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About the Puget Sound Books

This book is ane of a series of books that have been commissionad
to provide readers with useful information about Puget Sound . . .

physical and chemical nature of its waters, and the interaction of
these waters with the surrounding shorelines.

About the biological aspects of the Seund—the plankton that form
the basis of its food chains; the fishes that swim in this inland sea;
the region’s marine birds and rmammals; and the habitats that nowr-
ish and protect its wildlife.

About man’s uses of the Spund—his harvest of finfish, shellfish, and
even seaweed; the ransport of people and goods on these crowded
waters; and the pursuit of recreation and esthetic fulfillment in this
marine setting,

About man and his relationships to this region—the characteristics
of the populations which surround Puget Sound; the governance of
man’s activities and the management of the region’s natural re-
sources; and finally, the historical uses of this magnificent re-
sowrce—Puget Sound,

To produce these books has required more than six years and the
dedicated efforls of more than one hundred people. This series was ini-
tiated in 1977 through a survey of several hundred potential readers
with diverse and wide-ranging interests,

The collective preferences of these individuals became the stan-
dards against which the project staff and the editorial board determined
the scope of sach volume and decided upon the style and kind of pre-
sentation appropriate for the series.

in the Spring of 1978, a prospectus outlining these criteria and in-
viting expressions of inferest in writing any one of the volumes was
distributed to individuals, institutions, and organizations throughout
Western Washington. The responses were gratifying. For sach volume
no fewer than two and as many as eight outlines were submitied for
consideration by the staff and the editorial board. The authors who
were subsequently chosen were selected not only for their expertise in

xi



a particular ficld but also for their ability to convey information in the
manner reguested.

Nevertheless, each book has a distinct flavor—the result of each
author’s style and demands of the subject being written about. Al-
though each volume is part of a series, there has been little desire on the
part of the staff to eliminate the individuality of each volume. Indeed,
creative vet responsible expression has been enceuraged,

This series would not have been undertaken withowt the substan-
tial support of the Puget Sound Marine EcoSystems Analysis{MESA]}
Projsct within the Office of Oceanography and Marine Services/Ocean
Assessment Division of the National Oceanic and Atmospheric Admine
istration. From the start, the representatives of this office have sup-
ported the conceptual design of this series, the writing, and the produc-
tion. Financial support for the project was also recsived from the
Environmental Protection Agency and from the Washingion Sea Grant
Programn. All these agencies have supported the series as part of their
continuing efforts to provide information that is useful in assessing ex-
isting and potential environmental problems, siresses, and uses of
Puget Sound.

Anv major underiaking such as this series requires the efforis of a
great many people. Only the names of those most closely associated
with the Puget Sound Books—the writers, the editors, the ilhustrators
and cartographers, the editorial board, the project’s administrators and
its sponscrs—have been listed here. All these people—and many
more-have contrilnited to this series, which is dedicated to the people
who live, work, and play on and beside Puget Sound,

Aldyn Duxbury and Patricia Peyton
Auvgust 1985
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Preface

This book was first conceived in 1877 and the first draft written in
1978, It was originally to be part of & large volume that included finfish,
but that is to be a separate book. This book has been rewritten several
times in order to reflect the many changes that have scourred in the
shellfish and seawsed industcies. We have seen the rapid expansion of
new aquacuiture crops, the development of shellfish hatcheries, and the
beginnings of nori aguaculiure in Puget Sound. We have also seen a
heightened awareness and understanding of the fragile nature of the
Sound’s water quality.

The intent of this book is to describe shellfish and seaweed cap-
ture fisheries and aguaculture—past and present, it focuses on the com-
mercial sector and the research, devalopment, and political activities
that have influenced these industries.

The information presented comes from a variety of sources—pub-
lished and unpublished literature, many interviews, and our own ex-
periences. While muich of the information points toward trends, what
we see and say today may not hold true for any length of ime. We have
no crystal ball. Products and techniques for raising or caiching marine
species of which we have no inkling today will someday undoubtedly
become commonplace.

We hope this book will be of intevest to those consuming seafood
products from Puget Sound. We also hope it will be of value to those
making political decisions that will influence our ability to harvest and
culture such products in the future and that those contributing to such
decisions will be the harvesters, growers, and consumers.
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CHAFPTER ONE

Out of an Inland Sea

Long before Furcpean explorers sailed into the inland waters of
Pugst Sound, coastal Indian tribes gathered and used its abundant na-
tive shellfish and seaweed resources. They collected oysters and clams
for food and trads, cooled sunburned lips with sea lettuce, curad the
siipes of bull kelp to use for fishing lines, and used the hollow kelp
bulbe as sforage containers. Even inland tribes periodically journeyved
to the Sound to share this bounty. The evidence of this rich harvest
remains in the shell piles—or “kilchen middens”—of coastal native
village sites found along the shores of Washington State.

Yet there was no large-scale midwater harvest of crab or shrimp
and no cultivation of oysters and clams by these Native Americans. In-
dians collected wild native oysters from natural beds, and later white
settlers caught crabs fromo the intertidal areas, and fished for shrimp
from the shore using beach seines. Tidelands were public property and
anyone could dig for clams or collect nysters for personal use or to sell.

in 1880, the first Washingion State Legislature passed legislation
that would shape the future of Washington’s intertidal shellfish indus-
tries. Known as the “Caliow Act,” this legislation provided for the sale
of tidelands supporting natural oyster beds to private citizens. To fur-
ther encourage the development of an oyster indusiry by assuring ac-
cess 10 a husbandad crop, the state charged low prices for these lands
but retained a reversionary right 1o reclaim lands that were used for
purposes other than ovster cultivation.

In 1895, the legislature passed a second law, the “Bush Act,” gov-
erning oyster lands. The Bush Act gave any citizen the right to file on
oyster land, whether or not oysters had been previously cultivated
there. However, il too specified that if the land was usad for purposes
other than oyster cultivation, the deed could be cancelled and the land
revert to the state for resale. Furthermors, if the land was found to be
anfit for oyster cultivation, the purchaser could cancel the deed and
claim a different parcel of land.

Gathering abolones, photo by Edward 5. Curts, ¢ 1874, {Courtssy Spe-
clal Collections Tivision, Univarsity of Washington Libraries)
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As & resull of the Bush and Callow Acts, much of the tidelands
within Washinglon's bays and estuaries came under private ownership
or lease, affecting not only harvest of wild oysters by the general public,
but clams as well. The area of public tidelands in Puget Sound declived
{approximately 40 percent is leff), and as & result, the state has ceased
tideland sales and stopped issuing commercial Heenses to dig bay clams
on publicly owned state tidelands, but continues to Hoense clam-farm-
ing operations,

The development of new culture and harvesi technologies, fm-
proved management, and the expanded use of other shellfish and plant
species have opened up additional areas and resources in Puget Sound.,
For example, in the subtidal substrate, geoduck clams are now hand
harvested by divers and subtidsl bardshell clams are obtained using
merhanical-hvdraulic harvesting machines. Soft-shelled clams are suf-
ficiently abundant in the intertidal zones of some embaviments to war-
rant harvest. In addition, new advancemenis in artificially seeding
shellfish beds have allowed an increase in vislds bayond what is possi-
ble with recruitment from natursl setting. Both the capture fishery, or
wildstock harvest of shellfish and plants, and agquaculturs or aquasatic
farming, have benefitted from these changes. The result is that wide
ranges of shellfish and plant products grown in Puget Sound are avail-
able.

Pugat Sound waters offer extensive possibilities for future aquacul-
ture developments or for expansion of existing fisheries. The factors
that have molded Puget Scund’s traditional fishing indusiry—avaiia-
bility of suitable habitat, water guality, biology, variability of native
stocks, changing markets, conflicting uses, and management prac-
tices—will continue to influence the development of new and existing
fisheries.

Physical Setting

Puget Sound’s marine snvironmeni is varied and dynamie, with
seasonal and geographic extrames in physical, cherical, and biclogical
characteristics of water and a varied botiom topography. The shape and
seiting of the Sound influence the amount of freshwater present, cor-
rents, tidal fluctuations, wave action, and bottorn properties, which in

urn affect the distribution of organisms thal exist in the various habi-
tais of these waters. Distribution patierns exist because some shellfish
and plants require lowsr salinity, some reguire coarser substrate, and
some require a higher tevnperature to induce spawning,

Tha shape of Puget Sound was influenced by its geographical set-
ting, located between the Olvmpic and Cascade mountain ranges, and
the scouring that occurred from repested glacial expansion and retreat.
This scovring formed large, steep-sided, deep, narrow inlsts with major



Ciympia oyster beds wers prevalent throughout south Fuget Scund in

the sarly 180Gs. Shallow waters of guiet inner bays were i
tivated and diked to enhance growth and natural setting. {
remnanis of the diked beds remain. Photo courlesy Speci
Uivision, University of Washington Libraries, Negative 308)

basins separated by shallow sills. As sedimenis from river runcif and
coastal erosion Hiled nearshore areas, large estuarine flats and subtidal
basins formed near the mouths of major rivers and in bays and inlets,
Shallow smbavments influsnced by the surrcunding land have larger
ranges of temperature and salinities than the open sea. Wetlands and
shallow bays scattered throughout the Sound offer protecied habitat for
farge populations of finfigh, shelifish, and algae.

Water (Juality

Puget Sound is, for the most part, & well-mixed estuary. The pres-
snce of topographically rough sills and rapid tidal currents creates tur-
bulence that mixes nutrient-rich deep water with the nutrient-poor,
fess saline surface waters. It is only during periods of high runoff that
unmixed surface lenses of freshwater are found near the rivers that
erapty into the Sound,

Mixing of salt- and freshwater is further facilitated by net exchange
of inland waters with cceanic seawaler, which is typical of an estuarine
system where diluted seawater moves ssaward at the surface and ocean
water moves inward at depth. This net exchange helps produce an ex-
tremely productive seaweed and phytoplankion growth that supports
an abundance of marine life. In addition, the shallow smbayments and
wetlands of the estuaries, enriched by nuirients from streamflow and
groundwatar and decaying plant matter, offer habitat for commercially
important finfish and shellfish.

Numerous bicloginal and man-induced water quality factors affect
the reproduction, growth, survival and utility of plants and shelliish in
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Puget Sound. These range from the natural seasonal variations in
plankton and detritus that comprise the food for many shellfish, 1o ur-
ban wastes. Industrial and domestic wastes can be highly toxic, partic-
ularly io sensitive spacies such as the Olympia oyster, or rendsr ex-
posed seafoods enfit for human consuraption.

{ertain natural features of Puget Sound waters preclude develop-
ment of sorne fisheries, however. Species requiring high salinity water,
such as the shalone, are generally restricted to the more oceanic walers
of the San Juan Islands and Strait of Juan de Fuca, far from freshwater
sonirces. In a few parts of Puget Sound-—the mainstream of Hood Canal,
for example—surface water temperature, nutrienis, and salinity can be
very low as spring snowmelt joins the surface layer. The presence of
this freshwater later in the supuwer can cause bigh surface teropera-
tures as the siratification helps hmit vertical mixing.

Although waler quality in Pugst Sound is better than in many other
major esiearies in the United States, pollutants have a major impact on
fisheries and aquacolture. Shelifish harvesis from the Sound’s mnst
produsctive waters have besn banned, restricted, or threatened bacauss
of high levels of sewage bacteria coming from sewage ireatroent plants,
iraproperly placed or failed septic tank systems, recreational boats and
other vessals, hobby farms, and stormwater runoff. Toxic wastes, some
of which are extremely poisonous o marine plants and animals and are
common in maring sediments near industrial areas, have besn discov-
erad with disturbing regularity—but not always at toxic levels—in sedi-
ments at less developed locations in the Sound. In the chapters that
toliow these pollutant prablems and others are discussed in geater
detall as they affect specific marine harvesis.

A significant water quality factor affecting shellfish in Puget Sound
is paralytic shellfish poisoning (PSP). For many years, it has been
known that bumans can suffer poisoning by sating molluscen shellfish,
It was not until the late 1920s that what ts now termed “paralytic shell-
fish polsoning” was determined to be caused by large, seasonal concen-
frationg of a toxic, free-swimming, marine dinoflageliate called Gon-
vaulax, which, when ingested by filter-feeding molluscs, resulted in ac-
cunnilation of toxins in the body of the shellfish.

PSP toxin is potent: it can cause tingling and burning sensations in
the face and extremitiss, mumbness, muscular paralysis, and, in severe
cases, death. Cooking does not removs the danger of PSP, but the per-
certtage of toxin in the tissues can be greatly reduced by cooking shell-
fish at high temperatores. The only reliable way to determine whether
ithe toxin is present at levels sufficient to be a health hazard is through
laboratory bioassay that tesis the toxicity on mice, although chemical
procedures are being developed to replace bipasgsays as a detection
method.
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Until 1878, PSP contamination was contined largely to sporadic
outbreaks in the Strait of Juan de Fuca, and although Gonyaulax was
present in Puget Sound, it did not occur in numbers sufficient to pro-
duce toxicity in shellfish. However, in 1978 there was a major outhreak
of PSP affecting shelifish as far south as central Puget Scund, Blus mus-
sels and butter clams were the most severely affected, and most interti-
dal commercial and sport clam digging was banned. Sinee 1878, annual
outbreaks of varying severity {“blooms’} of Gonyeulax have resulted in
restrictions on the harvest of clams, mussels, and other shellfish at nu-
merous locations in north and central Puget Sound, Although these re-
strictions have not had a major impact on the commercial harvests,
there is concern that PSP contamination could spread to south Sound.
The cause of the cutbreaks is unknown, and there is no evidence as vet
to link them to any man-induced factor,

Biology

Puget Sound supports a rich and varied assemblage of marine or-
gantisms, most of which are resident species that migrate anly infre-
quently {o coastal or effshore cceanic waters. In addition, almost all are
either entirely marine or complete their life cycles in the marine envi-
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ronmoent. These biological systeros as & whole are yelatively stable;
however, individua! species may exhibit mwarked changes in abun-
dance, and most have seasonal patterns of growth and reproduction.

Population levels and distribution of some species are limited by
habitat availsbility and not by Hmitations in reproduction. For exam-
ple, moliuscs and crustaceans, ave partisularly dependent on the avail-
ability of appropriate habitat space and food of bays and estuaries, Also
intimately linked with the physical and chemical factors of the envi-
rorunent are biclogical elements of reproduction and growth: spawning
season, growth rate, time of spawning, developroental period, feeding
habits, computition, predation, and disease.

Conflicting Uses

Puget Sound’s conuaercial shellfish and developing sea vegetable
industriss require natural resources that are also used for other pur-
poses—renreation, onshore development, anud municipal and industrial
waste disposal are examples. in the Duwamish estuary, for exampls,
historically valuable shellfish fisherles were destroyed when the ilde-
flats were fillad, the river channel dredged, and the area developed for
industrial use. In many cases encroachment on marshes and tidelands
has resolted in loss of biclogical productivity or loss of access to the
site by fishermen.

Although shellfish and sea vegetable production may be increasad
by altering habitats, exploiting new harvest grounds, or employing in-
tensive cultivation technigues, thess procedurss are somatimes in con-
flict with established environmental requirements in coastal waters,
aiher uses, and sesthetic values of the area’s residents. Conflicls in use
have hesn most serious for mwliuscan species like oysters and clams,
which nocupy or are dependent upon shallow tideflats or subtidal ye-
gions. Organism preference for these sites and harvesting cosis result in
harvesting being conducted close to shore and often in proximmity to up-
land dweliers. This activity has, in some instances, been considerad by
upland owners as degrading to the coasial environment. As a conse-
guence, harvest or cubhure outside of traditional fishery areas is closely
mounitored and may be severely resivictad.

Markets

Hecause of high biclogical productivity, diversity of aguoatic re-
sournes, and protection from oceanic storms, Puget Sound has played &
major role in the commercial and recreational shelifishing industry on
the West Coast. Shellfish are sold in restaurants and fish markels in
Wesiern Washington and in regional and naticnal markets. Besides
processing locally caught species, many local firms alse process and
market shellfish caught in waters off the Washington coast and in



Cut of an Infand Ses

Alaska. The total pounds landed and dollar value of shellfish harvesis in
Fugst Sound are lower than those for fintfish; however, the per unit value
or price per pound is almaost without sxception much greater.

Crabs, oysters, clams, and mussels are the mainstays of the Pugst
Seund shellfish industry, but there are other abundant shellfish spe-
cies, such as shrimp, squid, octopus, and sea urchins, that have &
seascnal local market, are marketed ouiside of the United States, or ars
used primarily for bait. The premium prices paid in Japan for Washing-
ion State sea urchin gonads and use of the fast-prowing octopus as bait
by balibut fishermen demonstraie that potential markets exist for these
underused native speacies,

in the past, consumer demand in the Puget Sound region has been
fickle with regard to marine products such as sea vegetables, mussels,
and squid. However, doestic and foreign markets for these items have
expanded rapidiy and somea of them command high prices. Thus, thers
is potential for major expansion and sustained growth of commercial
shellfisheries and shellfish and sea vegetable aguaculture in Puget
Scurnd.

Management

The commercial {isheries of Puget Sound supply a moderate but
consistent yield of shellfish and a potential yiald of sea vegetables. Tra-
diticnally, fishing pressure and vields followed abundance of species,
whese population levels vary from vear to vear because of different
growth and reproduction rates governed by natural variability in envi-
ronmental conditions. To reduce the possibility of overexploitation
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TOYAL SHELLFISH & AGUACULTURE LANDINGS
Puget Sound

Total wild-capture harvest
and aguaculture-produced
landings of commercial
shellfish from Puget Sound.
The expanded fishery for
geaduck has accounted for
most of the increased pro-
duction sinne 1871,
{Source; Annual landings
data for 186982, Washing-
ton Department of Fish-
origs

when recruftment is low, government agencies have initiated regula-
tory procedures designed to control fishing pressure, In addition, soms
stocks—rnotably oysters and clams—are supplemented by controlled
cultivation, sometines by seeding with artificially reared juveniles to
maintain harvest levels in the face of unpredictable natural reproduc-
fion.

To increase production of the varied shellfish stocks, management
efforts are usoally directed toward inducing changes in abundance,
survival, or reproduction; substrate or sediment grain size compaosition;
and appearance, guality, or catchability of the target specizs. This s a
complex process because many species have overlapping environmen-
tal requirements, Actions that may enhance a particular family of shell-
fish or sea vegetable, a species area, or one segment of the fishing public
utay be detrimental to speoies composition, abundance, and distribution
of other plants or andmals in the marine community.

Comunercial fisfung is menaged through a variety of regulations
that directly or indirectly control when, where, how, and with whom a
fisherman can fish, The Washington State Department of Fisheries has
primary resource management responsibility for fisheries, in addition,
thers are many other agencies whose actions may profoundly affect
part or all of the people involved in commercial and recreational fish-
ing {Table 1.1}. In order to keep discussions of species, their needs, po-
tential, and regulation within reasonable himits, the chapters that fol-
{ow concentrate on the commercial harvest of shellfish and seaweeds in
Puget Sound and speciss that are or havs been harvested hers, or that
have market potential for harvest or cultivation using proven aguacul-
ture operations. Incloded are a number of edible invertehrate species
that do not appear to have a market in the United States in the foresee-
able future, but are naiive to or could be culiored in Puget Sound wa-
tars in sufficient numbers to export.

f4s]



Ar ovster shucking live in the early 1820s. Except for the absence of son-
veyor belts and stainisss stea] working areas, this operation giff
from soma modem facilities. (Photo courtesy Special Collections Bivi-
gion, Univ v of Washington Librasies)

‘This float photographed in the late 1940s in Mud Bay holds egg crates
ased as oultch (substrate) to collect Olyrapia oyster spat or very voung

oysters. {Phote © Bob and Ira Spring)
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CHAPTER TWO

Oyslers

The story of oystering in Puget Sound begins with the Olympia oy-
ster, a small delicious creaturs that is the only edible oyster native to
this region. It was the Ulympia that accounied for the large naturally
ocourring ayster populations that once flourished in Puget Scund and
Willapa Bay. The Ulympia oyster’s present abundance is only a fraction
of historic levels, because it was extensively harvesied in the late 1800s
to supply a lucrative market in California. Commercial harvest of oy-
sters in Washington State began as a result of the California gold rush in
1349, The gold brought new prosperity and money to pay for luxuries
such as oysters shipped from Willapa Bay {then known as Shoalwater
Bay].

Beginning with the first shipment in 1851 that arrived in San Fran-
cisco via schooner, the harvest and export of oysters expanded rapidly,
from about 30,000 bushels in 1880 to a peak of over 130,000 bushsls in
the 1840s. Yet a thriving industry had no sooner hecorne established
when if faced stiff compstition from large Eastern oysters, which were
intraduced to California after completion of the transcontinental Cen-
tral Pacific Ratlroad in 1869,

East Coast ovsiers soon accounted for nearly 85 percent of the
market in California, and during the turn of the century, demand for the
little Olyropias fell drematically undil condamination in Bast Coast shell-
fish caused a health concern among consumers. The Glympia oystar
market rebounded, but the nature of the oyster business in Washington
was already changing, Ovster beds in Willapa Bay had not been restocked
or rehabilitated to their former levels, and in Puget Sound the gathering
of wild stocks slowly hegan to evelve into the harvest of cultivated
stocks. Puget Sound oystermen adapted a mathod of farming oysters
using an slaborate system of diked ponds, a system thaet originated in
Francs. With the waier level siabilized behind the dikes, the oysters wers
1o longer Ieft exposed during low tide to freezing temperatures in winter
and overheating in summer.

Dnking of tidelands proved o be an effective way to enhance the
growing environment for Olympia ovsters in Puget Sound, but its adop-
tion here was the result of important econemis factors as well as envi-
ronmental considerations. The building and maintenance of dikes was

11
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1A5SYSIER PIFAS

osirea 6

itivatad in Puget Sound, The Pa ystas
from fapan. It is elopgated and may grow to 12
inches in lengih, but is 13tly grown 1o 4 1o 8 fuches long before har-
VES tms, The{ mpia oysier, native to this rapion {hottom right}, s asu-
aliy i han 2 inches in length. The Burepean flat oyster (bottom leftf)
has an abmost cirgular shel, saﬁ grows to 4 inohes in }cngth.

8 are o

Three oysier spe
{lop} was introduc

N,
M Addisior muscle

A half-shell Pacific cyster, with the right shiell removed to show the Bv.
ing portion of the animal, the svsier “meat.” Meat in a good guality ay-
ster should bave a plump, creamy appesrance.
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expensaive {($1,000 to $3,000 per acre {n the sarly 1960s}, time consuro-
ing, and could net have been accomplished without cheap {abor and
private ownership of the land. The labor problam was solved by an
avaiiable pool of lvw-paid Oriental workers who settled here after work-
ing on the railroads. The ownership guestion was resolved when Wash-
ington became a state in 1899 and the Legislature passed the Callow and
Bush Acts suthorizing sale of tidelands, thereby transferring control and
management of oyster lands {o private citizens. Highly productive oysier
lands became extremely valuable; during the hevday of the Olympia
oyster industry in the late 1800s, tidelands in QOyster Bay reportediy sold
for as much as $20,000 per acre.

Private oysier culiure was further encouraged when consolidation
of land holdings was allowed. In 1915 the Legislature authorized pur-
chase of the irregularly shaped pockets of tideland batween the sub-
merged private oyster beds and the beach, and then in 1927 authorized
deeding of adjscent tidelands outright to owners of Callow Act lands.

