013). Nurseries
may be maintained on the particular farm site to be planted, at another related farm site, or at
a consolidated offsite location (Davis 2004) (ENVIRON 2009) (Hart Crowser 2013) (pers. comm.,
B. Blake, WDFW 2015).
Structure addition
Geoduck seed (and geoduck farming in general) is a sizable investment, from USD 0.42 to 1.25
per individual (Lummi Shellfish 2015) (Taylor Shellfish 2015). Besides making use of nurseries
and removing predators, farmers employ some effective techniques to boost survival and
protect their investment.
To protect against predation and exposure for the first 1 to 2 years of the production cycle,
geoduck seed is planted within 10- to 15-cm diameter PVC or (increasingly) plastic mesh tubes.
The use of such anti-predator installations (Figure 1) is based on a technique pioneered by the
Washington Department of Fish and Wildlife in the 1990s (Feldman et al. 2004) (pers. comm., B.
Blake, WDFW 2016). Tubes are inserted (pushed in or inserted hydraulically) 23 to 30 cm into
the sediment in high-density grids, depending on grower preferences and area conditions (but
generally about 10 tubes/m2) and 2 to 4 geoduck seed are planted within the tubes, with
roughly one-third to half surviving to harvest (Davis 2004) (BCSGA 2013). This may result in an
average density higher than that found in the wild: wild subtidal densities may reach 22.5
clams/m2 in Washington but average 1.7 clams/m2 (Goodwin and Pease 1989). In BC, subtidal
densities may reach 36 clams/m2 on the central BC coast (Fyfe 1984), but average up to 4.9
clams/m2 on the west side of Vancouver Island (Goodwin and Pease 1991). Intertidal densities
of naturally occurring geoduck are historically low (Goodwin and Pease 1989). To complete the
predator-exclusion design, individual tubes are covered with mesh caps secured with rubber
bands, which cover the tubes but leave intervening spaces uncovered. Alternatively, a large
array of tubes may be covered with a single large “canopy” net secured with rebar stakes or
rocks (Figure 2) (VanBlaricom et al. 2015), or via the use of netting to form “tunnels” over
planted seed (Figure 1) (PCSGA 2011), a method commonly used in subtidal geoduck farming
(DFO 2013). Installing and maintaining PVC tubes in subtidal culture has proven impractical;
subtidal culture relies instead on the use of net tunnels or panels (BCSGA 2013).
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Some studies have characterized “typical” geoduck farms at around 2,500 m2, but they may
range in size from about 2,000 m2 to 42,500 m2 (Brown and Thuesen 2009) (DFO 2014)
(VanBlaricom et al. 2015), and farms as large as 121,400 m2 have recently been proposed in
Washington (Sequim Gazette 2015). Initial intertidal planting densities of 20–30 clams/m2
(VanBlaricom et al. 2015) may yield up to 150,000 clams (100 t) per hectare in some locations.
Subtidal planting occurs at lower densities but over larger areas in BC (Vadopalas et al. 2015)
and is currently a more common practice in BC (BCSGA 2013) (pers. comm., Fred Lochmatter,
Fan Seafoods 2015) than in Washington. An array or crop year of farmed geoduck consists of
thousands to tens of thousands of clams, and a single farm may contain many thousands of
tubes.

Figure 1. A subtidal B.C. geoduck “clam tunnel”
consisting of anti-predator netting (DFO 2013 photo).

Predator exclusion tubes and mesh coverings are typically removed after the first or second
year of the farm cycle, because geoduck size and burial depth is now sufficient to avoid most
predation and environmental stressors. Tubes may represent a major expense for a geoduck
farmer, so they are removed, cleaned, and redeployed elsewhere once they have fulfilled their
usefulness for a particular farm plot (Davis 2004) (CSAS 2012) (BCSGA 2013). Generally, new
anti-predator netting is used for each planting (CSAS 2012).
Additionally, research into alternative growing methods is underway, such as growing geoducks
in suspended trays (Martell et al. 2013).
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Figure 1. Clockwise from top left: Planting geoduck seed into mesh tubes (Associated Press 2015);
geoduck tubes covered with canopy netting (University of Washington 2015); cap mesh-covered PVC
tubes (nap.edu); harvest of geoducks following unstructured phase of farming (Washington SeaGrant
2015).

Unstructured phase
After tubes and anti-predator netting are removed, geoducks remain in the sediment and are
allowed to grow to market size over the ensuing 3 to 5 years (Figure 2). During this time,
geoducks feed on naturally occurring phytoplankton and other seston resources, and deposit
metabolic wastes on the sediment in the form of feces and pseudofeces. The clams also
continue to burrow.
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Figure 2. Geoduck farm, unstructured phase. Photo:
Brook Smith.

Harvest
Farmed geoducks generally reach market size in 5 to 7 years, although this varies by growing
area, and in BC, it may take as long as 10 years, but as few as 4 in Washington (Table 1) (Martell
et al. 2013) (VanBlaricom et al. 2015) (pers. comm., Fred Lochmatter, Fan Seafoods 2015). Once
geoducks in a given farm plot are ready for market, harvest involves the liquefaction of the
sediment adjacent to geoducks, using a high-volume, low-pressure hose (40-60 psi, or about
the same pressure as a garden hose (WDNR 2008)) connected on one end to a barge- or boatmounted seawater pump and on the other end to a narrow hand-held pipe that focuses the
outflowing water jet (Figure 1). The device, known as a “stinger” or “wand,” liquefies the
sediment to a depth of about 1 meter and allows for the subsequent hand removal of the
market-sized geoduck. The process is repeated for the desired quantity of harvest, and
harvesters may extract 4–6 geoducks per minute in this way (or about 960–1,440 geoducks/tide
(Davis 2004)). A given plot is typically entirely liquefied via the “swath” harvest technique in
Washington (Liu et al 2015).
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Table 1. Typical time to harvest of geoducks by production method and region (Adapted from (CSAS 2012) (Martell
et al. 2013) (VanBlaricom et al. 2015)).

Time to harvest (years)
4–6
5–8
6–7
6–7
6–10+

Region
Washington, South Sound
Washington
Washington, Hood Canal
Washington, Strait of Juan de Fuca
British Columbia

Method
Intertidal
Subtidal
Intertidal
Intertidal
Subtidal

Once a farm plot has been harvested, it is available to be replanted (perhaps within weeks
(Horwith 2013)), beginning the next crop cycle.
See Criterion 3—Habitat for more details on the production system.

Common/ Market Names
SCIENTIFIC NAME
COMMON NAME
UNITED STATES/CANADA
MEXICO
CHINA
VIETNAM
JAPAN
FRANCE/CANADA

PANOPEA GENEROSA
Pacific geoduck, King clam, Elephant-trunk clam
Geoduck clam, Giant clam
Almeja sifón
Xiàngbábàng
Tuhai
Mirugai
Panope

Production Statistics
The farmed geoduck industry has experienced rapid growth since aquaculture production of
the species began entering the market in the early 2000s. First served in chowder on
Washington ferries and later exported as a frozen or canned product, geoduck has evolved into
a luxury item—sold live—because of improvements in quality and the growth of purchasing
power by the Chinese consumer. Despite an increase in supply resulting from geoduck farming,
prices have risen and have remained relatively stable and robust (GSGislason and Associates
2012) (Shamshak and King 2015).
In Washington, farmed geoduck represents 7% of total farmed shellfish by weight, but 27% of
total value (Washington Sea Grant 2015). Washington produces about 90% of farmed geoducks
globally (Shamshak and King 2015), and the U.S. (mostly Washington) produced 673 tons of
farmed geoduck in 2013 ($27.9 million (USDA 2013)), up from 613–650 tons of farmed geoduck
in 2010 (GSGislason and Associates 2012) (Ferriss et al 2015). U.S. geoduck farmers fetched an
average of $18.83/lb ($41.42/kg) in 2013 (USDA 2013) and the industry continues to grow in
total value as well as number of farms and acreage (Figure 4).
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British Columbia produced 52 tons of farmed geoduck in 2010 (Liu et al. 2015) that sold at an
average farmgate price of nearly $15/lb ($33/kg) (GSGislason and Associates 2012). Production
has remained largely stable through 2015 (Figure 3) (Shamshak and King 2015) (pers. comm.,
Tricia Spearing, DFO 2015). The Department of Fisheries and Oceans Canada (DFO) reports a
farmed geoduck harvest in 2014 of $2.4 million (up from about $1.1M in 2010) (Liu et al. 2015)
from 4 companies across 7 sites, although DFO and British Columbia Ministry of Agriculture
(BCMA) report a total of 58 licensed geoduck farm sites (not all are active (pers. comm., Carmen
Matthews, BCMA 2015)). Growth of the industry in BC has been slowed since at least 2010,
when DFO assumed management authority over shellfish aquaculture for all of Canada and
began developing a new integrated management plan aimed at sustainability considerations,
protecting wild stocks, and balancing multiple stakeholder needs (DFO 2014) (pers. comm., T.
Spearing 2015).
In Washington, geoduck farming currently occurs on about 200 mostly intertidal acres (up from
106 in 2004 (ENTRIX 2004)) (USDA 2013). Most geoduck farming in Washington is concentrated
in South Puget Sound, but expansion beyond this region continues as the industry grows. Lesser
amounts of subtidal space are also farmed in Washington, with more planned as the state
begins to lease state-owned subtidal lands. In BC, geoduck farming is occurring entirely in the
Strait of Georgia and is a comparably small industry in terms of total production, but interest in
growth and expansion outside of this region is keen, with about 1,000 acres currently permitted
for eventual geoduck farming (DFO 2014) (DFO 2015b). BC geoduck farmers work both the
intertidal and subtidal, with the subtidal used more extensively in Canadian geoduck
aquaculture than in the U.S.—about 618–741 subtidal acres (250–300 hectares) are currently
licensed and under some stage of cultivation (pers. comm., Fred Lochmatter 2015).
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Figure 4. World Production and Value of Geoduck by Country, 1976–2012. Image reprinted from Shamshak and
King 2015 (with permission).
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Analysis
Scoring guide
● Except for the exceptional criteria (8X, 9X and 10X), all scores result in a 0 to 10 final score
for the criterion and the overall final rating. A 0 score indicates poor performance, while a
score of 10 indicates high performance. In contrast, the three exceptional criteria result in
negative scores from 0 to –10, and in these cases 0 indicates no negative impact.
● The full Seafood Watch Aquaculture Standard that the following scores relate to are
available on the Seafood Watch website. http://www.seafoodwatch.org//m/sfw/pdf/standard%20revision%20reference/mba_seafoodwatch_aquaculture%20criteri
a_finaldraft_tomsg.pdf?la=en
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Criterion 1: Data quality and availability
Impact, unit of sustainability and principle
▪ Impact: poor data quality and availability limits the ability to assess and understand the
impacts of aquaculture production. It also does not enable informed choices for seafood
purchasers, nor enable businesses to be held accountable for their impacts.
▪ Sustainability unit: the ability to make a robust sustainability assessment
▪ Principle: having robust and up-to-date information on production practices and their
impacts publicly available.

Criterion 1 Summary
Data Category

Relevance (Y/N)

Data Quality

Score (0-10)

Industry or production statistics
Management
Effluent
Habitat
Chemical use
Feed
Escapes
Disease
Source of stock
Predators and wildlife

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

High
Moderate-High
Moderate
Moderate-High
Moderate
n/a
Moderate-High
Moderate
High
Moderate

10
7.5
5
7.5
5
n/a
7.5
5
10
5

Introduced Species
Energy Use
Total

Yes
No

Moderate-High
n/a

7.5
n/a
80

C1 Data Final Score

7.0

GREEN

Brief Summary
There are many sources of accessible and reasonably up-to-date farmed geoduck production
information at the international, national, state/province, and industry levels. Some
aggregation of production data and enforcement information occurs, and production data are
self-reported, but some auditing occurs and more detailed information is available upon
request from agencies in Washington and BC, with some limitations. Regulation and
management information is transparent and freely available in both Washington and BC, with
some minor limitations in published enforcement information; additional information is
provided by agency follow-up. Literature on industry practices and locations of farms is also
widely available in the form of scoping documents, industry best management practices,
environmental impact assessments, permitting details, and publicly accessible government
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websites. Bivalve shellfish aquaculture, including many of its potential environmental impacts,
generally boasts a deep body of scientific study. Research into geoduck aquaculture, which is a
relatively young industry, is comparably thinner. Science and management have generally not
kept pace with industry (although there are differences in both industry growth and
management between Washington and BC), but both science and management have made
recent strides. Because geoduck aquaculture is a lucrative and growing industry and subject to
persistent scrutiny, research into the potential environmental costs of the practice—and of the
geoduck itself—has grown significantly. Some gaps in information remain (including related to
the Effluent, Habitat, Chemicals, Disease, and Predators and Wildlife criteria) and some projects
and publications have limitations, but research questions are well identified, and many are
being addressed by institutions in the United States and Canada. Publication since 2013 has
increased markedly, with 2015 especially productive in published research on geoduck
aquaculture. Government in both BC and Washington has also contributed to the literature
with a number of white papers and information on regulation is readily available. Overall, the
quality and availability of information on geoduck farming in Washington and British Columbia
are moderate to moderate-high and improving.
The final numerical score for Criterion 1 - Criterion score is 7.0 out of 10.
Justification of Rating
Information availability and robustness is moderate to high to high with respect to geoduck
aquaculture and the species in general. Up-to-date U.S. industry, production, and export
statistics (including production volumes, species, and number and locations of farms) are
available through the Food and Agricultural Organization (FAO) of the United Nations, the U.S.
Department of Agriculture, the Washington State Department of Fish and Wildlife, the
Washington Department of Health, and the Pacific Coast Shellfish Growers’ Association
(PCSGA), among others. A Freedom of Information Act request provides access to farm-level
and company-specific production data in Washington (pers. comm., Marjorie Morningstar,
WDFW 2016). British Columbia industry statistics are available through the British Columbia
Ministry of Agriculture, Statistics Canada (Aquaculture Division), Department of Fisheries and
Oceans (DFO), and the British Columbia Shellfish Growers’ Association (BCSGA), among others.
Aggregated production data is available upon request from agencies in Canada, although
company-specific records are privacy-protected (pers. comm., Tricia Spearing, DFO 2016).
Production statistics are self-reported in Washington and BC, but there is evidence that auditing
of landings data occurs, and chain-of-custody requirements in both the U.S. and Canada mean
that shellfish landings are reasonably well tracked. Farm size and general location information
can be ascertained either directly from listing on government websites, through publicly
available permitting information, or through government requests. This information ranges in
scale, from parcel and farm size information on permit applications to general growing area on
published maps and listings.
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Where applicable, monitoring reports and results as well as environmental impact assessments,
biological assessments, and other relevant regulatory documents are readily available on public
websites (e.g., Washington state and county websites) or through agency request.
Management information—such as regulations, permit information, public notices,
enforcement authorities and penalties, farm locations, legal proceedings, contact information,
and industry methods and Best Management Practices are generally transparent and freely
available in both Washington and BC and at the state/provincial and federal levels. The Army
Corps of Engineers and Washington Department of Ecology both report permitting and
enforcement activities and general outcomes on their Enforcement websites, as well as making
proposals available for public comment (U.S. ACE 2015) (WDOE 2015a). Counties in
Washington, which will ultimately play a key role in enforcement, are currently developing their
own management plans for shellfish aquaculture, so the enforcement picture in Washington is
not yet complete, but the finished plans are available online, as well as timelines for those that
aren’t (WDOE 2016). The DFO reports some general statistics on its enforcement activities on
an enforcement-specific website as well, but does not provide much detail particular to
shellfish aquaculture (DFO 2015a). Some further enforcement information is available upon
request from DFO, and agency contacts in both Washington and Canada were quite accessible
and helpful for this assessment.
Geoduck aquaculture—and bivalve shellfish aquaculture generally—has come under increasing
scrutiny from concerned stakeholders, and there is pressure by parties interested in industry
growth. Governments and researchers in BC and Washington have identified gaps in
information and questions surrounding geoduck aquaculture. In response to these pressures,
the Washington State Legislature recognized the need for a better understanding of the
potential environmental costs of geoduck farming, and issued a 2007 mandate for a research
program to be led by the University of Washington SeaGrant (WSL 2007). The result of this
program was a series of research projects into effects of geoduck aquaculture on marine
habitat, genetic interactions with wild stock, parasites and disease, impacts to biodiversity, and
more. A summary of the results of the program were published in reports to the Legislature in
2013 and 2015, and the Journal of Shellfish Research (JSR) published a compendium on
geoduck research in 2015, featuring several of the studies related to this program. Several
related publications appeared in other peer-reviewed journals, and a number of academic
theses and non-reviewed articles also resulted, all contributing to the understanding of
geoducks and geoduck aquaculture-environment interactions. In B.C., a 2014 Integrated
Shellfish Management Plan outlines aquaculture research as an important role of the DFO, and
the agency has a number of geoduck aquaculture-related research projects underway (DFO
2014) and some recent publication (see Liu et al. 2015). Additionally, a comprehensive review
of existing literature on the species was released by Washington SeaGrant in 2013, adding to
several existing literature reviews that had been prepared previously. In recent years, research
on geoducks and geoduck aquaculture has been steady, with publications, theses, and
government papers coming from both Canadian and U.S. institutions. The shellfish industry is
also active in supporting research, and Environmental Codes of Practice (ECOP; also referred to
herein as Best Management Practices) are available at the industry and company levels.
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Additionally, a large body of research on bivalve shellfish aquaculture in the region
complements geoduck-specific work, and stakeholders in the realm of geoduck farming—
including government agencies, academia, conservation interests, and industry—have been
helpful in providing information for this report.
Some criteria assessed by Seafood Watch, such as Feed, are largely irrelevant to geoduck
aquaculture. The literature addresses some questions in the other criteria, and recent strides in
understanding have been made that apply to the Effluent, Habitat, Escapes, and Disease
criteria.
But gaps in understanding of the environmental impacts of geoduck aquaculture and of the
species remain. Limitations applying to the Data Criterion include:
●

As recently as 2013, the body of peer-reviewed literature on Panopea generosa was
considered to be lacking (Straus et al. 2013), and it was noted by the authors that much
of the baseline understanding of the species comes from unreviewed technical reports,
rather than peer-reviewed research. Much of the gray literature—such as consultant
reports—is speculative. As of 2015, peer-reviewed research has added significantly to
the body of literature, but reliance on some unpublished literature has been
unavoidable for this assessment.

●

Production statistics in B.C. tend to be aggregated and reported with wild-harvested
geoducks or “clams” in general. Geoduck export statistics for both the United States and
Canada can be characterized similarly: aggregated and reported with their wild
conspecifics and as part of a general “clam” category. Additionally, U.S. export statistics
are reported at the national scale, rather than at the state scale, and production
statistics from Canada occasionally conflict. These limitations are considered to be
noncritical for the purposes of this assessment.

●

There is a lack of understanding of potential impacts of plastics used heavily by geoduck
aquaculture and a lack of data relating to unregulated outflowing hatchery water.

●

Although research into the environmental effects of geoduck aquaculture has steadily
increased, some studies are limited in size, scope, applicability, and generalizability; this
is particularly relevant to habitat impacts (Criterion 3).

●

Little specific and verifiable data on hatchery chemical use were provided for this
assessment.

●

Understanding of disease issues is in its infancy for this species.

●

There is little available data on wildlife mortalities or monitoring of many potentially
impacted species populations.

Overall, the quality and availability of information on geoduck farming production practices and
impacts is moderate to moderate-high with up-to-date, transparent, and publicly available
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information on management, production, and research. For the most part, the quality and
quantity of data on geoduck aquaculture allows for confidence in stating what is understood
and where gaps exist.
The final score for Criterion 1—Data scores 7.0 out of 10.
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Criterion 2: Effluents
Impact, unit of sustainability and principle
▪ Impact: aquaculture species, production systems and management methods vary in the
amount of waste produced and discharged per unit of production. The combined discharge
of farms, groups of farms or industries contributes to local and regional nutrient loads.
▪ Sustainability unit: the carrying or assimilative capacity of the local and regional receiving
waters beyond the farm or its allowable zone of effect.
▪ Principle: not allowing effluent discharges to exceed, or contribute to exceeding, the
carrying capacity of receiving waters at the local or regional level.
Criterion 2 Summary
Evidence-based Assessment– used when good quality data clearly defines an appropriate score.
U.S. and Canada
C2 Effluent Final Score

