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Summary of Critical Needs

(Pest-specific and crop-stage-specific aspects of these needs, as well as additional needs, are listed
and discussed throughout the body of the document.)

Research:

e Bulleted list
Specifics in italics

Regulatory:

e Bulleted list
Specifics in italics

Education:

o Bulleted list
Specifics in italics



Process for this Pest Management Strategic Plan

In a proactive cffort to identify pest management priorities and lay a foundation
for future strategies, bivalve farmers, commodity group representatives, pest
control advisors, regulators, university specialists, and other technical experts
from Oregon and Washington formed a work group and assembled this
document. Members of the group met on March 11th, 2010 in Long Beach, WA,
where they drafted a document containing pest management activities, critical
needs, general conclusions, activity timetables, and efficacy ratings of various
management tools for specific pests in bivalve production. The resulting
document was reviewed by the work group, including additional people who
were not present at the meeting. The final result, this document, is a
comprehensive strategic plan that addresses many pest-specific critical needs for
the Bivalve industry of Oregon and Washington.

The document begins with an overview of bivalve production, followed by
discussion of critical production aspects of this crop. The remainder of the
document is an analysis of pest pressures during the production of bivalves,
organized by pest. Key control measures and their alternatives (current and

potential) are discussed.

Descriptions of the biology and life cycle of each pest are described in the entry
for each pest. Also included in the entry for each pest are available controls
(chemical, biological, and cultural) and critical nceds related to the management
of each pest. Within each major pest grouping (invertebrate and vertebrate pests,
diseases, weeds), individual pests are presented in alphabetical order, not in
order of importance.

Trade names for certain pesticide products may be used throughout this
document as an aid for the reader in identifying these products. However, the
use of trade names in this document does not imply endorsement of these
products by the work group or any of the organizations represented.



Bivalve Production Overview

Bivalves (Phylum: Mollusca; Class: Bivalvia) have two-part shells (valves) that
are symmetrical along the hinge line. Although this class has 30,000 species,
including scallops, clams, oysters and mussels, this profile will be limited to the
dominant bivalve crops of the Pacific Northwest: oysters, clams (Manila and
littleneck), geoduck clams, and mussels.

Growers farm bivalves on tidelands they own or lease from other private owners
or the Washington State Department of Natural Resources, an agency that
manages state-owned tidelands. Most bivalves are grown at the intertidal level,
the area along beaches that is alternately exposed and submerged by the tides.
Alternatively, some culture takes place at the sub tidal level, defined as areas that
are always submerged.

Washington’s commercial bivalve industry began in the mid 1800’s. The driving
force was demand for the native Olympia oyster (Ostrea lurida) from gold miners
in California. Other native species included the littleneck clam (Protothaca
staminea), the mussel (Mytius trosulus), and the Geoduck clam (Panopea abrupta).

Intensive oyster cultivation began with the passage of the Bush and Callow Acts
in 1895 which provided for the sale of tidelands to private owners specifically for
the purpose of culturing molluscs. The Olympia oyster was originally harvested
for this and later markets but native stocks declined due to water quality
problems from pulp mill effluent and overharvesting. Eastern oysters (Crassostrea
virginica) were introduced in the early 1900’s with some initial success, but
eventually most of the crops failed. However, Easterns are still successfully
cultured in small amounts. Pacific oysters (Crassostrea gigas), a larger and hardier
species, were introduced from Japan beginning in the 1920s.

Pacific oysters now dominate oyster culture despite subsequent improvements in
water quality which have allowed Olympia oysters to rebound. Pacific oysters
with an extra set of chromosomes (triploid) have more consistent meat quality
and grow faster than normal diploid oysters, and are now commonly cultured.
Triploids cannot reproduce or genetically recombine with wild diploid stock.

The Kumamoto oyster (C. sikamea), Belon or Eastern flat oyster (O. edulis), the
Gulf or Eastern oyster (C. virginica), and manila clams (Tapes philippinarum) are
introduced species. Mediterranean mussels (Mytilus galloprovincialis) are also



farmed and there is debate as to whether they are introduced or indigenous to
Puget Sound.

similar production history from Oregon?
Production Facts

Production statistics for bivalve aquaculture in Washington and Oregon, as well as
most other states, are not well documented. The USDA’s National Agricultural
Statistics Service lists the weights and values of clam and oyster landings, as
compiled by the U.S. Department of Commerce, NOAA, NMFES, Fisheries Statistics
Division, but notes that data excludes “production of artificially cultivated
shellfish”. The Washington Department of Fish and Wildlife lists the volume and
value of fish production for shellfish, but the data includes crab and shrimp as
well as bivalves. The National Marine Fisheries Service Economics and Statistics
Division lists the entire oyster meat production for the United States as 47,432 Ibs
for 2005, which is substantially less than that reported for Washington alone.

In 2005, the Pacific Coast Shelltish Growers Association (PCSGA) compiled
production data from the western United States (Table 1). According to this data,
in 2005 Washington produced approximately 77 million pounds of oyster meat,
8.5 million pounds of Manila clam meat, 2.1 million pounds of musscl meat and
0.85 million pounds of geoduck clam meat, for a total of 88.5 million pounds.
Meat production values in Washington were $72 million for oysters, $17 million
for Manila clams, $2.44 million for mussels and $5.31 million for geoduck clams,
for a total value of $96.9 million.