Although the Olympia oyster industey was flourishing at the begin-
ning of the twentieth century, demand for larger oysters—as was evi-
dent by the success of the Eastern ovster in Galifornia—did not go
unnoticed by local oystermen. They tried {0 transplant Eastern avstars
but the species failed to grow in Northwest waters. Then, in 1805, Japa-
nese oystermen from Saroish Bay imported mature Pacific oysters from
Japan, hoping to esiablish the species through natural reproduction.
The first sffort failed, but Puget Sound oystermen continued their at-
tempts o transplant Pacific oysters. In 1907 and 1808, three-vear-old
oysters from Hiroshima were planted in Liberty Bay near Poulsho with
partial sucicess, and in 1912 more adult oysters were transplanted and
survived,

In the years that followed, mors and more young Pacific oysters
were shipped to Puget Sound to grow and reproduce on local tidelands.
But though the oysters could be fatiened to commercial size in Puget
Sound waters, their numbers did not increase through natural repro-
duction as guickly as the oystermen would have liked. Then, in 1819,
something happensd that altered the oystermen’s approach to populat-
ing their tidelands with the new species: a large murmher of oysters des-
tined for Samish Bay disd en route from Japan, but young seed ovsters
attached to the adult shells {called spai) survived and grew quickly.
The successful growth of the spat encouraged the oystermen to frans-
plant seed oysters instead of adults because they wers cheaper to buy
and transport and had a betier survival rate through shipping and trans-
planting. In addition, by using imported spat to grow Pacific aysters
the oystermen no longer needed 1o rely on natural reproduction, which
had been unprediciable and disappointing.

The first conunercial shipment of oyster seed from Jepan amived in
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Puget Sound in 1821, Dr. Trever Kincaid, 8 young zoeology professor at
the University of Washington, recognized the value of this rapidly
growing shellfish, and in the late 19208 promoted the introduciion of
Pacific oystars inte Willapa Bay as well,

Pacific avsier culture expanded rapidly becauss of the Japanese
seed: by 1935, West Coast sead lraports rose to over 71,000 two-bushel
cases of mother shells, with 12,000 1o 48,000 spat per case (this case
uznit is stitl used by oystar growers). During the Depression of the 1830s
the Pacific ovsizr indusiry expanded rapidly and by 1941 production in
the stale excesded 9.6 million pounds, the bulk of it from Willapa Bay.
After a decline during World War [, production again picked up,
reaching a peak of over 13 million pounds in 1848,

As propagation of Pacific oysters increased, the Olvmpia oyster in-
dusiry declined. Higher production costs, dedication of tidelands to
other stocks, and increasing polhution took their tol on production of
the Olviopias, and they are now grown commercially by only & few
growers in south Puget Sound, The success of the Pacific oyster, how-
ever, sustained an imporiani industry and a way of life.

Cultivating Ovsters in Puget Sound
Collecting Seed

The modern Puget Scund ovster farm is very differsnt from ths
earty wild stock “mining”’ ventures, or the present-day public seabed
harvest along the Atlantic and Gulf coasts, In Washingion State, oysters
ara cultivated on privately owned or leased intertidal waters seeded
with spat obtained from natural spawning in Puget Seundd, or set from
farvae grown in local hatcheries.

From the 1920s until the late 1970s most Pacific oyster seed used
by Puget Sound oystermen was imported from [apan, except from 1836
to 1947, because of successful naturad reprodusction and the disruption
of imnports caused by World War 11, By the early 1870s, escalaling costs
for transportation of imported seed and tidelands lease {ses for natural

Pacific oyster gpat that have
set on a mother shell ar
calich. Tt OUng 0vsiers
raach a size of a half inch in
diametor in bwo months,
The spat remain altached to
the shell nnti] harvest, un-
less they are killed by pre-
dators or disease, or are sep-
arated to reduce
avercrowding.
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spawning grounds moiivated Washington growers to intensify efforis to
establish local seed hatcheries. Most seed now used by Pugst Sound
oysier growers is Pacific oyster seed supplied yvear-round by hatcheriss
in Washington, Gregon, and California. Few oysiers ars grown from im-
ported or wild-caught seed. 1t is interesting to note that Pugst Scund
pystar growers are a siep ahead of thair Japaness countarparts, who still
obtain their seed exclusively from wild stock sels.

Experimental haichery spawning of oysters was firve! aftempted in
the mid-1800s, bot the technology to successfolly mass produce sead
was not fully reslized until the mid-1968s. Modern commercial oyster
hatcheries are able to produce and sell free-swintoing eved larvae that
are ready for solting, and two types of seed oysiers, either attached
{culiched} or not attached {culichless) to mother shell. Most growers
use larvae or culiched seed: cultchless seed is primarily intended to
grow single oysters for the half-shell market, which still represents anly
2 small portion of all the oysters produced.

Larvae are produced in a hatchery under controllad conditions,
The grower provides the shell culich, setting confainer, and warmed
segwater. The farvas are added to the waler in the sefting tank and set-
ting on the culich usually takes placs within several hours. Smaller
growers who don’t have their ewn hatchery capability purchase larvae
from the commercial hatcheriss and set the larvae themselves.

The ability of hatcheries to supply eved larvae has especially bene-
fitied the industry. Unlike seed attached to bulky mother shells, Jarvae
can be shipped by the millions in a gatlon jar held in a small fes chest,
which minimizes transportation costs and also elimninates introdnction
of disease or parasites. Another major advantage of larvae is the lack of
restrictions on interstaie shipment: because they are not recognized as
carriers of predators or diseases {which roother shell is), thay aren’t
subject to stats inspectinn or quarantine,

Hatcheries have eliminated wncertainties of supply and seed qual-
ity, and although the initial expense is higher than catching wild sesd
{about $20 per case in 1983), predictability of supply and eass of trans-
port make hatchery seed very cost effective. Large numbers of lapvae are
needed to accommodate the derands of the oyster growers, Over 18
hillien larvae were purchased and set by Washington growers in 1985,
Before local hatcheries began producing Pacific oyster seed, many
growers collected seed from wild stocks and some still do. Puget
Sound’s most productive natural spawning ground is in northern Hood
Canal, where good setting cccurs about seven vears cut of ten. Hood
Canal produced an eguivalent of 58,000 cases of seed in 1977 and again
in 1878. Spawning in other areas of the Sound is infrequent and i5 usu-
ally not sufficient to ensure the spat density required for sets used in
commercial production,

15
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The most common method used to collect wild Pacific ovster seed
18 1o suspend from rafts, o set on racks, mother shell that is loossly bun-
died in plastic mesh bags or strung on wires. The rafts or racks are

and Quilcene bays—irom the beginning of the setting season in puly
and August until the seed is large enough or “hard” enough (finmly ce-
mented 1o the rother shell} to withstand being raoved back to the cul-
ture beds. Seed is also collected on mother shells spread on the hottom
of shaliow bays. This techunique is employed only when very heavy set-
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vngton. These largs rowtain stngle-ceiled algas;
which are fed fo devaloping syster larvae,

ting densities are expected, howaver, because raft methods have the ad-
vantage that spat arse more uniformiy distributed on mother shell,
which facilitates later planting,

Although limited quantities of Olvimpia oyster seed are becorning
availsble from haicheries, Olympia ovster growers gensrally rely on
natural sots that occur on their owan tidelands. They catch seed by lay-
ing cemant-coated egg crates, plastic pipe, or mother shell directly on
the substrate or on racks. In the early 1900s the state established oyster
reserves in Willapa Bay, Gakland Bay, Eld Inlet, and Totien Infet to en-
sura the continued existence of Olympia ovster spawning grounds, The
reserves siill exist, but they no longer contadn populations of Glympia
oysters large enough to supply commercial quantities of native seed.

Collecting seed from wild stock is less costly than importing or
buying it from hatcheries, but goed spatfalis ave unpredictable. Timing
and intensity of spawning are affected by environmental factors {such
as temperature, salinity, and exposure during fow tide), by the condi-
tion of individual adult oysters, and by the concentration of spawning
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oysiers in ao arvea. Although domaestically caught seed will always re-
main an important source of spat, rising costs of shipping culich to and
from the selting aress, mother shell quaraniines, and unreliability of
obtaining a commercially valuable seil will continue to place hatcheriss
in a dominant role in seed production.

Planting of seed on tidelands changed the face of oystering in Puget
Sound from a Ininting and gathering endeavor relying solely on natural
reproduction and standing stock abundance to s yoanaged crop, Oyster-
men can anticipate the oyster demand for several years hence and ad-
just production by varying the amount of seed purchased, acres
planied, and oysters harvested, The growth of haicheries advanced the
industry by ensuring reliable seed supplies and laying the groundwork
for genelic manipulation by maintaining successive generations to de-
velop strains of oysters with improved shape, size, and taste.

Ground Culiure and Harvest

The most common method of growing oysters in Puget Sound is
ground culture: mother sheils—either whole or broken into smaller
plecas-—with sesd attached are spread directly onto the oyster beds and
left to grow. Pacific aysters are either planted directly on commercial
grow-out beds (8t 10 to 100 bushels por acre, or an average of 59 seed
oysters per sguare yard] or on seed beds, generally areas with lower
salinity whers there is less likely 1o be predation by oyster drills and
crabs. [t may take one to three months for spat on seed beds to reach 10
millimeiers, the minimum size at which they can be expected to sur-
vive predation. At that time they are transferred (o grow-out beds to
mature to market size. lf there is insufficient natural {food for the ovsters
in an area, the growsr may move them to faltening beds in richer waters
for six months to a year,

Alter one or two growing ssasons, clusters of young oysters de-
velop as those seed attached to the same mother shell grow to two or
thres inches in diameter. The clusters are broken up by hand or with a
barrow and spread more evenly over the bed. Oysters may also becorme
reefed, crowded together by storio or corrent action, and must be
spread out, again by hand.

Although ground culture methodology is simple for Pacific oy-
sters, the Olympia ocyster requires & wore controlled environment. The
dike culture that proliferated in southern Puget Sound in the sarly
1900s is still the primary method used to cultivate Olympia oysters in
south Puget Sound. The dikes are concrete or wood siractures, one- to
two-feet high, and enclose about one acre. Inside the dike, the bottom 15
feveled and gravel added to provide a firm substraie for the young seed
oysiers. It is s very labor-intensive process: seed maust be collected and
planted by hand, dike structures maintained, and compstitars for food

18
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Hand harvest on a Pacific ovster bed. Workers using forks and shovels
carry the oystars to a small soow, where dead shells and undersized
oysters are culled from the marketable cron.

{such as the slipper shell Hmpet) and predators weeded out. Some
growers hold their Olyvinpias in flat plastic mesh bags, thareby reducing
some of the cultivation costs. Howsver, (ﬂvmp;a oysters are still muoch
more expensive to cultivate than Pacifics becauss of the higher labor
and mfraoiruf ture costs and the lower vield of the smoall oysiers,

At harvest, market-sized oysters are selected and the vest are re-
turned to the grounds. Cvsters grown on the grovad are picked frovo the
beds by hand when the tide is fow, or by mechanical harvesting when it
is high. Although large operators can afford to use large power haﬁ;es-
ters—one local ovsterman oven has a specially designed aivlift harves
ter—small growers usually harvest their ovsters by raking or shovelhng
them into scows al low tide and then tloating the load to shore at high
tide for processing. Where individual beds are small or Uregulasly
shapad, oysters must be harvasted by hand,

Pagific oysters roas b marketable size (130 to 136 per gallon} two o
four vears atter planting. &An acre of Pacific ovsters yvields on 1} e aver
age 600 to 800 galions (a heavy crop roay yield up to 1,000 gallons) of
shucked meat, or sbout 7,800 pounds of unshucked aysiub. Avearage
annual production of Glympia ovsters is about 150 gallons per acre.

{Ground culture is the most economical method of growing oysters,
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bt it does have some drawbacks. Spat on the underside of the mother
sheli—sometimes even the entire shell—can be smothered by silt. Pre-
dators such as crabs, starfish, and oyster drills can attack and destroy
small oysters, and must be removed by hand at low tide. In densely
planted areas, oysters in the middle of the bed may not fatten hecause
those surrounding them strain the food organisms from the water first.
Bespite these problems, ground culture has been and will likely con-
tinue fo be the predominant method of cultivating oysters in Puget
Sound.

Oif-botiom Culture Methods

There are several methods used o grow ovsters by suspending
them off the bottom, all of which are suitabls for Puget Sound. Hack
and raft cultures, developed by the Tapanese, are based on fences ¢,
racks built in the infertidal zone or afis anchored aver deeper waters.
Mother sheli with spatl are strung on wires, suspended from a horizon-
tal pipe or timber, and hung above the bottom. A similar method is to
nail mother sheils to wood stakes, one to three fest above the boitom
where the feeding conditions are best. Finally, in the intertidal zone
oysters are sometimesgrown off the ground using trays or plasiic mesh
bags filled with oysters on metal racks. A similar technique is to sus-
pend lantern nsts, basket-shaped enclosures, from floats or fixed struo-
tures. Trays and net bags have the advantage of being suitable for shal-
fow water areas and abls to sccommodate both culiched and cultchless
seed, ‘

Off-bottom culture procedures ave especially advaniageous during
the oysters’ sarly growth stages, when they are susceptible to siltation
and ground-dwelling predators such as oyster drills and flatworms. {An
exceplion is oysters attached o stakes driven into the substrate; they
are protected from stltation, but not from predation by starfish and ov-
ster drills, wihich can crawl ap the stakes.} In addition, unlike ground
cultured oysters, which are out of the waler during low tide, oysters
suspended from rafts or floals are always immersed and can fesd con-
tinually and thus grow faster. The suspended methods are especially
well suited for grounds that are either too soft for normal ground cul-
ture {oysiers sink in soft mud), or where the water is too deep to allow
effective harvest.

More extensive use of rack and raft culture has the potential to in-
crease oyster productivity in Puget Sound. In Japan, over 85 percent of
ovsters produced are grown ou rafts, which annually produce 52,000
pounds per acre: a tolal anoual crop of 275,000 tons of whole oysters,
Baspite bmpressive Japanese production figures, raft culture in Puget
Sound is principally Hmited to a few rafts being used to catch seed
stock, and some lantern nets used by one San Juan Island grower to



¢ Afantern net, s multilevel net tray
for suspended aultivation of oysters and
other shelliish. These nets are about s
fest long and sve well suited to oulture of
individual oysters. A laniern net operaiion
is located near San Juan lsland.

Above: Plastic mesh baps are supported on
racks in shatlow waters and used for the
prowout of individual (nonclumped] oy-
sters destined for the half-shell market.
These racks are located ai Littls Skookum
inlat.

Left: Detail of mesh bags shown above, at-
4 to PV pipe racks placed in the in-
al zong at Bace Lagoon. The use of
such bags bas greatly reduced the effort re-
quired o handls the oystavs,
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produce oysters {for the half-shell trade.

Several growers in south Puget Sound and in Willapa Bay and Grays
Harbor on Washington’s Pacific Coast are now successfully using rack
culture methods to rear Pacific, Olympia, and European flat (Belon)
aysters. Raft culture is well-suited to the protected bays and estuariss of
Puget Sound and is used for seed collection, but there are 2 number of
reasons why it is not used more extensively. Puget Sound contains
unusad intertidal gyster beds sudtable for ground culture, which is legs
costly to develop than building racks or rafts with equivalent rearing
capacity. It should be noted, however, that the additional investmeng
required for suspended cudture is offset by production of uniformly sized
and shaped oysters, which fetch the higher prices paid in the half-gshell
trade. Another serious problam of raft culture in certadn locations of the
Sound is fouling by marine organisms (usuvally mussels), which slows
oyster growth, Finally, raft culture occurs in navigable waters and must
be approved by a number of government agencies in a complex, time-
consuming, review-and-permit process; it is alse considered unsightly
by some landowners, who cherish their view of a Puget Sound unchit-
tered by aguaculture paraphernalia.

Ovster Growth and the Environment

Pactiic aysters are amazingly hardy, but they are not completely
immune to environmenial changes caused by natural phenomena and
human intervention. Abrupt changes in water temperature or salinity
can kill voung oysters. Sirong waves or currenis in the iniertidal zone
can wash away or bury small seed oysters, and heavy deposits of silt
can smother them. Heavy freshwater runoff from storm drains and riv-
ers can lower the salinity of estuarine waters and dwmyp large loads of
sediment and pollutants onte tdelands. Wave action from storms can
suspend sediment from the subsirate and tumble oystars across the bot-
torn, accunuddating ther in reefs. Filling or channel dredging of nearby
bottom lands can alter currents and wave patterns, thereby disrupting
disiribution of nutrients and other suspanded materials, including ay-

“ster larvas.

Less dramatic changes, such as seasonal fluctuations in tempera-
ture and salinity, are also critical to oyster growth. Bacause oysters are
cold-blooded animals and can cesse feeding during the winter, feeding
rate—and thus growth—depends on water temperatures. In addition,
oysters are euryhaline animals {adapted to a wide range of salinity),
and although survival is generally not affected by salinity, meat quality
is. Oysters from low-salinity waters have high-vield meat but a bland
Havor, and there iy high water loss after shucking, In high salinity areas,
the meat is salty and flavorful, bui meat vield is lowar.
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Food Regquirementis

Axn oyster grower cannot stmply select & site and supply his crop
with the best food, Quantity and quality of natural food supplies vary
from area to area, from ssason te season, and even between tidss, Gy-
siers feed on & variety of water-suspended materials ranging from bacta-
ria, protozoa, small single-celled plands, layvas, aud other detrital mate-
rial. The best oyster lands, thoss that will produce "fat” marketable
oysters in the shortest possible time, are where the water is of interme-
diate salinity and warm enough to stimelate feeding activity, where nu-
trisnt levels are high enough to ensure adeguate {ood generated by phy-
toplankton, and where there awe few predators and diseass-causing
bacteria,

Oyster growers in the Sound have not generally had their crops de-
strogved by any major devastating dissases. In Puget Sound, annual mor-
ality of oysters due to disease and other factors variss from less than 4
percent (o about 50 percent. The lower figure is considersd normal; the
high rate is an indication of extraordinarily high losses. Generally, the
highest mortalities ocour during unusually warm sunumers, at the up-
per end of sstuaries where waters are warm, turbid, high in nutrients,
and low in salinity. The factors common to summertime mortalities ars
a prolonged period of partial or no spawning, and decreased andmal
starch {glvoogen) levels or reduced energy reserves. Some growers be-
lieved that such morialities were associated with Japanese ssed, be-
cause as the use of domestic seed stock increased, raortalities daclined.
{Studies conducted at the University of Washington have indicated that
maoriality-resistant stocks may be developed through selective breeding
of disease-registant genetic stock

Predators

Crabs, starfish, flabworms, Japanese oyster drills, and soroe species
of fish prey upon young ovsters, but only starfish are serious predators
on adulis. Pradation is primarily a problem with ground-cultured oy-
sters. Starfish inhabit the lower intertidal and subtidal zones and have
to be removed by hand. The oyster dridl {Ogenebra joponica, actually a
small marine snail}, which was iniroduced from Japan with imported
seed, is another serious predator, particularly during the first year. Ri-
gid inspections have nearly eliminated oyster drills from imported
sead, and indrastate regulations governing the transport of shell help
prevent transfer of drills into uninfested areas. Predation by oyster
drills and crabs is controlled by planting ssed on upper intertidal beds
in brackish waters or on an off-bottom apparatus, such as racks or rafts.

Because of their smaller size, Olympia oysters are more susceplible
tos the effects of drills, flatworms, and predation by waterfowl than the
Pacifics. Drill and fHatworm predation is condrolled to a certain extent
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by maintaining the oysters in diked, low saliniiy waters.

{Other organisms such as slipper shells, barnacles, mussels, and
sponges compete with oysters for space and food. Modifications in cul-
ture procedures have managed to eliminate the effects of these competi-
tors, and they are no longer considered to be factors that Hmit oyster
farmming.

Ghost shritnps of the genera Upogebio and Callicnassa are obnoxi-
ous pests that create problems in ground culture areas. They burrow
into the ovster beds and loosen the subsirate, which smothers the seed
and causes aduelt oysters to sink into the sedimeni, Oystermen cops
with these pests by avoiding infested beds or treating the grounds with
Sevin, a pesticide, Cystermen would prefer & noncheroical slternative
to Sevin, but there is no simple way to physically exiract ghost shrimps
from soft sediment, Becasuse of the unigue nature of this pest control
method (unusual in that it is applied o a marine organism], the Wash-
ington State Department of Fisheries has reviewsd iis probable envi-
ronmmental effects. The department concluded that when beds were
treated correctly there was little short- or long-termn carryover of the
kiiling effect of Sevin to adjacent waters or ssabed, and that the benefits
{0 the growers outweighed the possible negative consequences.

Right: The ghost shrimp, a
burrowing shrirap-like

,uprio stz foches
ngih. Very deuse popu-

atigns of ghost shrimps
and mud shrimps can cause
serious harm to oyster
grownd by waking it oo soft
for syster culture,

Left: The ayster duill,
shown here with a cluster
of eggs, is one of several
spacies of marine snails
that prey on ovsters by rasp-
ing a small hole through the
shell and using an extendi-
ble mouth part to consume
{he meat,
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Problems with Pollution

Because the oyster is an stficient feeder, over time it can accomu-
iate pollutants from the environment, which cen slow is growth, o
pair breading activity, and even cause death, Even if the ovster Hself is
not affected, pollutants concentrated on an oyster bed may indicale a
public health bazard serious enough o prevent commercial marketing
of the crop, Domestic wasies from city sewer outfalls and leachates
from septic tanks can contain high concentrations of nutrients, hacte-
ria, viruses, oil and grease, heavy metals, and pesticide residues. Fven
ireated wasts from sewage treatment plants carries some poliutants inio
the Sound, and treatment plants may be inundated by storo runoff dur-
ing heavy raius, or work ineffectively when sewage volumes are low.

Water that has been polluted by human sewage is hazardous be-
cause several diseases, such as typhoid, cholera, dysentery, and hepati-
tie, are transmitted by this reute. Indivafor orgardsms of these dis-
eases {so-called because they are supposed to indicate the presence of
vertebrate fecal matier) are measured and correlated with the mumber of
pathogens in a water sample. The standards are strict: at least half the
water samples taken over shelifish beds must have fecal coliform levels
equal to or less than 14 MPN per 100 milliliters of water, {MPN, “Maost
Probable Nuraber,” is a stetistical measurs of bacteria found in the
water.} Growing areas are carsfully monitored by the Washington
Departroent of Social and Health Services (DSHS), to gusrantes the
safety of shellfish to the consumer.

Farther sources of poliutanis are recrestional and commercial
boating activity (particularly near marinas and heavily used anche-
rages) and storm runoff. Storm runoff contains bacteria and other polhu-
tants that arve carried to ayster grounds via streams and overland flow.
Maost of the bacteria are derived from the soil; however, indicator organ-
isms derived from feces from cows, chickens, dogs, cats, and wild ani-
mals can also oncur in land runoff, The level of these indicator organ-
isms can be high at all times, even when there may be no obvious
source of pollutants. Unfortunately, there is no clear answer to the
gquestion of health risk of bacteria in stormwater. Wild and domestig
animals usually carry no significant waterborne human pathogens, andd
the moderate levels of coliforo bacteria in stormwater probahly pre-
sant little direct threat to human health.