6.00

YELLOW

Brief Summary
The Effluent criterion assesses the release of waste from farms and the implications of that
release. Farmed geoducks are not provided external feed for the bulk of the production cycle
and only small volumes of cultivated algae in the hatchery setting. Effluent related to geoduck
aquaculture generally comes in the form of sediment disturbance resulting from the harvest of
geoducks, which occurs infrequently given the growout time required for geoducks to reach
market size. Several studies have focused on this type of effluent related to intertidal and
subtidal geoduck harvest. Though sediment disturbance does result in the resuspension of
solids and nutrients and transport away from farm boundaries, impacts beyond (and within) the
farm appear to be minimal, temporary, and limited in frequency and scale. Most or all sediment
appears to settle on or near the farm plot and well within Seafood Watch’s Allowable Zone of
Effect, and this type of disturbance has repeatedly been described as within or less than natural
disturbance regimes in the scientific literature. Hatcheries and nurseries are also potential
sources of effluent in the form of nutrients and metabolite wastes. Specific information in this
area is lacking for geoduck aquaculture; however, these stages of the geoduck production cycle
are considered unlikely to be significant effluent concerns because hatcheries represent a
fraction of the geoduck farm cycle, are few in number, and house a low total biomass of
animals—of which geoducks are but one species typically cultivated in these settings. Nurseries
are similarly considered to be insignificant sources of effluent due to a lack of feed inputs and
low total biomass of animals. Geoduck farming relies extensively on plastics, which contribute
effluent to the marine environment in the form of occasional plastic litter (debris) and potential
microplastics. At the farm level, loss of plastic farm gear into the marine environment occurs at
likely occasional levels. Some measures—such as farm patrol and maintenance requirements,
labeling of farm gear with identification information, and reducing the use of plastic—have
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been taken to minimize the plastic issue. Still, incidents occur, and cumulative impacts of the
input of plastic debris and microplastics to the marine environment over time for an expanding
geoduck aquaculture industry are not well understood. Given this uncertainty and the
increasing concerns over microplastics in the marine environment, while acknowledging the
minimal impacts from harvest-related sediment effluents, the Effluent Criterion score is 6 out of
10.
Justification of Ranking—Evidence-based Assessment
Because the Evidence-based assessment is most practical for shellfish aquaculture, this
approach was utilized for Criterion 2. Risk was incorporated due to uncertainty surrounding the
extensive use of plastics.
In many forms of aquaculture, discharge of wastes and nutrients to the surrounding
environment occurs during pond flushing (for example) or release from off-bottom
infrastructure (e.g., net pens). In addition to farmed animal waste, uneaten feeds are often a
source of organic wastes in aquaculture. Geoduck aquaculture differs in that it takes place
largely on-bottom and without the provision of additional feeds. Other than cultivated
phytoplankton in the hatchery setting, no external feed is required in geoduck farming, relying
instead on naturally occurring plankton populations to provide nutrition to the growing farmed
clams. In this way, bivalve shellfish culture is known as “extractive,” whereby the presence of
the farming operation may contribute to a decrease of nutrients (for example nitrogen and
phosphorus) in the surrounding system (Newell 2005) (Carmichael 2012) as animals are
harvested.
Geoduck farming does have several potential effluent pathways: hatcheries and nurseries,
harvest activities, and the deployment of plastics to the marine environment.
Hatcheries:
Geoduck is typically one of several species produced in shellfish hatcheries, of which there are
at least 3 operations in Washington and 14 licensed (about 5 active) in B.C. (pers. comm., B.
Blake 2015) (pers. comm., T. Spearing 2015) (pers. comm., B. Kingzett, VIU 2015). Shellfish
hatcheries are typically flow-through systems, with seawater taken in from a nearby source and
later discharged back to the marine environment locally. During its time of residency in the
hatchery, seawater encounters shellfish, shellfish waste, algae cultivated for feed, freshwater,
and cleaning and water sterilization chemicals before discharge. Hatcheries typically filter
incoming seawater to protect juvenile shellfish stock and to have improved control over water
quality parameters through physical means, such as sand and cartridge filters; sterilization of
incoming sea water is also important for algae culture (Feldman et al. 2004). Hatchery outflow
filtering can be less meticulous: everything goes down the drain, and hatcheries are often not
connected to municipal sewer systems. At least some filtration and treatment prior to
discharge is occurring (pers. comm., E. Ewald, Taylor Shellfish 2016), but there is no evidence of
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regular monitoring or regulation of outflows. Several hatcheries contacted for this assessment
confirmed that no monitoring data of hatchery outflows was available, because it is not
required by federal permitting (pers. comm., E. Ewald 2016) (pers. comm., F. Point, Lummi
Shellfish Hatchery 2016) (pers. comm., J.P. Hastey, Nova Harvest Ltd. 2016).
The U.S. Environmental Protection Agency regulates point-source water discharge for pollution
under its National Pollutant Discharge Elimination System (NPDES) Program pursuant to the
Clean Water Act (CWA), including effluents related to concentrated aquatic animal production
(CAAP) facilities, such as fish hatcheries. After review in 2003–2004, the EPA determined that
molluscan shellfish hatchery and nursery systems produce a relatively low total animal biomass
and minimal pollutant discharges and exempted these facilities from NPDES regulation (EPA
2004). This exemption is currently being challenged in a lawsuit against one shellfish hatchery in
Washington (although this hatchery does not produce geoduck seed; Olympic Forest Coalition
v. Coast Seafoods 2016). The Washington Department of Ecology also exempts shellfish
hatcheries from discharge permit requirements (pers. comm., P. Lund, WDOE 2015). In British
Columbia, where hatchery technology for geoduck production is largely based on that used in
the U.S. (BCSGA 2013), DFO licenses hatcheries, and pollution discharge is managed by the BC
Ministry of the Environment (BCME), but shellfish hatcheries generally have not required
discharge permits due to the perceived minimal levels of pollutant discharge (VIU 2008) (pers.
comm., B. Kingzett 2015) (pers. comm., C. Pearce, DFO 2016).
Concern over shellfish hatchery outflows has been raised by some groups in Washington. In
response, Rensel Associates (2013) conducted the only apparent study of shellfish hatchery
outflows in the region (and maybe North America) under the request of the Washington
Department of Ecology. The study monitored for nutrients (N, P, and NH4/NH3, solids, and
chlorophyll-a content, as well as several basic water-quality parameters such as salinity, DO,
and pH) of the outflow of the largest shellfish hatchery (although non-geoduck) in Washington.
The author found no substantial discharge of any of the measured parameters and determined
that changes to measured parameters in hatchery intake vs. discharge water were so small that
negative or measurable impacts to surrounding water quality were unlikely. This study looked
at only one hatchery, on a single day of operation, did not investigate for possible chemical
effluents (it did address pH), and may be the only study of its kind. Broader inferences based on
these results are difficult to make.
Uncertainty exists, because definitive data related to shellfish hatchery discharge are scarce. In
general, shellfish hatcheries produce a small total biomass of shellfish (juvenile “seed”), do not
require significant feed inputs, and volumes of pollutant discharge are considered minor by
regulators. Also, there are few geoduck hatcheries in operation in the assessment region, with
those in Canada especially small (pers. comm., J.P. Hastey 2016), and some treatment of water
occurs.
Further, the shellfish industry has a vested interest in maintenance and improvement of water
quality, because its viability as an industry is directly linked to high water quality (Feldman et al.
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2004) (Galliardi 2014). Hatchery intakes and outflows are generally in the same body of water
(though some intakes are from saltwater wells), and growout of adult shellfish often occurs
near hatchery facilities.
Hatcheries are viewed as a minor effluent concern, but the lack of regulation or monitoring is
noteworthy.
Floating Nurseries
There is little information available on the discharge of particulate waste resulting from floating
geoduck nurseries. Monitoring programs pursuant to some county-level Shoreline Master Plans
in Washington exist, and to date have reported no significant or noticeable impacts to
surrounding water quality or habitat from one floating nursery system in one location (HartCrowser 2015). Shellfish nurseries are included in the same EPA NPDES exemption as shellfish
hatcheries (EPA 2004), so they are not considered by regulators to be significant sources of
effluent. The PCSGA ECOP directs growers to periodically inspect the seafloor under FLUPSYs
for debris that has fallen from the nursery (PCSGA 2011). Overall, due to the small biomass of
shellfish in nurseries, as well as the lack of feed inputs, shellfish nurseries are not considered a
significant concern for effluent.
Farm and harvest
Effluent in the form of resuspended sediments and organic materials has been demonstrated to
occur as a result of shellfish harvest activities in both the intertidal and subtidal (Dumbauld et
al. 2009) (Stokesbury et al. 2011, as reviewed in Sauchyn et al. 2012). Effluent from geoduck
farms in the form of sediments is known to occur via expulsion and resuspension at various
stages of the geoduck farm cycle, and this phenomenon has been fairly well studied, including
recently. Suspended sediments in general have the ability to increase turbidity, which can be
detrimental to organisms through various mechanisms: suffocation, impaired foraging, and
reduced hatching success in fish; impaired filter-feeding and burial in invertebrates; and
reduced light availability to seagrasses (Coen 1995) (Dumbauld et al. 2009). Sediment
disturbance may also release harmful pollutants that exist in or on the benthos, and may result
in nutrient addition to the water column.
In geoduck aquaculture, the primary means of this form of effluent occurs during the harvest
phase, when high-volume, low-pressure water hoses (known as “stingers” or “wands”) are
inserted into the sediment to liquefy the area near a geoduck to ease removal of the marketsized clam (Straus et al. 2009) (VanBlaricom et al. 2015). A result of this process is a visible
sediment plume that flows outward from the harvest location on the sand at low tide and
higher in the water column as resuspended sediments. In subtidal harvest, coarser sediments
settle immediately, but fine sediments may be transported away from the farm site by currents.
A range of increased turbidity and total suspended solids has been observed in the water
column adjacent and down-current to commercially harvested subtidal geoduck areas: in weak
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currents, most sediment settles within 0.3 meters of a harvest hole and virtually all deposition
is limited to within 100 meters down-current of the harvest site. At higher current speeds, most
deposition occurs within 1.5 meters down-current of the harvest site, with small quantities of
sediment deposited greater than 200 meters away from the harvest site (Short and Walton
1992, and as reviewed in Palazzi et al. 2001). Short and Walton (1992) found that sediment
plumes varied in density and range with prevailing current conditions, with attenuation away
from the harvest site, and had potential for further resuspension due to subsequent wave
action.
More recent work has also investigated this phenomenon. Sauchyn et al. (2012) focused on
intertidal geoduck aquaculture and found no significant discharge of fine sediments beyond 5 m
from the farm site following harvest (the 5-m sample was the most proximal off farm-site
sample in this study), observing that it instead settled close to harvest holes on site. No
significant changes in organic carbon content, redox potential, or sulfide content away from the
farm site were attributed to geoduck harvest, nor were there any obvious effects on eelgrass.
Liu et al. (2015) found that increased sedimentation rates resulting from simulated intertidal
and subtidal harvest were generally limited to the farm site. This study found no significant
changes to sediment grain size, percent organics, total nitrogen, total organic carbon, sulfide
content, or redox potential resulting from geoduck harvest away from the farm site (or on the
farm site) and the authors noted little effect of geoduck harvest beyond short-term
resuspension of sediments. Additionally, no significant impacts to eelgrass community
structure, sediment composition, eelgrass shoot length, or eelgrass density resulted from
harvest activities away from the farm site, although no geoduck were actually present in the
intertidal site. The authors emphasize that further work on this topic is needed, with particular
regard to seasonal timing of harvest and planting practices, harvest and culture frequency, and
farm size.
VanBlaricom et al. (2015) investigated geoduck harvest effects on resident intertidal benthic
community structure on and up to 50 m away from the farm site. Though this study had
limitations in terms of replication across multiple farm sites due to spatiotemporal variability,
the authors were able to conclude that little evidence of “spillover” effects of geoduck harvest
activities on infaunal community structure were detected away from the geoduck farm plot for
each individual farm site. These results suggest that the impacts of harvest activity, such as
potential effects of sediment, organic matter, and nutrient effluents, are limited to the farm
site (on-farm-site impacts are discussed in Section 3—Habitat).
Short and Walton (1992) note that transport and fate of suspended sediment plumes is specific
to site and harvest-practice but found that geoduck harvest-related sediment transport is
relatively localized, short-lived, and without significant impact—findings shared by Sauchyn et
al. (2012) and Liu et al. (2015). It also varies spatiotemporally. Palazzi et al. (2001) state that
turbidity is a common characteristic of water in Puget Sound and Hood Canal—driven by wave
action, river runoff, and algal blooms—and point out that geoduck harvest, unlike other human
activities (such as logging and development) does not add any new sediments to the marine
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environment. Both of these papers suggest with several example calculations that
sedimentation rates resulting from liberally intense subtidal geoduck harvest would still fall far
below natural sedimentation rates in Puget Sound. Liu et al. (2015) adds that sediment
suspension from intertidal and subtidal geoduck harvest falls below what is typically observed
during wind and wave events. Similar conclusions have been reached by analysts in the
consulting field (Fisher et al. 2008).
Geoduck farming takes place in shallow coastal areas, which experience a high frequency of
disturbances (e.g., storms, currents, boat wakes) and have shown the ability to recover from
these disturbances rapidly. Simenstad and Fresh (1995) argue that disturbances related to
shellfish aquaculture in the Pacific Northwest fall within the scale of natural disturbance
regimes (see also Dumbauld et al. 2009), and geoduck harvest has been suggested by some to
be a potentially less-intense disturbance than other shellfish harvest practices (see Sauchyn et
al. 2012). Subtidal geoduck harvest depressions, for example, refill within 9 days to 7 months
(Goodwin 1979) (Palazzi et al. 2001), and several other authors have noted fast recovery in
measured ecosystem metrics following geoduck harvest (Sauchyn et al. 2012) (VanBlaricom et
al. 2015) (Liu et al. 2015). Price (2011) observed that intertidal geoduck harvest holes refilled
and were nearly indistinguishable from surrounding sediment within several days. Additionally,
intertidal and nearshore subtidal species inherently tend to be opportunists that tolerate the
highly turbid conditions characteristic of these habitats; it has been demonstrated that these
species are capable of rapidly recolonizing disturbed seafloor habitats (see also Stokesbury et
al. 2011).
Water quality and the discharge of effluent in the form of sediments associated with geoduck
farming and harvest is restricted by the U.S. Army Corps of Engineers (Corps or U.S. ACOE)
pursuant to water quality standards set forth by the Environmental Protection Agency’s Clean
Water Act Section 401. As stated by the Corps, turbidity plumes must be “normally limited to
the immediate vicinity of the disturbance and should dissipate shortly after the activity”; similar
language appears in the DOE’s Shoreline Master Plan (WDOE 2015). Permittees may be
required to implement water quality management measures to prevent degradation, and Corps
permitting also contains language forbidding turbidity plumes that pose a risk of smothering
important spawning areas downstream (U.S. ACOE 2007). The Pacific Coast Shellfish Growers’
Association (PCSGA) instructs member growers to minimize off-site sedimentation. The
“stingers” used in geoduck farming are regulated and must be of a certain size and design
according to best available methods to minimize potential impacts (WDOE 2012). Additionally,
policy guidelines in Washington, such as the Department of Ecology’s Shoreline Master
Program, aim to preserve critical ecosystem services by managing for “no net loss” of shoreline
ecological functions (WDOE 2015b). Most of these limits are not well defined or monitored; but
as outlined previously, sediment effluent resulting from geoduck harvest activities is considered
by the scientific literature to be of low concern.
Researchers such as Liu et al. (2015) note the need for further study, particularly with regard to
the roles of culture practices, seasonality, disturbance scale, and spatial variability. Dumbauld
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et al. (2009) also warns that multiple novel disturbances can exceed a system’s resilience, and
geoduck farming typically occurs in repeated cycles. But effluent in the form of suspended
sediments from geoduck harvest has demonstrated only minor and temporary effects (or no
effects) to areas outside geoduck farm boundaries and generally well within an Allowable Zone
of Effect. This assessment does not consider effluent in the form of sediments to be a
significant concern for geoduck aquaculture, but cumulative impacts bear watching.
Suspension of contaminants within sediments (see discussion on plastics, below) disturbed by
geoduck harvest is not considered a significant concern. Shellfish growing and harvest areas are
directly dependent on sediment and water quality, and classification and monitoring of growing
areas by regulators in BC and Washington is effective. The Washington Department of Ecology
mandates that local governments map aquatic-contaminated sediments, and restricts the
development of aquaculture in areas of known sediment contamination (WADOE 2015).
Sediment contamination has been studied in Puget Sound (see Straus et al. 2013). Both the
Washington Department of Health and Environment Canada classify and monitor shellfish
growing areas for water quality, marine biotoxin, and pollution parameters—prohibiting the
growing and harvesting of shellfish meant for human consumption in polluted and unsafe areas
(WADOH 2015b) (CFIA 2015). Additionally, the geoduck market itself has recently shown
sensitivity toward contaminant concerns, demanding strict testing and monitoring of geoducks
for inorganic arsenic and marine biotoxins (WSJ 2014) (WDOH 2015a). The suspension of
contaminants related to harvest of farmed geoduck is therefore considered low risk.
The addition of nutrients to the water column has also been raised as a potential concern
related to the sediment disturbance resulting from geoduck aquaculture. Dumbauld et al.
(2009) notes that the changes in material processes—the processing of foods and waste
production—can be considered as one of the three primary ways bivalve shellfish aquaculture
modifies estuarine systems. For example, Dame (1996) and others (Cloern 1996) (Pietros and
Rice 2003) Newell 2004) suggest that waste production from bivalve shellfish can facilitate
growth of algal blooms. The dissolved portion of bivalve shellfish metabolic waste that is
excreted into the sediments and water column may serve as a significant source of nutrients for
phytoplankton, because it becomes suspended by wave action or harvest, thus increasing
biological oxygen demand locally. An unpublished study specific to geoduck farming done by
Cornwell et al. (2013) found that observed nutrient effluent released during geoduck harvest
was low: “an inconsequential fraction of anthropogenic nutrient inputs to Puget Sound.” The
authors also noted that nutrients released from geoduck harvest do not represent an addition
of nutrients to the marine ecosystem, but are “derived from a transformation of existing
nutrients in the water column.” As reviewed in Coen (1995), studies on this phenomenon
(including in the Pacific Northwest) resulting from harvest of other bivalve shellfish species have
found potential impacts to be temporary, minor, and variable. It has also been suggested that
these effects would likely be offset by grazing of phytoplankton by the bivalves themselves and
that influence on such material processes is more likely at local bed scales (Dumbauld et al.
2009). For potential impacts of nutrient-related impacts on the local bed scale, see Criterion 3—
Habitat.
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Plastics
Coinciding with the growing alarm on the proliferation of plastics in the marine environment is
the concern surrounding plastics used in geoduck aquaculture. Plastic is ubiquitous in the
farming of bivalve shellfish and is critical to current geoduck farming practices. Thousands to
tens of thousands of plastic (PVC and mesh) tubes per farm are deployed to the sediment to
protect young geoducks from predators. Tubes are topped with individual plastic mesh caps
held in place with rubber bands. Alternatively, large “canopy” mesh coverings are used to cover
entire arrays of tubes at once or to create subtidal “clam tunnels.” Bendell (2015) estimates
that an acre of geoduck culture in Puget Sound contains approximately 16.5 tons of plastic,
states that shellfish aquaculture is a known source of plastic litter, and comments on its
potential to contribute microplastics and leachates to the marine environment (Bendell 2015)
(see also Cole et al. 2011). Without plastics, geoduck farming in its current form would not be
possible.
The use of these plastics is of potential concern for three primary reasons: the loss of plastic
gear from the farm and deposition as potentially harmful debris in the marine environment, the
potential addition of microplastics to the marine environment via degradation and
fragmentation of plastic farm gear, and the potential leaching of harmful substances from these
plastics. This assessment considers plastics lost from aquaculture sites to the marine
environment to be a form of effluent.
Marine debris and microplastics
Anthropogenic marine debris, or human-generated trash that enters the marine environment,
poses hazards to marine ecosystems. It often takes the form of lost or abandoned fishing gear,
but also a wide array of items discarded by modern civilization, much of it plastic. Plastic can be
slow to degrade in the marine environment and presents dangers of entanglement,
entrapment, and choking to marine wildlife (Ryan et al. 2009). As reviewed in Moore et al.
(2001), Ryan et al. (2009), and Thompson et al. (2009), plastics have been extensively
implicated in the entanglement death of marine mammals, birds, reptiles, and fish, and have
been found in the stomachs of numerous and widely distributed taxa. The total mass of plastic
pieces in one place of study exceeded the total mass of plankton (although this was in a
relatively low productivity environment; Moore 2001), and interaction with plastics in the
marine environment by an enormous variety of marine taxa is considered unavoidable (Ivar do
Sul and Costa 2014).
The concept of microplastics and their existence in the environment first surfaced in the 1970s,
has gained renewed attention since around 2001, and the impacts and reach of microplastics
are still being understood. Microplastics are particles of plastic generally considered to be less
than 5 mm in diameter and often resulting from the degradation and fragmentation of larger
pieces of plastic. Their global ocean distribution throughout a wide range of habitats has been
confirmed by numerous studies, and their effects on ecosystems are slowly becoming apparent.
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Microplastics are believed to disrupt sediment physical and chemical processes, such as
nutrient cycling (Cluzard et al. 2014), and their entry into marine food webs through ingestion is
increasingly demonstrated (Cole et al. 2011) (Cluzard et al. 2014). The trophic transfer of
microplastics in marine organisms is concerning for all organisms, including humans. For
example, one study estimated that European shellfish consumers were ingesting an average of
11,000 microplastics annually through the consumption of blue mussels and Pacific oysters,
which had filtered microplastics from sea water; data from another study resulted in an
estimate of about 1,700 microplastics present in an average restaurant serving of farmed
mussels (as reviewed in Cluzard et al. 2014). Because microplastics have also been shown to
attract and accumulate toxic chemicals in the marine environment, to transfer toxins through
ingestion (Cole et al. 2011), and to penetrate cellular membranes (Teuton 2009), the concern
related to eating microplastics is apparent, even if the health effects are not well understood.
Leaching of harmful substances
During the manufacturing process, a range of chemicals is added to plastics to contribute to the
many qualities that make plastic desirable as a material. As plastic degrades, there is concern
and evidence of the leaching of such chemicals, some of which may be harmful to humans
(Thompson et al. 2009) and the environment (Teuton et al. 2009) (Cole et al. 2011).
Polyvinyl chloride, or PVC, is as common in modern households as it is in geoduck aquaculture.
Plumbing systems that deliver drinking water to faucets and transport water from drains are
made of PVC, which has been considered safe and chemically inert (stable), like many plastics.
But the chemical additives in PVC may leach to the marine environment with unknown
consequences. Phthalates, for example, are known endocrine disrupting chemicals and can
make up as much as 50% of PVC by weight (Cole et al. 2011). Flexible mesh tubing also contains
additives and ingredients that have been shown to attract potentially toxic environmental
contaminants, which are considered more easily released in flexible polymers than in rigid ones
(Teuton 2009) (Conwed Plastics 2015).
Geoduck aquaculture as a source of plastics
The reliance on numerous plastic elements and the dynamic environment in which farming
occurs provides potential pathways for geoduck aquaculture to contribute to the growing
problem of plastics in the marine environment. PVC has been shown to degrade into
microplastics in the marine environment, and these fragments can remain in suspension (thus
allowing their distribution), or they can accumulate in the benthos or be resuspended later
(Cole et al. 2011). Wave action, abrasion, and turbulence are some elements of the marine
environment implicated in the fragmentation of plastics (Cole et al. 2011)—all elements likely
encountered on a geoduck farm. Geoduck aquaculture has the potential to contribute to the
marine microplastic problem through the degradation of its own plastics and through the
resuspension of microplastics in the sediment via farm activities.
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On the other hand, many plastics, including PVC, may degrade more slowly in the marine
environment than on land. One small study by Schenk (2011) failed to find PVC microplastics in
sediments at one geoduck farm and suggests that PVC used in geoduck farming is unlikely to be
a major contributor to microplastic pollution due to lower exposure to UV light. These
conclusions were also reached by a Washington State Hearings Board (Coalition to Protect
Puget Sound and Case Inlet Shoreline Association v. Pierce County and Longbranch Shellfish
2012). But scientific study into this question is limited, and the study by Schenk is difficult to
generalize. PVC microplastics have additionally been shown to be less attractive to water-borne
toxins than other plastics (Teuton et al. 2009) (Cole et al. 2011). Some geoduck farmers are
switching to a plastic mesh tubing that has not been studied as a potential plastic polluter, but
some of the materials listed as ingredients for plastic mesh used in geoduck aquaculture have
been shown to attract toxins when in particle form (Teuton et al. 2009) (Conwed Plastics 2015).
The use of this alternative tubing ultimately results in less plastic entering the marine
environment. This product also tends to be less resistant to being displaced and lost during
storms—possibly reducing farm-borne litter. In BC, geoduck farming may be somewhat less
reliant on PVC and plastic tubing; instead using plastic net panels without tubes in its subtidal
culture, but over larger areas per farm (Vadopalas et al. 2015) (pers. comm., C. Pearce 2015).
The contribution of geoduck aquaculture’s plastics to the marine microplastic problem has not
been thoroughly studied or demonstrated.
Schenk (2011) also investigated for potential leachates from PVC, concluding that PVC is not a
significant source of heavy metals leachates and also speculating that the leaching of organic
pollutants is unlikely. This study was limited to one farm and a small sample size. Though this
small study offers at least some insight, the issue of potential leachates from PVC tubes and
other plastics in association with geoduck aquaculture does not appear to have been
thoroughly investigated. The health effects of interaction with microplastics and leachates in
the marine environment are not understood. But some risk and uncertainty associated with this
form of effluent exist.
Finally, geoduck aquaculture has been criticized for the loss of plastic gear to the marine
environment as debris. Tubes and netting sometimes become loose and drift from the farm site
after stormy weather or other disturbances. As noted previously, plastic marine debris poses an
entanglement or entrapment threat to wildlife (see Section 9X for more on impacts to
predators and wildlife), or greater risk of fragmentation into microplastics once exposed. It also
has the ability to alter habitats by adding structure to naturally unstructured environments
(pers. comm., L. Bendell, Simon Fraser University 2016).
Loss, leaching, and breakdown of plastic aquaculture gear are all unwanted outcomes for the
shellfish industry. Loss and breakdown represent costs and perception concerns for business.
Leaching may present health and marketing concerns. The industry in both BC and Washington
has developed Environmental Codes of Practice that aim to minimize the loss of plastics to the
marine environment and to promote re-use of plastics and the use of biodegradable materials,
where possible (PCSGA 2011). Counties in Washington, guided by the WA DOE’s Shoreline
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Master Program, all have language in their Shoreline Management Plans that mandate control
of plastic litter through various means—such as patrolling farms periodically, keeping beaches
clean, and maintaining gear to minimize such impacts (WDOE 2009b) (WDOE 2015b). The U.S.
Army Corps of Engineers also requires that beaches in the vicinity of geoduck farms be patrolled
at least once every 3 months and records of such patrols be kept; that areas of aquaculture
debris accumulation be identified; that mesh are tightly secured to prevent release of
materials; that tubes and nets are marked with identifying labels (U.S. ACOE 2015) (pers.
comm., E. Ewald 2016); and that materials used in aquaculture must be free from pollutants in
toxic amounts (ACOE 2007). DFO has similar regulations in place for geoduck aquaculture.
Proper predator netting management is actively enforced, and the agency is discussing a move
toward requiring identifying labels on gear (pers. comm., Michael Ballard, DFO 2016). Agencies
are also responsive to reports of loose aquaculture gear from concerned stakeholders (pers.
comm., Anonymous industry 2015).
Individual companies also have their own codes of practice aimed at addressing these concerns;
for example, the Pacific Coast Shellfish Growers’ Association and individual companies in
Washington and BC conduct their own periodic beach cleanups, and some have supported
studies into concerns on microplastics and leachates (pers. comm., E. Ewald 2016). The industry
is also active in researching ways to reduce use of plastics and promote marine debris
education (PCSGA 2015) (PSI 2015a).
Nonetheless, geoduck farming relies on massive amounts of plastics, and the impacts of this
industry to the growing problem of marine microplastics is surrounded by uncertainty and has
cumulative impact potential.
Criterion 2 Conclusion
Because of the small biomass of shellfish in nurseries and hatcheries, the low total number of
hatcheries, and the lack of feed inputs, shellfish nurseries and hatcheries are not considered a
significant concern for effluent, even though they lack regulation or monitoring.
Effluent in the form of suspended sediments from geoduck harvest has demonstrated only
minor and temporary or no effects to areas outside geoduck farm boundaries. This assessment
does not consider effluent in the form of sediments to be a significant concern for geoduck
aquaculture, but potential cumulative impacts bear watching. The suspension and expulsion of
sediment contaminants are also not considered a significant concern because shellfish growing
areas are well-regulated and monitored for pollutants. Furthermore, the geoduck market has
shown intolerance to potential contaminants.
Although plastic debris from geoduck farms may occasionally be lost from the farm site, this is
viewed as an infrequent occurrence, with regulations and Best Management Practices aimed at
loss prevention in place. Loss occurs and is considered a “low” concern. Scientific understanding
of the global marine microplastics problem is in its infancy and, to date, the health effects of
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microplastic encounters by marine life and humans are not well understood. In addition,
leachates from plastics in the marine environment are not well studied. Few studies of the
effects of plastics related to geoduck aquaculture on the marine environment have been
conducted. But the ubiquity with which plastics pervade the marine environment is welldocumented. So too are the role of humans, the interactions between marine life and plastics,
and the difficulty of studying and mitigating the problem. Geoduck aquaculture relies on
plastics and is responsible for tons of plastic in the marine environment. Coupled with this
reliance, the uncertainty of the effects of geoduck aquaculture-associated plastic on the marine
environment is considered to have a potential cumulative impact at the waterbody and regional
(or greater) scale, and warrants a precautionary approach.
The final numerical score for Criterion 2 - Effluent receives a score of 6 out of 10 for low to
moderate concern due to uncertainty related to plastic effluent.
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Criterion 3: Habitat
Impact, unit of sustainability and principle
▪ Impact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat
types and have greatly varying levels of impact to both pristine and previously modified
habitats and to the critical “ecosystem services” they provide.
▪ Sustainability unit: The ability to maintain the critical ecosystem services relevant to the
habitat type.
▪ Principle: Being located at sites, scales and intensities that maintain the functionality of
ecologically valuable habitats.
Criterion 3 Summary
U.S. and Canada
Habitat Conversion and Function
F3.1 Habitat functionality
F3.2a Content of habitat management measures
F3.2b Enforcement of habitat management measures
F3.2 Habitat and farm siting management effectiveness
C3 Habitat Final Score
Critical?