For the same time period, Oregon produced 6.29 million pounds of oyster meat
at a value of $4.71 million.

Table 1. Weight (million lbs) and value (million $) (left - right, respectively) of bivalve commodities
produced in the western states, 2005.*

State Oysters Clams Mussels Geoduck Total
Washington 7772 8.5-17 2.1-2.44 0.85--531  883-969
California 10--7.5 0.14-0.28 0.6--1.05 NA 10.61 - 8.38
Oregon 6.29-4.71 NA NA NA 629 —4.71
Alaska 0.92-0.43 0.41--0.11 0.035 -0.054 NA 0.97 -0.57
Total 9421 - 84.83 8§355-17.14 2.726 —3.498 0.85-531  106.34-110.31

* Compiled by PCSGA and the Western Regional Aquaculture Center with data from Department of Commerce.
Washington State Department of Fisheries, and the California Aquaculture Association.




Most shellfish farms (can we say in Oregon and Washington?) are small family
businesses that operate on just a few acres of tidelands. In a 2008 grower survey
(conducted by whom?), 55% of respondents indicated they were small family
businesses and farming less than 260 acres of tidelands on average.

please add additional production facts if applicable!

Production Regions

Major production regions in Washington are Willapa Bay (Manila clams and
oysters), Grays Harbor (Manila clams, oysters), North Puget Sound (oysters,
Manila clams, geoduck clams and mussels), South Puget Sound (oysters,
mussels, Manila clams and geoduck clams) and Hood Canal (oysters, Manila and
geoduck clams). These five production regions show landscape-scale differences
in geomorphology, weather patterns and water quality, all of which result in
different pest problems, cultivation techniques and market strategies.

The bulk of the oyster production in Washington comes from Willapa Bay, Grays
Harbor, Southern Puget Sound and Hood Canal. Geoduck clams are
predominantly farmed in Southern Puget Sound with a few exceptions. Manila
clams are farmed predominantly in Hood Canal and Southern Puget Sound with
smaller but increasing production in Willapa Bay, on the coast, and Samish Bay,
in Northern Puget Sound. Mussel production is located in Totten Inlet in
Southern Puget Sound and Penn Cove in Northern Puget Sound.

In Oregon, major oyster production regions are Tillamook, Netarts, Siletz
(Northern Oregon Coast) and Yaquina, Alsea, Winchester, and Coos Bay
(Central/Southern Oregon Coast). (any other info on regions/crops?)

Steve—can we get a map of growing regions, such as map from WA Crop
Profile, which includes Oregon regions as well?



Bivalve Seeding, Growing, and Harvesting

Bivalves feed by siphoning and filtering food particles and associated nutrients
from water, and thus grow best in areas having nutrient-rich waters, good tidal
action for oxygenation and increased food availability, and acceptable ranges of
temperature and salinity.

l. Seeding and Cultivation Tactics

Bivalve tarmers depend on a consistent supply of larvae or juveniles, whether
that supply comes from hatcheries or from natural spawning. When larvae
originate from natural sources, growers refer to this as “natural set”. Some
production areas can rely on natural set of oysters, clams or mussels, while
others must rely partially or entirely on hatchery-supplied larvae. Willapa Bay
and Hood Canal (Oregon locations?) are locations where there are frequently
natural sets of Pacific oysters and Manila clams. All commercially farmed
geoducks and Mediterranean mussels are sourced from hatcheries.

There are four main hatcheries which supply larvae and sced to West Coast
growers. Two of the hatcheries belong to the largest producers generating larvae
and sced for their farms and for others to purchase. These same companies have
nursery operations in Kona, Hawaii and one of them has another nursery in
Humboldt Bay, California. In many locations, production of Pacific oyster,
Manila clam, Mediterranean mussels and geoduck sced is largely or wholly
dependent on hatcheries.

Oyster Seeding and Cultivation

For shucked oyster meat production, oyster larvae are set on old oyster shells
that are placed in plastic mesh bags. These bags, which are typically 8 inches in
diameter and 3 to 4 feet long, are placed in tanks of heated seawater and larvae
from the hatchery are introduced to attach to the shells. The small, developing
oysters are called “spat” and their substrate arc termed cultch, but growers may

also refer to it as “seed” in the way terrestrial farmers refer to planting material.

Batches of oyster larvae are produced by hatcheries for setting throughout the
spring and summer. Rearing a single batch of larvae through metamorphosis
takes typically 2 to 4 weeks depending on water temperature, nutrient levels,



pH, etc. The seeded cultch is then typically held for 1 to 6 months before
planting to allow the young oysters to grow to a suitable size.