Expuosurs to industrial wastes such as spent sulfite lguor (SWL}
from pulp mills eay kil oyster larvae and cause slow growth, poor
meat condition, and death in adult ovsters. The decline of oyster popu-
lations—especially Olympia oysters—near Shelton in Oakland Bay, in
Samish Bay, near Bellingham, in Port Susan, and south of Everstt was
attributed by oyster growers to spent sulfite waste liquors from pulp
mills, That oysters may be harmed by the sulfite Hoguor was supported
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by laboratory testing. Only the sulfite process was implicated in ovster
kills. Kraft pulping process effluent was found to be less taxic to shell-
tish and can be adequately treated by standard sewage systems. A great
deal of offort was spent cleaning up suifite mill wastes, with significant
improvemeands noted around Everett and Port Angeles. There are no
longer any pulp mills operating in southern Puget Sound,

Despite the existence of pollutants, careful environmental inspec-
tion ensures that commercially harvasted shellfish are safe for human
consumption. Growing areas are classified as follows:

Approved for commercial shellfish harvesting— oysters may be
cultured and harvestsd vear-round;

Conditionelly approved—occasional closures result from in-
creases of bacteria assoctated with freshwater ronoif; when rain-
fall exceeds an upper Hodt {presently 1% inches in 24 hwmirs), the
beds ara closed for two weeks:

Closed 1o commercial shelifish harvesting—decertified and un-
certifiable waters that would produce shellfish unsafe for human
consumption,

Shellfish may be taken from closed waters only for personal use, hut
recreational harvesters should identify the cause of the closure and
should not eat the oysters raw. The Fedaral Food and Drug Administra-
tion oversees the state shelifish inspection program, and the state ad-
ministers it and carries out the actual inspections, All oyster growing
areas in the state of Washington are classified as Approved for Coue
mercial Shellfish Harvesting, with the exception of those areas lsted in
Table 2.1,

It is possible to treat oysters that have unacceptable concenirations
of fecal bacteria by moving them to uncontaminated grounds or holding
them in special treatment systems, a process called depuration. It adds
to production costs, however, and is carrently not considered o be a
permissible alternative by DSHS.

Mast shelifish farmers belisve that consideratinn must be given to
cosstal zone planning at the local level to ensure provision and mainie-
nance of suitable arcas for shejlfish growing and harvesting. Also, the
public health significance of various pollution indicators emphasiziog
coliform bacteria needs to be more specifically defined. As was noted
above, this widely used indicator method does not necessarily reflect
contamination by onan waste but can be due to agricultural and urban
runott or even locsl wildfow! popuolations. There is a nesd to provide
adequate public health protection without restricting the utilization of
oysters and ather shellfish that are, in fact, safe to cat,

)
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Ohysters

Coramercial Oyster Production
Produstion Data

World oyster production in 1881 {all types} was about one million
tons {whole weight). The U5, production was nearly 350.000 fops—
consisting of 320,500 tons of Eastern and 30,000 tons of Paciiic oysters.
For comparison, Pacific oysier production in Japan in 1881 was
235,008 tons.

Praduction of Pacific oysters in Puget Sound has not varied greatly
since 1835, and now accounts for about 30 percent of the fotal West
Coast production. Washington was responsible for 77 percent of the
Wastern Region {states of Washington, Californin, Oregon, and Hawaii,
and the Pacific Territories) gross market value, GMV, generaied by sales
of adult oysters in 1881, Nearly half of all single oysters, 81 percent of
the shucked oysters, and much of the seed are produced here. The indus-
try is characterized by five large farms, which each sell about 160,000
galions (875,000 pounds) of shucked meat sannually, and numerous
small farms with annual sales of legs than 20,000 gallons (175.000
pounds) each. Approximately 29,000 acres are privately owned
ieased from the siate, however ondy 3,200 were harvested {n 1981,

Pacific oyster production in Puget Sound in 1982 was nearly 2.3
million pounds of meat, with a processed value of over $7.7 million.
Total production in Washingion State during the same period was aver
6 million pounds with a processed vahie of over $20.4 million. In 1882
Washington State oyster production smeunted fo 11 percent of tofal
1.5, production, thres peroent of total state fisheries catch, and ten per-
cent of processed value for all state fisheries products. By comparison,
production in Oregen, California and British Columbia sach averaged
legs than one million pounds per year for the same period.

Olympia oyster harvests peaked inn 1926 at 701,000 pounds, and
decreased to about 2,700 pounds in 1982, The decline in South Sound
production from the late 19205 through the 19508 was attributed to in-
creased mortalities caused by pulp mill effluent in Oaldand Bay and
fapanese ovster drills, and to reduced harvesting because of depressed
prices and increased labor costs. Production increased slightly after the
pulp mill in Shelton closed in 1957, but declined again after the early
1870s.

Historically, annual oyster production in Washingion State peaked
at ovar 18 million pounds in 19486; it has sincs decreased o about half
that amount, It is interesting to note that during this same period, do-
mestic landings of nysters in the rest of the United States also declined
because of overharvesting, natural disasters, diseass, and pollution. In
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1928, 90 million pounds {meaf weight} were landed in the United States,
and from 1977 through 1981 annual landings averaged 48 million
pounds; the value of landings, however, increased despite the decrease
in pounds harvested,

Processing and Marketing

Pracessing is the most labor-intensive phase of the oyster business
becmise oysters must be shucked individually by hand. Most Olympias
are sold in the shell; shucking is verv limited. Maost Pacific oysters are
sold fresh-shucked to retail and institutional markets, and the rest are
breaded and frozen, or canned-—either boiled or smoked. Few Pacific
ovsters are sold in the shell, although thers is an expanding roarket for
this product, which fetches a higher price to the growsr, Shucked oysters
are sorted into standard market sizes ranging from cocktal wysters at 38
or mors per pint to large oysters al -8 per pint) and packed in various
sized containers (from 10 ounces (o one gallon). Atone time, most oystors
were canned, but low-priced canned imperts from fapao and Korea made
canning in the United States uneconowsical, This situation may be
changing, however, as the cost of imports rises.

Many smaller Puget Sound growers sell whols oysters (o a proces-



The Glympia Oyster
Company processisg plant
tocated at Oyster Bay, near
Shelton, Washington.
Gyster shucking Right) in
this plant has changed
little since the sarly part of
this century.

sor who handles shucking and marketing. This specialization is partic-
ularly successtul when the demand is great for ovsters, but nan work
against the small operator when supplies exceed demand. The small
grower may be unable to advertise and promote his product as effec-
tividy as the large processor at thess times.

The 1882 processed price for fresh, shucked Pacific oysters sold in
the Puget Sound area exceaded $28 per gallon ($3.35 per pound}. It is
interesting to note that io 1923 the price of Pacific oysters was $14.00
per gallon, but in the 1930s they could be bought for as Hitile as $1.07
per gallon. Times were hard for oystermen, few made money, and many
growers were forced out of business,

Market demoand for fresh ovsters increased dramatically during the
18970s, in response (o the demand {or atfordable, natural, unprocesse
food items. In Washinglon, about 700,000 gallons of shucked oy-
ster meats were sold in 1982, and single oyster sales in the same pertind
were 443 000 dozen {equivalent to about 31,000 gallons of meats), Im-
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provement of the oysier beds, development of new seed sources, appli-
cation of intensive culture procedures, and development of genetic im-
provements in oyster stocks have increased production io meet
iricreasing demand for oysters. Demansd is especially high for oysters
grown off-bottom or on a hard subsirate as these stocks are reported to
have a milder flavor than ovsters raised on muddy bottoms. Considera-
hiy higher prices are demanded of the small Olympias, the Belons, and
smnaller Pacific half-shells. For Olympia oysiers, however, suppliss ars
much lower than they were in the sarly days of oyster culture in Foget
Sound. Slow growth rate and intensive labor invoived in culturing, har-
vesting, and processing discouraged the industry. As a result of high
production costs, limited supplies, and lack of competition from simi-
lar produocts, the cost of native oysters is considerably higher than Pa-
cific ovsters, The price per galion (at about 2,000 hand-shucked oysters,
or two io thres howrs’ shucking time per gallon) in May 1978, when
thay weare available, was up to 3120,

Much of the state production—85 percent of the processed ovsters,
386 percent of the singles, and 64 percent of the seed oysters—is exporied
out of state, Oyster growing is labor- and capital-intensive, accounting
for emplovment of nearly 800 people in Washington Stale. Major capital
investment is also required: one oyster producer recently spent $3.3
raillion to build a new shucking and processing plant on Willapa Bay,
and simiilar expenses have accrued to other ovster farmoers.

Processing and markeling limitations have besn partially responst-
bie for lack of developraent of the eyster indusiry. Attempts to mecha-
nize oyster shucking have not yat sucoeeded, neither have pasteurizing
techoiques that would bhelp retain flavor and texture while enhanciog
shelf-life. Also lacking are advances critical to development of new
processed products such as dehydrated soups. Unfortunately, the Hm-
ited financial resourcss of the industry have hindered both technologi-
cal research and promational campaigns.

The Future of the Oyster Indusiry

Osyter Farming and Land Use in Washington

Historical use suggests that an immediate 106 percent increase in
oyster production is possible without expansion of exisling growing
arcas, About 40 percent of the growers interviewed in & 1984 survey
projecied production increases via insialistion of artificial setfing
tanks, use of more intensive rearing methods, and colture of hybrid oy-
ster strains, Additional production would be possible by opening up
new culture areas and reclaiming old areas not presently used. How-
ever, the relationship of oyster culture to land use is changing rapidly.
Uyster farming on private grounds has historically been considered an
extension of upland farming, and except for public health considera-
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tions, has not been subjected to extensive land use regolation. In recent
vears, offorts to modify oyster beds and to sstablish commercial raft
aulture have come under increasingly critical pubtic and government
scrutiny, Raft culture is conducted over Siate land, not private land,
which is cutside the fraditional oyster grounds. Tt requires a shoreline
development parrait, public health certification, site lease agreement,
and navigable waters parmit, (Thess requirernents are discussed in fur-
ther detail in Chapter Thoee) MNegative public reaction can resul in
governmental permit delays and Htigation, and has discouraged raft
cuiture in Puget Scund,

Lack of suitable oyster lands Is not a limiting factor for inlertidal
oyster nulture it Puget Scund. About 86,000 acres ‘have been surveyed
anud classified for shelllish growing by the State Department of Social
and Health Services. Some areas have diminished in size, however, as
oysier tands have been sold and used for other purposes. Neverthelsss
hecause the Puget Sound oystermen own or lease their ovstar beds, th&_'
dg not bave to compete with other shoreline land uses, and conflicts are
most itkely to involve water guality or the sesthetic values of upland
GWRETS,

Mew Poliution Threats

Closures of oysier harvest areas due to conlamination By indicator
hacteria have occurred at & number of locations in Washington State
{Table 2.1} Other closures of bads in north Puget Sound have hbeen
assoc;(mzd s ,§<, wsii 363'\1} v omﬁhsh pommxm {3 h aptar |

?he most significant impac f on uvbtu Luiture As was discussed earlier,
ghelltish growing ercas are carefully monitored to snasure oysters are
grown {n the highest quality waters. Grounds are ususily closed to
conuvnerial harvest near marinas, heavily used boat traffic areas, SEWAES
diouhdr’fe%, and urban areas. The continued spread of urbardzation
piaces a greater sconomic hardship on the ovster growers by dirminishing
harvestable aroas.

Only by fortunate circumstance did the most intense urbanization
of Puget Sound develop apart from the richest nulture areas, thus allow-
ing the fradiffonal industry to escape most of the pollution problers.
Still, as is shown in Table 2.1, large areas of valuahle intertidal and
subtidal lands ave closad to harvest. The patiern of most recent clasures
strongly suggests that contamination froro septic tanks and stormwater
runctf in lghtly to moderataly developed aress is now the maost serdous
potumdi hreat to the areas used for cultivating avsters and other shall-

tish. Fro example, located on the fringes of the cities of Tanoma and
Olympia in central and southern Puget Sound ave four important oyster
growing areas——Minter Bay, Burlev Lagoon, and southern portions of
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Henderson and Eld Inlets by
approved. These relatively rural areas have recently undergons consid-
erable development as more peopls have been lured by & hope for a
slower-paced rural Hfestyle. This increased huwman influx has resulted
in greater use of onsite waste disposal {i.e., septin tanks, often in poor

sobls}, incressed smallscale animal keeping {or “hobby farming”}, in-
cressed development near shorslines and cresks, and more household
pots,

The problem of stormwater runoff canvot be regarded lightly, be-
cause there is a great potential for widescale contamination and closurs
ot oysier and other shellfish growing areas in Puget Sound. This was

clearly illostrated in a 1584 study conducied by Thurston County in
southern Puget Sound. Particular smphasis was placed on sampling
streams, tributary waters, and stoymwater drainages to Henderson and
BEld Inlets.

Samples taken at varicus locations in a sirsam draining a large
storm sewer sysiem axhibited a significant increase in indicator bacte-
ria levels occurring downstream from the sewer outfall. The storm
sawer drained land areas subiectad to uses ranging from low-density
residendial to industrial, and the stormwaler was extremely turbid and
gray with predominant ol shesn. Small culverts, retention ponds, and
roadways draining into siveams that wers tribulary 1o ingporiant oysier
beds in Henderson Inlet also had high bacteria concentrations. Creeks
and culverts in the rural Eld Inlet walershed received drainage from
forested areas, pasture lands, low-density residential arcas, and road-
ways. Fecal coliform levels in most of the creeks were low to moderats.
However, a few of the sirsams, culverls, and drainage ditches had bag-
teria levels as high as those recorded in the more popolated areas of
Henderson Inlet,

The numerous and diffuse nature of stormwater and other so-
valled nonpoint sources of comtamination makes thew very ditficult to
contral: therefore, a considerable amount of time and effort must be ax-
pended to understend awd resolve the problem. Controlling contamina-
tion originating from a marine or upland souece cannot, of course, be
accompiished solely by the ovstermen. It takes the cosperation of land-
pwaers and a long-term comndtment by local, stats, and {ederal agen-
cies. The control of pollutants from boals, sewage cutfalls, and oiher
“point’ sources oan, given proper incentive for treadment, be relatively
sasily conirolled.

Surprisingly, thers is no casy and sef way to reduce the banteria in
rinotf, Rather, a combination of methods must be employed, including
storing runoctf in ponds, providing areas where the water can infiltrate
or seep back into the ground, and passing ordinances regulating animal
control, stream corvidor preseyvation, and development.
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Advangss in Culture Technology

Advances in ovster cubivre are oocurring rapidly and growers are
beginning to be able to control and manipulats stocks using selective
rearing and hybridization, techniyues that wers not {easible only a few
vears ago. Genetic selection studiss {such as thoss under way at Orvegon
State University smd the University of Washington] are aimed at de-
veloping sirains that are resisiant o sumunertime moriality, or are not
as likely to enfer o spawning phase (which degrades meat quality}, As
the result of these and other studies. stratus of oysters may eventually
be developed that grow faster; are more uniformly shapad; have consis-
tently good color, flavor, and appearance; and develop characteristics
that allow then to better adapt to artificial propagation. These studiss
ey also lead to hvbrid nysters, having the favorable featurss of two o
more species or develop sterils ovsters that will neot degrade due o
spawning.

The indusiry is Hkely to continmie its dependence on the Pacific
ovster, Culturs of Clympia ovsters iz constrained by their slow growth
rate, small size, low abwvlance, and high labor costs. I may be more
econontical to raise Glyvmpias in trays and rafts than in dikes, which
would also lesssn losses to predators, but raft culture siill faces prob-
fems in availability of seed siocks and regulstory difficulties,

Other pelential candidates for commercial cultivation in the
Morthwest are the European flat oyster, Ostreg edulis, and a small vari-
ety of the Pacifin knowo as the Kumaemoto oysier, which grows faster
arvl farger than the Olympia. Technigues have been developed for
hatchery production of Buropean oyster seed, and several growers have
shown that it is adaptable to the aquatic envirorment in southern Puget
Soundd. The Kemamoto ovster {and other gigos varisties) was plantad in
the Scund in the 1988, but no natural stocks are available and seed
suppies bave been extremely limited.

The introduction of these oysters is likely 1o improve the capability
of the growers to respond to changing market demanda. Both the Furo-
pean fat oyster and Kamamoto oyster are relatively high onst produocts,
especially well suited to the half-shell restaurant trade. Their high
value makes it possible 1o grow them in the more sxpensive off-bottons
svstamis where closer attention can be paid to product guality control,
At the same time, unless off-bottorn culture s greatly expanded, sup-
pliss of these oysters will remain limited, with very few of them reach-
ing horoe consumers,

[
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CHAPTER THREE

Clams

During the 1840s the late Sestile restauranteur Ivar Haglund popu-
farized the “Ballad of the Early Settler,” a tale of a pioveer who {ailed 1o
find his fortune in the Alaska Gold Rush, and returned to Puget Sound to
live s happy life surrounded by “acres of clams.” Indeed, clams had long
been a favarite food for the inhabitants of the Paget Sound region because
they were fres for the taking. Early Western Washington settiers had &
maxim about the bounty to b? found in the local tidelands— " "When the
tide is sut, the table is zet.” Clams were widespread throughout the
Scund, were acnessible, and were considered public property. Anyvone
within reach of the Sound’s beaches could dig a bucketful in short order
on a low tide and provide meat for a chowder or steamed clams at
suppertimes.

The extensive heaches of Puget Sound supporied a small, bul sta-
ble, comumercial bay clam fishery in the early 1900s, roostly from South
Snund and Hood Canal. The industry was based primarily on the abun-
dant native littlenecks and butter clams, which wers good for canning
because of their large size, high meat yield, and excellent flavor. By
1919, South Sound commercial clam fisheries supplied most Washing-
ton-—and some Oregon—markets with fresh Httleneck clams. Although
most clams harvestad in Puget Sound were and still are sold primarily
to the fresh-clam market, there was a clam cannery operating in Friday
Harhor in the San Juan Islands as early as 1900, The cansing indusiey
was forced to comopete with canned East Coast clams and razor clams,
however, and it never prospered,

Most COTUNEre ially harvested clams from Pugst Sound were taken
on publisdy swned besches, Hows w“,, dfh ' clatt harvests from
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abling & clam indusiry to develop based on controlled aguaculture
methods rather than relying on reproduction of wild stocks.

Washington is the only Wastern Region state {Washington, Oregon,
Californda, Hawail, snd the Pacific Territories) where commeraial
guantities of clams are vegularly farmed. The Manila and native lit-
tleneck clam industry is composed of ahout 25 aguatic farmers who own
intertidal clam beds or lease tidelands from the state. Total statewide
employment on clam farrns numbers about 70 workers. The larger farms
sach harvest more than 150,000 pounds of clams anncally {whole
weight), while smaller farms usually harvest no move than 50,000 each
per year. About half of the clam growers in the state also farm oysters, and
most still depend on natural reproduction for seed.

Growing and Harvesting Clams
Species Harvested

Many species of clams are found along the Pacific Coast and in Po-
gat Sound, but only eight species of bay clawms are haportant to the com-
mercial and recreational clam fisheries of Fuget Sound. They include
species called “hardshell” clams—-butter clams, native littleneck
clamsg, Manila clams, two species of horse clams, cockles, and geo-
ducks—and the sastern softshell clams. Manila and native littleneck
clam farming in the South Sound and Hood Canal is closely asseciated
with the oyster industry, and most growers from these locales harvest
tioth bivalves, Native littleneck and some horse and bufter clams are
harvested intertidally and subtidally in the protected bays of the
Sound, Bood Canal, and the Strait of Tuan de Fuca: softshell clams are
harvested intertidally in Port Susan and Skegit Bay; and geoducks are
harvested in the subtidal zone in central and northern Puget Sownd,

Regulatory Reguirements

Irtertidal clams are harvesied from tidelands that are owned or
icased from private owners or the state, Lease charges are usually calou-
lated from a “shumpage fee,” a rovality paid on the number of pounds of
native stock harvested, Subtidal lands are all state ownad, thus the
right to harvest on thess lands is granted only by the state, and hard-
shell clamn dredgers obtain state leases for exclusive harvest Lease
tracts granted by the Department of Natural Resourcss must be ap-
proved by the Department of Fisheriss, certified by the Departoent of
Sonial and Health Services, and surveyed by the Department of Fish-
eries. The lesses pays to the Departments of Fisheries and Natural Re-
sources a land lease fee, a license fee for harvesting, a royally on the
amourt of public resource clams harvested, and a surveying and map-
ping fge.

Subiidal geoduck tracis are leased by the Department of Natural
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Resources {or two to four years, and are awarded fo the highest bidder.
in addition to lease and certification fees, the lessee must have a clam
farm license, and a nozzle and harvest license. After the lease perind
expires, the bads revert to the state to allow renewal of the crop, which
can take up to 30 to 40 years unless the bed can be replanted with
hatchery cultured clams. Test plants of hatchery-reared genducks sug-
gost that it may be possible (o reduce the rotation time of harvested
tracis to as few as six to ton years.

Geoduck lease tracts are based on accessible acreage, which must
be at least 600 feet seaward from the high-water Hne or no less than 18
feet derp, out to the 60-foot contour Hive, the maximum safe long-term
working depth of comunercial divers using pressurized air. Early leases
set an allowable yesrly maximum and minimure harvest for sach tract
as determined by dividing the tract acreage and sstimated number of
geaducks. Recent leases set no Himits on geoduck harvest with the tract
size determining totel harvest, I is estimated that about five million
pounds of geoduck (in the shell} can be harvested annually from all
Puget Sound beds without depleting the resource.

Reproduction and Growth Enhascement

Clarns harvested in Pugetl Sound grow in the substrate, and there
has heen ne attempt to increase density by growing them off botiom,
Most seed is obtained from natoral stocks, rather than artificially pro-
pagated or cultured, although ground seeding methods similar to those
used by oyster growers are used by the clam industry, Claro harvesters
face problems of irregularily in recruitment of juveniles, difficulty in
sustaining production, incressed digging cosis, low-density beds, and
difficulty in securing harvesting permits for subtidal clams.

Habitat that clams grow in affects survival and growth. Compaosi-
tion of the soll, water quality, and predators can cause fluctuations in
spawning intensity, and larval survival and dispersion. Approaches for
enhancing the clam bed vields include:

+ altering the habitat to ativact natural farval setting;

« transporting naturally set juvenile clams to barren areas; and

= using hatohery-reared seed.

Transporting naturally set huvenile clams is feasible when there is an
excess of juveniles, bat it is site-specific and requires the grower to
carefully yponitor the status of his beds. Transplants have been used
with some success in Japan and on the East Coast to reduce the peaks
and valleys of the naturally variable setting densities. However, it is not
always feasible to rely on natural seitings to resupply harvesied
grounds becasuse the environmental factors that make natural sets so
variable also adversely affect the transplanted juveniles.
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Because of the difficulty, or at least the uncertainty, of transplant-
ing juveniles from nahiral siocks, enbancement of clam beds in Pugst
Sound has centered around haichery-reaved sesd. Larvae of various
species have been coltured suncessfully in laboratories, and terhmigues
to grovw seed clams to a size at which they survive transplant have been
developed for Manila claros and geoducks. Manila clams are particu-
jacly suitable for hatchery reacdng because the vearing period from
spawning through setting is short, they are easy to spawn, and the inci-
dence of disease is low. Several commercial hatcheries on the Pacific
Crast now produce guantities of young Manila clams for sale,

Since 1972, University of Washington fisherias researchers’ plant-
ings have proven experimentally that hatchery seed planted in high
guality beds, protected from predation, can be a visble sconomic alter-
native to oblaining naturaily set seed. Faclors tmportant to cultivating
Manila clams from seed stock are habital, predation, and density and
size of seed af planting. Suitable habiiets are those protected from
heavy wave action and coroposed of substrate with a kigh proportion of
gravel in relation to fine silt. Planting on the lower intertidal zove in-
croases subrnersion and feeding time, resulting in increased growth and
productivity, Usually, clams planted in south Puget Sound grow fastest.