Value
7

Score
7
4
4

6.4
6.8

GREEN

NO

Brief Summary
The potential effects of geoduck aquaculture on marine habitat have been the subject of much
debate and controversy. The opportunity for habitat effects is present in the nursery,
preparation, growout, management, and harvest stages. Effects on sediment processes,
community composition, seston resources, nutrient cycling, and hydrodynamics are all
possibilities with geoduck farming.
Research into the habitat effects of geoduck aquaculture is challenging because of the nature of
scientific study in such a dynamic estuarine environment: ecological interactions are highly
complex. Seasonal effects, population dynamics, changing environmental conditions, spatial
heterogeneity, scale, and data gaps are some of the associated challenges. Fortunately, a
growing body of literature on ecosystem effects exists, and though it is sometimes narrowly
focused, occurring over a single farm cycle, not wholly representative of farm practices, or
lacking in a cumulative perspective, some themes have emerged. The body of literature
researching habitat and ecosystem effects of bivalve shellfish aquaculture in general is rich.
Coupled with geoduck aquaculture-specific work, it is apparent that geoduck aquaculture
certainly affects habitat—and in different ways. The structured and harvest phases appear to
have the most impact on habitat, and effects vary by species of interest—some are promoted
while others suppressed. Effects also vary by time (season), location, and farming practices.
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Some effects have been found to be significant (such as changes to community structure). But
research has often demonstrated rapid recovery of the parameters of study, effects are
frequently minor to moderate, and overall ecosystem resilience in an environment has adapted
to frequent disturbance. Other studies have found no significant impacts. Geoduck aquaculture
does itself provide some ecosystem services, although there are clear tradeoffs. Scientific
uncertainty remains because some questions are unanswered—including regarding long-term
and cumulative impacts. Regulation and enforcement consider ecosystem principles and
cumulative perspective, and defer to the best available science. Though management and
enforcement is evolving, it is considered moderately effective, due to some weaknesses in
management infrastructure including vague language, some enforcement capacity limitations,
and as-yet unfinished management improvement efforts.
Coastal subtidal and intertidal habitats are considered to be of moderate and high value,
respectively, for the ecosystem services they provide. Geoduck farming results in the loss of
some ecosystem services through habitat conversion and disturbance. Overall, this assessment
considers the habitat effects of geoduck aquaculture to be moderate, with many of the known
impacts appearing to be short-term and reversible. Habitats appear to be maintaining some
functionality, but uncertainty remains—such as how habitat is impacted over multiple,
repeated farm cycles; the extent of impacts when considered cumulatively with other human
uses of the same environment; and the effects of larger scales. There is room for improvement
in scientific understanding and management. Thus, the Criterion 3 - Habitat scoring is 6.80 out
of 10.
Justification of Rating
Factor 3.1. Habitat conversion and function
Bivalve aquaculture ecosystem effects have been observed by a wealth of studies conducted all
over the world, including in the region that is the focus of this assessment. Potential ecological
effects of shellfish aquaculture generally considered to be positive are well described and
include reduction in eutrophication effects, provision of habitat structure and prey (for some
species), shoreline protection, and benefits to physical water characteristics (see Dumbauld et
al. 2009) (Galliardi 2015)). Documented negative effects are also numerous and have included a
wide range of both direct and indirect effects on biota and habitat resulting from farm
practices. These include displacement, direct injury, and mortality from shading, digging,
dredging, foot and vehicle traffic, persecution, entanglement, and pesticide application. The
presence of bivalve shellfish themselves, as well as associated biogenic and artificial structure,
may also have effects on habitats and community structure—including via competition with
other species for space and food; alterations to epibenthic and sub-surface structure and
sediment composition; changes to hydraulic conditions; changes to nutrient cycling; provision
of habitat for harmful nonnative species; prey (and thus predator) concentration; and more
(Dumbauld et al. 2009) (Bendell 2014) (Galliardi 2015).
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There is no question that shellfish aquaculture results in the disturbance to and conversion of
habitat. A number of potential habitat-related concerns specific to geoduck aquaculture have
been raised by researchers, regulators, and concerned stakeholders. Some of these potential
effects (ENVIRON 2009) (USACE 2009) (Straus et al. 2013) are as follows:
● Epibenthic and subsurface habitat structure
● Trophic interactions, phytoplankton resources, and ecological carrying capacity
● Nutrient cycling
● Hydrodynamics and sediment composition
Each of these influences has the potential to impact ecological community structure, species
interactions and trophic structure, and ultimately the provision of ecosystem services by the
affected habitat. The available scientific literature generally focuses on the effects of structure
addition, the presence of densely planted geoduck clams, and the harvest phase of geoduck
aquaculture, and suggests that effects vary by species, phase of geoduck aquaculture, and
spatiotemporally.
Habitat complexity, community structure, and trophic interactions
Important ecosystem services provided by the kind of unstructured, soft-bottom estuarine
sediment favored by geoduck farming include nutrient cycling, foraging and nursery habitat for
a variety of organisms (such as flatfishes, polychaete worms, birds, bivalves, and Dungeness
crabs), and roles in sediment transport processes (Bendell-Young 2006) (Dumbauld et al. 2009,
as reviewed in Liu et al. 2015). The high density of predator exclusion tubes and mesh adds
structure to a previously unstructured environment, influences local hydrodynamics, and
attracts and supports a variety of organisms seeking shelter, substrate, and feeding
opportunities. This structure addition also excludes or limits organisms adapted to unstructured
habitat, such as flatfishes, some shorebirds (Dumbauld et al. 2009) (Galliardi 2014), and
foraging seaducks (Jamieson et al. 2001).
For example, the addition of anti-predator mesh in shellfish aquaculture has been implicated in
shifts in community structure in Manila clam culture, which uses a similar anti-predator mesh
as geoduck aquaculture (although the mesh is on-bottom versus several inches above-bottom).
Straus et al. (2013) reviews research that has attributed increased sedimentation to antipredator mesh, and Bendell (2014), for example, found farm sites to be significantly more
dominated by Ulva spp., predatory crabs, and invasive species than non-farm sites in BC. In this
study, impacts to community structure also scaled with the relative intensity of shellfish
aquaculture. Bendell-Young (2006) found decreases in species richness and altered community
structure in areas netted for Manila clam culture—such as a shift from a community composed
of benthic species, sub-surface species, and bivalves to one made up primarily of bivalves. The
same study also noted greater accumulations of surface sediment silt and organic matter than
on non-farm sites.
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Specific to geoduck aquaculture, McDonald et al. (2015) found differences in community
responses to the change in habitat complexity in the taxa investigated, including significant
differences in transient macrofauna community composition and abundance in reference
versus structured sites associated with geoduck aquaculture, and in sites with gear present
versus after gear was removed. Predator exclusion structures were found to perform as
expected—reductions in densities of moonsnails and flatfish (both predators of geoducks)
within culture plots were noted during the structured phase of geoduck culture versus
reference sites. Negative responses were also observed in several other invertebrate taxa,
including some considered to be of ecological significance as important prey items (amphipods,
some polychaetes), which may be impacted by the shelter geoduck gear provides for some of
their own predators (McPeek 2013) (Ferriss et al. 2015). On the other hand, the study did not
find consistent differences in the communities of resident macrofauna; total abundance of
transient macroinvertebrates and fish increased significantly during the structured phase; and
diversity of transient macrofauna was not significantly affected.
Ferriss et al. (2015) expands upon the work done by McDonald et al. (2015), VanBlaricom et al.
(2015; see Criterion 2), and others by exploring more complex ecological interactions
associated with geoduck aquaculture gear. A model used in this study explored trophic and
non-trophic interactions by a suite of taxa and on the central Puget Sound ecosystem as a
whole. The study attempts to predict the responses of a suite of species and taxonomic
groups—and the central Puget Sound ecosystem as a whole—to what the authors consider a
realistic increase (+120%) in geoduck aquaculture here over a 50-year period. This work
suggested the structured phase of geoduck aquaculture had a larger effect on the surrounding
food web than the trophic role (as filter feeders and prey) of cultured geoducks in this scenario,
and points to the influence of the provision of habitat complexity on community structure.
Effects were attributed to habitat modification by the structured phase of geoduck aquaculture,
with some species (such as Corophium amphipods and predatory birds) being negatively
affected by the anti-predator structures sheltering their own predators or prey (which were
positively affected).
Reum et al. (2015) additionally highlight the complexity of ecological interactions that
accompany shellfish aquaculture, with consideration of the multiple bivalve species production
systems that co-occur in BC and Washington. Reum et al. sought to demonstrate the value of
Qualitative Network Models in assessing potential ecosystem effects of bivalve aquaculture in
South Puget Sound, and in the process illuminated the potential for expanding geoduck
cultivation to have impacts on phytoplankton, zooplankton, invertebrates associated with
unstructured habitats, and other species of cultured bivalves. The authors underscore the
complexity of potential ecological interactions associated with development of geoduck
aquaculture, as well as the need for improved empirical understanding of such effects.
Also looking at potential changes to trophic interactions in association with geoduck
aquaculture gear, McPeek (2013) found moderate changes in diets and weak differences in
feeding rates in staghorn sculpins, a species the study used as an indicator of trophic effects.
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The author concluded that the overall function and chemical structure of the ecosystem
investigated remained intact despite the disturbance presented by geoduck aquaculture gear,
but also offered further evidence of species-specific responses to disturbance. Reum et al.
(2015) also highlight the potential influences of bivalve shellfish aquaculture, including geoduck
farming, on Puget Sound food web dynamics—with some species being promoted and others
suppressed in various aquaculture scenarios.
Some organisms may be displaced by shading, direct injury, and mortality resulting from the
installation and use of geoduck aquaculture gear. For example, short-term monitoring of areas
under “kiddie pool” nurseries found a “footprint of compaction, shading, and ecological
displacement” underneath these structures, which are often placed on the intertidal (HartCrowser 2013). This is of particular concern to eelgrass, which is an important forage and
biogenic habitat for a wide variety of organisms, such as waterfowl, crabs, and juvenile fish, and
which is vulnerable to impacts at various stages of geoduck aquaculture.
Proposed impacts of geoduck farming on eelgrass include the presence of hard structure, which
causes abrasion, displacement, and shading. For example, a study by Washington Department
of Natural Resources (Horwith 2013) documented reduced shoot size and density, and an
eventual disappearance, of eelgrass that had colonized a geoduck farm. These outcomes were
attributed to shading from biofouled anti-predator mesh. Biofouled anti-predator mesh adds
additional habitat complexity attractive to some sheltering and foraging organisms (Powers et
al. 2007), but as both Dumbauld et al. (2009) and Horwith (2013) note, similar shading effects
on eelgrass have been observed with gear associated with farming of other bivalve shellfish.
Studies on the effects of geoduck tubes on eelgrass have not been conducted, but higher
densities of oysters have been associated with reductions in eelgrass density—attributed to
possible abrasive or exclusionary effects (Dumbauld et al. 2009).
As for the unstructured phase of geoduck culture, the presence of the clams themselves (prior
to harvest) had only “minor” effects on eelgrass—clams did not impede eelgrass recovery, but
decreased summer eelgrass density was observed within farm plots. On the other hand, likely
as a result of lower plant density, individual eelgrass plants showed greater shoot length and
clonal branching on farm sites. The authors note that effects on eelgrass may be site-specific,
and while this study was limited in size and scope (recovery rates were confounded by
unknown environmental factors that also affected control sites), the findings are similar to
those observed with other forms of bivalve aquaculture (see Tallis et al. 2009) (Dumbauld et al.
2009).
Structures placed in homogenous marine habitats such as sand and mud have been
demonstrated to increase overall productivity and diversity locally, and especially the diversity
and number of certain birds, fishes, invertebrates, and other colonizing organisms (Dumbauld
et al. 2009) (Galliardi 2014), namely those associated with structured habitat. McDonald et al.
(2015) observed positive responses in the total abundance of some transient
macroinvertebrates and fishes in association with the structured phase of geoduck aquaculture;
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a similar pattern was also observed by Brown and Theusen (2009). Some species may be
affected differently in different stages of life history: McDonald et al. (2015) note that previous
studies have found structural avoidance by subadult Dungeness crab (also reviewed by McPeek
2013), while others have found affinity of the same species for cultivated oyster habitat during
part of its life history (Dumbauld et al. 2009). Other species (including Chinook salmon) and
community structure metrics (diversity of macrofauna) have shown limited or no significant
response (Munroe and McKinley 2007) (Dumbauld et al. 2009) to the presence of aquaculture
structure (or they are not expected to be significantly negatively impacted (USFWS 2009)). This
variable response to aquaculture structure has also been observed with oyster longlines, onbottom oyster, and clam nets (mesh) in the Northwest (Dumbauld et al. 2009) (Straus et al.
2013) (Bendell 2014). Ferris et al. (2015) found that some organisms respond negatively to the
structured phase of geoduck aquaculture and others positively or not at all, and highlighted the
tradeoffs inherent in habitat modification and the complexity of ecological interactions that
take place.
Habitat complexity borne through the addition of tubes and mesh in geoduck aquaculture gear
clearly has an effect on community structure, with some species benefitting, some negatively
affected, some not affected at all, and some effects stronger than others. There is some
evidence that the effects of geoduck aquaculture gear on community structure are short-lived.
In McDonald et al. (2015), the effects on community composition associated with geoduck
aquaculture structure were found to be ephemeral, with abundances of both positively and
negatively affected species returning to pre-gear levels once gear was removed, and no
significant differences between the pre-structure and post-structure phases within months. The
authors suggest that the community composition effects of PVC tubes may last only as long as
the tubes are present—1 to 2 years on a given plot.
Dumbauld et al. (2009) warns that diversity and abundance measures are not necessarily
indicative of overall production of some species. Effects also likely vary in intensity and by
location, time, harvest practices, and other factors. For example, geoduck farming appears to
have the highest potential impact to on-farm eelgrass during the structured (approximately
years 0–1 of the farm cycle) and harvest phases (roughly year 5 or 6), while having minimal
impacts on recovery and during the unstructured phase (approximately years 2–5). Brown and
Theusen (2009), McDonald et al. (2015), and VanBlaricom et al. (2015) have all noted the
importance of seasonality and site-specific conditions. Some uncertainty remains; for example,
with regard to potential cumulative effects, how does a habitat respond to disturbance from
multiple, repeated farm cycles in the long term and over broader ecosystem scale with industry
expansion? So far, research points to resilience and the maintenance of ecosystem functions in
spite of these effects, but improved understanding is needed.
Filter feeding and seston resources
The feeding clams themselves, in both the structured and unstructured phases, may also
influence community structure and trophic interactions. Bivalve shellfish feed by filtering
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suspended particles from the water column, such as phytoplankton, bacteria, and less-mobile
zooplankton, and then expelling waste in the form of processed feces and uningested (rejected
particles) pseudofeces. In the process, they compete for food resources with other organisms
and influence nutrient dynamics.
Geoduck filter feeding has not been well studied specifically, but impacts to seston supplies and
sediments have been demonstrated in culture of other bivalves. Filter feeding in bivalves (both
cultured and wild) has been shown to have the ability to deplete local phytoplankton
concentrations (as reviewed in (Munroe and McKinley 2007) (Straus et al. 2013) (Galliardi
2014)), and ingestion of zooplankton (such as bivalve larvae) has also been documented (Straus
et al. 2004). Understanding the impacts of filter-feeding bivalves in the field and at scale is
challenging, and models present uncertainty, but as reviewed by Dumbauld et al. (2009) and
Cranford et al. (2011), a body of work on “bivalve carrying capacity” exists; filter-feeding
bivalves have the ability to influence phytoplankton densities and community composition (see
also Jiang and Gibbs 2005).
The effects of filter-feeding bivalves on seston supply and phytoplankton communities depends
on the residence time of water in a water body, availability of nutrients, phytoplankton growth,
grazing behavior of the bivalves, and the density of bivalves in the system. Water bodies with
low flushing rates have exhibited significant reductions in phytoplankton densities associated
with oyster culture, for example, and invasive bivalves in systems such as San Francisco Bay and
the Great Lakes have been shown to have top-down control effects on phytoplankton
(Dumbauld et al. 2009). Mussel culture has been shown to influence the community
composition of phytoplankton in embayments on Prince Edward Island (Cranford et al. 2011),
and research into ideal stocking densities and local hydrography related to shellfish aquaculture
has shown that optimal bivalve stocking densities exist in relation to phytoplankton supply and
hydrography.
In the Northwest, modeling on phytoplankton supplies in Willapa Bay, WA, by Banas et al.
(2007) suggests that oyster culture is influential in limiting phytoplankton supply patterns in
parts of the bay seasonally. A pilot modeling study by Banas and Cheng (2015) for southern