In areas with natural sets, cultch is placed in bays either loose or in bags at
critical times to collect larvae. Natural spawning and settlement generally occurs
from June through early September. This approach is not without risks. During
the last 60 years, at intermittent intervals and for periods from one to five years
in a row, natural set has declined to levels that will not sustain commercial
production. The reasons for these interruptions are not entirely understood, but
include very low pH, low levels of dissolved oxygen, increased levels of carbon
dioxide, changes in phytoplankton composition and abundance, and bacterial
pathogens. Natural set has been particularly low during the last four years in
Willapa Bay and Hood Canal (other regions?). Growers that traditionally relied
on natural set have been forced to purchase seed from hatcheries. However,
some hatcheries have also suffered reduced production which may in turn lead
to lower on-farm production over the next few years.

For the production of single oyster seed, larvae are set on microscopic shell chips
and reared to varying sizes in nursery systems to get them to appropriate sizes
for further growth on the farms. Land-based and floating upwell systems are the
most common nurseries. Some growers will plant single oyster seed at high
densities at higher tidal elevations to harden shells prior to transplanting to
lower elevations with predator (crab) exposure.

Several methods of cultivation are commonly used. Methods chosen are
determined largely by the growing conditions of the tidelands available,
economic situations, labor availability, market type and size, and experience of
the company or individual grower. Clustered oysters for the shucked meat
market are typically cultured on the bottom. Alternatively, on softer bottom, the
mother shells (with spat attached) are entwined in ropes that are suspended
horizontally between short pipes (e.g. long lines). Single oysters are cultured
directly on the bottom or secured in bags, trays, or cages.

Growers sometimes culture cluster seed for one or two years on nursery beds
and then move the seed to fattening beds to improve meat yield prior to harvest.
Depending on the market they are destined for, food availability and quality,
nutrient levels, and temperature, maturing oysters can reach market size in one
to four years.
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Clam Seeding and Cultivation

Like oysters, clams are both planted and arise on beds via natural set. Tiny,
hatchery-raised clams are scattered by hand, planted in bags, or sometimes
covered with mesh netting to protect them from predators. Gravel is sometimes
added to muddy tidelands to better approximate natural clam ground and
reduce predation.

Geoduck Clam Seeding and Cultivation

Geoduck sced are supplied by hatcheries and planted by hand individually into
PVC sections, plastic mesh tubes, or under raised netting or rigid mesh tunnels.
Recent studies have shown that biodegradable tubes can also be used. Mesh
netting is placed either over cach individual tube or over groups of tubes to
protect small geoducks from predation. Netting and tubes are removed after one

to two years as the developing geoducks burrow deeper into the substrate.

Geoduck clams attain harvestable size (one to two lbs.) after a total of five or six
years, depending on planting density, food and nutrient levels, and temperature.
Geoducks are grown at lower intertidal or even sub tidal elevations. By harvest,
the clam resides as much as a meter deep in the sand, with its long siphon
extended to the surface.

Mussel Seeding and Cultivation

Hatchery-produced M. galloprovinciulis seed are grown initially in shore-based
upwells and later on frames of window screen for six to 12 weeks. M. frosullus
secd is collected from natural sets. The seed is manually or mechanically stocked
onto the mussel lines. The lines are suspended from rafts or large buoys where

the mussels complete development.

Most often, mussels are grown using rafts or large buoys that support ropes or
lantern nets/bags that hold the product. Mussel rafts are restricted to deeper
areas, such as the bavs and inlets of South Puget Sound. Attempts to grow
mussels on intertidal long-lines have not been as successtul as long-line oyster
culture. In certain locations (e.g., Penn Cove what region is this?), M. trossulus is
cultured from natural set.



II. Growing and Harvesting
Oysters: Growing and Harvesting

Fattening beds are sometimes harrowed in the spring to lift partially sunken
oysters and break large clusters into smaller ones, allowing for production of
more “single” oysters. Oysters can grow too large for market based on both raw
and shucked forms. Growers in Willapa Bay and Grays Harbor monitor
temperature and pest conditions closely because once chemical applications are
made they can’t harvest for another year. If temperatures are warm, oysters may
grow too large in a year’s time to then successfully market.

Bottom cultured oysters are often hand-picked at low tide and collected into
large cages or bins which are then lifted onto barges at high tide. Sometimes
small mechanical drag-dredges are skimmed across bed surfaces to harvest
bottom cultured oysters. ‘

Long-line oysters are harvested by hand at low tide or via barges and boats while
water covers the oyster ground. Harvest occurs year-round with a significant
surge during Thanksgiving, Christmas, New Year and Chinese New Year.
Triploid oysters are popular for summer harvest due to improved yield and meat
quality. Harvest of diploid oysters is lower during spawning season, when
quality is somewhat reduced.

Manila Clams: Growing and Harvesting

Manila clams grow to harvestable levels in two to five years. They are harvested
year round, primarily using hand rakes, although specialized mechanical
harvesters have been developed and are at different stages of implementation.
Generally, small clams are separated out and put back to continue growing.
Bagged clams occasionally sink, especially in softer substrates, so are periodically
lifted and reset. Bags of clams are harvested intact and sorted for size and
quality in-house.

Geoduck clams: Growing and Harvesting
Like Manila clams, Geoducks are harvested year round. These clams burrow
deeper in the sand after their first year and continue growing for a period of

three to five more years. Intertidal plantings are harvested by passing a high
volume of low pressurized water through the sediment to liquefy it, then
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