Intertidal substrate that has become less productive as a clam bed, as
gravel has eroded or more sand has been depuosited, can be restored
by clam growers. On muddy beaches, gravel can be added to the sub-
strate to make it more suitable for clams and protect them from preda-
tion, Improved substrale may be more conducive to natural clam set-
ting, thareby eliminating the need to seed the area with hatchery clams.
Substrate may be further stabilized by laying plastic mesh nets over the
clam beds. The pets improve the recovery of claos on loose sand-graval
heachss where thoy might be subject to displacement by wave activity.
Both net protestion and scbstrate modification add to the cost of pro-
duction and may be subject to approval by governunent agencies.

fixperimental studies in Puget Sound and the San Juan Islands,
where clams were planted at densities of from 19 to 155 seed per square
foot, suggest that there is no single best planiing sirategy. Densely
planied seed does not necessarily result in greater production because
competition for food and space may retard growth, and some ssed
clams move 1o less crowded grounds. The smaller the seed planted, the
higher density required to compensate for greater losses lo predators
and other hazards.

Tirning of seed planting affects production because seed planted in
the fall have higher juvenile mortalities due 1o wave scour {associated
with strong winter winds) and low temperaturas. Spring planting may
prevent newly seeded clams from being preyed on by the resident
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Intertidal Harvesting
Most Puget Sound clams are harvested from the intertidal zone.
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digeers. In smpe productive Manila clam grounda, it {s not unconumon
{0 take as roany as 500 markstable clams per square yard,

Horse il butier clams uscally are found in the seme habitat as
native littlenecks, bt because they burrow muc h deeper they are mmore
difficult to harvest by hand. The same harvesting problem also appling
to softshell clams, which are ever more difficelt to hand harvest be-
nause of their fragile shells. Because horse and butter clams are most
abundant in lower intertidal and subtidal areas, the ?“10@1‘ efficient way
to harvest thero is with mechanical barvesters (see below

An al:e-mahw tool, the hydraulic rake, has been pmpoxed by one
up \,imy for vmvimi viav:z B i Fort ‘az Sitit dil(i S ?3&' 5\:‘\, "3"'i

oY Thore Waﬂ_m p\i nozwlen, W
tor ;"stsmp mow ‘x-m.i s bmaii hu-
‘ : h mi D aib i "*(;

saving el
i 4 not ke
plants, and .iillL,Llj
Subtidal Harvesting

Suhtidal clams such as horse clams, ntier clams, and geoducks are
cotlented with mechanical harvesters or by divers using hand-held wa-

dradging for Manila
clarns in Litile Skookum in-
{et, The tool here is a long-
tined rake. Bach bucket
holde about 40 peunds of
clams.
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esy Washington

ter jets, The mechanical harvester that has been nsed in Paget Sound is
a hydraulic escalator {also called “Hank’'e” machines after the inven-
tor), which was developed on the East Coast io harvest softshell clams.
The harvaster shoots jets of water to loosen the subsirate ahead of & cut-
ter blade. The loosened gravel and sand is washed aver the blade—
claras and all-onte a conveyor belf, which carrie: gravel, shel
clams, and other materials to the surface. The elams are then picked off
the belt, and the debwis is allowed to fall back into the water,

Tpedralin harvrsting of subtidal stucks in Popst Sound began in
¢ Fanls, bul theee are no ) i harvestans :
& o Jeased hasdshel] wrn Pugst Sownd, Tn the
atee 10708 a8 many aa ton mackings wive gparatiing W the Sound,
pooy market vonditions, ingreasing governnuat mgulations, alvirs
bl resetion 1o large, voisy egpiipment, and anvironmental con-
sfraints combined to drive the hydraulic harvesters out of the Sound,
Hydraulic harvesters were also used to gather softshell clams, bat have
been restricted as a result of opposition by the Washington Department
of Game, which claimed that dredging harmed intertidal flats and dis-
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turbed waterfowl, and by adiacent waterfront landowners, whe ob-
iacled to the noise, alteration of the lotertidal land, and disruption of
their views.

Another subtidally harvested species, the geoduck, is restricted to
divers harvesting the clams one at a time using band-operated waler
jets, The water jet loosens sand and gravel around the claros until they
can be plucked from the bottom by haned. The jet leaves a small hole jn
the hottom, but immedistely after the clam is reroved, the hole begins
to §ill as the surrounding high-fluid-content sediment sluomps into the
voird. There are no restrictions based on seasmms or sizes for geoducks
taken from lsase tracts, but hatvest is timited to daylight hours.

Clam Growth and the Environment

The intertidal zone is part of a dynamic and changeable environ-
ment where winter storms, floods, and man's activities can alter sub-
strate through erosion and deposition of siit. Cluos that grow in these
arsas can be removed by erosional forces in the same way as beach
materials, or can be smaothered by new layers of silt. Even in deeper
water where wave forces are weaker, subtidal clam beds can be affected
by sediment metion associated with heavy storm waves or siii-laden
runaif.,

Boilution and Red Tides

The main cavse of clam bed closures to commercial harvest has been
due to coliform bacteria contamination; except for PSP, other sourcss of
contamination play Litle part in clam bed closures. The problem of
shelifish contamination is not insignificant; for example, about 28 per-
cent of available geoduck tracts cannot be lsased because coliform
counts are excessive or the tracts are too close to 8TF outfzlls. These
restriciions ars enforced to protect human health and have no bearing on
the effects of pollutants on the clams themselves,

Affected intertidal clam growing areas that do not yoesf certifice-
tion standards of the Washington Department of Social and Health Ser-
vices (DSHS} incleds Dyes Inlet and parts of Ouskiand Bay, and Port
Susan {see Table 2.1}

The clasure of clam grounds due to colifor contarpination may be
permanent or can secur only during and shortly after rainstorms, or re-
sult from hreakdowns in sewage lrestment plants. Sewage trealmend
plants and the encroachment of large-scale development have, histori-
cally, heen major factors responsible for the closure of clam beds. A
treatment plard that is constructed with a murine outfall resulis in the
closing to commmercial shelliish havvest of all waters fnside s haif-mile
radius of the ouifall. The closed arca is a zone considered subjent to
sewsage effluent prosence that may expand st particularly large ou alls
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or change shape when currents nuwe sewage alongshore {ses Chapter
Twao tor further details about coliforn bacteria contamination|.

Contrelling sewage will not solve all pollution problems in clam
growing areas. Water quality survays indicate that stormwaier renoff is
an imporiant contributing fector. Evidenas points o stormwater as a
principal source of coliform bacieria in urbanized areas, and to failing
seplic systems, daivy farms, and “hobby™ farms in roal areas. A study
of New York's Long Island Sound showed the nredominant cause for
withholding certification for about 25 percent of all sheilfish beds was
coliform bhacteria deposited by urban stormowaier runctf, Closures do
not necessarily mean all clams in the affected bads are unfit to sat but it
does prokibit commercial barvest for hurpan corsumption.

Like oysters, claros are most susceptifde to pollutants, such as in-
dustrial chemicals, pesticides, andd petrolesm products, during em-
hryonic and larval developroent. These materials may pose a human
health havard and some can accumulsie in sufficient qu:’m*):i«:w te re-
duce the growth rates or even kill the animals or plaot s hiving on the
seafloor, For example, on the Hast Coast roortalities have been atiribu-
ted to clams burrowing in oil-soaked substrate lving below a seemingly
clean surface sediment. The sofishell clant indusicy of Puget Sound
may be particularly sensitive to sewage-borne pollutants and indusirial
pollotion becauss clam beds ave usually near rivers and streams, which
carry acoutouiaied loads of industrial polistants and sgricultural runcit
rom wpland areas.

Efforts to reduce shellfish mortalities and accumidations of toxic
materials end bacteria ave aimead at source controls and procedures o
cleanse or “depurate” the animeals, Reductions in waste loading and ef-
fluent distharge do reduce the toxdiclly of receiving water to oyster and
clam larvee. Dramatic and significant improvements in shelifish sur-
vival ocour wheo prescribed methods of wastewaier treatment are used
by by mills, oil refineries, and other industrial dis hdzb; Watsr
quality probleras associated with sewage outfalis can be alieviated by
prohibiting effluent disposal in areas ideally suited for clam culture, or
by Lmnmb sawer districts that minimize the raonber of sewer dis-
charge points and boprove the quality of + Ju\ etfluent.

It is also possible to remove acc ud.ulmad toxins or bacteria by
holiding the shellfish in uncomtaminated waters. This method is corn-
monly applied to those animals grown in “classified” waters haviog
elevaled bacteria tevels. The wsual practice in Fuget Sound is 1o “re-
taver” clams snd ovsters on uncordaminated beds until hactecial
counts in the shellfish are reduced to an scceptabls level. Holding the
shellfish in tanks or ponds containing Howing uncontaminated or puri-
fled seawater (depuration) is also an acceptable procedure, but is an
expensive process and has not vet been used by P Puaget Sound shelitish
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growers. in all cases, strict sanitary standards ensure thal the depurated
bivalves maet publc health requirements.

Paralytic shelitish poisoning (P5P) has caused harvesting closures
on the Strait of Juan de Fuca and as far south as Des Moines in Puget
Sound {during the sumrmers of 1978 and 1978}, During a PSP outbreak,
clams become contarninated s intertidal beds are temporarily closed.
Hardshell and geoduck clams are not usuaily as seriously alfecied as
mussals, Detoxification may take rnany months.

Tn short, nearly all pollutants threaten the clam industey in Puget
Sound by increasing public health hazards and reducing the avellabil-
ity of the resource to the comrercial harvester, Polludants also threaten
the futnre of the resource because some of them are detrimental o the
survival of larval, luvenile, and even adult clams.

Pradators and Bisease
Rucause of the burrowing habits of clams, they are often protected
from many of the predators found on pyster beds, This is generally true
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only for the adults; however, the larvas face many of the same predators
as other marine larvae.

The moon snail, Polinjces lewisi, is a major clam predator in Puget
Sound, attacking clems burrowed in the substrate. Moon snails are gen-
grally immd in tha iower lnﬁf‘hddi zone preying on butter clams and
tmi;\ 1 Gk “_igm He mwhr sttacked hecaune

) by, Manith wlams
@ alan mi zssudiiv aﬂt‘ ‘w\.x Becanes of i‘ im‘*i’imz igher in the
tentidal wone. in seuthion Puget Searad, moon saatls are o significant
prablam, and thi sl varseay o conteol thern is to remove them
by hand. It should by moon snatte are swand thas it may
he possible to find as Hzod market for mmu i Lh could make up
for some of ’fhe expfeq\g 051‘1 amoving this vresdosme pesh,

Ciber siguiflcant pw wa oyt anwsiler and shallow burrowing

\’:h fsud as Hotlish and syl and diving ducks, par-

~mesh netting bid oo the beach may help
pratect-tiag ity sd these pradaturs,
Clams in the natural environment ave affected by few identifiable
diseases, but as aguaculiure and rearing iechoigues are mproved, dis-
eases comnon fo high-densily populations could become more of &
problem. Bacterial and fungal diseases have occurred in hardshell clam
hatcharies. S(Jw‘hmn Puget Sound growing aveas experienced heavy
mortsiities in a “winter kill,” which may bave been related to a combi-
nation of luw salinities, freezing water temperatures, and microbial dis-
SASOS,

Kesource Assessment and Production

Abundant U.S. clam resources accrnnt for ahout one-third of the
total world clam harvest and totad landings have increased from less
than 40 million pounds during the 1940s to over 108 million pounds in

The moon snail, with a shell of up o 4%
inches in height, is 3 carnivore and feeds
on clams by bormg a large hiole through the
shall and sucking cut the mest. It is com-
mon on sand flats in Puget Sound cmd Pro-
(‘u\ es a distinctive sand-covered and col-
lav-like sgp mass,
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1682, About two percent of the total LIS, commercial clam production,
and 18 percent of the hardshell clam prmmvmm results froan private
aguacuiture. Washington State accmuts fay st 80 percent of the to-
tal 11,5, West Coast hardshell slam produstion, and nearly 100 percent
of the geoduck harvest. There are several reasons for the state’s lead on
the U.S. Pacific Coast:

s there is a long tradition of private ownsrship of tidslands in
Washington, which has encouraged commercial harvesting:

« gommercial production in Oregon and California is relatively
low because these states place a much greater emphasis on recre-
ational clarnming, and available clam grounds are limited in
those states;

« the Alaska clamn industry is plagued by recurring red tides (PSP]
and high labor costa,

b

Most of Washington’'s commercial clam harvest occurs in the bays
of Puget Sound. There are at lsast 21 commercial clam farmers whe
own or lease shout 880 acres of tidelands in Washington State. The
larger fartns haveagt wwewe than 150,000 pounds per year. There is only
Hmited pmd; : aila clams in Willapa Bay, and the coastal ra-
zor chon wald trarily recreational. Uniil the 1960s, the coastal
razor slam fshany avceintsd for a large share of the commercial clam
catch in Washingion, but raror clams stocks and commercial harvesis
have since declined sigoificantly.

Pugsi Sound harvests are genecally adequate for regionsl markets,
but increased harvests would be required to meet the market for clams
taken elsewhere in the United States. Total hardshell production {ex-
chuding geoducks) in the Pugst Sound region has remained relatively
stable at one to two million poundds {total welght) per vear, except dur-

TUTAl GLANM LANDINGS
dashi tate

Total harvdshell clam pro-
dustinn {in whole weights]
in the state of Washington
{includes Pugst Sound,
Willapa Bay, and Grays
Harbor}--Fuget Sonnd
Isudings accounted for 98
perce t of the total. Geo-
duck harvests are not in-
cluded-—they wers about
five million pounds in
1982, {Source: Annual
landings dats for 186982,
Washington Department of
Figheries}
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ing the late 1930, when about three and & half million pounds were
harvested.

Subtidal lands fall under the public dryoain, therefore subtidal
hardshell claro harvesting is *‘faanaged arud wn‘”mlipd by the state. As of
1982, ondy about ten percent of the hardshell clam harvest was from
state-controled submerged lands, Following are production sumumar-
ies of the major individual clam fisheries—both intertidal and sub-
tidal-—by spoacies.

NATIVE LITYLENEGK CLAS LANDINGS
an s

Puget Sound native
littlenack clam landings
and agusculiure production
(in whole weights). Uredpe
harvestin 1882 was lesg
than 5,060 pour {Bource:
Angual landings data for
186982, Wash
partment of Fishes

Native Littlensck Clams

The production of native littleneck clams declined in the 196803
and 1870s from approximately one million pounds per year in the late
19505 and early 1960s to 500,000-700,000 pounds i the late 1970s and
marly 1980s. In the sarly 1970s a large proportion of the landi fngs were
from vechanically barvested subtidal stocks. Recently, these harvests
bave declined to less than ten percent of the intertidal hand harvest,
Subtidal native littleneck stocks are estimated at up to 28 million
pounds for Puget Sound waters,

Manila Clams
TheMails
the hardshel tlam § gy
frevn abunit 300,000 po md» per year in tm' 19608 toover L5 mile
lion pouads o sosd vears, Vidbisil ¥ sl Mantle clon production oo
vs on dntertidal beds o Ovster Bay, Totten Tulet, Bid Dlot, and Ls diu
Skookum Inlet. With the exception of the genduck, the Manila ©
the ypost valuable commercial clam resources in Washi ngton,

sbributien o
it bas ranged

(&1
<o
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& CLAM LANDINGS
Siatz

Puget Sound Manila ¢
on {whaols
mostly aquacul-

stin 1982 was ¢
. H {Source: An-
nual landings data for
1969-82, Washington Le-
partmeni of Fisheries]

Butter Clams

The hand harvest of butter clams has declined sinee 1960 because
of the entry of reechanical harvesting, relatively low prices paid for the
clams, and the fewer clam beds suitable for commercial production.
Since 1989 up to 570,000 pounds per year were harvested from subtidal
heds, and production costs were less than for intertidal hand-digging.
Subtidal stocks ave belisved to be substantial, with an estimated stand-
ing crop in Puget Sound of 114 million pounds.

BUTTER GLAM LANDINGS
W 106

Paget Sov_‘r- d butter clam
harvest {whnole weights}.
Dredge harvests dominaie
the recent landings.

{Source: Anrmal }aur‘l INgs
'i“-‘f for 1968- -82, 1 gxl‘m;~

Horse Clams
There has never been an exiensive commercial hand harvest of
horse clams in Puget Sound, and although smali pumbers are taken by
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Pugel Sound horse clam
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mechanical harvesters, the price has been, until recently, too low to
it maft 8 ;'n‘ £ :tah?w :} )er m; i, Ms‘“}mw i zi hi—!}‘\’i‘&it"‘ fandings of hurse
] weovor, shige 1824 landings
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SOFTSHELL CLARE LANOINGS
Viaghington Siate

Puget Ssund seftshell clam
hayvest (whols weig i
Present production is ro-
stricted fo hand harvest—

s

2 is no dredge harvest-
ing. {Source: Annuval land.-
ings data for 1969--82,
Washington Departwment of
Fisheries)

Softshell Clams
The softshell clam indusiry has the poteniial of being a significant
Washinglon State clam fishery. Survevs of comnmerciaily harvestable
areas in Port Susan and Skagit Bay indicate a standing crop of about
18.7 millicn pounds covering 1,200 acres, with an sstimated annual
maximugn sustained yield of about 1.8 million pounds. Commercial
harvest of softshell clams using a mechanical harvesier began in 1969
on privately owned and leased intertidal grounds. These operations
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ceased in 1877 amidst a flurry of lawsuits and citizen complaints. The
hand harvesi of softshell clams has continued, and in 1877 over
340,000 pounds were harvested, Only 12,200 pounds of softshell clarns
were harvesied in Puget Sound in 1882,

GEQDUCK CLAM LANDINGS
Pugel Seund

arnd geoduck claw
{whols weights].
on is abeat

har
Pre

Honyp
are no racords of commer-
cial harvest prior to 1870,

 Annual la
‘or 186912, ¥
nartmoent of Figh-

Geoducks

The gecduck is plentiful in subtidal areas. The Department of Fish-
eries estimates there is a standing crop of 117.6 million geoducks in the
33,799 acres surveved through 1977, Major beds totaliing 15,507 acres
were estimated to contain nearly 1080 million geoducks. These asti-
mates are thought to be conservative because of incomplets surveys in
all areas of the Sound.

There are now over ten geoduck fracis totalling about 1,200 acves
icased by the siate for harvest in Puget Sound. Typical locations are like
those in Drayton Passage and Useless Bay, with ons to two boats and
four to six divers per boat operating on sach tract. The average harvest
is about 6,000 pounds per acre per year. The harvest per diver-day
ranges as high as 400 to 500 pounds {whole wet weight}.

The genduck industry consisis of & snall number of private opera-
tors committed to harvesting, processing, and rmarketing their product,
The meats are sold primarily ouiside the state: neck meatl goes to over-
seas markets in Japan and Taiwan or to U.S. markets, and body meat is
sold in California and on the East Coast. There is a market for clam
trimmings, bul the supply offen exceeds the demand.

In 1970, 81,000 pounds of subtidal geoducks were harvested.
Catches increased markediy in the years that followed, with production
in 1977 of 8.6 million pounds. One large processor reposted landings

on
%]
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averaging 20,000-25,000 pounds daily from March through Ociober of
1877. The industry is now limited to a harvest quota of ahout five mil-
Hoo pounds per year.

Clam Economics
Costs

The sconomics of the clam industry are complicated because of its
diversity sunl wide vaviation i prosluction costs, sfficiency of harvest,
and sarniugs pov pound, For ssample, in 1983 the costs {per 1,008
pounds] of harvesting and murketing Manila clams on an intensively
managed South Sound farn wars ag follows:

Harvest labor $340

Handling, shipping, and packing $23

Transportation $23

Insurance $13

Maintenance $6

In addition, fixed costs, such as farm management, grounds surveys,
seed, ete. add up to about $3,400 per month for a farm production of
160,000 pounds per year. A clam farmer who leases private or state
land also pays a stumpage fes based on pounds harvested, which
ranges from three to five cents per pound for state lands to ten to
twenty-five cents per pound for private land, Combined royalty fee and
bonus bid prices for geoduck tracts range from nine to nineteen cents
per pound,
Income

The highest prices are paid for the steamer clams. Prices in 1981
averaged $1.01 per pound wholesale and ranged from $.88 to $1.25 per
pound depsnding on sales volume and sales channel. Growers whe
sell directly to the restaurant/retail sector generally receive higher prices
{e.g., $1.20 to $1.25 per pound in 1881) than growers who sell clams to
wholesalers. As of March 1983, domestically produced Manila clams
were averaging $1.10 per pound on the open market. Clams which
require processing, such as the butter clam, bring in very little to the
praducer.

Markets

Puget Sound clarus are marketed live or frozen in the shell for use
as steamers, or the shucked meats are marksted fresh or canned. There
is a steady demand for steamer clams in the shell, and available sup-
plies are readily sold at high prices. Native littleneck clams, Manila
clams, softshell clams, and small butter clams are considered ideal
steamers. Manila clams are often preferred over native Hittleneck clams
and they have a longer shelf life. Large butter clams, cockles, and horss
claras, which tend 1o be somewhat tough, are usualiy shucked and the

(411}
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Distribution of hardshell
and softshell harvests and
aquacnliure production in
Puget Sound, 197882,
Fach circle depiots average
annual landings from the
value given up to the next
highest value,
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& 100 .
& 1,000

& .00

100,000

1,040,080

'\ Hardshel/Softshell Clams.
: {excluding Gecducks)
TAugust 1678-82

.

meats are sold fresh or canned for chowder. Softshell clams may also be
shucked and sold either fresh or canned for institutional use or at the
retail level. Other markets for hardshell and softshell clams inchude a
small (but expanding) half-shell trade, clam strips, and fish and crab
bait,

Canned clams from the Pacific Coast must compete with canned
surf and softshell clams from the Atlantic Coast and with canped clams
iraported from Japan and Korea. Because the East Coast and imported
clams are low priced, canning is only & marginally economical venture
on the Pacific Coast. Large populations of surf clams discovered a few
years ago off the Alaska coast may eventually prove to be competition for
Washington suppliers and may augment declining stocks of East Coast
surf clams.

The local market for fresh hardshell clams is also influenced by
imports. Quantities are barvested from natural populations in British
Columbia, and there is significant potential for harvest in Alaska. On a
seasonal basis substantial quantities of fresh steamer clams are im-
ported from British Colurnbia at prices as low as $.65 per pound. Large
numbers of Alaska hardshell clams may alse become available if a reli-
able and safe procadure is developed to detoxily clams exposed to PSP,

[$1]
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Distribution of geoduck
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a comumen problam in Alaskan clams. No fresh clams are importad
from countrirs other than Canada.

The must recent innovation in the Pugst Sound clam indusiry was
the rapid development of the commercial genduck harvest in the late
1978s. The product is sometimes marketed as “king clam steaks” {te
avercome consumer reluctance to buy geoduck). The tougher portions
are groundd, shaped into patties and frozen, or canned for uss in chowder.
The product has gained markel aceeptance, &8 processing tachniques
have improved and demand increased, despite high harvesting and
processing costs,

The Future of the Clam Industry

The culture and harvest of clams in Puget Sound has great eNpaT-
sion potentlal provided certain comditions nan be met. The limited
availability of habitat suitable for the culture and harvest of clams s a
prime constraint to expanded production. Beoause the siate sold or
leased tidelands for ovaler growers and to vwners of sdjoining uplands,
most of the Hdelwds within the bavs and estuavies of Puget Sound are
already privately ownnd or lossed. Widsspreast sonnnescial clam dig-
ging on public land is nol prasible within Fuget Sound, hegause there

[+1]
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ars few productive public areas available within the bays, and most of
thero have been set aside for a growing recreational clam fishery, The
land issue can be offset to a great degree by more intensive managoement
and enhancement of existing comanercial beds. This requires the ap-
plication of good farming practices—stock assessment, soil improve-
ment and stabilization, and artifinial sesding.