Puget Sound has suggested that the long residence time and high density of cultured bivalves in
southern Puget Sound may have the potential to control local phytoplankton concentrations
here too. Reum et al. (2015) suggest possible negative effects of expanding geoduck (and other
bivalve shellfish) aquaculture on phytoplankton and competitors relying on phytoplankton as a
food resource. On the other hand, Ferriss et al. (2015) found that a “realistic” increase in
cultured geoduck biomass of 120% in Central Puget Sound (which is not as extensively
developed for aquaculture as South Sound) resulted in limited impacts to phytoplankton
biomass as a result of the filter-feeding geoducks alone. A Biological Assessment (ENTRIX 2008)
conducted pursuant to geoduck farm applications concluded that these effects were likely for
some areas, but unlikely for others, which research seems to support.
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Dumbauld et al. (2009) point out that, although phytoplankton depletion has been
demonstrated in relation to aquaculture, it is generally confined to the immediate vicinity of
the individual aquaculture operation—including several examples in Washington—and Ferriss
et al. (2015) suggest resilience at the ecosystem scale in spite of significant hypothetical
industry growth for one region. Conversely, Straus et al. (2013) review work in which
ecosystem-scale effects have been suggested and in which reduced growth in other filterfeeders has been observed—a competitive phenomenon suggested by modeled interactions
between the aquaculture of multiple bivalve species that occurs in Puget Sound (Reum et al.
2015). As concluded by Cranford et al. (2011), an understanding of the wider ecological effects
(such as competition for food) of the top-down effect of filter-feeding bivalves on
phytoplankton supply is needed, and more work on this subject is currently underway in BC
(McPhee et al. 2015).
Bivalve filter feeding has also been suggested as having beneficial effects on water quality,
particularly in areas impacted by eutrophication such as southern Puget Sound, as noted by
Banas and Cheng (2015). In water bodies with excess nutrients, the harvest of bivalves results in
some removal of excess nitrogen and phosphorus from the system (Dumbauld et al. 2009)
(Straus et al. 2013). Feeding activity also has been observed to reduce turbidity, which can
improve light penetration for seagrasses (Newell 2004) (Galliardi 2014). For these reasons,
filter-feeding shellfish are commonly considered to have some benefits to water quality, an
ecosystem service commonly cited for this form of aquaculture.
Conversely, filter-feeding bivalves contribute to the volume of suspended particles through
their biodeposits becoming suspended in shallow coastal environments, which may lead to an
increase in dissolved nutrient levels in the water column, rather than mitigating eutrophication
effects (Dumbauld et al. 2009, as reviewed by Price 2011) (Straus et al. 2013). This may
facilitate phytoplankton blooms. Others have pointed out that the addition of nutrients to the
water column by filter-feeding bivalves is not the result of additional nutrients to the system,
but this effect may somewhat mitigate benefits of bivalve filter feeding on water quality
parameters (Cornwell et al. 2013; see Criterion 2—Effluent for more details and an assessment
on this topic).
It appears that geoduck aquaculture has the potential to contribute to phytoplankton depletion
in some places characterized by low flushing rates and high densities of feeding bivalves, such
as southern Puget Sound (where most Washington geoduck farming is concentrated and other
forms of bivalve aquaculture are common), although this has been neither documented nor
well studied specific to geoduck aquaculture. In other places characterized by higher flushing
and/or lower densities of feeding bivalves, this is less of a concern, and in many places,
depletion is likely to be limited to the local farm scale. More understanding of this potential
impact is needed, both specific to geoduck aquaculture and in the context of the robust and
growing shellfish industry in Washington and BC. But it appears that, at least in some places,
geoduck aquaculture (on its own or in concert with other segments of the shellfish industry) has
the potential to influence primary productivity.
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Nutrient dynamics, hydrodynamics and sediments
As summarized by Dumbauld et al. (2009), filter feeding by bivalves influences nutrient
dynamics by the transfer of nutrients from the water column to the benthos, release of
dissolved inorganic nutrients to the water column, and net removal of some nutrients (such as
nitrogen and phosphorus) from the system via harvest.
The influence of cultured bivalves on sediment composition and chemistry is well
demonstrated. As reviewed in Galliardi (2014) and Ruesink and Rowell (2012), bivalves can have
effects beneficial to some organisms (such as eelgrass) by aerating sediments, cycling pools of
nutrients and lowering sulfides; or detrimental to others by enhancing denitrification and
promoting toxin-producing bacteria. The presence of tubes and anti-predator mesh, the filterfeeding clams, and harvest activity all have the potential to affect sediment characteristics and
hydrodynamics on a geoduck farm.
Biodeposition resulting from the production of feces and pseudofeces by densely stocked
shellfish can increase sediment oxygen demand, increase denitrification, and increase sediment
ammonia concentrations. Anoxic sediment conditions have also been linked to deposition from
bivalve shellfish aquaculture, and shellfish culture has also been demonstrated to lead to
increased rates of sedimentation (Straus et al. 2013). Anti-predator mesh may also reduce
water flow at the farm site (Jamieson et al. 2001). Munroe and McKinley (2007) found minor
temperature buffering from anti-predator mesh and significantly higher levels of organic carbon
beneath netting in Manila clam farm plots. The responses of the benthic environment to such
changes include increases in bacterial abundance and meiofaunal biomass and diversity, and
decreases to macrofaunal abundance and diversity. Spencer et al. (1997) found that organic
enrichment from netting used in clam aquaculture changed dominant infaunal taxa, and
Galliardi (2014) states that diverse benthic communities dominated by suspension feeders have
been transformed to communities dominated by smaller deposit feeders, scavengers, and
carnivores in association with bivalve aquaculture.
Specific to geoduck aquaculture (which differs from the culture of Manila clams and other
species in that the mesh is raised from the sediment), netting is only present during the first 1
to 2 years of the production cycle. Because geoducks are stocked at lower densities than Manila
clams, the literature is fairly sparse on sediment effects outside of the harvest phase. An
experiment by Horwith (2013) found evidence of decreased sediment elevation from both the
presence of tubes and harvest, observed increased scour from anti-predator tubes, and a
decrease in sediment organic content within the farm. Sediment organic content was higher
after anti-predator mesh was removed. Ruesink and Rowell (2012) observed increased
porewater ammonium on geoduck farm sites; however, the effects of this addition are unclear
and may actually benefit eelgrass growth.
Sauchyn et al. (2012) investigated the potential benthic habitat effects of intertidal geoduck
aquaculture at various stages of the production cycle on and off of the farm site in BC. This
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study was limited in size and scope, and focused more on nearby off-site impacts, but did
include sampling (a single site) on the farm plot. Related to the pre-harvest phases on the farm
site, only minor effects on silt and clay content of the sediment were observed, and no
differences were observed in organic matter or nitrogen content. Sulfide concentrations were
reduced significantly on the farm plot, which was attributed to disturbances associated with
out-planting of geoduck seed, but it was concluded to have an unlikely ecological impact. The
authors of this study concluded that ecologically significant impacts to sediment composition
and chemistry (among other measures) resulting from the presence of cultured geoducks after
one year are unlikely, but cautioned about this study’s limitations.
As for effects from the presence of the clams themselves, VanBlaricom et al. (2015) found that
some taxa sustained and maintained an increased abundance after the removal of geoducks,
which may suggest that the presence of the clams themselves inhibited the abundance of those
taxa—possibly through modifications in sediment characteristics or micro-circulation patterns.
These possibilities were outside the scope of the research and are speculative. Noteworthy is
that these previously suppressed abundances rebounded after the harvest of geoducks.
Research on the topic of sediment impacts in other forms of bivalve culture has indicated that
effects of filter-feeding bivalves on sediment chemistry are site-specific and depend on local
environmental conditions, local hydrography, and culture practices, such as stocking density
and infrastructure used (Galliardi 2014). The same Munroe and McKinley (2007) study
concluded that anti-predator nets have limited effect on sediment, and Straus et al. (2013)
review several studies on oyster and mussel farms in which no significant differences in certain
parameters (such as sedimentation, carbon content, organic matter, sulfides, and turbidity)
were observed between farm and control sites. Galliardi also concludes that local conditions,
such as prevailing current characteristics, depth, and culture practices, are important
determinants of impacts, and there is “consensus” in the literature that aquaculture activities in
high-energy, well-flushed intertidal areas generally result in dispersal of biodeposits and
lessened impacts to sediments. Subtidal areas in lower-energy locations can lead to more
accumulation, and stronger effects, of biodeposits (Galliardi 2014).
Scientific study of on-farm sediment and hydrodynamic effects specific to geoduck farming are
limited. According to what is available to date, it seems that geoduck aquaculture has some
effects on sediment chemistry and hydrodynamics, but that they have thus far been considered
minor and site-specific. The findings of McDonald et al. (2015), Liu et al. (2015), VanBlaricom et
al. (2015) and others with regard to rapid recovery of ecosystem parameters and the previously
outlined characterization of these habitats as exposed to frequent high-energy natural
disturbance events (see also Criterion 2—Effluent for additional discussion) further suggests
ecosystem resilience to possible effects on sediments and hydrodynamics. As with other
potential habitat effects previously outlined, further study is needed.
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Harvest disturbance
Negative responses of the abundance and diversity of infaunal organisms have been
demonstrated to varying degrees in the harvest phases of geoduck aquaculture and other
cultured bivalve shellfish (Horwith 2013) (Straus et al. 2013) (McDonald et al. 2015)
(VanBlaricom et al. 2015). Reductions in abundance of some species, as well as overall richness,
have been observed after the harvest of on-bottom cultured clams in several studies in Europe
and North America. Harvest activities may expose, injure, and kill non-target organisms, and
mixing of sediments and their accompanying physical and chemical characteristics may impede
recruitment of some species after harvest (Dumbauld et al. 2009) (Straus et al. 2013). Many
studies have shown recovery after shellfish harvest to be fairly rapid, but there are some
studies in which recovery has taken longer than 4 years, and it appears that site specifics and
harvest intensity are, again, important factors (Straus et al. 2013).
Specific to geoduck, research on this topic has generally shown impacts of harvest to sediment
composition and chemistry and to community structure that range from insignificant to
significant but short-lived.
Horwith (2013) describes lower infaunal abundance and richness and reduced sediment organic
content and elevation within the farm following geoduck harvest.
Ruesink and Rowell (2012) simulated eelgrass colonization on geoduck farm plots to investigate
the impacts of the unstructured and harvest phases of geoduck farming on eelgrass and found
mixed effects. Conclusively, eelgrass within farm plots was negatively affected by harvest: this
study found a 70% reduction in eelgrass following harvest, but recovery of eelgrass was
observed after 1 to 2 years.
VanBlaricom et al. (2015) observed reductions in two infaunal species during and after harvest,
but concluded that only “modest” effects of harvest on infaunal community composition were
realized, with no significant shifts. This study also did not observe any spillover effects outside
of the harvest area.
A project by Liu et al. 2015 examined the impacts of intertidal and subtidal commercial-scale
geoduck harvest on sediment composition (such as grain size, percent organics), sediment
chemistry (total N, C, sulfides, and redox potential), eelgrass (shoot length, density, and
biomass), and infaunal and eelgrass community structure on and away from harvest sites over
time. The study noted increased suspended sediments after harvest, but this was limited to the
footprint of the farm, and short-lived. This study found no significant impacts resulting from
geoduck harvest to any of the parameters measured and concluded that geoduck harvest does
not appear to significantly impact the benthic environment away from the harvest site.
A small-scale DFO study (Sauchyn et al. 2012) found significant impacts to sediment
characteristics after harvest of intertidally cultured geoduck, including increases in silt and clay,
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and total carbon and redox potential. The study also observed significant decreases to infaunal
abundance and richness after harvest of geoducks. But impacts were limited to the area of
harvest, and recovery of sediment characteristics was observed after less than 4 months. This
study did not undergo peer review and was limited in scale and time, but is notable for being
another study documenting the importance of seasonal influence on intertidal communities.
VanBlaricom (2015) concluded that high seasonality and variability by site indicated that
prevailing natural disturbance regimes were far more important in driving infaunal community
structure variation than harvest activity, a theme identified by several other studies on the
topic of shellfish/geoduck aquaculture and intertidal community structure (Dumbauld et al.
2009) (Sauchyn et al. 2012) (Straus et al. 2013) (McDonald et al. 2015).
Horwith (2013) describes previously reduced sediment organic content and elevation at
harvested farm sites as temporary, and notes a recovery of about 1 year. Ruesink and Rowell
(2012) observe a recovery of eelgrass gap edges of 1 year, and of 2 years for gap centers at
harvested farm sites, although this study was complicated by overall declines of eelgrass at
both experimental and reference sites, and the noted recovery time has been described as
“rapid” (Reusink and Rowell 2012) and “considerable” (USFWS 2009). Recovery of infaunal
assemblages after on-bottom bivalve shellfish harvest in the studies reviewed by Straus et al.
(2013) was shown to be rapid—on the order of 2 to 7 months, an observation that was also
made after wild subtidal geoduck harvest (recovery after 2 months (Goodwin 1979); 9 days to 7
months (Palazzi et al. 2001)). Price (2011) observed that intertidal geoduck harvest holes
refilled and were nearly indistinguishable from surrounding sediment within several days. Rapid
recovery from disturbances related to other cultured shellfish in the Northwest (Simenstad and
Fresh 1995) and intertidal communities in general (Zajac and Whitlatch 2003) have also been
documented.
Lastly, the harvest of cultured geoducks appears to have less impact than that of other bivalve
shellfish that involve dredging or that occur in different sediment types (as reviewed in Sauchyn
et al. 2012). Simenstad and Fresh (1995) argue that disturbances related to shellfish
aquaculture in the Pacific Northwest fall within the scale of natural disturbance regimes. Zajac
and Whitlatch (2003) caution that recovery at the community level (for example, in terms of
measures of abundance and diversity) does not mean that population-level characteristics of
the species within the community have recovered, but research into the effects of geoduck
harvest shows apparent minor to moderate, short-term effects. Questions on the long-term,
cumulative impacts of repeated and larger-scale harvest disturbances remain.
Factor 3.1 Conclusion and scoring
Geoduck culture and harvest is unlike that of other clam species, and though the intertidal
habitats typical of geoduck aquaculture are resilient and adapted to frequent disturbance, more
study is needed into the effects of geoduck harvest on habitat—a fact noted by most of the
authors referenced in this section.
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Many of these studies experienced challenges related in part to the difficulty of conducting
such work in estuarine environments that are characterized by great ecological spatio-temporal
variation, and in part due to limitations on how well the studies represent actual geoduck
farming practices. Authors of the modeling work acknowledge that more data and better
understanding of the interactions used would benefit the models. As many of the authors cited
note, generalization based on their results should be reserved pending further study, but this
work has shed some light on emerging patterns in relation to habitat effects of geoduck
aquaculture.
In scoring habitat impacts from aquacultural practices, the Shannon-Weiner Diversity Index (H’),
is one measure Seafood Watch uses to classify the level of impact from aquaculture to marine
habitat1. Results from Ferriss et al. (2015), Liu et al. (2015), McDonald et al. (2015), Van
Blaricom et al. (2015), Sauchyn et al. (2012), and Brown and Theusen (2009) note, at best, no
significant changes in H’ resulting from the geoduck aquaculture treatments (e.g., installation of
structure, harvest) and, at worst, treatment sites with slightly more than 50% of the reference
H’ value (for an individual experiment site) before rapid recovery. These outcomes classify
habitat impacts from geoduck aquaculture as “minor” according to the Seafood Watch
standard. Attempting this kind of classification based on the results of these studies is
imperfect because of the aforementioned limitations. By assuming that impacts are taking
place, taking into consideration their demonstrated reversibility and the overall continued
maintenance of ecosystem functioning, and factoring in remaining uncertainty, then this same
Seafood Watch classification scheme would result in a more precautionary “moderate” habitat
impacts determination.
As noted by Dumbauld et al. (2009), West Coast bivalve aquaculture has not been linked to
shifts in larger-scale ecological functioning. Local and short-term effects have been
demonstrated with bivalve aquaculture—including geoduck aquaculture. Each of these studies
provides some evidence that geoduck aquaculture has the potential to shift community
structure and trophic relationships (Dumbauld et al. 2009) (Reum et al. 2015), and alter habitat
characteristics; however, the impacts of geoduck aquaculture gear are variable and complex.
The structured phase alters habitat complexity and, through it, community structure and
trophic relationships, but effects appear to be largely short-term and reversible—with
ecosystems maintaining functionality. The unstructured phase appears to be the least
impactful, with minor effects noted on eelgrass density, but not recovery, and on some
sediment parameters. The harvest phase is a clear disturbance to the farm plot, but effects
appear to be temporary and limited to the farm plot. Such effects are likely to vary
spatiotemporally—including with local disturbance regimes and harvest practices—and strong
seasonal effects have been noted as important drivers in community structure in several of the
described studies. Studies on this subject in other forms of bivalve shellfish aquaculture and on

1

Full Seafood Watch Aquaculture criteria available at: https://www.seafoodwatch.org/-/m/sfw/pdf/criteria/mbaseafoodwatch-aquaculture-critera-methodology.pdf?la=en
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disturbance in general support the conclusion of variable response by species, location, time,
and farming practices (Zajak and Whitlatch 2003, Straus et al. 2013).
Presently, the impacts of geoduck aquaculture on marine habitat appear to be minimal to
moderate, with impacts largely limited to the farm site and ephemeral. Habitat on geoduck
farms appears to be maintaining some functionality, but uncertainty remains, as noted by
nearly all of the authors cited in this section. The combination of the nature of apparent effects
and remaining uncertainty (such as in the cumulative effects of repeated farm cycles, impacts
on scales larger than existing study, and impacts to certain species) factor into the score of 7 of
10 for moderate habitat impacts for Factor 3.1—Habitat Conversion and Function.
Factor 3.2. Habitat and farm siting management effectiveness (appropriate to the scale of the
industry)
Geoduck aquaculture occurs in both the United States and Canada, creating two different
regulatory environments within the region under assessment. As the differences between the
two systems are considered non-significant for the purposes of this assessment (see page 11—
Introduction), Factors 3.2a and 3.2b are scored the same for BC and Washington.
Factor 3.2a – Content of management measures
Washington
A suite of federal, state, tribal, and local agencies are involved in issuing aquaculture permits
before a farm can be established, expanded, or renewed. At the federal level, the U.S. Army
Corps of Engineers is a lead agency in permitting, by overseeing its Individual and Nationwide
48 (NWP 48) permits. Permitting requires consultation with the National Oceanic and
Atmospheric Administration Fisheries and U.S. Fish and Wildlife Service pursuant to the
Endangered Species Act to ensure protection to threatened and endangered species and their
habitats (such as some subpopulations of salmonids, bull trout, and seabirds), and the
Magnuson-Stevens Fishery Conservation and Management Act to ensure protection of essential
fish habitat, such as eelgrass, kelp, and aquaculture structure itself.
Army Corps permitting has various elements designed to protect fish habitat. Eelgrass and kelp
are protected with a mandated buffer that prohibits geoduck planting and harvest within 10
feet (3 m) of aquatic vegetation and avoidance of this habitat with vessels and storage of gear.
Mitigation is required in the events of impacts (USFW 2008). Pacific herring sometimes attach
eggs to aquaculture structures or vegetation on or nearby such structures. Herring spawn is
protected via use of approved work windows for activities such as harvest and removal of tubes
or mesh to avoid disturbance to herring spawn, or via surveys for herring spawn for work
outside of approved work windows. Approved work windows are also used to protect
threatened species such as bull trout. Maximum tidal elevation for shellfish aquaculture
occurring in documented surf smelt and sand lance spawning habitat is aimed at protected
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spawning of these forage fish species as well (U.S. ACOE 2015). Geoduck aquaculture has been
suggested to pose limited risk to Critical Habitat for Endangered Species Act listed species
(ENTRIX 2008, USFWS 2009).
Additional Army Corps regulations include screening pump intakes to protect marine species,
restrictions on washing of gear and land vehicles to protect water quality and habitat,
maintenance of farm plots for loose debris, and more (U.S. ACOE 2015). The Corps is required
to take cumulative impacts of permitting activities into consideration under its obligation to
consult with the Endangered Species Act and the National Environmental Policy Act, as
reflected in its Biological Opinion (U.S ACOE 2014). The Army Corps also regulates the discharge
of dredge and fill material into waters of the United States through Section 404 of the Clean
Water Act. This is required for ground-disturbing activities, such as the placement of nursery
pools on tidelands.
The Washington Department of Ecology (DOE) oversees the Environmental Protection Agency’s
Clean Water Act Sections 401 and 402, which ensure consistency with state water quality
standards through oversight of discharges, for example, and also takes cumulative impacts into
consideration (U.S. ACOE 2014). Federal permitting is also subject to state policy consistency
requirements pursuant to the Coastal Zone Management Act, also providing the opportunity
for public comment and transparency.
Additionally, geoduck farms may also need a Substantial Development Permit, Conditional Use
Permit, State Environmental Program Act review, or other approval by county or municipal
governments under the Shoreline Management Act, which includes dedicated guidelines for
development of county-level standards for shellfish aquaculture (WDOE 2008) (pers. comm.,
WDOE 2015). Chapter 16 of the Shoreline Master Plan Handbook includes guidance on
determining locations for geoduck aquaculture and directs for minimal alteration of habitat,
use of best available science, expert consultation, consideration of cumulative impacts, and
employing a precautionary approach where information is lacking. This guidance also includes
direction to identify environmental limits and conditions to protect critical habitats (such as
eelgrass and forage fish spawning areas), conduct site-specific baseline surveys, and manage for
no net loss of ecological function. Chapter 12 of the Plan Handbook outlines design and siting
locations for overwater structures (such as floating nurseries) to limit impacts to submerged
aquatic vegetation (WADOE 2015). Counties are currently in various stages of development of
their individual Shoreline Master Programs, information for which is publicly available (WDOE
2016). Permitting of geoduck farms also requires opportunity for public comment by the State
Environmental Policy Act (SEPA).
Other state agencies involved include the Washington Department of Fish and Wildlife, which
manages farm registrations, live-animal transfers, invasive species and shellfish disease risk
management; the Department of Health, which assures shellfish are grown and harvested in
clean waters and sediments; and individual tribes, which have opportunity to comment on all
Army Corps permits (Table 1 (WDOE 2008)) (pers. comm., WDOE 2015).
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On tidelands leased from the Washington State Department of Natural Resources (WDNR),
farms are additionally subject to WDNR management provisions, such as an Aquatic Use
Authorization and a lease for use of public tidelands. A lease is subject to a set of Best
Management Practices (BMPs). Site-selection BMPs are directed at avoiding and minimizing
potential impacts of aquaculture operations on aquatic (or terrestrial) resources and
interactions with other users of marine resources (Dewey et al.. 2011) (Getchis and Rose 2011)
(WDNR 2015), as well as wild geoduck populations (WDNR 2015). Though geoduck aquaculture
on WDNR lands is not yet underway, the agency is wading in with a pilot program designed to
allow for assessment of the effects of geoduck aquaculture on the nearshore environment,
complete with a monitoring program, and set to commence in 2015 (WDNR 2015). It should be
noted that relatively small volumes of geoduck will be cultivated on WDNR tidelands initially,
compared to production occurring on private tidelands, where the BMPs are at the discretion of
the grower and tideland owner. However, WDNR tidelands offer a pathway to industry growth
via the addition of desirable growing areas (including subtidal)—one limiting factor to industry
growth in Washington.
All geoduck aquaculture in Washington presently takes place on private land, and the Pacific
Coast Shellfish Growers Association (PCSGA) has developed an Environmental Code of Practice
(ECOP) for aquaculture for member shellfish growers. The ECOP is extensive and echoes
regulatory requirements and importance of compliance as well as additional guidelines, such as
training employees on minimizing impact of cultivation work (PCSGA 2011). The PCSGA is
unsure about what percentage of geoduck farmers are members of the association, and such
Codes of Practice are voluntary, with no apparent enforcement (USFWS 2009). Individual
shellfish companies may also have their own Best Management Practices that promote
environmental stewardship of farm sites. But Best Management Practices such as the ECOP are
voluntary.
Finally, Washington is currently undergoing a Marine Spatial Planning process that aims to
effectively site and manage human uses (including aquaculture) of the marine environment and
is developing new tools to advise such management (WADOE 2015) (Farrell et al. 2015).
British Columbia
Historically, all individual Canadian provinces were responsible for aquaculture planning, site
leasing, licenses and approvals for sites, aquaculture training and education, collection of
statistics, and the management of the industry’s day-to-day operations. But as a result of a
ruling by the British Columbia Supreme Court in February 2009, marine aquaculture in BC was
classified as a fishery and therefore placed under the exclusive jurisdiction of the federal
government. Thus, in December 2010, regulatory authority of the finfish and shellfish
aquaculture industries in BC was transferred from the Province of British Columbia to the
federal department of Fisheries and Oceans Canada (DFO), which now licenses shellfish
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aquaculture. An additional layer of review is conducted through consultation with First Nations
(DFO 2015b).
The DFO lists as part of its mission to “advance sustainable and prosperous aquatic ecosystems
and fisheries” and states that it adheres to integrated and ecosystem-based management
principles, inclusive and transparent processes, and responsible development of the
aquaculture industry. The DFO calls its aquaculture environmental standards “the strongest in
the world” (DFO 2014).
The primary federal legislation for the regulation of aquaculture is the Fisheries Act Regulations
(1995, as amended in 2012), under which the Pacific Aquaculture Regulations (2010) were
developed. The Fisheries Act provides broad powers to DFO and guidelines that, among others,
prohibit the degradation of water and habitat for fish, require record keeping of harvest and
cultivation activities, and mandate conducting compliance evaluations for environmental
protection. Eelgrass, as a critical fish habitat, is protected by the Fisheries Act, which precludes
future siting of aquaculture (and harvesting of geoducks) in eelgrass beds, protects eelgrass
from disturbance and destruction without authorization (Liu et al. 2015), and requires
overwater structures to be designed to maximize light penetration for submerged aquatic
vegetation. The Fisheries Act also issues protections for herring, sand lance, and squid spawn,
as well as intertidal stream channels, rocky reefs, and sponge/coral complexes, and all
protections are outlined in standard licensing (DFO 2015b).
Implementation and day-to-day management of the regulations (such as authorization for use
of tidelands for shellfish aquaculture) is supported by the British Columbia Aquaculture
Regulatory Program, also established under the Fisheries Act. DFO also developed a multistakeholder advisory committee to support the development of Integrated Management of
Aquaculture Plans. Canada has taken a phased approach to expansion of the industry to
minimize risks and allow time for more scientific study, and geoduck aquaculture has been
limited to the Strait of Georgia since 2006 (DFO 2013B).
The Oceans Act provides authority to DFO to lead development and implementation of
integrated management activities affecting coastal waters. The Integrated Aquaculture
Management Plan sets the policy framework for DFO’s management of aquaculture, and states
cumulative impacts and ecosystem management strategies as regulatory priorities. Also, DFO
has invested in research in these areas to better guide management. This plan also outlines the
siting considerations for aquaculture to include ecosystem effects, among other factors (such as
limiting impacts to wild geoduck populations), as well as its commitment to the best available
science. It also commits to regular performance reviews of its own management framework
(DFO 2013B) (DFO 2014).
The geoduck aquaculture industry is also subject to regulations through the Canadian
Environmental Assessment Act (1992) and the Navigable Waters Protection Act (1985).
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Applicable provincial regulations include the Fisheries Act (1996), the Aquaculture Regulation
(2002), and the Environmental Management Act (SCBC 2003 C.53).
An Integrated Shellfish Management Plan is currently being finalized (pers. comm., Chris
Pearce, DFO 2016) and will address geoduck aquaculture (and management of wild geoducks)
specifically. The plan will address concerns associated with geoduck aquaculture according to
the best available science and emphasize area-based ecosystem management. The agency has
developed a siting protocol that will apply to new licenses and expansion of existing farms. DFO
has determined that ecological risks associated with industry expansion can be adequately
addressed through these new management measures (DFO 2013B). This plan has not yet been
released, but is awaiting a final signature (pers. comm., Chris Pearce, DFO 2016), and appears to
be fairly comprehensive in its scope.
Additionally, the BC Shellfish Growers Association employs Environmental Codes of Practice
that foster commitment to working with growers to protect marine resources and echoes
regulatory statements, as well as the importance of compliance (BCSGA 2007) (Dewey et
al.. 2011).
Overall, the content of habitat management measures in both BC and Washington is considered
to be fairly robust—with area-based, cumulative, and ecosystem-principle-based frameworks
within lengthy and extensive permitting systems—but with some identifiable weaknesses. This
sub-criterion (3.2a) for BC receives a score of 4 out of 5, with a reduction taken for updated
management plans that are not yet finalized and current lack of specifics in defining some
limits.
Factor 3.2b – Enforcement of management measures
The intention of this factor is to assess the ability of the management or regulatory system to
control the intent of the management measures outlined in Section 3.2a.
Washington
The permitting process in Washington is extensive, with as many as 11 federal, state, tribal, and
local agencies involved in the permitting for a single farm—a process that may take years and
thousands of dollars (Table 1 (WDOE 2008)).
The regulatory and permitting system for geoduck aquaculture in Washington is transparent,
and regulatory agencies are easily identified (Table 1). Government reports, records, leases, and
permitting documents are readily available on agency websites or via Freedom of Information
Act (FOIA) requests, and standards and rules are clearly laid out in documents such as WADOE’s
Shoreline Master Plan and accompanying county-level plans.
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The Army Corps of Engineers oversees permitting of aquaculture, requires notice prior to
commencing work, and is known by the industry to follow up on complaints or potential
violations to permitting (pers. comm., Anonymous industry 2015). The Army Corps has a
general national goal of conducting site visits to 10% of the number of the previous year’s
permits, which includes shellfish aquaculture. Most site visits have taken place during the growout phase of production, with fewer occurring during planting and after harvest. The Army
Corps provides details of permitting decisions and information on enforcement activities on its
website and, though details may be somewhat limited, additional information is provided by
contacting the Corps (pers. comm., Pamela Sanguinetti, U.S. ACOE 2016). Native American
Tribes and the general public have the opportunity to comment on permit applications and
policy decisions. On the other hand, the Nationwide 48 permit overseen by the Corps has been
criticized as a weakening of previously existing regulations in favor of economic considerations
(Ward 2014), and an ongoing debate may lead to weakening of eelgrass protections with
criticism from federal agencies, tribes, and conservation organizations.
The Washington DOE published a chapter in its Shoreline Management Act (SMA) Guidelines
(Chapter 173-26 WAC) specific to enforcement of its policies, in which it outlines cooperation
with local authorities on ensuring compliance (WADOE 2011). Counties have been involved in
enforcement actions related to geoduck farming (WADOE 2015b) to some extent, and even
city-level regulators have taken a precautionary approach to aquaculture in some cases (Kitsap
Sun 2015). The DOE supports counties in enforcement in a limited capacity (pending finalization
of county Shoreline Master Programs), and detailed records of DOE enforcement activities
(including fines) are available on DOE’s Enforcement webpage (WDOE 2015a). Additionally,
records of legal proceedings related to geoduck aquaculture are readily available on applicable
municipal websites. County-level enforcement will be important for geoduck aquaculture in
Washington and is still taking shape (pers. comm., P. Lund 2016).
The Department of Ecology’s Shoreline Guidelines direct counties to require monitoring to
ensure eelgrass buffers are adequate to protect eelgrass, for example, but is vague in details in
some areas. In a policy review, Ward (2014) called the SMA “clear and cohesive” in its position
on commercial aquaculture, balancing “aquaculture as a preferred use of the water area while
prohibiting its being located where it would impair ecological functions.” The review praises the
“improved structured process for obtaining geoduck harvesting permits” and for “framing
requirements” for local project applications, but also criticizes the SMA for not being detailed
enough in some of its guidance to local governments and giving “broad latitude” to the
economic interests of commercial shellfish farmers. The review concludes that existing laws are
in place to protect the ecological functions of Puget Sound, but that recent policy initiatives
promoting the economics of shellfish farming are in conflict with existing environmental
protections. It should also be pointed out that the WDOE decided to avoid too much detail to
provide counties flexibility in developing their management plans, a process that is still evolving
(WDOE 2009a).
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The Washington Department of Fish and Wildlife also has permitting requirements for shellfish
farms, and maintains an enforcement division; however, no records of enforcement activities
were identified for this report. The Department of Health, pursuant to the National Shellfish
Sanitation Program, has strict tagging requirements for the harvest and shipment of shellfish,
which, although related to consumer health, allow for traceability of harvested geoducks.
The controversial nature of geoduck farming means that a number of stakeholders, such as
conservation organizations, have challenged geoduck farm permitting and management, and
serve as ostensible watchdogs for the Puget Sound marine environment in some instances. A
number of cases concerning shellfish aquaculture (including geoduck aquaculture) have gone to
court or hearings boards with outcomes that have included affirmation of counties’ abilities to
manage shellfish harvest, forcing compliance with industry-developed Environmental Codes of
Practice, removal of aquaculture gear, fines, and denial of permits (WADOE 2015). Hearings
boards have repeatedly determined PCSGA Environmental Codes of Practice to be sufficient to
manage ecological impacts (Hall et al. 2015). The SMP revision for aquaculture, while imperfect,
is new, and counties are directed to consider the best available science and expert consultation
in the ongoing development of their management of shellfish aquaculture in Shoreline
Management Programs.
Washington has not had the same luxury of time and example enjoyed by British Columbia, and
the industry there has grown faster than in Canada, and faster than management. Enforcement
is Washington is imperfect. The number of agencies involved can lead to complications and
confusion (Ruddell 2012). Unauthorized geoduck farming has also occurred (The Olympian
2010) (Kitsap Sun 2014) (WDFW 2015a) (WADOE 2015) and violations have been documented
by the Corps. Enforcement is specifically limited in its ability to monitor subtidal geoduck
farming operations, although diving could be considered in special cases (pers. comm., P.
Sanguinetti 2016). County-level enforcement, which will be important in Washington geoduck
aquaculture, is still taking shape under the DOE’s Shoreline Master Program, but this is clearly a
transparent process with updates, timelines, and final plans readily available on DOE and
county websites (WDOE 2016). There is clear evidence of some enforcement actions taking
place, with evidence of penalties and accountability (WDOE 2015a) (WDOE 2015b) (pers.
comm., P. Sanguinetti 2016), even if county-level management and enforcement plans are
pending. Enforcement in Washington has some reasonably strong infrastructure in place, and
enforcement appears to be somewhat effective. But there remain questions related to whether
capacity is appropriate to the scale of the industry and uncertainty surrounding an as-yet
incomplete county-level enforcement picture.
BC
The regulatory and permitting system for geoduck aquaculture in BC is transparent, and
regulatory agencies are easily identified (see Table 1). A list of all shellfish aquaculture license
holders, including general location of aquaculture sites, species permitted, and other basic
information, is publicly available online. Government reports and permitting documents are
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readily available on agency websites and publicly available via the Access to Information Act.
The Fisheries Act clearly outlines the authority of DFO and the province to regulate shellfish
aquaculture and enforce rules. The Fisheries Act outlines fines, seizures, and punishments for
contravening regulations.
DFO’s licensing conditions for geoduck aquaculture require a written harvest plan to be
submitted for approval at least 30 days prior to the first intended harvest, and plans are also
required for seeding. This plan must include a summary of husbandry activities at the site, as
well as details for the planned harvest and those aimed at easing enforcement. Subsequent
harvests require 72 hours’ written notice (DFO 2013B, DFO 2015b).
In British Columbia, Conservation and Protection (C&P) fishery officers enforce relevant
regulations, monitor aquaculture operations, and perform investigations in response to
complaints from monitors and the public (Fisheries and Oceans Canada 2013). The DFO also
maintains teams of specialists—such as biologists and resource managers—that verify
compliance with regulations and conditions of license by conducting site visits (according to a
comprehensive annual schedule) and environmental compliance audits (DFO 2014). DFO uses a
risk matrix to prioritize enforcement activities, with high risk (both environmental and related
to human health) receiving most effort (pers. comm., Michael Ballard, DFO 2016). The agency
states that results of site inspections and technical audits are made available online to provide
public transparency and validate publicly available data reported by the industry (DFO 2015a),
but as of the writing, only specific data on finfish aquaculture were identified. More general
data were available: in 2014, the DFO conducted 173 Conditions of License Assessments and
Site Visits and the agency declares that “overall compliance with Conditions of License is high.”
The agency increased emphasis on shellfish compliance monitoring in 2013, although how
much of this was dedicated to geoduck aquaculture is unclear (DFO 2015a). Follow-up with DFO
indicates that about 10%–15% of aquaculture sites are visited annually, with a goal of
improving to 20% annually, and that improved integration in Canada’s aquaculture regulation
has led to “fairly robust” management and a system that is “working well” (pers. comm., M.
Ballard 2016).
The Draft Integrated Geoduck Management Framework (plan not yet finalized) emphasizes the
importance of traceability of cultured geoduck product to ensure that all product entering the
market has been produced according to regulations aimed at sustainability (DFO 2013b).
Enforcement is specifically limited in its ability to monitor subtidal geoduck farming operations,
and eventually increased capacity will be needed to keep up with industry growth, BC’s
enormous coastline, and expansion into the subtidal zone. The enforcement picture for BC is
still developing for this young industry, but presently it seems that enforcement infrastructure
has been well thought-out and functions fairly effectively to the current scale of the industry.
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Factor 3.2b Summary
Overall, enforcement organizations are identifiable and contactable in both Washington and
BC. Some evidence of noncompliance has occurred in Washington, but so too has evidence of
enforcement, and details of enforcement actions are reported by both DOE and the U.S. ACOE.
The state is currently undergoing an update of its shellfish aquaculture management that
appears to be fairly comprehensive. Canada’s industry is comparably small and industry growth
has been slowed for precautionary reasons here. Canada has made information on its
enforcement transparent and accessible, while reporting on some enforcement statistics
(though not in much detail) and providing more information upon request. The score for Factor
3.2b—Enforcement of habitat management measures, is 4 out of 5 for being effective, with
some limitations.
More precise details on geoduck aquaculture management in BC are anticipated in the
forthcoming Integrated Geoduck Management Framework. According to the language outlined
in Canada’s various aquaculture frameworks that declare commitment to cumulative impacts,
ecosystem-based management, and use of the best available science, the management and
enforcement infrastructure for BC—which has taken a precautionary approach to geoduck
aquaculture industry growth—appears fairly strong.
Washington has not had the same luxury of time and example enjoyed by British Columbia, and
the industry there has grown faster than in Canada, and faster than management. But
Washington also has a transparent and evolving approach to geoduck aquaculture
management, with multiple layers of oversight, a similar concern for cumulative impacts, and a
similar stated commitment to the best available science.
There are imperfections in management and enforcement in both BC and Washington, such as
in the management of plastics and in sometimes imprecise regulatory language. Dumbauld et
al. (2009) note that few landscape-level approaches to shellfish aquaculture have been made,
but that progress has occurred—also apparent with new management infrastructure that has
developed since that 2009 review. Both municipalities have worked to strengthen their
infrastructure, have supported scientific understanding, and have shown evidence of
enforcement. Some habitat impacts can be effectively managed by regulation, such as those to
eelgrass (Dumbauld et al. 2009), for which both BC and Washington have clear protections. The
permitting process in Washington is extensive, and British Columbia has consciously halted
expansion of the industry pending further understanding of environmental impacts. There is
more work to be done in understanding and defining cumulative management and acceptable
impacts, but overall, management and enforcement is considered to be robust. Factor 3.2
receives a score of 6.4 out of 10.
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Conclusions and final score
The impacts of geoduck aquaculture on marine habitat appear to be minimal to moderate, with
impacts largely limited to the farm site and ephemeral. Habitat on geoduck farms appears to be
maintaining functionality, but uncertainty remains, as noted by nearly all of the authors cited in
this section. The combination of the nature of apparent effects and remaining uncertainty (such
as in the cumulative effects of repeated farm cycles and impacts of scales larger than existing
study) factor into the score of 7 of 10 for moderate habitat impacts for Factor 3.1.
There are imperfections in management and enforcement in both BC and Washington, but both
municipalities have worked to strengthen their infrastructure, have supported scientific
understanding, and have shown evidence of enforcement. The permitting process in
Washington is extensive and British Columbia has consciously halted expansion of the industry
pending further understanding of environmental impacts. There is more work to be done in
understanding and defining cumulative management and acceptable impacts, but overall,
management and enforcement is considered to be effective. Factor 3.2 receives a score of 6.4
out of 10.
The final, combined numerical score for Criterion 3 – Habitat is 6.8 out of 10.

62

Criterion 4: Evidence or Risk of Chemical Use
Impact, unit of sustainability and principle
▪ Impact: Improper use of chemical treatments impacts non-target organisms and leads to
production losses and human health concerns due to the development of chemical-resistant
organisms.
▪ Sustainability unit: non-target organisms in the local or regional environment, presence of
pathogens or parasites resistant to important treatments
▪ Principle: limiting the type, frequency of use, total use, or discharge of chemicals to levels
representing a low risk of impact to non-target organisms.
Criterion 4 Summary
U.S. and Canada
Chemical Use parameters
C4 Chemical Use Score
C4 Chemical Use Final Score
Critical?

Score
7.0
7.0

GREEN

NO

Brief Summary
Though select pesticides, herbicides, and antibiotics are known to be utilized by other
aquaculture operations, the culture of geoduck does not utilize chemicals with the exception of
minor amounts associated with cleaning in the hatchery setting, which is a small fraction of the
production cycle. As such, the risk of chemical use from geoduck farms on the surrounding
environment is low.
The final numerical score for Criterion 4 – Chemical Use is 7 out of 10, with some uncertainty
due to a lack of regulation and monitoring of hatchery outflow.
Justification of Rating
Oyster and clam aquaculture operations in the region have been known to utilize chemicals for
pest control (such as Imazapyr, Glysophate, Carbaryl, Imazamox, and Imidacloprid), but
geoduck farms have never and currently do not utilize any chemicals for pest control (Dewey et
al.. 2011) (pers. comm., Anonymous industry representative 2013). Predator exclusion devices
and manual labor to prevent and remove predators and fouling from gear have proved
effective, obviating the need for pesticides. No chemicals are used during the grow-out phase
of geoduck culture.
Antibiotics are not used in the grow-out phase of geoduck clam farming (British Columbia
Shellfish Growers Association 2013) (pers. comm., Anonymous industry 2013) (pers. comm.,
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Anonymous industry 2015). Bacteria that may cause disease in the larval phase often originate
in algal cultures or from incoming water and pipes or other hatchery equipment; while it is
possible to control these bacteria with antibiotics (Ford et al. 2001), this practice does not occur
because hatchery operators are concerned with the development of antibiotic resistance, and
the practice is either discouraged (PCSGA 2011) or illegal (e.g., (City of Bainbridge Island 2014)
(Jefferson County 2013)) in many places. Instead, hatchery operations rely on improved animal
husbandry, water filtration, and regular cleaning of hatchery equipment (Ford et al. 2001)
(Feldman et al. 2004). Both the Pacific Coast Shellfish Growers’ Association (PCSGA) and British
Columbia Shellfish Growers’ Association (BCSGA) emphasize keeping a clean environment and
abiding by existing regulations to promote animal health, which will help obviate the need for
the use of antibiotics (BCSGA 2007) (PCSGA 2011) (BCSGA 2013). Furthermore, disease issues
have not been a major problem for geoduck aquaculture in the hatchery or the farm setting
since the early stages of development (Elston 1990), but this is an issue that bears watching.
Some chemical use in sterilization of seawater and the cleaning of hatchery lines, equipment,
and surfaces is inevitable, and dilute hypochlorite (bleach) and other chlorine-based solutions
often are used as part of disinfection of equipment, lines, and tanks in hatcheries. Some
products, such as Vortexx, a commonly used peroxide-based sanitizer (used seasonally) (pers.
comm., E. Ewald 2016) and acetic acid, are approved for use in food processing and are
relatively nontoxic when dilute (EPA 1997) (Feldman et al. 2004) (EcoLab 2010). On the other
hand, the label on these products warns against discharge into aquatic environments, and
chlorine has demonstrated variable negative effects on marine phytoplankton (Singleton 1989).
The discharge of chlorine to surface waters is regulated for other industries by the Washington
Department of Ecology, including clear limits on chlorine concentrations, but not for the
shellfish industry (WDOE 2014).
Best management practices direct the use of sodium thiosulfate to neutralize chlorine-based
solutions before discharge, and on the use of colorimetric test strips for monitoring
(Summerfeldt and Vinci 2008) (PCSGA 2011). Most chlorine used is neutralized in this way, with
very small volumes (“tablespoons,” or less than 100 ml per day) entering drainage systems
before being neutralized (J.P. Hastey) (pers. comm., Nova Harvest Ltd. 2016). All chlorine used
is diluted to begin with, and diluted further through subsequent rinsing. Water used in
combination with these solutions typically goes into floor drains and is discharged to the nearby
marine environment (pers. comm., B. Blake 2013) (pers. comm., Anonymous industry 2013)
(pers. comm., Anonymous industry 2015). This water is likely further diluted by additional water
outflowing from the hatchery (as high as 27.3 liters/second or nearly 2.4 million liters/day in
one large Washington hatchery (Rensel 2013)) and is flushed by daily tides (although water
residence time varies significantly by water body). FInally, the receiving seawater (and
sediment) has a natural chlorine demand that results in the rapid removal of dilute chlorine,
although this varies by concentration, depth, and other environmental factors (Macdonald and
Wong 1977).
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There is little data or anecdotal observation to suggest that cleaning chemical discharge from
shellfish hatcheries has no impact. On the other hand, there is none to suggest that it does.
Shellfish hatchery pollutant discharges are considered minor by regulators in both Washington
and BC (see Criterion 2.2) and chemicals used in cleaning are often approved for use in food
processing, and considered low-risk to human health when diluted. There are also very few
shellfish hatcheries in operation in the region of this assessment, with those in Canada being
generally small (pers. comm., J.P. Hastey, Nova Harvest Ltd. 2016).
Furthermore, the shellfish industry has a vested interest in maintenance of water quality,
because its viability is directly linked to high water quality (Feldman et al. 2004) (Galliardi 2014).
Hatchery intakes and outflows are generally located in the same body of water (though some
intakes are from saltwater wells) and geoduck seed in particular has proven sensitive to adverse
water quality (Feldman et al. 2004) (BCSGA 2013). Shellfish hatcheries are generally located in
areas of fairly pristine water quality, with shellfish growout commonly occurring on beaches in
proximity to hatcheries. Nearby habitats have to date appeared unaffected by shellfish
hatchery outflows (pers. comm., B. Blake, WDFW 2016). On the other hand, there are no
regulations or monitoring of outflows.
Conclusions and final score
Antibiotics are not used in the farming of geoducks. For the bulk of the geoduck production
cycle, no chemicals are used either. For a small fraction of the production cycle, cleaning
chemicals are used in the hatchery setting and discharged to the marine environment,
demonstrating an overall low need for the use of chemicals. There is no evidence of impact, but
no monitoring or targeted research is evident. The use of chemicals related to geoduck
aquaculture is considered to be of low concern, with some uncertainty.
The final numerical score for Criterion 4 – Chemical Use is 7 out of 10.
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Criterion 5: Feed
Impact, unit of sustainability and principle
▪ Impact: feed consumption, feed type, ingredients used and the net nutritional gains or
losses vary dramatically between farmed species and production systems. Producing feeds
and their ingredients has complex global ecological impacts, and their efficiency of
conversion can result in net food gains, or dramatic net losses of nutrients. Feed use is
considered to be one of the defining factors of aquaculture sustainability.
▪ Sustainability unit: the amount and sustainability of wild fish caught for feeding to farmed
fish, the global impacts of harvesting or cultivating feed ingredients, and the net nutritional
gains or losses from the farming operation.
▪ Principle: sourcing sustainable feed ingredients and converting them efficiently with net
edible nutrition gains.

Criterion 5 Summary
U.S. and Canada
Feed parameters

Value
10
NO

C5 Feed Final Score
Critical?