Yater quality and the specter of decertification will continue to be
& serious concern. While it is hoped that a constant improvement in
pollution control will lead toward improving water quality, if has be-
come increasingly obvious that shellfish growers and harvesters will
have to take a more active role in encouraging proper water guality
managemeani {see Chapier Twao for further details}.

Poaching on privately owned or leased land is a recurring head-
ache for intertidal clam farmers and the only way o prevent it is cone
stant patrol and surveillance of clam beds. In some cases restriction of
clam beid access helps, bat poachers can easily approach by boat. The
posting of private proparty to distinguish it front adjacent public land
does little to deter trespassing by recreational clam diggers. Atiempis
by the state to increase access to public beach lands only complicates
the matter unless the public s willing to honor private ownership of
the resources and restrict their activities to publicly owned lands.
Technological Advancsments

Clam barvesting is a labor-intensive industry. Both geoduck and
intertidal clams are hand harvested. Hand harvesting is efficient and
profitable in areas with relatively high clam densities, Although some
merchanical harvesting has been done in intertidel beds for sofishell
clams, much of the hardshell clam ground is divided into aveas too small
oy rnechanical harvesting or too rough for digging other than by hand. Tt
is thorefore unlikely that the traditional harvesting methods for either
intertidal clams or geoducks will be greatly altered in the near future.

Development of the hydraulic escalator harvester provided an ef-
fective means to exploit previcusly inaccessible subtidal and margi-
nally profitable, low density clam beds. But the hydraulic harvester is
adapted to work effectively only in relatively shallow watar {less than
25 fest) and on specific types of substrate. It is also thought to cause
long-term alteration to subtidal clam beds. For these reasons and berause
of the lack of acceptance by upland owners, development of Puget
Sound’s deep water clam resources appears unlikely, Although the
Washington Departrent of Fisharies has lonated sovpe deeper water clam
heds (generally, below 108 feet] having a taasonasble population of har-
vestable clams, most of the population sonsists of very small clams.
However, improved processing technology—combined with develop-
moent of additional markets—could increase the use of these small clams
aud clam parts presently underutilized or discarded as waste.

[}



Shellfish and Seaweed Horvests of Puget Sound

Regunlation and Use Contlicts

Aguacuiture ventures must comspete with many other public and
private uses of Hmited space on a rapidly shrinking shore. Waterfront
residents have aesthetic objections to hydraulic harvesters, barges,
poles that mark the corners of beds, and other paraphernalia associated
with clam farming. Clam faroers using intertidal beds have also ex-
pressed their concern about potential adverse effects of mechanical
harvesters o clam ground productivity. They believe that hand-dig-
ging tends fo improve clam beach quality and that mechandcal harvesters
tend to cause substrale compaction.

fntertidal clam farming is not highly regulated, although it is taxed
at a higher rate than oyster facmuing. Also, it may-—-like oyster culture—
require modification and maintenance of beds to remain competitive.
Mechanical harvesting of clams and geoducks, on the other hand, is
intensely regulated. The reguiatory clirnate is especially frustrating be-
cause it is subject fo varying interpretations, Morsover, procediures re-
quired for endering the subtidal clam and genduck fishery are compli-
cated and lengthy, and the outcome s uncertain.

Prospective clam harvesters interested in opening up new arsas for
sheilfish culture or havvest can expect to teke up to twelve to sighteen
months or longer to complete the permit and review process. The steps
involved in this process are as follows:

1. Obtain a lease for the havvest tract from the Departinent of Natu-
ral Resources if the tract is subtidal or is located in public tide-
lands.

¢. Hamechanical harvester is to be used, obtain s harvesting license
from the Department of Fisheries.

3. Gowply with provisions of the stete Shoreline Management Act
as administered by counly agencies.

4. Obtain a combined Section 464 and Section 10 permit from the
U.S, Army Corps of Engineers.

5. Obtain a saniiation certificate of approval from the Board of
Health, Department of Social and Health Services.

Al each step, the environmental considerations of harvesting aie
weighed, and in many cases the added burden of an impact statement or
assessynent may be required.

Subtidal clam harvesters who pass the preliminary hurdles and
begin operations face yet ancther major obstacle to success. Upland
mesidents are challenging the smaller, less cohesive industry group.
Controntations have ccourred at Agate Pass between Bainbridge Island
and the Kitsap Peninsula; at Port Susan, inside Carnano Island north of
Everetl; Wescolt Bay on San Juan Island; and Penn Cove on Whidbey
Island. The conflicts in Agate Pass have centersd around degradation of
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the aesthetic environment by stirred-up sediment plume formation and
the ohstruction of view: machinery noise; trespassing of the dredge onto
intertidal and private clam beds; wastage; and impact on importani
incidental species, and other biological and management-related prob-
lerns. In addition, sports fishing groups are concerned that the clam
harvests may adversely affect salmon migration and bottomfish popula-
tions, These conflicts have shut down harvesling in Agate Pass and,
although the Shorelines Hearing Board attempted to resolve the key
issues and found in faver of the harvesting, the matier was subsequently
taken to the Superior Court by the county.

Delaying actions have had a substantial economic impact on the
clam harvester in Agate Pass and undoubledly discourage other opera-
tors seeking to enter this field elsewhere in Puget Sound. The Shore-
lines Hearing Board recommended in the review of the Agate Pass case
that the Department of Fisheries conduct closely monitored tests of me-
chanical harvests in both subtidal and intertidal beds. There are no
available long-term data on recovery rates of mechanically harvested
clam bads, the actual yields that can be sustained without deplsting the
beds, and the interaction of subtidal clams with intertidal stocks.

Market Development

Of the Puget Sound clams that reach the domastic market, thers are
two source groups noted above; subtidally harvested clams and intertid-
ally cultivated clams. The advantages of intertidal cultivation will con-
tinue due 1o consistent availability and quality. Subtidal harvesters will
ernain dependent on wild seed production at least until geoduck seed-
ing becomes operational. Therefore, the vagaries of natural repopulation
will determine the amount of product available to them. Intertidal culti-
vation will continue to maintain a high degree of control over the stand-
ing population of clams available for harvesting, by artificial seeding s and
proper management. The size of the harvmted clam can also be regulated
by hand harvesting. Locally prodiged o u.m xly A}M(i h{‘ h?e to crnpele
favorably with foreign imparis by o 3 ‘ orastust with
longer shelf life. East Coast clamns i a‘.n_ai'n':mgx“tt‘ veith tocal dlins inthe
fresh market. This advantags applies particebaty 1o the West Goast and
Hawaiian markets. Canadian clams {i.e., Manilas from British Columbia}
will continue to exert a strong seasonal influence on prices and wilibe s
major competitor.

Clams will continue o be an attractive commercial resouree be-
cause there is a consisient market and prices are increasing. New farn-
ing techniques and the development of addmmmi hatchuries will meke
it possible for clam production to expand. preeided that suitable grow-
ing and harvest areas are available, watir quality fs wst depraded, and
the necessary permits can be obtained.
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CHAPTER FOUR

Mussels and Other Molluscs

There are several species of marine molluscs besides clams and oy-
sters that play a role in Puget Sound’s shellfish industry. Octopuses are
used for fond and as bait. Increasing numbers of squid are taken and are
beginning to be found on the menus of seafood restaurants and in retail
outlets on the Pacific Coast. Two comrson species of mussels, the blue
or bay mussel, Mytilus edulis, and the California mussel, M. californi-
anus, are found in Puget Sound. The blue mussel is the major species of
commercial inferest in Puget Sound, although since 1980, the Califor-
nia mussel has been harvested from the outer coast of Oregon and intro-
duced to markets across the country.

Two other mussel species, Modiolus capax and M. rectas, cor-
monly called horse mussely, oo here bt wre not abundant and have
no potential as yet ss commerciat apecies. In addition, several species
of scallops and abalore are harvestad nommereially or are being gvabi-
ated for commercial aquaculture.

MUSSELS

Considered an imporiant seatood commedity in Europe, mussels
have been cultivated in France for over 700 years, Mussel farmers in
Spain, the Netherlands, and other coastal countries tn Hurope pro-
duced aver 400,000 tons in 1951, Intensive culture of mussels in those
couniries produces the greatest yield of protein, per unit area, of any type
of animal husbandry known.

In North America, mussels were common in the dists of Indians
and white explorers, but undil revent times, have not been popular or
extensively harvasted st i mugseds as a source of protein in-
creased with the oneet of World War I because mussels were not ra-
tioned and were freely available. From 1942 to 1847 up fo 1,350 tons
were harvested anmually inthe United States, but after the war consum-
ers returned to more traditional seafoods, which—combined with

of those levels,

Resurging interest in mussels in the United States since the mid-
19808 has led to increased harvesting and cultivation, with production
roaching about 7,500 tons in 1981, Much of this production now takes



The blue mussel is essily
recogrized by its smooth
sheil, hinged ai the end. it
attaches itzelf by hairlike
threads called a byssus to
just about any stable surface
feom subtidal to high inter-
tidal zones. Fraquantly, the
shells become encrustad
with barnacles and algae.

place on the East Coast, particularly in New England. Several growers
in Puget Sound are now beginning to make & small contribution to the
total U.S. mussel production, after a shaky start in the 19605 when com-
mercial endeavors were imited by unceriain markets and suppiiss.

Sead Collection
Sheasals bave o Hie history that i similar ti ovate
they spawn natiealle in Pus

sar olums, and
t Sound, usually in the syoing soed serh
‘ iy frepsswinuning forap o
sually overed with fine
arg throughout Pagat
: vear fa year. The best
settlemand oenure moar oy below the Jowawater miark where the satens g
somewhat confined and pear an existing population of adult mussels,

Al spat or sead wsed o the coltivation of musssls in Fuget Sound
atvad from natural peodus . There i ab prosent ner artifichd
pearig-—although send productism fn hutcheries would be of sigoifis
vt benedit to the indostey. Mussel femers in Poget Sowsd fraguuatly
srast sontend with a x Farising from te unp
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near the surlses from vadis,
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Growing and Harvesting
Intensive mussel culture has only recently been initiated in the Pu-
get Sound region using techniques adapted from European couniries. ft
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Ahaove: hutertidal pols-and-fongline mus-
sel farmn locatad at Hace Lagoon, on Whid-
vey Isiand. This system allows the farm to
grow mussels on grounds that woudd be
stherwise unsuited for oudture. Left: Detail
of an individual mussel-covered longline,

is possible to barvest mussels from natoral intertidal stoeks, which ra-
quires little capital investment, bul natural stocks can have poor meal
vields, discolorved meat, and contain forsign substances (voud, for ex-
ample] in the mantle cavity, Cultivation, however, produces crops of
consistent size and flesh guality. The ability of roossels to attach and
re-atiach to various natural and manmads surfaces with strong elastic
and adhesive threads {the “beard” or byssus) makes them very atirac
tive for cultivation,
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Because mussels are adaptable and hardy they are casy to cultivate
using any of the following methods:
» bottom culture—as transplanted musse! beds;
- off-the-bottom culture—suspended from rafts, floats, or racks, on
ropes or in tubes of plastic netting;
« Bouchot culture—attached 1o vertical posts, either by direct set-
tlement or by binding seed on netting.

Irswy fovm of wugesl celtivation, the
il sixe and wmoest content for hsrvest

iR 1o grow craps of opli-

maintain steady production,
ernenty st e setisfied: 111 4 regulir sovige of spat

ke {21 % suitadede aves for st goowethy and {3) good husbans

inning-ont woid protsotion from predators.

Boltom Cultivation

Hottom cultivation has been practiced on a swmall scale in Puget
Sound. In Europe, it is a major form of cultivation, particularly in the
Netherlands. It is hasically a very simple method. Small mussels are
transplanted from natural beds to Jocations having favorable water cur-
rends and rich food supplies. Lacger mussels mav also be relaved to im-
prove’ growth and meat content. Mussels raised on the bottom may
reach market size within a year, with faster growth rates occurring in
the low intertidal to shallow subtidal zones.

Post {Bouchot} Cultivation

This technique is practiced in its traditional fashion along the Bis-
cay and Brittany coasts of France. The mussels are Erown On NUDSeTous
tows {bouchots) of six-foot high wooden posts placed in the low intertidal
zone of bays and estuaries. The mussels sither settle directly onio
the posts or spaited ropes are wound around them. The mathod is ex-
tremely labor intensive and annual productivity is low, ahoui 50
pounds per post. One British observer noted that bouchot cultivation is
economically viable in France because the French atiribute a unigue
flavor to these mussels, so they command higher prices.

Off-the-bottom Cultivation

Mussels can be grown atiached to cord and ropes, ot in net tubes
which are suspended from rafts and racks or on longline systems SUp-
portad with buoys or poles. Raft cultivation is very large-scale business
in Spain, and in Puget Sound several growers now employ both raft and
longline systems.

With rope culture, mussel seed is collected on synthetic ropes from
wild stocks during spawning periods or is transferred from natural sab-
strates. The ropes are up (o 30 feet long and ave wrapped with fine mesh
and suspended from a raft. The ideal raft size or density of suspended
stocks has yet to be determined for Puget Sound. (In Europe, rafts are
up o 86 fest square and can support up to a thousand ropes.)

3
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Mussels grow mmch faster and ate more productive when cultured
off the bottom than on tidal flats or seabeds, They can grow from hall-
inch seed o over two inches in only five months during the suromer or
in seven months from fall through spring. In Puget Sound, ropes yield
harvestable mussels at densitiss of about seven pounds per {oat, sguiv-
alent to Spanish production levels. Growth rates are greatest neat the
curiace of the water and decline significantly at depths helow six feet.

Yields of 60,000 (o 200,000 pounds of mussels per ralt per year are
ahtained from culture operations in Spain. Assuming an average meat
yield of 25 percent of total weight, median production is about 410,000
pounds of meat per acre per year! A mussel of marketahle size {about
two inches long) should weigh about a third of g ounce in the shell
and contain about a tenth of an ounce of meat,

Off-the-hottom cultivation in Puget S8ound does have several dis-
advantages. Moorings are expsnsive snd may be difficalt to atiplace
st suitable losations. Whote upland lsndowners pose sesthelic ulijpe-
tone weiich may it rait caltuen, s bagline systin of hanging susel
cottare ey b used, Lovghines supy { by low viaibility plastis bu-
ovs support vertioally banging repes for mussel sattiemand, & typlosd
systant, eguipped with 440 twelve-dutd ropes, wiay havie an estimated
capacity of 45 tons per longline,

The principal advantages of off-the-bottom cultivation over hottom
cultivation are aveidance of crab and starfish pradation {although birds
pose a serious pradation problem) and rapid growth. The method is
flexible anid can easily be siteved to varying depths and seabed topogra-
phy. Adeguate shelier and water flow are required, but areas are se-

Hanging culfure is a solu-
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i s Jess costly and usually
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Mussels and Other Molluscs

Environmental Considerations

A mumber of phvsical and biclogical factors are important to com-
mercial mussel culture: high wave activity, salinity, suspended silt,
and temperature exiremes may contribute to mortality. The blue mus-
sel, for example, is luss firmly attached io the substrate than the Califor-
nia mussel and is more susceptible to being detached by waves.

MNatural predators of mussels are sea perch, crabs, starfish, and
hirde; and competitors for food or space are barnacles, sea squirts, sea
cucumbers, an occasional algae, and even an over-abundant set of sead
mussels. Barnacles are a problem particularly when they set on ready-
to-harvest mussels. Raft-colturad miussals raised close to the surface in
Puget Sound are literally gobbled up by diving ducks, which can ac-
count for losses of up to 80 percent of potential production.

While the mussel farmer can usually combat predation and compe-
tition hy marine organisms, it is very difficult fo control predation by
birds. Netting placed around rafts or floats is expensive, hard to main-
tain, and often ineffective. Loud noises {i.e., propane cannons] may
work initially, but soon become routinely ignored. Shooting the birds is
effrctive, but not necessarily uniformly approved. One grower con-

styuctive.
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Shellfish and Seaweed Harvests of Puget Sound

stantly patrols his farm during the day to drive off hirds—a simaple but
fime-consuming measure,

Dissases have not been a major problem in Puget Sound, but coli-
form bacteria contamination and PSF can cause deverhﬁraﬁon of cul-
tured stocks. Mussels are generally more tolerant of environmental con-
taroinants than other bivalves, but because they are filter feeders like
oysters and clams, they ingest bacterial and viral pathogens, metals,
and various bydrocarbons.

Stmilarly, the PSP toxin scumulates 0 the mussels, randering
them onfit for human wnsumpimn f)’\i{ lise torie phytgdankton
{Gonyoulax} in the seawater dis or &8 thee affected shellfish

slowly lose their toxicity, Dato ium tafws se-fevw wosky b several
monihs for mussels, and toxicity is monitored continuously by state in-
spectors and growers. So far, PSP has only affected mussels in north
and central Puget Sound, and has not been a serious problem in the
South Sound,

Production and Marketing

Production of mussels by about five commercial operators in Puget
Sound reached 85,000 pounds in 1981 with a wholesale market value of
$110,000. The average price was $1.16 per pound, although mussels wers
sold directly to restsurants for up to $1.35 per pound. Sales increased
somewhat in 1982 to 108,000 pmxmm Puget Soungd groeaws pradicted
sales in excess of BROQO BE, prm‘zdvti thoy nevessary
permits to increase faoility shze could be obtained. By contrast; mussel
production in Burops i encrmous: Spain alie produced nver 100,000
tone {200,000 metric tons) from 4,400 safts in 1981, Given fully realized
raft potential equivalent to Spanish production, a single mussel raft

"EES::EL EARDINGS

Puget Sound mussal land.
ings {(whole weights). Pres-
ent annual rmdmtmq is
sstimated o be over
680,000 pounds. (Sowres;
Annual landings data for
1868--82 reported by the
Washington Department of
Figheries}
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Iistribution of mussel har-
vests and aguaculture pro-
duction in Puget Scund,
1978-82, Hach circle de-
picts the everage annual
{andings from the valae
given to the next highest
vaine.
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operating in Puget Sound should produce & minimum of 60,000 pounds
of mussels per vear, representing & valus of nearly $70,000 {assuming a
price of $1.16 per pound).

Al the musssls grown and marketed in Puget Sound are sobd live
and unshucked. Almost all ave sold in-state due to Himited production,
with more then half heing sold directly to restaurants. The demand for
mugaels grown by the Puget Swmind aves de suhetaniial, bot regiglancs i

o prives has bed 3o some sudstitution of less expensive Rast Doast

ussnls fir the Washingtum-grown poadust, Furthermore, the soge

ply of good guality prasssds has bewmt Hnited sl unstesdy as the inulos

e duveloped. This hes disvouraged voluo buying sl dependence
cona sirle souror, With sareful provnotios, reliabl

4

supplies, o guslity
assuranee, the markel poteatial of mussels i the bl States shnuld
improve.

Mussel culture technology can consistently produce a high quality
produst fait production cnsts wre high sud the resulting prsioet Iy ex-
Tnereasnd vohone, rousistoyd supply, snd fower preduntion
ortation ooty would help Pugst Souvnd growess compele
with Rast Cuast mussels, Btk Jossen and costs due
sing shndd decline sehisn sffcctive prodator ol
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methods are developed. Development of improved mechanical mussel
clsaning dwiwﬂ would a}@n 1+=ad o aner labor msts
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Ootopuses ave found from the intatids
of the Sound, where they inbabit hus
rous, fesding on crustaceans, other null

%& Cetopus dofleind is the larg-
est shelifish species found
in Puget Sound, reported to
reach a weight of 100
paunds. A bottom-dwelling
animal, the octopus has
elght tentacles and g very
Hexible body that it can
squesze into odd-shaped
s under ledges or be-
tween rocks.
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that there are perbaps 100 species in the octopus family in the world’s
oceans, two of which are common to the waters of Puget Sound, Oc-
topus dofleini and Octopus rubescens, Octopus dofisini, the only com-
mercially harvested species, can grow to be a glant, with an arm spread
of up to ten feet and weight reaching 100 pounds. By comparison, Oc-
topus rubescens ravely reaches a body length (exclusive of arms] of 2%
inches.

Harvesting

A persoual-age fishury for octopus has exisied Jir gany yeas neat
major populstion tentas f Puget Sound. In the past olopusee ware
taken by hand ar by gaff frowd the subtidal zene for mmrkats i Jepsn oF
local Oriental commpnitl
containing copper sulls
it § :
st
frritants dre e Hegal

wrced the
e 1€ wwas gatfed. ¥ trheminal
Washington spd ¢ v fornt
wt Octopnses also may not e taken cone

s Ay grap-

tod noar Dungeness Spit frony the late
pus is ulés fshed with pots noar Tocnma and
¢ taker incidentally In raps uxed for

1S50: watld 193 Qg
in Hood Cansd, Presently, astopus
finfish or in otter irawls.

Arn octopus trap. This
spen-mouih type of box
teap is usually made of
cedsr or plywood, 1x1x3
feet. Octopus traps am also
made from plastic pipe, oil
drums, plastic buckets, and
modified shrimup and crab
pats. All take advantage of
the octopus’ preference for
dark, confining spaces.
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Cetopus is stiil uncommon in most retail seafood markets. Many of the

small to mediwm-sized octopu are immported from Japan. However,
increased domestic use of raw seafoods and popularity of Japanese

cushi has stimulated interest in Paget Sound octopus.

Potential for Expansion

Fora lavger fishery i develop in Pugst Soumd, ancappropeiaie tan
it podioy and an hoproved market demand winild be reguiesd.
H Ben 3 apan despite u fast
srorwth mate and excollent survival during ther buovsl phase. The faps-
nose respanie has heen to mandge stocks by ldting the smousd of gear
permitied per vessel and fo initiate miniroo size restrictions,

The primary facior Himiting population size is the number of sult-
able den locations for an octopus to rest on the seafloor. The sctopus is
a territorial animal, and fishermen report thal rarely does more than
one oclopus ocour in the same trap ot poh i two are vaught in the same
trap, one will usually kill and eat the other. Whers suitgble octopus
hahitat is lHmited, it is possible to increase the poapulation base by cone
structing artificial dens and reets,

The Washington State Department of Fisheriss has conducied a
test fishery in the Dungeness ares and funded a modest research pro-
gram to siudy sotopus behavior. These projects were atmed af assessing
alternative fishery technigues to determine the best procedure for cap-
turing octopus, given various types of bottom conditions.




Distribution of octopus and
sguid harvests in Puget
Bound, 1876-77. Each cir-
cle dapicts averags annual
landings from the value
given to the next highest
value.
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release of large quantities of young or juvenile octopuses info the Pugst
Sound environment to increase stocks can be considered, possible con-
flicts with shrimp and crab fisheries wonld have to be explored. Such
celeases would have to be included in a management scheme for all
corapetitive fisheries in the Sound.

SOUTD
Tha Pacific Coast agquid, Lelign apalescens, te falely commen n P
: hellfish is slated o olans, systers, and aba
¢ andd oomurs in versiig numbers in the open watess of prinipal
wl, sabtidadly in inshore avess, and weer sand sl poad
hatvates when it i bottumeoriented. It grows to elghtio b inchesan da
soaxlngm age of shout threw vexes. When young, it feeds upon small
curstaceans and Tinh larvas, Asan aduldt, it s avoattive pradator and seill
even feed on other squid. It spawns in shallow waler and lays its egg
capsules on the seabed in lale sununer.

The Pacific Coast sguid is the most gome
mon of several species found in Puget
Saursd, This is a pelagic coaatares with a
budy {excluding head and fentaciss} about
six inches long, with eight arms and two
longer specialized tentacles.
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in the United States, squid has been an underutilized fish species

until recently, and there is now much interest in devel eloping a domestic
squid fishery, Fishing operations along the Pacific Coast extend from

o oateh iw
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California to Alaska, and annual landings in the last decade averaged
about 12,000 tons. There is increasing effort in harvesting stocks off the
New Epgland and Middle Atlantic states—where the fishery has histor-
ically been restricted to incidental catches. Total snnual U.S. landings
are showing an upward irend and are now about 20,000 tons.