Score
10

GREEN

Brief Summary
Geoduck aquaculture occurs in an open system in the marine environment—geoducks are
essentially deployed to the wild. Because geoducks are filter-feeders, they rely on grazing of
naturally occurring phytoplankton and other seston for food. Unlike in finfish aquaculture, the
culture of bivalve shellfish in open systems does not require the provision of feed for the vast
majority of the production cycle, except in the hatchery setting. No fish or terrestrial crop
ingredients are involved in feeding bivalve shellfish, so and as such, the Feed criterion is not
applicable to geoduck aquaculture.
The final numerical score for Criterion 5—Feed is 10 out of 10.
Justification of Rating
Bivalve shellfish farming does not utilize external feeds, other than cultivated algae in the
hatchery setting. No fishmeal, fish oil, or terrestrial animal or plant products are consumed by
the industry. The avoidance of external feeds for the bulk of the farm cycle indicates that the
environmental footprint regarding feed for geoduck is negligible according to the Seafood
Watch methodology and therefore for the purposes of this assessment. See Section 3 for a
discussion on interaction between farmed geoducks and naturally occurring phytoplankton and
seston resources. As such, the score for Criterion 5 – Feed is 10 out of 10.
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Criterion 6: Escapes
Impact, unit of sustainability and principle
▪ Impact: competition, genetic loss, predation, habitat damage, spawning disruption, and
other impacts on wild fish and ecosystems resulting from the escape of native, nonnative
and/or genetically distinct fish or other unintended species from aquaculture operations
▪ Sustainability unit: affected ecosystems and/or associated wild populations.
▪ Principle: preventing population-level impacts to wild species or other ecosystem-level
impacts from farm escapes.
Criterion 6 Summary
U.S. and Canada
Escape parameters
F6.1 System escape risk
F6.1 Recapture adjustment
F6.1 Final escape risk score
F6.2 Invasiveness

Value
3
0

Score

3
7

C6 Escape Final Score (0-10)

5
Critical?

NO

YELLOW

Brief Summary
Geoduck is a native species farmed in an open system, in proximity to its wild conspecifics. As
prolific broadcast spawners that reach reproductive age before harvest, farmed geoducks are
likely spawning during the farm cycle, and there is potential for interaction with wild geoducks.
Research has demonstrated that some genetic differentiation in farmed geoducks, which are
the progeny of a limited number of wild broodstock, does occur—such as lower genetic
diversity and reduced fitness. The risk and consequences of genetic introgression from
“escaped” farmed geoducks in the form of gametes, larvae, and recruits to wild populations
exist. Although best management practices exist in both BC and Washington, and management
according to best available science is occurring, there is currently no means to prevent
spawning by farmed geoducks. Criterion 6 receives a score of 5 out of 10.
Justification of Rating
The escapement of farmed geoducks and the impact on wild stocks is a possibility as the
biomass of farmed geoduck in Washington and BC continues to grow. The concern is one of
genetics: farmed geoducks may escape as gametes or larvae as a result of spawning by farmed
geoducks, resulting in genetic introgression from farmed geoducks to wild conspecifics (Straus
et al. 2015). Reproduction by a broadcast-spawning, native bivalve that produces up to 40
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million eggs per year (Beattie 1992) in an open aquaculture system—and where it co-occurs in
proximity to wild populations of the same species—seems to pose inevitable risk. Farmed
geoducks may theoretically interact with wild geoducks by adding recruits to wild populations
or by the mixing of wild and farmed geoduck gametes. This potential puts wild geoducks at risk,
threatening possible local adaptation via homogenizing gene pools and reducing genetic
variation—something that has been observed in other instances of cultivating native bivalves in
proximity to wild conspecifics. This in turn may reduce the resilience of wild populations to
perturbations such as disease or environmental stressors (as reviewed in Straus et al. 2013 and
Straus et al. 2015).
Factor 6.1 Escape risk
Geoduck is a broadcast spawner—that is, releasing sperm and eggs synchronously to fertilize in
the water column. Spawning occurs from about January to July (Goodwin and Pease 1989), and
a female may release up to 40 million eggs over several spawning sessions each season (Beattie
1992). Fertilized eggs develop and graduate to a pelagic larval period that lasts 16 to 47 days.
During this time, geoduck larvae move according to a combination of both passive (drift) and
active strategies and may disperse great distances from their natal locations. Geoduck larvae
then settle to the substrate, where they begin burial and growth.
Geoducks reach sexual maturity within the timespan of a typical 5-year farm cycle, with
research published in 2015 indicating 50% maturation by year 2 and widespread maturation by
year 3 (Campbell and Ming 2003) (Vadopalas et al. 2015). This provides 1 to 7 years of spawning
opportunity for a farmed geoduck, something that Vadopalas et al. (2015) conclude is likely
(and probably more than once (pers. comm., B. Vadopalas, University of Washington 2015); see
also (CSAS 2004)). Geoduck farming often occurs within proximity to wild aggregations, and
reproduction by wild and farmed geoducks has also been shown to be synchronous in time
(Vadopalas et al. 2015). Further, the high stocking density of farmed geoducks means a high
likelihood of reproductive success (Vadopalas 2015). Additionally, “purge harvests” prior to
planting a geoduck bed (occurring in the subtidal in Canada and to a lesser extent, Washington)
result in the removal of wild geoducks and replacement with hatchery-raised seed. Brady Blake
of the Washington Department of Fish and Wildlife also notes the possibility that untreated
hatchery effluent may contain competent larvae.
In addition, harvest of farmed geoducks once they have reached market size is not 100%
capture-effective (pers. comm., industry 2015). Because of the difficulties in locating every
animal in the sediment once anti-predator tubes have been removed, and the challenges of
working around tides, weather conditions, and individual animal behavior (geoducks are
difficult to locate when their siphon is retracted (Goodwin 1977)), it can be difficult to harvest
100% of the individual clams within a farm plot. Inevitably, some animals are left behind to
continue to feed, grow, and likely reproduce. But this is likely a small percentage of the
geoducks within a farm plot, and at least some of these are probably harvested during the
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subsequent harvest rotation or found during subsequent planting activities (pers. comm., B.
Vadopalas 2015). The impact of geoducks overlooked during initial harvest is likely minimal.
Vadopalas (2015) also points out that farmed geoducks have significantly shorter reproductive
lifespans, because they are harvested after about 5 years (in Washington), compared to the
average 30-year reproductive lifetime of a wild geoduck. This study also found farmed geoducks
to be less than half as fecund as their wild counterparts. Despite the likely reduced lifetime
reproductive success of farmed geoducks, the biomass of cultured geoducks is likely to continue
to rise, uncertainty of risk exists, and the most recent research into the topic states that
interaction between farmed and wild geoducks is considered “likely.” Furthermore, farmed
geoducks grown in BC may potentially have longer reproductive lifespans because they may
take over 10 years (CAS 2012) to reach market size. Overall, genetic impacts of farmed
geoducks to wild populations are unknown.
Although Best Management Practices are in place and regulation in both BC and Washington is
generally guided by the best available science, geoduck aquaculture occurs in an open system,
and evidence that farmed geoducks are likely spawning before being harvested demonstrates
that risk in geoduck escapement is a concern for wild geoduck populations. This earns Factor
6.1 Escape Risk a score of 3 out of 10 for the moderate to high risk of escape.
Factor 6.2 Invasiveness
Pacific geoduck aquaculture production occurs within the natural geographic range of the
species. As reviewed by Straus et al. (2013), several studies into the population structure of wild
Pacific geoducks in the Pacific Northwest have occurred since 1998. Research generally points
to regional-scale (50–300 km) and large-scale (hundreds to thousands of km) panmixia, or
homogenous population structure throughout Puget Sound and the Straits of Juan de Fuca and
Georgia, for example. Vadopalas et al. (2004) observed general panmixia among Puget Sound
geoducks and between Puget Sound and Alaska geoducks, and Miller et al. (2006) noted
panmixia at geographical scales of 50–300 km. The panmixia hypothesis is also supported by
Suarez-Moo et al. (2016), which suggest large-scale population connectivity (thousands of km
and a large portion of the species’ range).
Although geoduck population homogeneity seems apparent at certain scales, some questions
remain. Vadopalas et al. (2004) observed some isolated, smaller spatial-scale genetic
differentiation in one bay in Washington. The mechanisms are unclear, but local adaptation is
one possibility. Miller et al. (2006) noted a pattern of genetic isolation by distance at greater
geographical scales (500–1,000 km), including differences on the east vs. west coasts of
Vancouver Island as one example. Straus et al. (2013) summarizes the state of knowledge on
Pacific geoduck population structure as needing further understanding into the adaptive
differentiation (response to natural selection at smaller geographical scales) among wild
geoduck aggregations, which the author states is important for determining the consequences
of introgression from farmed geoduck stocks to wild stocks. Further, Vadopalas et al. (2004)
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and Vadopalas et al. (2012) indicate that some uncertainty remains in understanding
population dynamics of the species—including in explaining observed micro-geographical
genetic heterogeneity (differentiation at small geographical scales).
The potential risk from reproducing farmed geoducks is evident; Straus et al. (2015) found that
farmed geoducks exhibited lower genetic diversity than their wild counterparts. In this study,
reductions in allelic richness and effective number of breeders, as well as in greater relatedness
of farmed vs. wild geoduck populations, pointed to the genetic consequences of limited
numbers of broodstock being used in hatchery production. In her Ph.D. dissertation, Straus
(2010) also demonstrated that genetic diversity of seed from two Washington state geoduck
hatcheries were characterized as significantly lower in farmed than in wild populations.
Furthermore, the divergence in observed genetic diversity of seed between the two hatcheries
suggested a possible disparity in adherence to best practices between the two hatcheries (pers.
comm., B. Vadopalas 2016).
The lowered genetic diversity resulting from low effective population size and domestication
selection (Vadopalas and Davis 2004) occurring through hatchery production of geoduck seed is
potentially problematic for wild populations of geoduck because, as the review of Straus et al.
(2013) points out, higher diversity is important to resilience against selective forces.
Straus et al. (2015) and Vadopalas et al. (2015) have made a series of recommendations for
minimizing genetic risk to wild geoducks while maximizing diversity, including:
1. Use of wild broodstock only
2. Maximize the effective number of breeders used in hatchery seed production
3. Avoid recycling broodstock from year to year and rotate broodstock as much as
possible
4. Utilize broodstock of local provenance
5. Utilize maturation control (triploidy and tetraploidy)
Additionally, both Vadopalas (pers. comm. 2015) and DFO (2014) believe that periodic genetic
analysis or monitoring of hatchery-produced seed should occur.
Managing Risk: BC
BC is concerned with impacts of geoduck aquaculture to wild stocks and with gaps in
information on geoduck genetics. The transfer of management authority of shellfish
aquaculture from the provincial government to the federal government (DFO) in 2010 appears
to have afforded an opportunity to take an organized, critical look at management protocols.
DFO has halted expansion of the industry beyond the Strait of Georgia since 2006—until more
could be learned about geoduck genetics and disease and to develop a regulatory framework.
DFO currently restricts the movement of broodstock and seed between management zones
(Figure 2, Section 6.2) that are designed to minimize genetic risk (DFO 2015b). DFO developed
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some additional draft recommendations for geoduck broodstock collection and seed transfer in
2005–2006, including sourcing geoducks from and planting geoducks in the same area (defined
as “Zone”—in this case the Strait of Georgia). Additional guidelines recommended a minimum
collection of 100 animals for broodstock, a broodstock refresh rate, wild rather than hatchery
sourcing of broodstock, and a minimum number of animals to involve in a spawn event.
Collection of tissue samples from broodstock and from populations near seed outplant
locations were also recommended (and now required in licensing by DFO), although it is unclear
what plans are to analyze these samples. Not all of these draft recommendations have yet been
implemented, but an Integrated Geoduck Management Framework that seeks to minimize the
risks of farmed geoducks to wild geoduck populations is currently being finalized and includes
many of these measures (pers. comm., Chris Pearce, DFO 2016). Additional measures (DFO
2013B) include the avoidance of siting geoduck farms in proximity to wild populations, selecting
broodstock according to minimization of genetic risk, and a detailed outline of specific hatchery
protocols (DFO 2013B).
DFO considers the geoduck broodstock that have been used to spawn in BC to be genetically
representative of the wild populations from which they are drawn, but DFO (2014) notes that
not all wild broodstock samples collected from 2005–2012 were analyzed, and more work
remains to understand population structure in BC. DFO (2014) states that it is not known if the
zones are an appropriate scale of management. It also appears that genetic analysis of
hatchery-produced geoduck in BC has not been conducted.
Restrictions (on both sides of the border) on trans-national movement and use of geoduck
broodstock or seed between the United States and Canada recognize the need to minimize
genetic risk between what are considered to be separate populations. Canada does not permit
the importation of geoduck seed from Washington (DFO 2013B) (see also Criterion 8).
Overall, BC appears to be largely managing according to the best available science, abiding by
four of the five recommendations for minimizing risk according to Straus et al. (2015) and
Vadopalas et al. (2015).
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Figure 5. BC Shellfish transfer zones intended to minimize genetic, disease, and pest
species risk. From http://www.pac.dfo-mpo.gc.ca/aquaculture/maps-carteseng.html

Managing Risk: Washington
Both the industry and the state of Washington are working to strengthen genetic and
broodstock management protocols for hatchery-produced geoducks, but complete
infrastructure for managing genetic risk to wild geoduck populations from farmed geoducks is
somewhat lacking in Washington.
The PCSGA directs member growers to abide by all existing regulations and echo these
guidelines in their Environmental Codes of Practice (PCSGA 2011). Some practices in
Washington hatchery management mirror those developed by the International Council for the
Exploration of the Sea’s (ICES) code of practice, to which the U.S. is a party—including the use
of hatchery breeding that results in only first-generation offspring released to the environment
(Galliardi 2014). At least some hatcheries are abiding by scientific recommendations: hatcheries
are using wild broodstock exclusively (see also Section 8) and replacing broodstock annually.
One industry representative (at a large hatchery) describes their process as using about 100
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individual geoducks sourced from two geographic locations (“North Sound” and “South Sound”)
as broodstock for a season, using a full factorial breeding scheme, and using each breeder for
three to five spawns over about 6 months (Feldman et al. 2004) (pers. comm., Anonymous
industry contact 2015). Seed out-planted to farms is generally produced using broodstock from
the general region of Puget Sound, in which the receiving farm is located. Recycling of
broodstock does occur within a single season, because breeders are generally used to spawn as
often as they are “ready” to do so (i.e., volitionally) and because it is most efficient for
hatcheries to do so logistically. Improvements to factorial breeding schemes are recommended
by experts, and improvements have been made in spawning for genetic diversity; however,
there is still work to be done in this area because not all hatcheries are abiding by
recommendations (pers. comm., Brent Vadopalas, UW 2015).
Some geoduck seed producers have been responsive to scientific recommendations, but large
hatcheries are better equipped to abide by such recommendations; the development of small
hatcheries is concerning and needs to be monitored (pers. comm., Brady Blake, WDFW 2015)
(pers. comm., Brent Vadopalas, UW 2015). Straus et al. (2015) noted that the geoducks used in
their study “must have been the result of large number of broodstock used in the hatchery,
contrasting with the common practices found in other cultured molluscan shellfish.” However,
there was variation among year-classes—indicating encouraging, if inconsistent, signs that
recommendations were effective.
WDFW has suggested that geoduck seed producers harvest broodstock from multiple locations
throughout Puget Sound, and though this may serve to introduce increased diversity, it is not
explicitly science-based, nor is it codified or required. Also, hatchery-produced seed is not
currently genetically analyzed or monitored in Washington. Washington requires that geoduck
seed produced out-of-state be produced from Washington-sourced broodstock (pers. comm.,
Brady Blake, WDFW 2015).
Overall, Washington appears to be largely managing according to the best available science,
abiding by four of the five recommendations for minimizing risk according to Straus et al. (2015)
and Vadopalas et al. (2015), with some room for improvement.
Maturation control is considered a key tool for minimizing genetic risk to wild geoduck
populations from cultured animals. Polyploidy occurs naturally in both plants and animals, and
techniques for inducing it artificially have been used in agriculture and aquaculture for some
time. Polyploidy (triploidy), a technique that results in cultured shellfish producing nonviable
gametes, is commonly used in the culture of oysters, finfish, and produce. The benefits of
polyploidy include rendering shellfish sterile to minimize the genetic risk of culturing lowerdiversity “populations” of shellfish in proximity to their native conspecifics; the economic
benefits of faster growth, believed to occur due to removing the energetic demands of gonadal
development and gametogenesis; and the market benefit of a more attractive product that has
not suffered the detriment in appearance and texture often associated with “spawny” shellfish
(Piferrer et al. 2009). Research proves that induction of triploidy is possible (Vadopalas and
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Davis 2004), but triploidy has not been implemented commercially for geoduck aquaculture.
Costs in the form of high mortality are associated with the process, and there are concerns
related to marketing, given the use of chemicals in the one process for inducing triploidy that
has been published for geoduck. Other, nonchemical techniques for inducing polyploidy exist,
and interest in testing such approaches with geoducks is currently limited by available
resources. Though the use of polyploidy comes with its own challenges, this form of maturation
control may become increasingly important as the industry grows, especially if the future
includes selective breeding of geoducks, as with other cultured species (pers. comm., Brent
Vadopalas, UW 2015).
Conclusions and final score
Because of the likely reproduction of farmed geoducks in an open system, with science-based
regulation and best management recommendations and practices in place, Factor 6.1 Escape
Risk scores 3 out of 10 for the moderate to high risk of escape.
Geoduck populations are largely panmictic at the waterbody scale; however, due to some
apparent genetic risk of cultured geoducks, wild populations, and remaining uncertainty, the
score for Factor 6.2 is 7 out of 10 for low to moderate risk.
When the scores for Factor 6.1 and 6.2 are combined, the final numerical score for Criterion 6 –
Escapes is 5 out of 10, indicating that there are significant concerns (but not high concerns)
relating to escapes from geoduck farming.
The final numerical score for Criterion 6 – Escapes is 5 out of 10.
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Criterion 7: Disease; pathogen and parasite interactions
Impact, unit of sustainability and principle
▪ Impact: Amplification of local pathogens and parasites on fish farms and their
retransmission to local wild species that share the same water body.
▪ Sustainability unit: Wild populations susceptible to elevated levels of pathogens and
parasites.
▪ Principle: Preventing population-level impacts to wild species through the amplification and
retransmission, or increased virulence of pathogens or parasites.
Criterion 7 Summary—Risk-based Assessment
U.S. and Canada
Pathogen and parasite parameters
C7 Disease, pathogen and parasite interaction, Risk-based
C7 Disease; pathogen and parasite Final Score
Critical?

Score
7.00
7.00
NO

GREEN

Brief Summary
Geoducks are raised in high densities in hatchery, nursery, and farm settings proximal to wild
populations. This production system represents a potential risk of amplification and spread of
disease from cultivated to wild populations, with additional concerns related to the relative lack
of baseline understanding of geoduck diseases and parasites and the need to expand
participation in Best Management Practices. Regulation and monitoring for diseases in the
hatchery and transfer components of geoduck aquaculture are fairly strong. Management is in
place to minimize risk, agencies have latitude to manage conservatively, and most (though not
all) hatcheries involved in geoduck production have well-defined disease risk minimization and
monitoring protocols. The industry has a vested interest in managing disease and Best
Management Practices as well as third-party assessment programs in place. New hatcheries are
entering production and are required to demonstrate a disease-free history before shipment of
geoduck seed. Transfer of geoduck seed from hatchery to farm within state/province waters is
restricted and requires permitting. Quarantine is required for animals crossing international or
state boundaries, and export may have additional disease risk management requirements by
federal regulators. Few disease-related mass mortality events of geoduck seed in the hatchery
setting have been reported since the 1990s. Third-party certification programs exist in
Washington, with all of the largest companies involved and an endorsement from the USDA.
Canada’s pending Integrated Management of Aquaculture Plan outlines robust disease risk
management framework. Overall, biosecurity measures in both Washington and BC appear
reasonably strong. The risk of disease is considered to be low to low-moderate.