Squid are rarely commercially taken in Puget Sound and ugually
then only incidentally in otter trawls. Anoual commercial landings
from 1968-82 have ranged from about 200 to 11,500 pounds. Recently,
there has been a slight increass in total landings,

While squid has only recently entered the American market in
quantity, in many parts of the world, it has long been a heavily con-
surned and highly regarded food. In Japan squid is considered an abun-
dant and relatively inexpensive seafnod and is very popular. Squid and
cuttlefish consumption per household is over 16 pounds per year or 18
percent of total fish consumption. Squid is alse popular in Europe, es-
pecially laly and Spain, and in Korea and Thailand in the Fer Bast and
Southeast Asia,

A maijor problem to overcome in the U.8. market has been a sirong
consurner bias against the name “squid,” and the traditional way of sell-
ing it whole and unprocessed, because Armericans are unaccusiomaed
tor cleaning and dressing it. Calling squid by its Italian name, calamari,
and processing it into fillet-like forms has increased consumer accep-
tance. Squid now appews freguently in many focal markets,

Dieveloping a Puget Sound Squid Fishery

The absence of & well-established commercial squid fishery in Po-
get Sound, coupled with the competition that would oceur with im-
ports from California, suggests that the chance for success of full-scale
commercial harvest in this srea {8 tenuous at best, There is very little
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Scallops are a distinotive and sasily recognized shellfish that in-
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F;‘L ept for the rock seallop, which under natural conditions is
frmly attached to the bottom., these species ars all batiom dwelling but
capable of free swimming, though juvenile scallops—like mussels—
may attach themselves periodically to e hard substrate using horny
byssus threads secreted by a gland in thﬁ foot, Scallops live by filtering

plankion, micro- -organisins, or detritus from the watse, Growth in some
species can be extremely rapid-—greatly excesding thai of other com-
mercial bivaives,
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There i no comumpercial fishery in Puget Sound targeted direcily to
scaitops, aithough a sroall commercial fishery for weathervane scallops
onice existed in the Strait of Georgla, Most Puget Sound scallops wre
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now taken only incidentally by the groundfish fleet, although there is a
personal-use fishery. The andmals ars harvested by divers using snorkels
or scuba gear and a hammer and chisel fo detach the shellifish from the
rocky subsirate.

Commercial Produchon

Between 1935 and 1952 annual scallop ceiches in Washington Siate
averaged approximately 95,000 pounds of meat. Batween 1968 and 1882,
production was erratic, ranging from 0o reported landings to a high of
nearly 76,000 pounds in 1981 Waathervane scaliop stocks have heen too
Hmited o sustain a consistent fishery, and high harvesting and process-
ing cosis have prevenied the pink scallop fishery from developing. For
cimilar reasons, there has never been a commercial fishery for mck
seatiops.
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unegual ears and raspl
tom: The weathervane scallan, Patinopsc-
ten caurinus, has 22, nestly oiroular
ghall, equalor v

convex laft shell. Alss found in Puget
Sound ars the rock saallop, Rinnites mal-
tirugosus, and the pink scallop Chiomys
ubida,
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SCALLOP LANDINGS

Limitations on Commercial Harvest

Except {or incidental harvest, a commercial scallop fishery is not
likely to develop in Puget Sound. Significant concentrations of weath-
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lops grown under these conditions have fower mertality than natural
stocks, and they reach market size in 18 months or less,

The Washington Department of Fisheries has investigated the po-
tential of establishing & scallop farm in Puget Sound o enhance and
repdenish natural stocks and provide seed for commercial growers. The
most ennouraging results were oblained with the rock scallop, a species
which also showed promise in California. Studies suggest that the rook
scallop may be well suited to aguaculture because it normally attaches
to a stationary substrate. Young rock scallops held in cages in plankion-
rich waters grow about two and a half inches per vear, have good meat
vislds, and don't have the massive shells of older ones. These studies
are stiil experimental, and much more work is needed to confirm the
comumnercial potential for rock scaltop culture.

Scallops are a valuable and expensive fishery product. They are
accepted by consumers worldwide. Whole scallops are marketed in ja-
pan; only the adductor muscle and gonads are marketed in Europe; and
onldy the adductor muscle is marketed in the United States. Because in
reost traditional markets the adductor muscle only is marketed, the
small pink and spiny scallops are at a competitive disadvantage to the
large East Coast and weathervane scallops, The potential for developing
a fishery for smaller scatlops may depend on sslling the whole animal,
for example as oysters are sold o the half-shell trade. Whole scallops
have an axcellent flaver and texture, but they do not stay fresh as long as
oysters and can relain PSP toxins. When exposed, scallops ingest and
refain high levels of toxin, thus-—as is true with oysters, clams and
vussels— PSP outbireaks can result in closure of commercial sealiop
harvesis.
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The pinto abalone, Halictis
kamitschatkane, is a native
species, compnonly found
in northern Puget Sournd,
lts sheil reaches a length of
4% inches and has a rough
or wavy surface. All aba-
tone shells are distin-
guished by 8 row of holes
paralleling the outer shell
margin.

ABALONE

Abalone arve one of a small group of marine snails with s highly
profitable commercial market. Comercial-sized abalone occur in the
northern and southern temperate and subtropical zones, Principal
{andings are from Pacific Ocean waters along Japan, Australia, and
North America. Two speciss are found in Puget Sound: the native pinto
abalone, Haliotis kantschotkana, and the red abalone, Haliotis rufes-
cens, which was introduced from Californda in 1958, There is no coro-
mercial fishery allowed for either of these species in Washington wa-
ters, but they are harvested commercially in Alaska and British
Columbia. Pinto abalone are allowed to be taken in the rscreational
fishery, and are fished in small numbers by local sport divers.

Abalone cccur naturally in rocky areas exposed to oceanic waters.
Young, fevenile abalone less than 1/2-inch fong feed on small plants
{diatoms}, and rernain hidden from view in cracks and crevices. As the
abalone grow, they feed on larger algae or macrophytes and begin to
move about on more exposed rocks, although their range of movement
generally revaains very limited.

Pinto abalone are markedly sraller thao the other West Coast spe-
cies, The shell measures up to six inches long, but most are less than
four inches, The red abslone, on the other hand, grows to 11 inches or
more and attains & weight of up to 5 1/2 pounds {total weight}. Thare is
no documentead evidence of natural reproduction of red abalone in Pu-
get Sound; however, recently sport divers have harvested some imma-
ture but large abalone from the San Juan Islands. This suggests that red
abalone gre reproduciog and may be hybridizing with the plntos.

Harvesting

Almost all of the world abalone catch is taken by divers who re-
3
move the animal from rock with a curved bar or chisel. Despite harvest-
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ing difficulties, abalone are often overfished, and management actions
are required to conserve the resource. Such actions include limitation
or reduction in total catch, mintmum size limits, rofation of fishing
grounds, and seasonal or area closures. Despite thess measures most of
world abalone fisheries are experiencing declining caiches, reduced
stock densities, and lower average sizes. This indicates that recruitment
of voung abalone is not adequate to sustain the population. For this
reason, government agencies and private operations in the United States
are atlemnpting to rear abalone seed and are testing the potential of
restocking abalone beds. The methods used ave based on a Japanese
model, which now accounts for 44 hatcheries producing seed for the
fishery,

Production and Marketing

There is no conunercial abalone production in Puget Sound. Land-
ings {1981 annual catch figures) along the West Coast of North America
are dominated by Mexico {about 1,800 tons) end the United States
{about 800 tons). During the same period the landings in British Colum-
bia were just over 81 tons, Abalone landings along the entire West Coast
have been declining in recent years, and present harvest levels are less
than 20 percent of the harvesis of 1010 15 years ago. Abalone productionin
Japan {1970-7¢]) has averaged about 6,000 tons annually and is presently
enhanced by massive reseeding programs of several billion seeds per year.
Australianlandingsareaboutthesameasjapan’s.

Abalone is one of the most expensive fishery products sold in the
United States. Typical retail prices for abalone in Seattle are $16 per
pound for frozen meats. The very high prices are due primarily to the
scarcity of abalone stocks in U8, waters and the high cost of harvesting.

The highest quality abalone is cleaned and sold fresh or frozen,
with the biggest markets in Japan and the United States. A harvestable
abalone (four to five inches) weighs slightly less than a half pound and
contains about 40 percent edible meat. Abalones that are small ov of a
lower quality are generally smoked, or boiled and canned. There is also
a market for dried abalone in Asia and Hawali.

Fstablishing an Abalone Fishery in Puget Sound

Since the abalone is not a commercial species in Puget Sound, this
discussion is Hmited to points relevant to the establishment of a poten-
tial fishery in these waters based on hatchery-reared seed. Sultable sites
for abalone culture are Hmited to areas of natural distribution—in the
northern portions of Puget Sound, the San Juan Islands, and the Strait
of Juant de Fuca. Abalone cannot be grown in south Puget Sound. Al-
though they adapt to turbulent water conditions, they can be dislodged
by heavy wave activity and are subject to predation by fish {the most
significant natural predator}, sea otters, starfish, and octopus. Abalone

[o]
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are also affocted by pollutants and can accumulade lead and mercary.

Becauss it is uniikely that natural production could sustain a com-
mercial barvest in Puget Sound, there has been considerable intarest in
augmenting natural stocks and in covumerciel abalone rearing, The
Washington Bepartinent of Fisheries, adapting techniques deveioped
in Callfornia and Japan to produce pinto and red abalones, developed a
pilot hatchery and studied culture conditions, methods, and tech-
niguas. This work was envisioned as a means to replenish natural
stocks, and it was hoped that production could be increased so that
some seed could be sold o future private growers, The program suc-
cesstully reared young abalone, but overall resuits were not encourag-
ing. The long growth period of pinto abalone—coupled with the un-
known mortality due to transplanting and high costs—made that
species a poor candidate for commercial seccess. Similar problems oc-
curred with red abalone colture, and there was additional concern over
the impact of large-scale plantings of & non-native species.

These preliminary experiments could, when augmented by studies
of methods for increased production, indeed form the basis of en-
hanced natural production and restocking wild abalone populations in
Puget Sound.

OTHER MOLLUSCS WITH
COMMERCIAL POTENTIAL

The species discussad so far by no means axhaust the marine or-
ganisms suliable for hwman consumption. Other Hitle known molluscs
have the potential to be harvested comunernially and perhaps cultured
in the Pacific Northwest. Io Hawali, limpets {known as opihi} are com-
ing wider increasingly heavy fishing pressure. The price for shucked
fresh limpets ranges fromo 875 to $150 per gallon io the local Hawaiian
retail market. The possibility of a limited local harvest of linpets could
hie explorved as a means of augmenting Hawaiian stocks. Unfortunately,
the price is likely to be lower beoause Hawaiians helieve Panific North-
west liropets are not nearly as tasty as the tropical opihi,

Moon snails are common pradators of clams on intertidal beaches
and are removed as pests by clam farmers. One grower noted that he
was able to sell moon snails to Japan, although the supply and market
demand was highly variable. Moon snails are excellent to eat, sither
steamed or fried, and were at one time eaten by the Indians who lived
along Puget Sound, Comumercial use of moon snails where they are
abundant could partly compensate for the economic losses that they
inflict upon clam farmars.

The commercial exploitation of Himpets, moon snails, and other in-
tertidal and subtidal molluses would have to he caretully evaloated and
monitored to roindmize any ecological damage or impact on other
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Oiher molascan shelifish,
such as chi limpets,
and moon gnails are adible,
particalarly when used in
weil-crafted recipes. How-
ever, lack of a commercial
market, and anknown or
inadeguate supplies pre-
clhade their sideration
for a comwmercial fishery,

harvested species. It is not likely that a platier of littorines, chitons, or
fusitritons will be used soon as an evening meal, but the potential of
these species to mest future demands of more sophisticated seafood
consumers or export markets should not be discounted.
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The eariy vears of the Dungeness crab fishery were domineted by the use
af baited pots or traps and ringnets or hoopaets. Additional sumbers of
crabs ware slso taken by gill and traweme! nets. {(Fhoto by Asahe] Curtls,
courtesy Special Collections Division, University of Washington Librar-
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CHAPTER FIVE

Crabs

Harvesting of crabs has had a long history in Puget Sound and still
is a major shellfishery of these waters. In the mid-1800s, sarly settlers
bagan caiching crabs along the shore from the intertidal zone of nearby
bavs and inlets. Later, they expanded their harvest areas by devising
nets and traps that could be fished from small boats in shallow waters.
By 1820 crab harvesis in most areas of Puget Sound were about as high
as the stocks could sustain, and crabbers began to look o the nearshore
watars of the open coast for new hunting grounds. The greatest number
of crabs presently landed in Washingion State are from coastal waters, yet
Puget Sound susiains a significant fishery.

The crab fishing industry in Washington Stats is based on a singls
species, the Dungeness crab {Cancer magister}. It has been called at vari-

Tha Dungeness crab, Concer magisier, is the only crab specias in Pugst

£ : & o
Sound harvested {n large nnmbers 1o commercial and spovt fishevies, It
grows to almost nine inches across the width of the carapace.
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ous times the market crab, conunercial crab, edible crab, or Pacific edible
crab—naraesthat were atestimondal io tis atility. {tisfound from Alaska’s
Aleutian Islands to Southern California and throughout Puget Sound,
inhabiting the low intertidal to deap subtidal vones. In Puget Sound it is
mast abundant in the northern Scund in subtidal waters up to 400 feet in
depth, wherethesgbsirateissandyormuddy.

Prungeness crabs donot migrate over long distances or between major
fishing aveas, but rather move in and out of the same bay or occasionally
fromonebay tothenext. Although sometagged crabs have been recovered
more than 100 miles from where they were released, most ars recoverad
within a few miles of their release point. Thev feed on clams, small fish,
pthercrabs, and marine worms.

Dungeness crabs are polygynous animals (males mate with morethan
cne femalel, and for this reason only male crabs are allowed to be
harvested, They mate in shallow water, usually in late spring or sarly
summer, immediately after the female molis but before her new shell
hardens. She stores the sperm in a seminal receptacle. The aggs ave fertil
ized in the fall, when they are exiruded and become attached to the
abdomen. Large females may carry up to 2.5 million eggs. Egg-bearing
ternales can be found vear round, but they are most common freon Novem-
ber through February. In Puget Sound, eggs haich from March to May.

in the larval stage, when sewly haiched crab larvae join the fres-
ftoating plankton, many are saten by shrimps, herring, youngsabmon, and

LifecyciaoitheDungensss orab. The planktonic (fres swimming) larvaego
thronghsix phases—fiveaszoea. Fachstage isaccompaniad by a molt Joss
ofshelljand increased size. Juveniles prow through about 12 molts before
becoming sexually mature adults,
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Crabs

ather marine predators. Those that survive pass through six larval stages,
swimming free for thres to five months before settling on the bottom to
begin life among the benihos. As the young crab grows, its progress is
marked by a physiclogical process called a molt, which accurs in all
crusiaceans with external skeletons. A crabmay molt asmanvas sixtimes
duringits first year: twelve times before it reaches sexual maturity: and up
o fourtesn times before it reaches the minimum legal commercial size of
8% inches across the back when it is about four vears old. Once the cara-
pace is about four inches wide, the crab grows about one inch per okt
Males and females both grow at sbout the same rate untif they reach sexual
maturity; then females grow more slowly than males, which can aftain
largermaximum size {about 8% inches).

Crabs and the Environment

Drungeness crab populations have very high mortality rates due to
natural causes and the effects of fishing. Natural mortality caused by
environmental factors varies depending on molt stage, condition of the
animai, aud the development phase of the crabs. It is especially high
among larvae, which are eaten by planktonfeeding animals, and
among stoall fuvenile crabs, which are consumed by fish and octopus,

Bungeness crabs prefer cool waters, and variations in temperature,
saiinity, and oxygen concentration can adversely affect their health. Tn-
creases in temperature can slow growth, lowsy feeding activity, reduce
hatching success, andd cause death, especially when the crabs approach
molt. They have Hmited ahility io contrel inner water content if the
salinity of the water decreases. A decrease in dissolved oxygen concen-
tration lowers their resistance o stress caused by changes in tempera-
ture o salinity.

Because Dungeness crabs are botiom-dwelling creatures, changes
in subsirate also affect their well-being. Modification of habitat in shal-
iow-water estuaries disturbs important nursery arcas for juvenile crabs.
Adult crabs forage over tidal flats, ship channels, and secondary chan-
nels, where dredging and siltation can crush or smother them and their
prey. They are especially susceptible to this type of habitat modifica-
tion during their eating season,

Pesticides and insecticides washed by rivers and storm drains into
marine waters also threaten crabs. Even small concentrations {2—4
parts par miliion) of some chemicals are toxic, depressing reproductive
functions and lowering resistance to other stresses. (rabs are particu-
iarly sensitive to orgsnophosphates, carbamaies, and chiorinated hy-
drocarbons, which can kill them as effectively as they kill mosquitos.
The Dungeness crab fishery in the San Francisco ares is affected by the
discharge of polutants—such as grease, oll, heavy metals, and pesti-
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cides—into San Francisco Bay, the principal nursery area for crabs.
This is a lesson that should not be ignored in Puget Sound.

Crabs trapped in pois endure different stresses. First, they must
contend with each other in confined quarters; mortalities in fraps are
usually atiributed to cannibalism. These mortalities are significantly
higher amnong crabs caught while molting, since newly molted crabs are
especially vitinerable to those that still have bard shells. Crabs stored in
live tanks abeard ship or at dockside holding facilities are subject io
additional physical and chemical stress. Accumulated amnonia, the
chief excretory product of crabs, is toxic at low concentrations. Further,
although few diseases have been documented among crabs inthe sea, a
nomber of bacterial and fungal infections cccur among crabs held in
high-density, stressful conditions. These diseases are {airly comman,
vet their impact on survival of natural free-roaming stocks is unknown.
Predation {rom a wide veriety of andimals accounts for substantial crab
mortalities. One worm-like predator commonly iofesis brooding fe-
males, where it {eeds off the egg mass. Coho and chinook salmon are
important predators—up to 1,500 crab larvae have been found in the
stomach of & single young salmon.

Competition within crab populations may also play an lmportant
role in crab survival, When crabs are very abundant, there ave large
munbers of adult females and fewer males after barvesiing to compete
with the juveniles for food. Because nature tends to favor larger, stron-
ger animals there are likely to be higher mortalitiss among the voung
crabs, causing fhictuations in abundance in foture years,

Harvesting

In Puget Sound, Dungenass crab are fished along tidal flats and in
shallow waters where crabs bury themselves in the sand, seaweed, and
debris. Although anyone nan harvest crabs by hand for his own use,
commercial crabbers are only allowed to use ring nefs and pots.

Ring neis were common in the early commercial fishery, and are
still used by crabbers today, They are constructed of one or two wooden
or metal hoops that have & mash-coverad opening. A bridle and lins are
attached to the net so that it can be lifted flai from the water. Bait {fresh
or frozen clams, squid, or herring) is tied to the center of the net, which
is lowered to the bottom and lifted periodically to remove the crabs.
More effective ring nets are made by adding a second ring and exira
mesh to provides side walls that create a bucket shape.

Most of the Dungeness crab catch is taken in baited pots. Although
there have been many designs devised for crab pois, most modarn com-
maercial pots are drum-shaped, about 36 to 48 inches in diameter and 18
inches high. The frame is constructed of fron rod, which may be coated
with rubber to decrease electrolysis, and covered with two- to three-
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The modern Dungeness orab fishery differs
itttie from that of the early 1900s. Use of

the hydraulic line puller {above loft), and
pots made partly of manmade materials
{left) have increased the efficiency and
flexibility of the lishery. Smaller-sized crabs
are meagsured by hand {shove right), (Photos
courtesy Washingion Sea Grant Marins Ad-
visory Sevvices)

inch (five- to eight-centimeter} stainless steel mesh. There are two en-
b funnels lessting into an opening (also called the “eve’™} of the
pot, whinh ts espaipped with stainiess siee] triggers to prevent the crabs
from excaping. and & hinged lid for removing them. In addition, all
commercial nrab pots must have two 4%-lnch escape rings o allow fo-
males and undarsized crabs to escape,

Crab pots are fished singly or in strings, each pot equipped with a
bridle, line, and buoy branded with the owner’s identification. The
Washington Department of Fisheries regulates the nwnber of pots that
commercial vessels can fish, up to 100 pois per boat except in Dunge-
ness Bay where the limit is 80. They are usually set in lines. 5 io 20
fathoms deep, at roughbly equal intervals along a chosen course. Pots are
generally fished from one- to ten-day periods, depending on the Hime of
vear, weather and sea conditions, and abundance of crabs. Boats some-
times work several strings sei parallel with sach other so that they can
be located and recovered even in rough or fogey weather.

e
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When a pot is brought aboard, the catch is removed and legal-sized
crabs soried to be held on deck or put into a recirculating seawater tank.
The test of the catch, any fish and undersized and female crabs, are
returned to the sea, the hait is replenished, and the pots reset. An effi-
clend crew can pick and raset all their pots in a single day and may fish
up to 24 hours siraight through. One crewmembser hauls the pot aboard
with a hydraulic power block, while another fills bait cans oy sorts the
caich. The boat remains underway during the entire picking and setting
operation, mainiaining a speed of about bwo knots.

Marketing and Production

Dungeness crab is marketed in two forms, sither cooked in the
shedl or as coonked shucked meat, which yields 25 to 33 percent of live
weight. Whole crabs are cocked immediately upon arrival dockside,
and are marketed fresh or fresh-frozen. Most shucked meat is packed in
one- ot five-prund containers and is also marketed fresh or frash-fro-
zen, although some shucked meat is heat processed and canned {or the
retail trade. A market has alsn develeped for live crab, which are
shipped by air to Hawaii and other distant points.

Market price and demand for Dungeness crabs vary seasonally.
Prices ave generally lower at the beginning of the commercial harvast
season, when stocks are abundant and catch rates high, Later in the sea-

Dungeness crabs-—here

wad up for sale at Seattle’s
Pike Flace Market—-are very
popular in local retall mar-
kets and offer ap sitractive
contrast to other shellfish
and finfish.
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son, as crabs becomme scarce and catches fall off, the price increases.

Blungenass crab constibites an important fishery in Pugst Sound
and total landings now rank fourth behind geoduck, oysters, and hard-
shell clams, From 1952 to 1976, the anpual commeraial harvest of
Dungeness crab in Puget Sound averaged slightly over one million
pounds, or about 11 percent of the total state catch. In 1975, production
began to increass and from 1876 to 1982 annual landings averaged 1.8
raillon pounds, causing Puget Sound’s share of the statewide crab har-
vesi to rise to about 30 percent. Puget Sound Dungeness crab stocks were
guite stable from 1974 through 1884, Although some fluctuations in
abundance oocurred, they were not of the magoeitude of the “boorn or
bust” levels reflected by the coastal crab fisheries, Worldwide, in 1881
Dungeness crab accounted for 3¢ million pouods of & total caich of 1.9
billion pounds for all crab species taken,
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Crab Resource Management

Management of the Dungeness crab fishery is based on data de-
rived from fishing effort, stock assessment, mortality, and cycles of crab
asbundance. In Puget Sound, regulations are applied to gear type and
gquantity, and duration and timing of fishing seasons.

Comsiderable effort has been expsndsd to determine how o man-
age the Dungeness crab fishery considering moliing cycles, repredus-
tion, and the various factors affecting mortality. Up to 60 days after
crabs have molied, ead vield is low-—only 13 1o 14 percent of live
weight., Also, the meat tends {0 be watery, and the soft-shelled crabs ate
sensitive to handling. Because hard-shelled crabs have much higher
meat vield and are hardier, an atternpt is made to restrict fishing to peri-
ads when the crabs are not moelting, This is difficult o accomphsh,
however, because crabs do not always melt at the same time each yesar
orat the same Hmes throughout their range.

Fach vear, an estimated 18 to 15 percent of all pots used ars lost to
the seafloor, where they continue o frap crabs—somelimes for up o
four years—which die and then become bait for other crabs. To prevent
these neadiess mortalities and capture of undersized crabs and females,
managerment agencies are requiring or testing various types of “savings
gear,” mechanisms such as escape rings and destruct devices. Escaps
rings are designed to allow small crabs to get out of the pot, thereby
reducing mortality of undersized crabs due to in-trap cannibalism and
unnecessary handling. ¥scape rings also reduce the time required for
fishermen to sort their caich, Destroct dovices cause the pot to open,
permiitiing crabs to sscape after a period of time. New materials are also
being developed that would cause part of the closure mechanism to dis-
integraie over time, thersby releasing the lid so that crabs could escape.
{Use of destruct daviges is not yet required.

Regulatory agencies also attempt to alleviate interfishery conflicts
among crabbers, trawlers, and salmon gilloetiers. When crab pots are set
in trawl or gillnet areas, nets can becoms damaged and fouled hy pot
{ines and buoys, and crab pots lost as the fouled Hnes are cut. In addi-
tion, large numbers of crabs are caught incidental to bottom trawl and
net fisheries, which cause substantial damage (o crab stocks.

Conflict also exists between the commercial and sport orab fish-
aries. This was sspecially a problem in the early 1970s, wheun a three-
fold increase in commercial gear resulied in opening of new areas to
commercial {ishing that had previously bean restricted to personal use
fishery.

Some of the problems may have resulted from an apparent lack of
awsreness by many sport crab fishermen of the biology of the crabs and
of the need to reguldate the fishery, A survey of indertidal sport crabbers
near Mission Beach north of Port Gardner, found few who were aware
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Distribution of Dungeness
crab captures in Puget
Sound, 1876-77. Each cir-
cle depicts averags annual
{andings frora the vahue
giver 1o the next highest
value,
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that crabs molt. They believed that the exoskeletons found on beaches
were the result of commercial crabbers killing stoall crabs and overfish-
ing the stocks. Sport crabbers also balieved that comnmeseial crabbers
were taking most of the lerge crabs, A reduction in sport size limit from
64 inches to 8 inches did not aweliorats this conflict, Commercial crabe
bers countered—with some justification——that sport fishermen now
harvest the §- to 8%-inch crabs that would normally snter the fishery
after thelr next molt,

Sport crabbers have traditionally been concerned that commeraial
crabbers were taking all the ‘available crabs. Commercial effort in Pugst
Sound incresassd during the 1870s from about 150 vessels in 1972 io
nearly 400 by 1980, A license moratorium was enacted in 1980, which
reduced the mumber of crab Heenses to bess than 300 {sale or transfer of
licenses is prohibifed). The target level established for the commercial
wrab fishery is 200 eligible vessels.

The Foture of Commercial Crab Fisheries

With the exceplion of certain areas in Alaska, known West Coast
crab stocks ars exploited near maximum sustainable vield, and caich
rates have levelled off and are not expected to change. There is & well-
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established demand for Dhingeness crab, and it brings a high price in
the marketplace.

Stable demand and high prices might appesr to make crabs an eco-
nomically viable candidate for sqguacudture development. Indeed, labo-
ratory irials conductad in Oregon have shown that Dungeness crabs can
be Tned and cultured in captivity through the fres-swimming larval
stage. Yet the commercial feasibility of aguaculiure of Dungeness crabs
still faces many problems. Methods similar to thoss used for culturing
Maing {obsters have been proposed, but none have bsen developed.
Crabs would require expensive supyplemental feeding, and feed conver-
sion rates are likely to be poor. Growth rates are slow; two to three years
may be reguired to produce a commercial-sized crab, Finally, the
Dungeness crab’s cannibalistic natwrse would necessitate special enclo-
sures {o separate and protect the soft-shelled, newly roolted crabs.

The red or rock crab, Cancer productus, is an abundant intertidal
species that deserves mention because it ie sometinses caught in crab
pots along with the Dungeness. It is usually found in habitat that is
rockier than that preferred by the Dungensss, however, and it is not
commercially vaiuable because of its small size. Experiroentad harvest
permniis were issued in the sarly 1980s but no fishery developed, Some
potential may exist for such a fishery, but it is limited by low market
vahie and goar resivictions needed io protect the valuable Dungeness
resource. Ancther species, the black-clewed crab, Lophopanopeus
hellus, is believed by ovsiermen to be a useful predator that appears 1o
feed preferentially on oyster drifls. This heavy-clawed crab has report-
edly reduced the incidence of drill infesiation on low intertidal and
subtidal oyster beds in some areas.

The future of the Puget Sound crab fishery will remain bright as
iong as oritical babitats are protected from damage resulting from ma-
rine indusiry, pollutants, and construstion activities, and as long as
mortalities associated with bottom trawl and salmon net Asheries are
minindeed,



CHAPTER SIX

Shrimp and Other
Nonmolluscan Shelifish

Man has made use of many edible foods from the sea; some of
thera—such as shrimp—have become comumon as seafoods, othbers—
such as sea urchins and sea cucurmbers—are still considersd rather
axotic by many consurners. Many of these marine species ave found in
Puget Sound. Shrimp were commercially harvested here as sarly as
1888 by fishermen using beach seines near Anderson [sland. They soon
replaced their shorebound gear with beamn trawl nets that could be
towed behingd small steamboats, and opened the way for rapid develop-
ment of the shrimp fishery. The beam trawl could casily be handled by
one man from a small boat, and the light simple gear allowed many
peaple o enter the shrirop fishery nesr major market centers in Seattle
and Tacoma.

Shrimp grounds in central and southern Pugst Sound near Seattls
and Tacoma were quickly depleted, and by 1902 the fishery had to &x-
pand o the San Juan Islands and Hood Canal. There, and elsewhere in
the Sound, shrimpers still work the waters with beam trawl nets or pots
reminiscent of the early years of the fishery.

The more exotic species bad not gone unnoticed, either, In the
early 1800s, a naturalist reportad on the possibility of harvesting Pugst

There was no rush of enterprising entrepreneurs willing to develop
markets for these creatures, however, and they were virtually ignored
for the next seventy vears, Today, thers is significant demand for exotic
seafoods in the Orient, Europe, and increasingly in the United States,
Animals such as sea urchins, sea cucumbers, and jellvfish are used for
food and as flavors and condiments. In Puget Scund, the globular sea
urchin and its relative, the slug-shaped sea cucumber, have been the
prime elements in the development of new commercial fisheries.

SHEIMP

West Coast shrimpers catch almost exclusively species of the fam-
ilv Pandalidae, which concenirate in cool, temperate, and subarctic wa-
tors, Of the twelve species of pandalid shrimp represenied in the
waorld's fisheries, seven are common lo Puget Sound. Worldwide, pan-
dalid shrimp account for only a small portion of total shrirnp landings,
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Pandalid shrimp {prawns) ave the anly speciss of commercial impor-
tance in Paget Sound. These shrimp reach a body lenpth of up to nine
inches.

about & to 20 percent, The bulk of world shrimp catchss belongs to the
family Penacidae, which includss the Gulf Coast prawn.

Many of the same physical andd bislogical factors that affect Dunge-
ness crab also affect shrimap. Like crabs, adelt pandalid shoimp prefer
tow water temperature and can tolerate moderate fluctuations in salin-
ity. However, low salinity levels can inhibit larval pandalid growth, an
effect opposite that found for many penaeld shrirops that use estuaries
a8 mursery areas. Light is also an important growth factor. Larvas ave
often found to be ativacted o light, whereas fuveniles and adults fend 1o
avoid Hghted areas. This leads to vertical migrations as shrimp follow
food stocks that are Hght-controlled. Adult shrimp follow their prey up
fromn the bottom during the late afiernoon and evening, and return to
the bottom at dawn.

Pandalid shrimp also nigrade horizontally, between nearshore and
offshore waters. This ralgration paltern may be assoriated with changes
tn temperature or salinity, and with the onset of breeding. Pandalids
are carnivores (only rarely hwve they been found to eat plant matten
thal cat yoarine worms, small crostaceans {such as nopepods and su-
phausiid shrimp), or they will feed on detritus (dead animal and plant
maalter),

Fandalid shrimp are protandric hermaphrodites—thal is, each in-
dividual shrimp matores first as a male, then undergoes 2 sex changs io
female. Hermaphroditism is not uncommon arsong marine creabures: i
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ocours in other shrimplike spoecies and in many molhises, Shrimps gsu-
ally spawn during their first 12 1o 18 months, when they are males, and
between one to two seasons later change to females, which they remain
the rest of their lives. In a few cases, the female phase may develap
garly and the male phase may never mature.

Mating occcurs in the fall. The male altaches its sperm to a recepta-
cie on the underside of the female. She spawns 2,000 to 3,500 eggs that
are then fertilized by the waiting sperm and rersain in the egg sac until
they hatch. In the late winter or early spring, the newly haiched larvae
ioin the communitiss of other plankton and plankionic tarvae for two to
three menths, They will pass through five or six larval stages before
hecoming juveniles and settling down o a semibenthic existencs.

Little is known of the diseases and paragites of pandalid shrimp. A
condition known as “black spot gill disease” ocours in pink shrimp off
Muine, and has been cbserved in pink shrimp off Kediak lsland,
Alaska, but it is not known whether this disease is fatal. Many species
of pandalid shrimp endure parasites—the most common are small crus-
taceans called isopods—but the effects do vnot appear to pressnf a major
threat to shrimp stocks or their commercial value.

Predators, which include large predatory fish such as rockiish and
dogfish shark, are the primary cansse of shrimp mortality. Seasonal vari-
ations in abundance occur apparently becauss of high mertalities dur-
ing the larval and early adult stages. If large numbers of young shrimp
survive these natural causes of mortality, then it is likely there will be
good stocks for a fishery.

Harvesting

Puget Sound shrimp fishermen use either beam trawls or pots to
harvest shrimp. The beam trawl, and & modified version of it called a
pipe trawl, has been used lovslly since the fishery began and is still
used in north Puget Sound and the San Juan Islands. (The type of otter
trawl or shrimp traw! used in the Gulf of Mexico is illegal in ths
Sound.} The beam fraw! is a cone-shaped net with the mouth held open
horizontally by a beam running across the top and directed by skids at
each end of the beam. Because it is towed through the water above the
bottom, it can be fished over rocky subsirata.

Shrimp boats are small {Jess than 80 feet in length}, two-man ves-
sels that carry only basic equipment required to wioch the trawl in and
out and Hft it onboard, Trawl nets are sized to suit the capabilities of
the vessel and crew and are usually less than 40 feet wide at the beam.
The net is small encugh to be towed by a small boat, buat is ineffective in
covering large areas.

Shrimp pots are box frames covered with wire mesh or fiber net-
ting, with two or more tonnels sloped inward and a 2%- to 3-inch cirou-



The sheimyp pot (below!
and beam trawl (left) ave
the two methods com-
moniy used for the Puget
Sound shrirep fishery, Both
mathods have been prac-
ticed sinoe the sarly 19008,

iar opening st the inoer end. Thers is a mioiouan mesh size for the pots
in Hood Canal and no more than 180 per boat are allowed in Puget
Sound, except in Hood Canal where the Hinit is 50, and in Port Angeles
where the limit is 10. Pots, sef singly or attached by groundlines, are get
at regularly spaced intervals, and are haited with such temptations as
canned fish, flavored cat food, fish carcasses, and clams. A variety of
small power boats, such as open runabouts [16-35 feet) and gillnstters,
are ussd inthe fishery, and the only necessary equipment is a line hauler
or reel. The one- or two-person crew unloads the catch in the late
afternoomn, so that it can be iced for delivery on the same day and sold
fresh in local markets,

The shrimp season is April 15 through Gatober 15 for trawling in
Puget Sound, and May 15 through September 15 for pot fishing, Two
arsas of the ionland waters have special vestrictions on shrimp fishing:
the season in Hood Canal and Carr Inlet can be closed whenever stock
abundance is estimated to be too low to permait commaercial harvesting,

Shrimp Producton and Marketing

During the sarly vears of the Puget Sound shrimp fishery, produc-
tion harely kept pace with local demand. Stariing from a modest catch
of 5,000 pounds in 1888, annual catches grew to a peak of 400,000
pounds in the yaars 1803 to 1915, Catch levels in the current fishery
have remained at a lower level, which has been relatively steady in re-
cent years. Botween 1936 and 1942 total shrimap production in Puget
Sound rangaed from a low of 8,000 pounds to a high of 150,000 pounds.

Historically, about one-half to two-thirds of the total Pugst Sound
catch has come from the pot fisheries of Hood Canal and Carr Indet.
Since 1880, the bulk of the pot caich has ooeurred in Hood Canal,
where comnercial and sport catches combined have ranged from
1680,600-200,000 pounds armually, The beamn trawl fishery, which is
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banned in Hood Canal, has been concentrated arcund the San Juan Is-
lands and in north Puget Sound, with catches consisting primarily of

oo

pink and coonstripe shrimps and spot prawns. Spet prawng are ihe pra
dominant species taken in Hood Canal. During the 1950s and 1980s
some shrimp were landed from Elliott Bay, but no laadings have hesn
reported in recent years.

The pandalid catch of Puget Sound is a small fraction of all West
Coast shrimp landings, which are dominated by the northern pink,
Pandalus horealis, and the ocsan pink, P. jordani. These slow growing
and tiny shrimp {the ocean ceught species average 200-400 whole
shrimp per pound} were caught in huge numbers in the late 1870s, with
catches of over 150 million pounds. Since then, the catches declined to
just 21 million pounds in 1883, due in part to overiishing and the ef-
fects of £l Nifio. The catch off the coast of Washington has amounted to
ahout five to ten percent of the total West Coast catch, ranging from 0.8
to 12.7 million pounds annually from 1968 through 1982, The larger
shrimp taken in the Sound are also harvested off the coasts of western
Canada and Alaska: the Alaska pot fishery for spot and coonstripe
alone took more than a half million pownds In 1983,

The processing and product forros of pandalid shrimp are not com-
plex. Most of the small pink shrimp are processed pesled, cooked, and
frozen; whereas the larger shrimp and prawns are often sold fresh, ei-
ther pesled or unpeeled—the best product forms for these fine shell-
fish. The smaller shrimp have proven difficelt to market at a reasonable
price in the face of stff competition from imports harvested in the
North Atlantic. The market for high quality large shrimp is very good
with especially high prices for fresh products. Because of the limited

toy 1968

Department of Fisheries)
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supply of large pandalid shrimp, most of the prawas sold in the retail
markets and restauranis of Puget Sound are penaeids imported from the
Gulf Coast, Central and South America, and Asia.

Resource Management

Management of Puget Scund shrimp stocks has focused on com-
paring catoh levels to population estimates, and closing the fishery
when pepulations are low {indicated by low catches] and during
spawning and egg-bearing periods. The Washington Department of
Fisheries (WDF) estimates stock abundance before the season opens by
seiting pots at standardized depths and locations, and ecalculating a
catch per unit of effort (CPUE] to provids a population index. These
catches also provide data on frequency of abundance versus shrimp
tength to allow evaluations of year-to-year variation in spawning or re-
cruitment success. After the shrimp season opens, WOF surveys the
fishery to determine effort and reviews fishermen's logs 1o keep track of
catch levels and adjust their estimates of abundance according to the
CPUY and overall efforts to ensure against overharvest.

These management tools, as well as a requirement for larger mash
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{4 inch) in pots, have been most successfully applied in Hood Canal, an
area that has exxperienced increased fishing effort in recent years.

Becausa there is still no lmit to the number of commercial lzenses
issued, major conflicts remain between commercial and sport fisher-
men, who are competing for the same shrimp stocks at the same time.
Thus, while the amount of gear and commercial pressure could be £on-
trolled by a limited entry system, there still would be unresolved prob-
fems of overlap of commercial and sport fishing, particularly in Hood
Canal. The Department of Fisheries has not as vet been given the au-
thority by the Legislature to develop new management programs that
could lead to a solution to these conflicts.

Expanding the Fishery-—Possibilities and Problems

Management efforts to increase the commercial shrimp catch in
Puget Sound are limited by the abundance of natural stocks, which are
harvested at the level believed to be the maximwn they can sustain.
Therefore, the potential of increasing shrimp production through artifi-
cial cultivation is being explored by the National Marine Fisheries Ser-
vice and the University of Washingion Scheol of Fisheries, Pandalid
shrimp have been successfully cultured to the adult stage, and pilot-
scale aguaculture systems have been developed. Some species show
poor growth and survival when cultured in higher densities, but the
species that appears to be best suited for culturing is the spot shrimp,
Pandalus platyceros. Spot shrimp culture still must be considered an
experimental venture, and its comnmercial feasibility is vet to be estab-
Hished. Nevertheless, the capability of an aguaculture enterprise to pro-
duce large, premium guality pandalid shrimp is incentive for contin-
ued work leading to commercial calture.

In addition to Pandalid shrimp, there are a number of other shrirop
families in Puget Sound with potential commmercial importance. These
include a number of small shrimp species, such as the little gray
shrimp (Crago sp.}, which are abundant in shallow intertidal waters
and tidepools but are considered to be too small and dispersed to har-
vest comnmercially. These small speciss are prized by Oriental consum-
ers, who consider small, light-bodied, whole shrimp to be a delicacy
and are willing to pay high prices for them, There s no information on
the abundance of these shrimp in Puget Sound, however, and until
their populations are assessed, initiation of even a small-scale commer-
cial fishery is not feasible,

There are two shrimp species that are abundant in Puget Sound
and large enough to be considered a comumercial resource, the ghost
shrimp {Calliunassa coliforniensis) and the mud shrimp (Upogebia pu-
gettensis}. The ghost shrimp has a large, soft body but does not look
much like a shrimp; the mud shrimp is large and has a more shrimplike
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The globular and readily
identifiable sea urchin s
harvested conumercially

rom uorihern Paget Sound
snd the Straft of fuan de
Fuca, The red urchin is the
Iazgest with a diameter of
up io five inches and spines
two inches long. Only ths
gonads, which can account
for up to 25 percent of the
urchin's weight, are con-
s,

appearance. Although oyster growers might welcome commercial har-
vest of these shrimps, any commercial ase is Hkely to be limited io sup-
plving bait markets, because the shrimp’s size and appearance are ngt
well suited o the food market.

SEA URCHINS

M the three species of sea urchins common to Pugst Sound—the
red sea urchin, Strongylocentrotus franciscanus; green sea urchin, S.
droebachiensis; and purple sea urchin, 8. sureurentus—only the red
sea urchin is barvested. It is larger than the other two species and s
relatively abundant, The green urchin, while abundant, is usually too
small to harvest commernially.

Urching are adaptive feeders, and though they graze on seawesd
where it is plentiful, they can also swrvive quite well on detrital mate-
rial and even dissolved organic matter. Where urchins are very abun-
dant {as they are in Southern California), they can overgraze seaweed
stocks, which also constitute an sconomically valuable crop.

Sea urchin populations are affected by food availability, predators,
and dissase. They are preyed upon by crabs, starfish, finfish, seagulls,
and sea oiters. Mass mortalities of red sea urchins have been reported
oif southern and ceniral Californis, resulting in the rapid recolonira-
tion of the areas by brown algae. Such movrtalities have practical signifi-
cance because they can reverse the overgrazing of kelp by large sea ur-
chin populations where kelp is an important crop, or mortalities may
threaten production whers & new fishery is developing,
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Resource Management and Harvesting

fecause sea urching are an important source of food for maoy
benithic animals, the Washington Department of Fisheries has estab-
lished restriciions on fishing seasons, areas, size, fishing methods, and
spenies. The regulations are designed to be flexible in ensuring the
maintenance of high quality stocks and in mesting the needs of the in-
dustry. Managemen! decisiems regarding the locaiion and size of the
harvest area are based on surveys made before and after the season, and
on urchin catch logs and landing tickets filled ogut by fishermsan. Figh-
ing is restricted each vear to one of three sectors slong the Washingion
coasthine of the Sirait of Juan de Fuca from Cape Flattery {Tatoosh Is-
{and is closed) to Port Townsend. Harvesting is rotated within permit-
ted fishing areas; open one year, then closed for two years to allow nat-
ural recovery of stocks. In addition, harvest has bsen allowed in the San
fuan Islands, except for San Tuan Charmel and & portion of the west
const of San nan lsland, which are designated as scientific reserves and
are closed to fishing to protact sea urchins and other scisntifically im-
portand species.

Harvesting 1s resiricted to red urchins 3% to B4 inches wide, and
green urchins (no size limit); harvest of purple urching is prohibited,
Harvesting is allowed only Octeber through April,

Sea wanins are fished locally by divers using sceba or surface-
supplied air in waters heyond 190 feet below mean lower low water. To
harvest them divers must use hand-operated equipment that does not
penetrate the test (exoskeleton). This reduces harvest efficiency greatly
in deeper waters and procludes economical harvest beyond 50 fest, An
average daily catch is about 2,000 pounds, although some divers have
reported landings as high as 5,000 pounds per day. The size of the {ish-

Pugat Ssund ssa urchin
tandings (whols wei
since 1882, landings have
been 200,000--800,000
pounds annually. {Source:
Annnal landings for
186552, Washington De-
partment of Fisheriss)
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ery is small, with no more than six to eight full-time divers, and two
processors {one in Washington and one in Canada).

Processing and Marketing

The only portion of this animal that is an important commaodity is
its gonads. Japan presently is the principal world market for sea urchin
gonads, called uni. There is very litde local demand, with the excep-
tion of some inferest in the local sushi market. The Japanese consume
about 4,000 tons of uni anneally, much of which is imported. Red sea
urching, akauni, are the preferred variety. They are usually served in
sushi restaurants, raw, pickled, or mixed with other seafood on top of
small vinegar-flavored rice balls.

The sea urchin trade is highly specialized and fraught with techni-
cal problems arising frome the product’s extreme delicacy and guality
requirenments. The industry is labor intensive because there is no
mechanized method for removing and packaging the delicate gonads.
They are processed by hand, which involves breaking the shell, extract
ing and cleaning the gonads, and packing them either fresh, salted, fro-

Bistribution of sea urchin
and sea cucumber harvests
in Puget Sound, 1878--77.
Each circle depicts average
annual landings from the
value given fo the next
highest value.

Lbs. Total Weight |
& 00
@ 1,000

& 10,000

0,000

LV Sea Cugumber

@ Sea Urchin
B
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zen, or canned. They are shipped by air to Japan, usually within a day
of harvesting. Finished product yields are low, five percent of the total
pounds landed. To ensure the highest price they must be carefully pro-
cessed to be in top condition and have good color, vellow or orange
{dark brown gonads have a greatly reduced value}.

Market prices tend to fluctuate greatly, California is the principal
domestic competitor and when landings are high from that state {i.e,,
when the sea is calm}, the prices for Washington urchins are depressed.
Much of the price fluctuation is dus to the vagariss of the Japanese mar-
ket, which was rather undemanding in the past but in recent years has
accepted only urchin roe of the highest quality and freshness. Wash-
ington harvested urchin roe commands the highest price in Japan dur-
ing the Christmas season—a period when Japanese suppliss are limited
or of poorer quality.