75

The final numerical score for Criterion 7—Disease, pathogen, and parasite interaction is 7 out of
10.
Justification of Rating
Existing data quality and availability on disease are good (i.e., Criterion 1 score of 7.5 or 10 for
the disease category); however, due to a clear need for increased understanding of disease,
pathogen, and parasite interaction related to geoduck aquaculture, the Seafood Watch Riskbased assessment was utilized.
Shellfish disease, including in the aquaculture setting, is well documented (as reviewed in Elston
and Ford 2011, and Straus et al. 2013). Disease outbreaks are typically associated with
unfavorable environmental conditions, lapses in hygienic control, and the general crowding of
shellfish that occurs in aquaculture settings (Straus et al. 2013), and the spreading of shellfish
disease through the movement of shellfish by humans has also occurred (see also CaceresMartinez et al. 2015). Understanding of disease and pathogen ecology of geoducks can be
described as still developing a baseline (Dorfmeier et al. 2015) (Caceres-Martinez et al. 2015)—
that is, relatively little is known on the subject. There is very little literature on geoduck disease
and pathogen ecology and even fewer peer-reviewed publications. Researchers have called for
improved understanding (Straus et al. 2013) (Caceres-Martinez et al. 2015) (Dorfmeier et al.
2015), as has the Washington State Legislature (WSL 2007).
Hatcheries and nurseries are of particular concern due to the concentration of animals, the
diversity of species often found in one setting (and the various locations they are coming from
or going to), and the ease with which pathogens can be amplified and spread (Elston and Ford
2011). For example, a review by Feldman et al. (2004) noted that “most, if not all” (hatchery)
algal production systems have suffered periodically from bacterial, protozoan, or fungal
contamination, and movement of hatchery-reared shellfish species, such as red abalone
(Haliotis rufescens), has been implicated in the spread of disease globally (Friedman and Finley
2003). In the early stages of developing geoduck hatchery culture, mortalities of larval geoducks
were blamed on a protozoan parasite (Elston 1990), and bacterial mats that can cause
debilitating infection for juvenile geoducks have been documented (Feldman et al. 2004). Vibrio
tubiashii, a bacterium that has been responsible for mass larval die-offs in shellfish hatchery
settings, has been observed in geoduck (Elston et al. 2008).
Hatchery culture of geoducks has improved, and health can be maintained by proper
management plans (as reviewed in Feldman et al. 2004). Overall, outbreaks of infectious
disease or pathogenic organisms have generally not been a major issue in Washington or BC
(pers. comm., Ralph Elston, Aquatechnics 2015) (pers. comm., J.P. Hastey, Nova Harvest Ltd.
2015), although unexplained mass dieoffs of other species have occurred (Straus et al. 2013),
and unusual mortality of cultured geoduck clams has occurred elsewhere (Caceres-Martinez et
al. 2015).
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No infectious disease or pathogenic organisms have been found in limited research on disease
issues for cultured geoducks in BC (Bower and Blackbourn 2003). As outlined by Bower and
Blackbourn (2003), geoducks suffer from a number of physical abnormalities such as fungal
infections, warts, lesions, and pustules, but these have not been found to be contagious in lab
conditions—although more sensitive and extensive testing is needed, and some of this work
has been described as “unresolved.”
Several unidentified parasites have also been observed in low prevalence and intensity, and
Straus et al. (2013) warn against the potential risk of transferring organisms that are
commensal with geoducks that may be nonhost-specific and detrimental to other species if
introduced.
Dorfmeier et al. (2015) conducted the first study of Pacific geoduck to look at parasite
identification, prevalence, intensity, and geographic distribution in Washington. The study
identified five distinct parasites in various parts of wild adult geoduck anatomy. These included
Rickettsia-like organisms (such organisms were also observed by Caceres-Martinez et al. 2015 in
Mexico). Rickettsia spp. have been an issue for wild and cultured shellfish elsewhere (Friedman
et al. 2000), but those observed by Dorfmeier (2015), Bower and Blackbourn (2003), and
Caceres-Martinez (2015) did not appear to evoke a host response, and no association with
damage or mortality was identified. An unidentified metazoan, and the first report of
microsporidia-like parasites (one of which has potential to affect reproduction) in geoducks was
observed and the study additionally described some spatiotemporal patterns, but it also
emphasized that it serves as an initial characterization of endoparasites in wild Puget Sound
geoducks. The authors state a need for continued exploration of geoduck parasites to better
understand disease risk.
Elsewhere, nonhost-specific viruses have been observed in Alaskan geoduck, but with no
apparent signs of pathogenicity (as reviewed in Straus 2013). Caceres-Martinez et al. 2015
investigated geoduck symbionts, parasites, and diseases in Panopea generosa in Mexico—also
seeking to add to the baseline understanding for the species. The study identified the presence
of protozoans and fungi in some clams, and suggests a possible (though inconclusive) link
between protozoan and fungal infection and dark, leathery siphon and mantle surfaces
(dubbed LSGC or Leathery Surface of Geoduck Clams by Bower and Blackbourn 2003), a
pathology that is believed to be a cause of mortality in cultured geoducks in Mexico. Two
species of copepods occupying various regions of some geoducks were also observed, including
a parasitic species (Pseudomyicola spinosus) with a wide international distribution known to be
a pest to cultured and wild bivalves. A trematode was also found in some clams in low
numbers. The study found no infectious agents in association with siphon and mantle blisters
and swellings (symptoms also documented in Bower and Blackbourn 2003) and no host
response to presence of Rickettsia-like organisms, but noted that more study of these
conditions is needed and warned of the small sample size used in the study.
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Perhaps it is the lack of major infectious disease or pathogenic issues for geoduck aquaculture
that has contributed to the relatively meager attention afforded this subject, but some risk
remains. Transmission and spreading of shellfish diseases and pathogens by hatchery
amplification; movement of live animals, shell, or aquaculture gear; and changing
environmental conditions have all been documented in shellfish aquaculture (Straus et al.
2013). Disease would be detrimental to both wild populations of geoduck and the industry.
As members of the World Organization for Animal Health, both the U.S. and Canada are held to
agreed-to international standards on aquatic animal health (Aquatic Animal Health Code as well
as the Manual of Diagnostic Tests for Aquatic Animals (OIE 2011) (OIE 2012). Requirements
include information sharing and cooperation to minimize risk related to some diseases,
quarantine requirements, restrictions on transferring of shellfish, and the use of zoning (Elston
and Ford 2011) (OIE 2015). Regulations exist in both BC and Washington that attempt to
minimize disease risk.
Canada’s National Aquatic Animal Health Program (NAAHP) has mandates to prevent the
introduction and spread of serious pathogens associated with live animals, and Canada is
currently working to strengthen protocols related to disease risk management in shellfish
aquaculture, and specific to geoduck. A report by DFO in 2014 issues a number of
recommendations pursuant to minimizing risk of disease transmission in Canada, including:
● Restrictions on movements of geoduck between management zones
● Establishment of quarantine protocols, such as treatment of hatchery inflow and
effluent when receiving animals from, or growing animals for, outside the zone in which
the hatchery is located
● Sample collection and reporting requirements for disease or mass mortality events
As of the writing of this report, DFO was still at work developing shellfish aquaculture policy and
a geoduck management framework, and not all of these recommendations have been put into
practice (DFO 2015b), but they are included in the Draft Integrated Geoduck Management
Framework (soon to be released (DFO 2013B) (pers. comm., Chris Pearce, DFO 2016)).
Presently, BC makes use of management zones (Figure 2, Section 6.2) for regulating the transfer
of shellfish. Transfer stipulations are outlined in an applicant’s Conditions of License for
aquaculture and overseen by an Introductions and Transfers Committee. An Introductions and
Transfers permit is also required for within-zone transfer, such as the movement of broodstock
to hatchery or of seed from hatchery to farm, but not all hatcheries yet have approved
quarantine and isolation systems (DFO 2013B). The NAAHP also mandates emergency disease
notification and response (CCFAM 2010). Additionally, Canadian law does not permit the
harvest of broodstock animals from areas closed for biotoxins or the disposal of broodstock
animals at sea after they have been used in the hatchery setting, serving as additional
safeguards for minimizing disease transmission (DFO 2009). Finally, a draft of the Integrated
Geoduck Management Framework proposes that locating new geoduck aquaculture sites in
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areas near commercially harvested geoduck beds be restricted (DFO 2013B), although this plan
has not yet been finalized.
Some practices in Washington hatchery management mirror those developed by the
International Council for the Exploration of the Sea’s (ICES) code of practice, to which the U.S. is
a party—including the use of disease testing and the use of hatchery breeding that results in
only first-generation offspring being released to the environment (Galliardi 2014). Washington
restricts the movement of shellfish and aquaculture gear via the use of transfer permits and
requires hatcheries to demonstrate a history of successful disease risk management. Some
limitations exist, such as regulations that appear to be concerned with only a few shellfish
disease agents and invasive species.
Transport of shellfish and aquaculture gear between Canada and Washington (and Oregon,
where there is one hatchery that produces geoduck seed) is similarly restricted. Import and
transfer permits are required by Washington (WAC 220-72-076) and BC (DFO 2014); dilute
chlorine dips are used to sanitize shellfish (though not geoducks) and gear being moved into
Washington from BC; health certificates are required for imports; and additional stipulations
may be required at the discretion of regulators for the importation or transfer of seed. The
importation of geoduck seed from Washington is not permitted by BC (pers. comm., Tricia
Spearing, DFO 2015). Record keeping on all transfers and importations of shellfish is also
required (DFO 2014) (pers. comm., Brady Blake, WDFW 2015).
Shellfish growers have a vested interest in preventing the spread and outbreak of disease and
pathogens—geoduck seed is very sensitive to water quality as it relates to pathogens (BCSGA
2013), and a disease outbreak in the hatchery or farm setting could be “catastrophic,” as
described in Feldman et al. (2004).
Industry best management practices in Washington and BC both advocate for abiding by all
regulations and permitting, with specific language aimed at preventing the spread of exotic
species and disease (BCSGA 2007) (PCSGA 2011).
Close adherence to quality control measures is credited with enabling the hatchery production
of geoduck seed (Feldman et al. 2004). Third-party codifications of hygiene management for
shellfish export or transfer exist—such as the industry-promoted Shellfish High Health Program,
aimed at preventing and spreading shellfish disease. This plan requires a customized animal
health management plan for shellfish seed producers (hatcheries, nurseries, and broodstock),
which reduces the risks associated with infectious disease outbreaks from hatchery-produced
shellfish (Elston 2004) (Elston and Ford 2011). Although the program is voluntary, it appears
that all major geoduck seed producers in Washington (and Oregon) maintain High Health
certifications (pers. comm., Ralph Elston, Aquatechnics 2016). The PCSGA requires its members
to import only High Health-certified seed for its hatcheries to operate under High Health
standards, though not all growers are members. The U.S. Department of Agriculture’s (USDA)
Animal and Plant Health Inspection Service (APHIS), which issues certifications necessary for
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interstate (and international) export of live shellfish, endorses the High Health program for
meeting national and international standards for bivalve health (PCSGA 2011). A High Health
certificate has been required by USDA for export of shellfish since 2004 (pers. comm., Ralph
Elston, Aquatechnics 2016), although this is not required for imports of seed, broodstock, or
larvae into Washington (pers. comm., B. Blake, WDFW 2016).
The Shellfish High Health Plan is held in high regard internationally, with other states and
countries developing programs based on this program, which is billed as “the best program
anywhere for the reduction of risk in disseminating shellfish diseases” (pers. comm., Ralph
Elston, Aquatechnics 2016).
The industry-supported Pacific Shellfish Institute has also identified research and management
priorities to maintain and strengthen disease risk management (PSI 2015b). The U.S. geoduck
industry is sensitive to the import requirements of market countries, which may have additional
disease risk management requirements for import/export certificates—for example, China’s
concerns with inorganic arsenic and biotoxin monitoring in 2015–2016 (ongoing as of the
writing of this report).
Conclusions and final score
Though the BC and Washington geoduck industries have not had major disease issues to date,
and risk management infrastructure is in place in both Washington and BC, there appears to be
a lack of a thorough understanding of geoduck diseases. As reviewed by Galliardi (2014), the
lack of basic knowledge of disease and inadequate testing and monitoring has previously been
responsible for the spreading of disease by the shellfish aquaculture industry. Additionally, as
noted in Section 6, the growing number of small hatcheries with unknown risk management
conditions means that there is a risk of disease transfer to wild geoduck populations by the
geoduck industry, although the risk is low to low-moderate. Most major companies involved in
geoduck production appear to be involved in the strongest industry disease risk management
program available, which is further incentivized by the USDA, although participation needs to
be expanded. Canada is actively strengthening its risk management, and it appears to be fairly
comprehensive. Agencies in Washington and BC have additional requirements and the leeway
to manage risk conservatively, and the industry has a vested interest in preventing disease
issues, which lowers risk to wild populations. Risk remains in that hatcheries and farms remain
open to the environment, and in proximity to wild geoduck populations.
The final numerical score for Criterion 7 – Disease, pathogen, and parasite interaction is 7 out
of 10 for being low to low-moderate risk.
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Criterion 8X: Source of Stock – independence from wild
fisheries
Impact, unit of sustainability and principle
▪ Impact: the removal of fish from wild populations for on-growing to harvest size in farms
▪ Sustainability unit: wild fish populations
▪ Principle: using eggs, larvae, or juvenile fish produced from farm-raised broodstocks
thereby avoiding the need for wild capture.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score. A score of zero means there is no
impact
Criterion 8X Summary
U.S. and Canada
Source of stock parameters
C8 % of production from hatchery-raised broodstock or natural (passive)
settlement
C8 Source of Stock Final Score

Score
0.0
0.0

GREEN

Brief Summary
Geoducks are highly fecund: One animal can produce tens of millions of gametes annually and
can spawn multiple times each year (Goodwin and Pease 1989). Thus, small numbers of
broodstock are required to produce vast quantities of seed. Though wild-caught broodstock are
utilized for hatchery production of farm animals, this practice promotes genetic diversity of the
farm stock and the taking of small numbers has no demonstrable impacts on robust wild
populations. The score for Criterion 8 – Source of Stock is 0 out of 10, meaning no reductions
have been taken for this criterion.
Justification of Rating
Pacific geoducks are cultivated inside their native range in BC and Washington—often in close
proximity to wild populations (Straus et al 2015). As outlined in Criterion 6 – Escape, the species
is a broadcast spawner that is believed to be reproductively active in the farm setting.
Therefore, sourcing broodstock from the wild is part of best practices recommended by science
and required by agency to reduce the genetic risks of growing hatchery-produced, limited
parentage animals in the same environment as their wild congeners.
To that end, shellfish companies are permitted to harvest a limited number of wild BC geoducks
to be used in the hatchery as broodstock. In BC, harvesters must apply for a collection permit
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and a Transfers License from the DFO, have a DFO-approved observer on board, and comply
with a number of other regulations outlined in a set of guidelines put forth by the agency.
Broodstock harvesters are also required to collect genetic samples from their wild-sourced
broodstock (although it is unclear what is done with such samples). BC geoduck broodstock
collection permits between 2006 and 2012 ranged from 100–250 animals each and it is
estimated that up to 1,500 kg (3,306 lbs) of geoduck (or 0.1% of the commercial total allowable
catch) may be collected as broodstock (DFO 2009) (DFO 2014) (DFO 2015b). DFO has handed
down a number of other recommendations aimed at broodstock and genetic risk management
that are currently being considered in work on an Integrated Shellfish Management Plan (DFO
2015b).
Broodstock are harvested from wild populations in Washington, which are carefully managed
and considered to be stable (Fisher et al. 2008) (Shamshak and King 2015), although the state of
Washington does not have permit requirements for collection of broodstock (pers. comm., B.
Blake, WDFW 2016). Wild geoduck fisheries management has also been assessed by Seafood
Watch and described as effectively managed and ranked as a “Best Choice” (Trenor 2008).
Conclusions and final score
Though independence from wild stocks is the goal of most aquaculture selective breeding
programs, in the case of commercial geoduck culture, the maintenance of an outbred
population through the use of location-appropriate wild-caught broodstock is important for
genetic variability of an animal grown in its native range. Furthermore, this practice has no
demonstrable impacts on wild populations.
The final numerical score for Criterion 8X – Source of Stock scores 0 out of 10, meaning no
reductions have made for this Criterion.
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Criterion 9X: Wildlife and predator mortalities
Impact, unit of sustainability and principle
▪ Impact: mortality of predators or other wildlife caused or contributed to by farming
operations
▪ Sustainability unit: wildlife or predator populations
▪ Principle: aquaculture populations pose no substantial risk of deleterious effects to wildlife
or predator populations that may interact with farm sites.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score. A score of zero means there is no
impact.
Criterion 9X Summary
U.S. and Canada
Wildlife and predator mortality parameters
C9X Wildlife and predator mortality Final Score
Critical?

Score
-4

YELLOW

NO

Brief Summary
Geoduck aquaculture uses passive predator exclusion in the forms of PVC tubes and mesh as its
primary means of predator control. Beach preparation prior to planting juveniles may result in
the removal or mortality of some intertidal species. The addition of artificial structure to an
unstructured marine environment, as well as the high density of animals at aquaculture
operations, can attract a variety of organisms. Structure-oriented invertebrates settle on PVC
tubes and other structures. Fish and invertebrates hide among the same structure, and the
concentration of prey items may also attract predators. These interactions may result in
mortalities of colonizing or transient organisms. Others can be damaged or killed due to
trampling, the placement of tubes into the sediment, active removal, and at harvest.
Additionally, birds, mammals, and fish may potentially become entangled in the predator
exclusion mesh or other gear. Data on these occurrences is lacking, although reporting
requirements exist and regulators in BC and Washington have suggested that mortalities of airbreathing animals are likely minimal, if somewhat challenging to track. Though wildlife
mortalities occur beyond exceptional cases (mostly marine invertebrates), the high population
size of intertidal species and the apparent low mortality numbers of air-breathing organisms
indicate that the affected species population sizes are not significantly impacted. Species of
conservation concern are afforded legal protections in both U.S. and Canada and are not
expected to be significantly impacted by geoduck aquaculture. In addition, the industry uses a
passive exclusion approach as its primary means of predator control, and Best Management
Practices dictate prioritizing non-lethal approaches. Impacts on wildlife populations resulting
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from geoduck aquaculture are considered to be low to low-moderate. The score for Exceptional
Criterion 9X – Wildlife and Predator Mortalities is –4 out of –10.
Justification of Rating
Although many studies have demonstrated the role of shellfish aquaculture structures in
increasing diversity and abundance of certain species, the risk of potential harm to organisms
exists as well.
In preparation for seeding juvenile geoduck (and during regular maintenance), farmers may
engage in the removal and relocation of predatory snails and sea stars from the culture beds.
Farmers may also remove competing species, such as cockles (Davis 2004) and horse clams,
which have subsequently colonized geoduck tubes and may actually increase in biomass due to
geoduck aquaculture, albeit in the short term (Ferriss et al 2015). These and other species may
also be exposed, injured, or killed during harvest activities. The removal of sand dollars has also
been raised as a concern. These organisms may be discarded or relocated.
Geoduck aquaculture uses a passive, exclusionary approach to predator management for the
most vulnerable stages of the farm cycle, largely obviating the need for active predator control.
Predator exclusion devices used on geoduck farms are usually in the form of netting (mesh) or
PVC and mesh tubing. The gear itself can attract a variety of predators (Zydelis et al. 2008) and
result in direct or indirect mortality from removal, trapping, entanglement, and drowning
(Moore et al. 2001) (Ryan et al. 2009). Gear is usually in place for the first 1–2 years of
cultivation before being removed. The addition of structure (PVC and mesh tubes, netting, etc.)
in an unstructured marine environment inherently attracts a suite of fouling organisms as
well—such as barnacles, mussels, macroalgae, and snails. These organisms thrive on such
structure when it is in place, but many suffer mortality when the tubes or netting are removed
from the water. Harvest may also result in the mortality of some organisms (see Criterion 3—
Habitat).
The removal of predator species from unvegetated sandflats can result in significant changes to
community composition (Jamieson et al. 2001), although this has not been shown to have any
long-term or population-level impacts in the shallow coastal areas where geoduck farming
occurs. Although this has also not been explored specific to geoduck aquaculture, this habitat
has been shown to recover from disturbances in relatively short timeframes (Coen 1995), and
the communities found on geoduck farms have shown resilience after harvest and the
structured phase, for example (Liu et al. 2015) (McDonald et al. 2015) (VanBlaricom et al.) (see
Section 3—Habitat for more). Removal of predators is also not necessary for all locations (pers.
comm., three anonymous industry 2013, 2015) and harvest may not be lethal to all organisms
disturbed during the harvest process (Liu et al. 2015).
Air-breathing organisms are also at risk of being entangled or snared in geoduck aquaculture
gear, and areas such as Baynes Sound (used extensively for shellfish aquaculture) are important
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habitats for many species of birds (Zydelis et al. 2008). Anecdotal accounts of eagle, gull, and
also river otter entanglement in canopy netting (or other shellfish farming gear) exist, and the
entanglement of fish has been documented (Bendell 2015) (pers. comm., P. Sanguinetti 2016).
Entanglement of marine mammals in intertidal shellfish aquaculture structures is not regarded
to be a significant concern (ENTRIX 2004) (ENVIRON 2009) like it may be with other aquaculture
systems (Forrest et al. 2009), although this is difficult to monitor (pers. comm., P. Sanguinetti
2016), and research into impacts to air-breathing wildlife from bivalve aquaculture is lacking
(Munroe et al. 2015). Wildlife entanglements are reported by industry and agency to be
infrequent for geoduck aquaculture (pers. comm., Fred Lochmatter, Fan Seafoods 2015) (pers.
comm., P. Lund 2015) and unlikely a threat at the population level of air-breathing species,
many of which are protected and for which take is restricted.
At the federal level, some species that might be encountered at a geoduck farm site are
protected by the Endangered Species Act in the United States (such as marbled murrelets, bull
trout, some salmonids) and the Species at Risk Act in Canada (such as some sturgeons, marbled
murrelets). Geoduck farm sites are within federally designated Critical Habitat for some species
in Washington, but are considered unlikely to significantly impact populations of listed species
or their Critical Habitat (ENTRIX 2009) (USFWS 2009). Both the Endangered Species Act and the
Species at Risk Act prohibit the unpermitted take of protected species in order to provide
safeguards against extinction or extirpation (USFWS 2003) (CMJ 2015)—including
considerations of important habitat in siting geoduck aquaculture. The Marine Mammal
Protection Act, the Bald and Golden Eagle Protection Act, and the Migratory Bird Treaty Act in
the U.S. offer additional protections, and these protections are reflected in management. For
example, approved work windows are also used to protect threatened species such as bull
trout (ENTRIX 2009).
The DFO requires that shellfish aquaculture license holders construct and maintain predator
exclusion in a manner that prevents entrapment and injury to fish and wildlife, and make all
reasonable attempts to free entangled animals when encountered. The DFO mandates
reporting of marine mammal deaths within 7 days, maintaining a hotline for such reporting
(DFO 2015b). Statistics on the aquaculture-associated mortalities of wildlife related to the
finfish industry are available on the DFO website, but no such records for the shellfish industry
were included in the links identified by DFO documents. The DFO does appear to be active in
enforcing shellfish aquaculture regulations, generally, and reports “high compliance” with
conditions of license, without specifics (DFO 2015b; see Section 3.2b). DFO Enforcement has
stated that they actively enforce anti-predator net maintenance (pers. comm., Michael Ballard,
DFO 2016).
The Washington Department of Ecology’s Shoreline Guidelines, as well as those from the Army
Corps of Engineers, contain language about using best practices to minimize impact of
aquaculture to wildlife, although specific guidance is lacking. Individual counties may have
additional requirements, including specific periodicity of farm patrols for entangled animals and
record-keeping requirements for such incidents (Thurston County 2012) (pers. comm., P.
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Sanguinetti 2016). Some evidence of regulatory follow-up exists (PCSGA 2011), but managers in
Washington have indicated that they are aware of few instances of air-breathing wildlife
entanglement being attributed to geoduck aquaculture (pers. comm., P. Lund 2016) (pers.
comm., P. Sanguinetti 2016). A Freedom of Information Act (FOIA) request was submitted to
the USFWS seeking information on bird and wildlife depredations or reported mortalities
associated with the Washington shellfish industry, and the agency reports no records of
depredations or permits being issued to the industry (pers. comm., USFWS 2016), in contrast to
some other aquaculture industries.
The PCSGA’s Industry Environmental Codes of Practice (ECOP) in Washington directs farmers to
conduct pest and predator control measures in nonlethal and low-impact ways first, and these
practices echo regulatory requirements. The PCSGA directs farmers to either leave sand dollars
in place, relocate them to other sections of the sand dollar bed, or move them to similar and
viable habitat. The PCSGA’s ECOP also directs farmers to control artificially promoted algal
cover on anti-predator mesh to further dissuade the attraction of predators, and to construct
nurseries in ways unlikely to injure other animals (PCSGA 2011).
The British Columbia Shellfish Growers’ Association (BCSGA) ECOP mirrors many of the
recommendations found in the PCSGA ECOP, as well as Canadian regulatory requirements, such
as directing farmers to check farm gear for entanglements, especially with regard to seasonal
abundance of some species (BCSGA 2007).
The shellfish industry appears sensitive to the threat that perceptions of impacts to wildlife may
lead to management restrictions or marketability issues. At least some in the industry have
responded to concern about species entanglement in geoduck aquaculture gear and have
increased patrols of their beaches in the event that an entrapped animal can be released (pers.
comm., anonymous industry 2015) (pers. comm., E. Ewald 2016). Efforts also appear to have
been made in response to concerns over damage to sand dollar beds, which has been
documented by concerned citizens. At least one large Washington company reports that they
make efforts to relocate sand dollars to viable nearby habitat to avoid damage during
cultivation activities, although the viability of this practice for sand dollar survival is not certain
beyond anecdotal accounts. There is some evidence that Washington is following up on
complaints (PCSGA 2011). The PCSGA directs member growers to use lethal removal of
predators and competitors as a measure of last resort (PSCGS 2011).
The effectiveness of these efforts is not discussed in the scientific literature, and no monitoring
data were successfully located for this report. Many of the species found to colonize or
otherwise use geoduck farm sites have robust populations within the Pacific Northwest region
covered in this assessment (Stokesbury et al. 2011). Additionally, these species are capable of
rapidly recolonizing disturbed seafloor habitats (Stokesbury et al. 2011) and the resilience of
community structure after disturbance related to geoduck culture activities has been observed
in several studies (see Section 3—Habitat).
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Conclusions and final score
Though wildlife mortalities are known to occur (especially among invertebrates), many of the
affected species have high population size. Mortalities for others (such as marine mammals and
birds) appear to be infrequent, and protections and Best Management Practices are in place for
sensitive and ecologically important species. There is no evidence of geoduck aquaculture
causing significant mortality to protected species, although the literature on such effects is
scarce, and some uncertainty exists. The concern regarding impacts to predators and other
wildlife is considered to be low to moderate, and the final numerical score for Criterion 9X –
Wildlife Mortalities is –4 out of –10.
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Criterion 10X: Escape of unintentionally introduced species
Impact, unit of sustainability and principle
▪ Impact: movement of live animals resulting in introduction of unintended species
▪ Sustainability unit: wild native populations
▪ Impact: aquaculture operations by design, management or regulation avoid reliance on the
movement of live animals, therefore reducing the risk of introduction of unintended
species.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score.
Criterion 10X Summary
U.S.

C10Xb Factor 10Xb Biosecurity of source/destination

Score
8
6

C10X Escape of unintentionally introduced species Final Score (U.S.)

–0.8

Escape of unintentionally introduced species parameters
C10Xa International or trans-waterbody live animal shipments (%)

GREEN

Canada

C10Xb Factor 10Xb Biosecurity of source/destination

Score
9
6

C10X Escape of unintentionally introduced species Final Score (Canada)

–0.4

Escape of unintentionally introduced species parameters
C10Xa International or trans-waterbody live animal shipments (%)

GREEN

Brief Summary
Both Washington and BC have regulations and permitting requirements in place aimed at the
prevention of the spread of nonnative species within state/province and across international
boundaries. The use of transfer permits and management zones exist to reduce the risk of
spreading nonnative species. The movement of live animals in geoduck aquaculture is largely
limited to the movement of juvenile “seed” from the hatchery to the farm setting; however,
some movement of aquaculture gear and vessels occurs. The movement of gear represents a
risk to the spread of nonnative species, although most gear is likely reused on the same beach
or in the same water body from which it was removed, and agencies regulate such movement.
The shellfish aquaculture industry has long been associated with nonnative species
introductions, although improved understanding of this issue has led to improved (if imperfect)
management. To date, the geoduck aquaculture industry has not been implicated in any
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nonnative species introductions; however, some risk exists via the potential movement of gear
and vessels and room for stronger management.
Washington: the final numerical score for Criterion 10X – Escape of Unintentionally Introduced
Species is –0.8 out of –10 for very low risk.
BC: the final numerical score for Criterion 10X – Escape of Unintentionally Introduced Species is
–0.4 out of –10 for very low risk.
Justification of Rating
Introduction of nonnative species is an important management issue related to bivalve
aquaculture. The movement of shellfish has led to numerous species introductions globally and
the movement of shellfish is considered to be a top vector (along with shipping) for worldwide
introductions of nonnative species. This has occurred in the Pacific Northwest of North America
(Bendell 2014), including a long list of “hitchhiking” predatory pest species, diseases, bacteria,
and parasites—usually associated with nonnative oysters being moved for aquaculture
purposes. There are even introductions of nonnative toxic phytoplankton that have been
recognized as being associated with movement of shellfish (McKinsdey et al. 2007) (Straus et al.
2013) (Galliardi 2014). The movement of shellfish represents a risk in introducing novel species
to Washington or BC from outside the state/province, as well as spreading alien species already
established on smaller geographical scales (e.g., water body). A particular challenge in invasion
ecology is that scientific understanding of the local (receiving) marine ecosystem is often
incomplete, leading to difficulties in tracking species invasions (McKindsey et al. 2007). Such
species introductions may pose risk to wild geoduck populations, as well as to other native or
commercially important species.
Shellfish aquaculture has also been shown to improve or create conditions favorable to
invading species where such conditions were previously absent (McKindsey et al. 2007).
Geoduck farming has the potential to play such a role and, to those ends, the movement of
geoduck farm gear (such as PVC tubes and netting) from one body of water or area to another
is additional opportunity for the spread of nonnative species. The addition of structure to the
marine environment in the form of PVC tubes and netting is documented to attract recruiting
invertebrates and other taxa, and without proper treatment, such gear could theoretically be a
vector for exotic species introductions. There are myriad examples of nonnative invertebrate
species fouling bivalve aquaculture gear as well as being spread via the movement of fouled
gear (McKindsey et al. 2007) (Galliardi 2014).
Both BC and Washington waters have experienced such introductions, and the movement of
shellfish could spread already introduced species from one region to another, as well as
introducing novel species to the state/province entirely. Regulations exist in both Washington
and BC to prevent or slow the spread of nonnative species. Although geoducks are native to the
region included in this assessment, the movement of seed from hatchery and nursery to farm
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areas, as well as movement of gear and vessels, represents some risk of introducing or
spreading alien species (other than diseases and pathogens, but see Section 7). But as noted by
Galliardi (2014), regulation by national and international law now greatly reduces this
probability.
Factor 10Xa International or trans-waterbody live animal shipments
Criterion 10X considers a trans-waterbody shipment to be defined as movement of live animals
from one ecologically distinct waterbody to another, as well as movement across international
boundaries. Managers and science have considered Puget Sound, together with the Strait of
Georgia, to be a single ecoregion—the Puget Sound/Georgia Basin system (WDFW 2005) (Fraser
et al. 2006). As such, no “trans-waterbody” movement of live animals occurs per this definition,
but some movement of live animals in the form of seed and broodstock does occur across
international boundaries.
Seafood Watch typically considers risk at the waterbody scale, but spreading existing invasive
species from one region within a waterbody to another region of the same waterbody (e.g.,
southern Hood Canal to northern Hood Canal or Northern Baynes Sound to Southern Baynes
Sound) is also potentially harmful and has occurred in conjunction with the Northwest shellfish
industry.
Some risk of transfer of nonnative species exists through movement of live animals, gear, and
vessels associated with geoduck aquaculture and hatchery outflows. But all movement of seed
is strictly controlled, and the mass transfer of animals without inspection, quarantine, or other
appropriate management procedures does not occur in Washington or BC.
Note that Washington and British Columbia differ slightly in their management of risk and are
accordingly assessed separately in Criterion 10X.
Washington
Washington is mostly self-reliant in production of seed, although one hatchery in Oregon is
equipped to produce geoduck seed, and some importation of geoduck seed from BC takes
place, estimated at about 10% of the seed needs of the industry (pers. comm., B. Blake, WDFW
2015). For the slight risk of transfer of nonnative species with geoduck aquaculture
corresponding with the movement of some seed from BC to Washington, as well as the
potential movement of gear between farm sites, the score for Factor 10Xa is 8 out of 10 for low
to low-moderate risk for Washington.
BC
Canada does not permit the importation of geoduck seed from non-BC waters, and seed must
be produced from wild BC broodstock appropriate to the management zone (pers. comm.,
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Tricia Spearing, DFO 2015) (pers. comm., J.P. Hastey, Nova Harvest Ltd. 2016). Hypothetical
movement of gear and vessels between sites represents a potential risk of transfer of
introduced species.
Canada does produce some seed for Washington farmers and is required to use Washingtonsourced broodstock to do so, meaning a limited number of live animals are imported for such
production.
Because of the minimal movement of live animals into BC from outside sources, but slight risk
associated with potential movement of gear and vessels, the score for Factor 10Xa is 9 out of 10
for very low risk for British Columbia.
Factor 10Xb Biosecurity of source/destination
Factor 10Xb assesses the biosecurity of the source and destination of live animal movements.
This assessment also considers the movement of aquaculture gear and vessels between sites.
Washington
Specific regulations aimed at preventing the spread of nonnative species are in place by the
Washington Department of Fish and Wildlife (WDFW). WDFW requires a transfer permit for
movement of live shellfish around the state, and permitting decisions take into account the risk
of spreading nonnative species from one area to another (WAC 220-72-076). Transfer
regulations also apply to movement of aquaculture gear before it is redeployed into the marine
environment. In practice, gear (such as PVC tubes) is generally transferred to an upland site
before redeployment (pers. comm., E. Ewald, Taylor Shellfish 2016)—often at the same farm as
part of the rotational cycle—but in some cases could hypothetically be immediately transferred
to another beach (pers. comm., B. Blake, WDFW 2015).
Import protocols from out of state are also in place. Production of geoduck seed in BC that is
intended for Washington farms is required to be produced under quarantine to prevent
unintentional species (and genetic and disease) introductions, using Washington-sourced
broodstock. Transport of shellfish and aquaculture gear between Canada and Washington (and
Oregon, where there is one hatchery that produces geoduck seed) requires import and transfer
permits by Washington (WAC 220-72-076). The state also requires disease inspection and
consultation with experts (RCW 77.115.030), but sanitation requirements for other shellfish
species—such as dilute chlorine dips to sanitize shellfish and gear being moved into
Washington from BC—do not apply to geoduck (pers. comm., B. Blake, WDFW 2015). Maps and
information on Washington regulations are readily available online.
Improvements can be made to such movements by making the use of better sanitary
protocols—such as using dilute chlorine dips for all in-state transfer between water bodies—a
practice currently employed only for imports of such items to the state (pers. comm., B. Blake,
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WDFW 2015). Washington lacks explicit spatial management beyond consideration of zones
concerned with a limited number of nonnative species. Enforcement of regulations is imperfect,
as evidenced by the spread of the Japanese oyster drill (Ocinebrellus inornatum), a snail species
that does not have a pelagic larval stage and has instead managed to expand its range in
Washington by hitchhiking on movements associated with the oyster aquaculture industry
there (WDFW 2014). But the geoduck aquaculture to date has not been associated with such
introductions, and the industry also maintains Best Management Practices aimed at reducing
the risk of transferring nonnative species, such as air-drying, freshwater dips, and powerwashing for de-fouling gear (PCSGA 2011) (pers. comm., Anonymous industry 2013).
Scoring for Factor 10Xb is:
▪ Source: flow-through hatcheries with active Best Management Practices for design,
construction, and management of escape and entry prevention (biosecurity). Considered
low-moderate risk. Score: 6 out of 10.
▪ Destination: open system with effective Best Management Practices for design, construction,
and management of entry prevention (biosecurity). Considered moderate-high risk. Score 1
out of 10.
Factor 10xb score is the higher of these two scores, with strong biosecurity measures in place
for the source of the farmed species. Factor 10xb score is 6 out of 10 for Washington.
BC
Canada included Aquatic Invasive Species regulations and authority in the Fisheries Act. British
Columbia has established management zones (Figure 2, Section 6.2) that apply to the
minimization of risk associated with invasive species, genetic concerns, and disease. Maps and
information on these restrictions are readily available online. Currently, DFO is developing an
Integrated Shellfish Management Plan that it hopes will better address concerns associated
with geoduck aquaculture according to the best available science, including the spread of
invasive species, before proceeding with industry expansion outside the Strait of Georgia (DFO
2014) (DFO 2015b). Research by DFO into the effectiveness of their own policies has indicated
that existing licensing conditions are not enough to eliminate risk of transferring nonnative
species, and identified improvements that could be made, although this work was not specific
to geoduck culture (McPhee et al. 2015).
Additionally, transfer of live shellfish and aquaculture gear between the United States and
Canada is strictly controlled. Canada does not permit the importation of geoduck seed from
non-BC waters and must be produced from wild BC broodstock appropriate to the management
zone (pers. comm., Tricia Spearing, DFO 2015) (pers. comm., J.P. Hastey, Nova Harvest Ltd.
2016). An Introductions and Transfers Committee reviews all license applications and may
mandate mitigation measures as a Condition of License (DFO 2014).
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British Columbia makes the use of zones (Figure 2, Section 6.2) for the transfer of geoduck seed
and requires that seed and broodstock to be used in a certain zone also have origins in the
same zone. British Columbia is actively expanding its overall hatchery capacity and plans to
have hatcheries in each of its management zones (DFO 2013B).
Finally, industry Best Management practice in Washington and BC both advocate for abiding by
all regulations and permitting, with specific language aimed at preventing the spread of exotic
species (BCSGA 2007) (PCSGA 2011).
▪ Source: flow-through hatcheries with active Best Management Practices for design,
construction, and management of escape and entry prevention (biosecurity). Considered low
to moderate risk. Score: 6 out of 10.
▪ Destination: open system with effective Best Management Practices for design, construction,
and management of entry prevention (biosecurity). Considered moderate to high risk. Score
1 out of 10.
Factor 10xb score is the higher of these two scores, with strong biosecurity measures in place
for the source of the farmed species. Factor 10xb score is 6 out of 10 for BC.
Conclusions and final score
Although a risk of exotic species introductions via geoduck aquaculture operations exists, it
seems less likely a vector for such introductions than other forms of bivalve shellfish
aquaculture. Risk is managed by regulatory controls in place to prevent the accidental
introduction and spread of nonnative species via geoduck aquaculture operations—such as the
use of transfer and import permits, the use of management zones, and the use of biosecurity
protocols at the seed source. Industry is further encouraged to prevent such accidents by
growers’ associations, Best Management Practices in both Washington and BC, and by their
own economic incentives. Hatcheries take additional measures to minimize risk—such as
removing epibionts from incoming broodstock geoducks and keeping systems clean (Feldman
et al. 2004). British Columbia further reduces risk by banning the importation of live geoduck
seed from outside of the province.
Washington: the final numerical score for Criterion 10X – Escape of Unintentionally Introduced
Species is –0.8 out of –10 for very low risk.
BC: the final numerical score for Criterion 10X – Escape of Unintentionally Introduced Species is
–0.4 out of –10 for very low risk.
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Overall Recommendation
The overall recommendation is as follows:
The overall final score is the average of the individual criterion scores (after the two exceptional
scores have been deducted from the total). The overall rating is decided according to the final
score, the number of red criteria, and the number of critical scores as follows:
– Best Choice = Final Score ≥6.661 and ≤10, and no Red Criteria, and no Critical scores
– Good Alternative = Final score ≥3.331 and ≤6.66, and no more than one Red Criterion,
and no Critical scores.
– Red = Final Score ≥0 and ≤3.33, or two or more Red Criteria, or one or more Critical
scores.

U.S.
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease
C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score

Score (0-10)
7.00
6.00
6.80
7.00
10.00
5.00
7.00

Rank
GREEN
YELLOW
GREEN
GREEN
GREEN
YELLOW
GREEN

Critical?
NO
NO
NO
NO
NO
NO
NO

0.00
–4.00
–0.80
44.00
6.29

GREEN
YELLOW
GREEN

NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria
Intermediate rank

6.29
YELLOW
0
GREEN

FINAL RANK

NO

YELLOW

Critical Criteria?

Pacific geoduck aquaculture operations in Washington State, USA score well under the Seafood
Watch criteria and methodology with a final numerical score of 6.29 and a final
recommendation of “Yellow– Good alternative”.
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Canada
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease
C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score

Score (0-10)
7.00
6.00
6.80
7.00
10.00
5.00
7.00

Rank
GREEN
YELLOW
GREEN
GREEN
GREEN
YELLOW
GREEN

Critical?
NO
NO
NO
NO
NO
NO
NO

0.00
–4.00
–0.40
44.40
6.34

GREEN
YELLOW
GREEN

NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria
Intermediate rank

6.34
YELLOW
0
YELLOW

FINAL RANK

NO

YELLOW

Critical Criteria?

Pacific geoduck aquaculture operations in British Columbia, Canada score well under the
Seafood Watch criteria and methodology with a final numerical score of 6.34 and a final
recommendation of “Yellow—Good alternative.”
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Supplemental Information
Table 2. Agencies involved with geoduck farm permitting in Washington, United States and British Columbia,
Canada (Table adapted from (BCSGA 2007) (pers. comm., WDOE 2015)).
Agency
Requirement
Purpose
Washington Dept. of Fish Aquatic Farm Permit and
Authorizes commercial farming on
and Wildlife (WDFW)
Registration + annual
private tidelands
renewal
Disease outbreak reporting
Protect native and important species
from pathogens and invasive species
Disease controls,
Promote health, productivity and wellimportation, and transfer of being of aquaculture products and wild
species
stock fisheries
Washington Dept. of
Individual 401 Water
Ensure new geoduck aquaculture is
Ecology (WDOE)
Quality Certification
consistent with state water quality
standards and other aquaculture
resource protection requirements
General National Pollution
Provides state oversight of pollution
Discharge Elimination
discharge into state waters; sets limits to
System (NPDES) Permit
ensure protection of receiving waters
State Waste Discharge
Provides state oversight of pollution
General Permit
discharge into state waters; sets limits to
ensure protection of receiving waters
Coastal Zone Management
Allows the public and state, local, and
Act
tribal agencies to review federal actions
affecting WA’s coast
Conditional Use Permit
Requirements specific to new geoduck
farms
Washington Department
Operator’s License, Harvest
Establishes minimum performance
of Health (WDOH)
Site Certificate, Export
standards for growing, harvesting,
Certificate
processing, package, storage, and
transport of shellfish for human
consumption
Washington Department
Aquatic Use Permit and
Has mandate to provide balance of
of Natural Resources
Aquatic Lands Lease
public benefits for all citizens of the state
when administering its responsibilities
for state owned aquatic lands
United State Army Corps
Section 10 Rivers and
Preserve Navigation of U.S. waters
of Engineers (Corps)
Harbors Act Permit
Section 404 Clean Water Act Regulate discharge of dredged of fill
Permit
material into U.S. waters
National Oceanic and
Endangered Species Act
Protection of threatened and
Atmospheric
Section 7
endangered species
Administration (NOAA)
Fisheries
Essential Fish Habitat
Protection of habitat essential to
consultation
maintenance of fish populations
Individual tribes and
Tribal harvest agreement
Protection of Tribal rights to naturallyNorthwest Indian
occurring shellfish
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Fisheries Commission
(NWIFC)

County
Canada
Department of Fisheries
and Oceans

Corps notification regarding
natural and cultural
resources
Washington Shoreline
Management Act

Protection of tribal cultural and natural
resources

Fisheries Act

Develop and execute Pacific Aquaculture
Regulations; licensing; conditions of
license; enforcement; reporting,
research
Protect species from extinction or
extirpation and provide recovery
Provides screening for aquatic animal
health

Species at Risk Act
National Aquatic Animal
Health Program
Canadian Environmental
Assessment Act
Ministry of Health

Environment Canada

Shellfish Water Quality
Monitoring Program

Transport Canada

Navigable Waters
Protection Act

Establishes minimum performance
standards for growing, harvesting,
processing, package, storage, and
transport of shellfish for human
consumption
Monitor water quality of shellfish
growing areas pursuant to the Canadian
Shellfish Sanitation Program
Maintaining public right of navigation

BC Ministry of
Environment
BC Ministry of Agriculture
and Lands
Integrated Land
Management Bureau

Promote cohesive statewide coastal
management standards

Ensures stronger provincial role in
management of fisheries and ocean
resources
Role in enforcement, export reporting

Aquaculture Regulation

Issuance and administration of Crown
land tenures
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About Seafood Watch®
Monterey Bay Aquarium’s Seafood Watch® program evaluates the ecological sustainability of
wild-caught and farmed seafood commonly found in the United States marketplace. Seafood
Watch® defines sustainable seafood as originating from sources, whether wild-caught or
farmed, which can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems. Seafood Watch® makes its science-based
recommendations available to the public in the form of regional pocket guides that can be
downloaded from www.seafoodwatch.org www.seafoodwatch.org. The program’s goals are to
raise awareness of important ocean conservation issues and empower seafood consumers and
businesses to make choices for healthy oceans.
Each sustainability recommendation on the regional pocket guides is supported by a Seafood
Report. Each report synthesizes and analyzes the most current ecological, fisheries and
ecosystem science on a species, then evaluates this information against the program’s
conservation ethic to arrive at a recommendation of “Best Choices”, “Good Alternatives” or
“Avoid”. The detailed evaluation methodology is available upon request. In producing the
Seafood Reports, Seafood Watch® seeks out research published in academic, peer-reviewed
journals whenever possible. Other sources of information include government technical
publications, fishery management plans and supporting documents, and other scientific reviews
of ecological sustainability. Seafood Watch® Research Analysts also communicate regularly
with ecologists, fisheries and aquaculture scientists, and members of industry and conservation
organizations when evaluating fisheries and aquaculture practices. Capture fisheries and
aquaculture practices are highly dynamic; as the scientific information on each species changes,
Seafood Watch®’s sustainability recommendations and the underlying Seafood Reports will be
updated to reflect these changes.
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean
ecosystems are welcome to use Seafood Reports in any way they find useful. For more
information about Seafood Watch® and Seafood Reports, please contact the Seafood Watch®
program at Monterey Bay Aquarium by calling 1-877-229-9990.
Disclaimer
Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by
external scientists with expertise in ecology, fisheries science and aquaculture. Scientific
review, however, does not constitute an endorsement of the Seafood Watch® program or its
recommendations on the part of the reviewing scientists. Seafood Watch® is solely responsible
for the conclusions reached in this report.
Seafood Watch® and Seafood Reports are made possible through a grant from the David and
Lucile Packard Foundation.
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Guiding Principles
Seafood Watch defines sustainable seafood as originating from sources, whether fished2 or
farmed that can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems.
The following guiding principles illustrate the qualities that aquaculture must possess to be
considered sustainable by the Seafood Watch program:
Seafood Watch will:
● Support data transparency and therefore aquaculture producers or industries that make
information and data on production practices and their impacts available to relevant
stakeholders.
● Promote aquaculture production that minimizes or avoids the discharge of wastes at the
farm level in combination with an effective management or regulatory system to control
the location, scale and cumulative impacts of the industry’s waste discharges beyond the
immediate vicinity of the farm.
● Promote aquaculture production at locations, scales and intensities that cumulatively
maintain the functionality of ecologically valuable habitats without unreasonably penalizing
historic habitat damage.
● Promote aquaculture production that by design, management or regulation avoids the use
and discharge of chemicals toxic to aquatic life, and/or effectively controls the frequency,
risk of environmental impact and risk to human health of their use
● Within the typically limited data availability, use understandable quantitative and relative
indicators to recognize the global impacts of feed production and the efficiency of
conversion of feed ingredients to farmed seafood.
● Promote aquaculture operations that pose no substantial risk of deleterious effects to wild
fish or shellfish populations through competition, habitat damage, genetic introgression,
hybridization, spawning disruption, changes in trophic structure or other impacts associated
with the escape of farmed fish or other unintentionally introduced species.
● Promote aquaculture operations that pose no substantial risk of deleterious effects to wild
populations through the amplification and retransmission of pathogens or parasites.
● Promote the use of eggs, larvae, or juvenile fish produced in hatcheries using domesticated
broodstocks thereby avoiding the need for wild capture

2

“Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates.

112

● Recognize that energy use varies greatly among different production systems and can be a
major impact category for some aquaculture operations, and also recognize that improving
practices for some criteria may lead to more energy intensive production systems (e.g.
promoting more energy-intensive closed recirculation systems)
Once a score and rating has been assigned to each criterion, an overall seafood recommendation
is developed on additional evaluation guidelines.
Criteria ratings and the overall
recommendation are color-coded to correspond to the categories on the Seafood Watch pocket
guide:
Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways.
Good Alternatives/Yellow: Buy, but be aware there are concerns with how they’re caught or
farmed.
Avoid/Red: Take a pass on these. These items are overfished or caught or farmed in ways that
harm other marine life or the environment.
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Appendix 1 - Data points and all scoring calculations
U.S. and Canada
Data Category
Industry or production statistics
Management
Effluent
Habitats
Chemical use
Feed
Escapes
Disease
Source of stock
Predators and wildlife
Unintentional introduction
Other – (e.g. GHG emissions)
Total
C1 Data Final Score (0-10)

Data Quality (0-10)
10
7.5
5
7.5
5
n/a
7.5
5
10
5
7.5
n/a
70
7

GREEN

Effluent Evidence-Based Assessment

C2 Effluent Final Score (0-10)
Critical?

6
NO

Habitat Conversion and Function

YELLOW

Score

F3.1 Score (0-10)

7

3.2a Content of habiat management measure

4

3.2b Enforcement of habitat management measures

4

3.2 Habitat management effectiveness

6.4

C3 Habitat Final Score (0-10)

7

Critical?

GREEN

NO

Chemical Use parameters
C4 Chemical Use Score (0-10)
C4 Chemical Use Final Score (0-10)
Critical?

Score
7
7

Feed parameters
C5 Feed Final Score
Critical?

Score
10
NO

GREEN

NO
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GREEN

Escape parameters

Score

6.1a System escape Risk (0-10)

3
0

6.1a Adjustment for recaptures (0-10)
6.1a Escape Risk Score (0-10)

3

6.2. Invasiveness score (0-10)

7

C6 Escapes Final Score (0-10)

5

Critical?

YELLOW

NO

Pathogen and parasite parameters
Disease Evidence-based assessment (0-10)
Disease Risk-based assessment (0-10)
C7 Disease Final Score (0-10)

Score

Critical?

7
7
NO

Source of stock parameters
C8X Source of stock score (0-10)
C8 Source of stock Final Score (0-10)
Critical?

Score

Wildlife and predator mortality parameters

Score

GREEN

0
0
NO

C9X Wildlife and Predator Score (0-10)
C9X Wildlife and Predator Final Score (0-10)

-4
-4

Critical?

NO

GREEN

YELLOW

U.S.
Escape of unintentionally introduced species parameters
F10Xa live animal shipments score (0-10)
F10Xb Biosecurity of source/destination score (0-10)
C10X Escape of unintentionally introduced species Final Score (0-10)

Score
8.00
6.00
-0.80

GREEN

Canada
Escape of unintentionally introduced species parameters
F10Xa live animal shipments score (0-10)
F10Xb Biosecurity of source/destination score (0-10)
C10X Escape of unintentionally introduced species Final Score (0-10)

Score
9.00
6.00
-0.40

GREEN

115