Prior to 1976 only small guantities of sea urchins were being
harvested from Puget Sound. In 1871 the catch was only 1,800 pounds:
by 1876, it rose to 1.6 million pounds with a value landed of $125,000.
Since then the landings have varied widely, and the recent harvests in-
dicate that 500,000 pounds a year is an oplimum production level for
Washington State {about four percent of the total shelifish landings).
The worldwide production of urching is domipated by Japan (26,000
tons whole weight in 1881}, Chile, Korea, and the United States. Sea
urchin harvesting will probably continue to depend on the japaness
market. Although demand for Puget Sound sea urchins is high in some
years, it is not unlimited and there is intense competition from foreign
suppliers.

Prospects for Expansion

Harvesting and processing technology is unlikely to undergo any
radical change. Hand harvesting is inefficient, but it minimizes envi-
ronmental disturbance and restricts the fishery to shallow waters,
thereby retaining a deeper resident population to resupply the
harvested areas. Sea urchins have not been coltured comunercially,
even though they are comumonly grown in laboratory aguaria as re-
search animals used for the study of cell development. Mass culturing
for commercial production, however, presents sconomic obstacles as-
sociated with food and holding facilities that ave insignificant to small-
scale 1aboratory-use production. The only real commercial-level exper-
imentation has been by Japanese scientists who found that the animals
grow tnore than twice as fast using hanging culture technigues similar
to those used for bivalves. They also noted that seed can be gathered
using suspended collectors, the same technigue used to collect oyster
and scallop spat.
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Stichopus californicus is g large, common intertidal and subtidal ses cu-
cuwaber in Puget Sound. It oftsn attains 5 length of 15 igohes, has a rad-
dish brown coloration, and s covered with pointed, fleshy warts. Only
the bady wall muscles are generally considered to be edible.

S5EA CUCUMBERS

Sea cucumbers are tubular, sedentary or slow-moving creatures
that are edible when properly prepared. Of the mimerous species found
in Poget Sound, the one with the most commercial potential due to its
size and abundance is Stichopus californicus. At present, the sea cu-
cumnber fishery in Puget Sound provides only supplementary incoms to
fishermen, Stichopus is generaily sbundant throughout much of Puget
Sound waters and there has been no effort to control the harvest or de-
termoine the flsheries potential of local stocks; however, some basic bin-
ngical information that may assist in management of the fishery s
available, The fishery is closed only in the scientific reserve waters sur-
rouniting San fuan Island and is menitored by the Washington Depart-
ment of Fisheries through caich logs and landing tickets filled out by
fishermen.

Harvesting, Processing, and Marketing

The fishing technigue for sea cuocumbers is relatively simple. They
are either hand-harvested by divers or netted in trawls. Sea cucumber
production has been a small fraction of total annual shellfish produc-
tion of Puget Sound (0.5 to 4 percent), and until recently production
levels have not changed much in the past decades. They have ranged
from 12,600 pounds in 1835 up to about 421,000 pounds in 1984, and
27,000 pounds in 19832,

Whole sea cucumbers are sold either fresh or drisd; the intestines
are sold sliced, pickled, and dried; and the longitudinal muscles from
the body walls are sold prepared and sectioned. Most of these products
have little appeal for the average American palate, with the exception
of the prepared muscles, which are very tender and taste much like
clam mest. Unfortunately, the muscles comprise only a small portion of
the whole animal.
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SEA CUCUMSBER LAMINNGS
Pugst Souvid

Pugst Sound sea cucumber
landings (whole weighis).
{Source: Annual landings
for 1968-82, Washington
Uepartment of Fisheries)

The most commeoen product made from sea cocumbers is dried cu-
cumber, called trepang or beche de mer. Uried cucumbers ave soaked in
water, sliced, and added to soups or stirfry dishes. They have an inof-
fensive, gelatinous texture and a very mild flavor. Konowata, which
consists of a thick, muddy brown mixture confaining long, slimy
strands of intestine, has less appeal.

Sea cucumbers are widely marketed in Asia, with the greatest de-
mand in China, The most active trading occurs in Singapore and Hong
Kong, whers cucumbers are imported from other parts of Asia, Africa,
and the South Pacific. The market is even more unstable and fickle than
that for sea urchin ros.

Fishery Limitations

Like sea urchins, cucumbers suffer from limited domestic demand.
At most, they provide ondy supplementary fncome for fishermen and
are limited io foreign markets that are already fiercely competitive. In
addition, because the animals are of minor commercial imporiance,
there have been few studies aimed at determining their fishery poten-
tial. Critical ecological data and information on reproduction, recruit-
meni, growth rates, uptake of pollutants or human pathogens, and in-
teractions with other animals found in the same environment are
tacking or very limited for potential commercial species. Additional
studies would be needed to initiale and wisely manage this fishery if it
were o intensify.

OTHER SHELLFISH SPECIES

There are several other shelliish species in Pugst Sound that have
potential commercial value, but few that are suitable for domaestic use.
Dried jellyfish are popular in China and Southeast Asia {over 22,000
tons were harvested in 1881}, and tunicates or sea squirts, have a small
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market in Korea and Japan and are cubiured oo rafts in northemn Japan.
The suitability and availability of local stocks of these shellfish for
comnercial barvest and export is unknown. Alse, because they are not
classified as “‘commercial” species, state vesearch and development
funding to encourage a commercial fishery for the animals is not avail-
able.

There may be some potential for arearine balt worm industry inthe
Sound. This indusiry is presently centered in Maine, which supplies
over 80 percent of the saltwater bait worms sold to recreational users in
the United States. I is Maine’s fourth most valuable fishery, with 1881
production of over one willion pounds of sand and blood worms. The
fishery is incredibly tenuous, however, becauss the market {s unstahie
and the werms are fragile. Handling and marketing procedures de-
veloped in New England could probably be applied to a Puget Sound
fishery. Sand worms are coromon in certain parts of Puget Sound, bat
iittle is known about the extent of local marine worm populations, vari-
ations in size and annual crops, growth rates, or sustainable harvest
rates,

Many shellfish species have potential application in the ornamen-
tal fish trade and as & source of chemicals for processed foods and phar-
maceuticals. Examples are sea anemones, sponges, tube worms, and
hermit crabs. The harvest and economic potential of these marine spe-
cies in Puget Sound remains to be explored.
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CHAPTER SEVEN

Seaweeds

Seaweeds are large marine plants that belong to three major divi-
stons: green algas {Chiorophyta), brown algae (Phasophyta), and red
aigae {Rhodophyia). They vary in form from filamentous, simple, and
branched blades, to very complex structures; and in size from barely
visible to the naked eye to as long as 100 feet. They grow primarily in
intertidal and subtidal habitats to depths of about 30 feet, attached to
cobbles, bedrock, other seaweeds, and even animals. A few are free
floating. They absorb nutrients from the water directly through their
cell walls rather than from the subsirate by way of root systems, like
tand plants. They require sunlight for photosynthesis, which is con-
trolled by depth, turbidity, cloud cover, and shading,

Over 500 species of seaweeds are found in Washington’s marine
waters—in fact there are more kinds of kelp (a particular kind of
seawesd) than are found anywhers else on earth. (A list of coromerciaily
useful seaweeds, and their habitat, distribution, and uses is given in
Appendix C.) They play two impaortani roles in the ecosystem. First, as
produgers of organic carbon, seaweeds are as important as phy-
toplankton as primary producers in the coastal zone. They ars food for
snails, amphipods, urchins, and other herbivores, bul more importantly,
algal material enters the food chain as detritus, breken down bits of
organic matter. The second major contribution of marine algae is as
habitat. Algal beds provide places whers animals can hide from pre-
dators, feed, and breed, and form subsirate on which marine organisms
attach. Although the effects of harvesting large quantities of algae are
unknown, they would no doubt be far-ranging, disrupting food supplies
and destroying important habitat,

Seaweed Biology

Reproduction and life histories of algae are complex, and many de-
tails are still poorly understood, but what is certain is that there is con-
siderable variation. Seaweeds reproduce either by fragments or by mo-
hile or immobile microscopic spores. Some spores arg asexual: they
simply settle down, attach, and germinate. Other spores act as sexual
gameies: they fuse with another gamete before germinating. Some
spores germinate and grow into a plant resembling the parent plant, for
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Comumon Washington seawesads, Lelt: Nereocystis feutkeana is an im-
portant privary producer that can grow over 100 feet iong. 7t bas a hold-
fast, hollow stipe, and blades that float at &
Porphivra abboitse grows up 1o a foot long attached lo rocks in the inter-
tidal zone. Right: ridees cordaie grows 1o three fast, is purpls-brown
with an ofly imridescence on the surface.

example, Iridaea or Furcus; others, such as Nereocysiis, produce young
plants that ook unlike the parent, then reproduce in the alisrnate
phase to produce a plant that doss. Often, these microscopic spores and
germilings are the most delicate part of the life cycle and are easily
damaged or disrupted by pollution o degradation of water quality.

Washington's indand waters have ideal conditions for algal
growth-—excellent water quality, relatively high salinities, and high nu-
triend levels, Culy lack of substrate appropriste for attachment and low
fevels of arnbient suntight during winter restrict native stock distribution
and seasonality. Except for the exireme southern end of Puget Sound,
there is generally no nulrient depletion in the summer, uniike surface
coastal waters where nutrients may he depleted by rapid phytoplankion
growth.



Seaweeds

The Strait of Juan de Fuca and the San Juan Archipelago have
abundant seaweed stocks in water op o 30 feet with bedrock or large
cobble subsirate stable encugh to be unmoved by currenis or waves.
Most of the algal biomass is brown algae of the order Laminarialss (kelp),
espacially Lanmunoria, Nereccystls and Macrocystis. This biomass is
seasonal; the peak algal standing crop ccours in the summer and fall, and
there is little or nons in the winder,

Areas of Pugst Sound with no stable substrate upon which germ-
lings can attach themselves ave generally devoid of large seaweeds. Sil-
tation, poliution, and herbivores can alse inhibit growth and germling
survival. In the San Juan Islands, for exsmple, wany areas with recky
substrates sultable for ssaweed growth, are instead paved only with
crust-forming seawesds {such as pink coralline algae! that are resistant
to grazing by herbivores such as sea urchins and sbalone.

Uses

As part of the marine snvironment, man the explorer, gatherer,
mardptlator, and exploiter has alwavs found uses for seawesds.
Coastal-dwelling Native Americans used seawseds as food, sourcas of
medicinals, and materials for creating tools and containers. For exam-
ple, the Makah Indians of the Olvmpic Peninsula smoked and oiled the
stipes of Nereocystis, then braided them together to make harpoon lines
for whaling, Nercocystis bulbs were used (o store sulachon oil, and
steam wood for bending into hooks. Seawseds werve pressed on sun-
unad lips to cool them, draped over new mothers’ hreasts to induce
laciation, and burned to make acrid smoke that was believed would
drive away the harsh winds threatening offshore fishermen,

Algal uses fall into six broad cetegories: fvod, fodder and fertilizer,
chemicals, pharmaceuticals, phycocolloids, and energy, Some of these
uses are mainor or cutdated, but many others produce Hitle known but
vital chemicals critical to modern industry.

é §

Pacific Northwest coastal Indians used bail
kelp (Nersooystis) stipss to store enlachon
oil. {Afier Stewart, 1877.)
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Food

in Indeonesia and the Orient—particalarly Japap——and among the
native paopies of the Pacific Northwest, seawseds have been gathered
for centeries for food and as condiments. As a food resoarce, seawneds
are nuiritionally rich. They contain vitamins A, By, C, D3, and E, pan-
tothenin acid, folic and folendo acids, minerals, trace slements, iodine,
and protein—as goech as 40 percent of total dry weight

Fodder and Fertilizer

Because they are rich in vitamins and minerals, seawseds have
also bean used as andmal fodder and fertilizer. Tn Europe and the British
Istes, sheep once grazed on beaches, or farmers gathered seaweed o
feed to their Hivestock, ativibuting to it weight gains, increased egg or
mifk production, and snhanced resistence to disease. Dy seawesd
meal is stitl used as animal fsed supplement.

Liguid seawsed extracts ave wsed as micromudrientrich soil ad-
ditives and plant foods that enhance resistance to insscts and fungi,
increase nuirient aptake, and provide a variety of horroone-médiated
responses suich as decrease in frul drop.

Chemicals

In the sevenieenth and early eighteenth centuries large brown
seaweeds were burmed o recover soda {[sodinm carbonate} from the
ash, which is used to manufacture glass. The word “kelp” originally
meant the ash from burned ssaweed, and only latsr came to mesn the
seaweed tiself. Potash, another product of kelp, was valued as a fer-
tilizer and for industrial processes, such as the manufacturs of soap and
explosives. Early in the twentieth century potash production was effec-
tively monopolized by Germany, and as political problers i Europs
intengified, the United States was forced to develop domestic sources.
Felp resources were inventoried from Baja California to the Alsutian
Istands, and large-scale harvesters were built. During World War 1, an-
nual production of potash reached 4,000-5,000 tons. After the war, pro-
doction of alginates began and thess products bad sufficient value that
othaer uses were no longer profitable, Kelp was a major soures of {odine
in the 180405 before Chilean guano deposits provided new sournes.

Pharmaceuiicals
As medicine, seaweads were used to treat goiter and worms in ho-
mans. Today, ssawesds and their extracts are used in many applica-
fions:
- Calciumn alginale is used to dress wounds because it forms a gel
and retards bleeding.
« Carragernan and other vad algae exivacts {Constantinea and Cryp-
tosiphonia) have antiviral properties.
» Carrageenan is used to treat vlcers, and io lower blood chalestern]
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Shellfish and Ssaweed Harvests of Puget Sound

» Agar, extracted from various red seaweeds, forms gels and is used
in foods and bacterivlogical plate preparations in medical labora-
tories;

» Larregeenan, extracted from red seaweeds, forms gels or highly
viscous solutions for foods, especially milk products:

- Algin {or alginic acid) from hrown seaweeds forms gels or viscous
solutions used in industrial and food procasses,

These compounds’ physical properties vary widely; each species
has different types of polysaccharides.

Energy

The search for renewable and relatively nonpolluting energy re-
sowrces has lead to research into large-scale production and conversion
of plant biomass to methane gas. The American Gas Association, En-
ergy Resources and Development Administration, and General Electric
Company evaluated the feasibility of growing the giant kelp Macoro-
cystis for organic matter that could b degonipossd anerchbicaily to
produce methana. Biological, snginearing, and enonomic problems ars
inherent to such large-scale prasduction, however, 7t v reguire more
energy to build and msintain large rape structurs {up o 200 agjiare
wiites) and pump walsy o provide plaost mutrisate Yo could be DEG-
duved. Naverit wrstls produces mosm arganis matier pet area
than almost sy i, growing inexcess of two feet per day under
aptimsd soaditio warch is now focused on creating artificial kelp
beds in nearshore waters,

Puget Sound is not an ideal place for biomass ensrgy production,
however. First, there is not enough room: enly & symall percentage of
Washington’s energy needs couid be provided for, even if the entire
Sound were utilized for the growing area. Also, the distinct seasonality
of growth is a major problem. At the latitude of Puget Sound, only one-
seventh of the sunshine in the summer is received in the winter. Al-
though algal growth rates are very high during the summer wiornths,
growth almost stops in the winter, when energy needs are greater, As
eergy costs continue to rise, kelp as an energy source may someaday
becorae a reality,

Harvesting of Wild Stecks

Seaweeds are harvested by a variety of methods, some simple,
some sophisticated. In Canada, to collect Irish moss {Chondrus crispus,
used for carrageenan extraction}, loose seawesds are collected by men
standing chest deep in the surf wielding dip nets on long poles, or us-
ing haskets dragged through the surf with horses or tractors. Subtidal
beds are harvested with toothed trawls dragged behind fishing boats or
men working long-handled rakes from small boats in shallow water. In




Seaweads

fapen, koubu {Lomiparial is ey Cwith fong, weighted poles with

tsgades that s twisied to tangle the kelp. Galidium, used for agar, is
ik i Tapan : arx. Dulae {(Palmarie padmata) is

collsotidd Bom msuks by hand at Tow tide,

The alginate industry uses lsrge-staiy Harvesting methods, In
southern California, offshore beds of Magrooystis are harvested by
ships fitted with underwater cutter bars that cut the kelp about thres
font helow the surface and & conveyor belt that yeoves it inlo the hold of
the ship. Smaller barges, fitted with similar cuiters, harvest Ascophyl-
fum (rockweed) in Nova Scotia, Canada, and lceland.

Dhuring the 19203 and 1930z, several attempts were made 1o com-
merclaily harvest kelp for algin extraction in the San Juan Islands. After
an abandoned pea cannery at Friday Harbor was purchased for the ex-
sraction plant, however, if was discovered that the Nereocysiis plant
did not regenerate affer harvesting as did Macrocystis plants in Califor-
nia. The project was abandoned, but through the vears, small amounis
of kelp have been harvested for making kelp pickles, soap, and fertiliz-
ers.

{11 Puget Sound, the Lunumi Indian Business Council experimented
with harvesting natural beds of the carrageencphyie Jridasa cordata in
1459, Waters near Bellingham and the San Juan Islands wers surveyed
and the standing crop estimated at 350 o 500 tons dry weight, Divers
were {rained, funding arranged, and equipment assernbled for a full-
scale harvest during the late spring and early suromer of 1870, The at-
tempt proved unsuccessful, bowever, hecause subtidal beds were
widely scattered and barvesting was lahor-intensive and expensive.
Omly 36 tons {wet weight} of Iridasa were harvested and operations
were suspended at the end of the summer,

A kelp harvester cutley
mechanism mounted on the
front of a barge used to ot
floating kelp such as Nerso-
cystis snd Macrocystis.
This machine was usad in
the sarly 19005, but similar
cutters are still used in Cal-
iiornia today. [Source: Cam-
eron, 1915
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As of 1985, thare was only one
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The Development of Seaweed Culture

The Japanese ars the most sophisticated cultivators of seaweed,
Thay originadly gathured spevies like nor {Porphyra sp.), wakame {Un-
tariat, and banbuo {Laminosin) from wild stocks, and ondy gradually be-
cadtivat them b wrihance natural beds, Harly harvesters discov-
tmany desirable ssaweeds such as konbu grow best on “new”
» s0 they dynamited rocks to provide such surfaces. The next
step was 1o put out new artificial substrates such as cement blocks.
Then it was reasoned: Why not help the seeding along by attaching fer-
tile fronds 1o the blocks before placing them in the ocean? Siubse-
quently, less cambersome, less expensive substralos were developed,
particularly ropes and niets attached to buoys.

Net and Longline Culture

Today, nori, most wakame and some konbu are produced on nets
and longlines sseded with spores of algae selected for good taste and
fast growth and placed in bays or the open ocean io grow, Yields are
enhanced by restricting when, where, and how much seaweed is
harvested, and by weeding and eliminating herbivores, such as ur-
chins, abalones, and snails,

The production of notd is & gaed axamyie of
cudture techniques. I was once ploked Srowm rocks and subimigy
by hand, but by the bagiuning of tha,
to stick brush in shallow bays whiers: t S
tached nori. This graduslly led ta more &
tus, and today the most commaon mathgd I3
horizontally strung nets between poles orfr ¥ rafix

Unti recently, a major obstacle to true nori culture remainsd—ihe
source of the spores that seaded the nets was unknown. While it was
knewn that in certain bays during the months of October and Novem-
ber nets could be placed for seeding, these sites were limited. A break-
through came in 1948, when Kathleen Brew, a British biologist, discov-
sred a probable source of the spores. A smaall filarnentous plant, then

adual svolition of
o bragh

$iticdatly seeded,
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Large-scale commercial fayms of nor depend upon the successful cul-
ture of twe distinct phases in Perphyro life history—the conchocel
phase, grown during the surame d the blade phass, grown during the
winter, which is the harvested phase.

called Conchocelis, was shown 1o be produced from spores from the
hlades. The Conchocelis plant was actually a life-history phase of Por-
phyra

Within a few years the Japanese wers growing Conchocelis in large
guantitine, and wers produsing spores o seed nets when and where
they wanted. This discovay emphas zed the importance of understand-
ing the biolagy of aultured seawerds. The Japanese continue to investi-
gate sivain selection, ganetivs, ellents of poliution, fertitization, and ef-
fevts of grneth hormemes nmanipulate the specine and anhanee cultare,

G

Tank Culture

Culture techniques tested in the United States and Canada show
that lnose seaweads placed in tanks of agitated seawater also grow well.
The tanks are constructed with cement or are plastic-lined structires
on land, or bags hung from floating rafts. Water is agitated by large pad-
dlz wheels or corapressed air pumped into the bottom of the tank or
bag. Some seawesds, such as Irish moss, fragment in the tanks and self-
perpetuate, while others roust have fresh inoculum {young plants) pro-
vided. T harvest from tanks, excess growiitis skiromed off. Theadvan-
tages of using this method are that § swth retes erputd oy sxeend those
from natural stocks and pure culbunss dan be growa, Tha disadvantages
are contarnination by weeds, high castruction snd aperating costs for
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Close ap of Forphyra blades nearly veady for harvesting.

water and air pumps, and the large arsa of valuable nearshore land
needed.

Seawesd Culture in Washington

In 1970 the Washington Department of Natural Resources iniiiated
rasearch to develop methods for culturing Irideen op artificial sube
strates. The first attempis {o seed and plant ropes were unsuccesshul,
hut in 1974 ropes and nets were placed over s natural bed of Iridaea,
and large standing crops were produced. In 19786, the work was ax-
panded to a pilot-scale project, It became avident, however, thai natural
seeding was unpredictable so seeding was attemnpied under controllad
conditions in tanks with both fridees and Gigortina. The vew seeding
techpigue worked, but high production costs caused DNR to drop thess
species from the project. Noxd proved promising for agquaculnire de-
velopmend, however, so a Japanese nori aguaculurist, Makoto Inavoshi,
was hired to teach DNR project personnel how to grow it Piloi-scale
seeding of nets was accomplished in Septernber 1882 and by October the
project had its fivst successiul harvest. Sroall amonnts of niori were frozen
and flown to Japan to be processed into sheets, which turned outto be of
moderately good quality, Since 1882, the DNR, project has sucoessiuily
grown three seasons of the cemchooelis phase, seeded nets with nori, and
grown them to harvest size.
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Production Constraints and Incentives

Standing Stock Limitations
The Washington State Department of Natural Resources, under
ROW 79.68.080, has authority to “develop and improve production and

351 .zmﬂ,i& yin t‘hvsz
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These norl nets in Matsu-
shima Bay, Japan, ilustrate
a traditional Japanese
method of nor production:
growing the blades on nats
spread horizentally be-
twasn poles driven into the
bottom of shallow bays, As
8 result of widespread land-
fill aotivity and pollutiion,
this is no lonper 3 cominon
BO0Ne In japan.

3. and i has deve
sedbvets and statevowned Gdelands AT
onwand the compuacal spacias established vs part
given i Appendix 1.} Sesyesd growdng in the
swshnd up on privatal 1 o leased tide-
ston helong to the o beastug
thiase tidedands, Seawaerd greswing do the Magl 1 Pragasve
stabilished tall of San hean Loanty sad Cvpress S X
arg povdected and mey be collected only with the permission of ths
dirsetor of the Friday Harbior Laboratoris eptinns v sny organisms
“gathured for huyan food and the plant Ne ocyuis, cmnnple salled
Kalp”
Carieron’s 1918 astimate of 353000 wet tretelu tons of Macroovetis
sl ‘wetis fa the Poget Seoand region is approcimately i thoes
what {s nerded to extablish a processing plant, This standing crop was
ever vanifiod walng modern techniques, nor wis farvest shown to ba
truldy profiable considering harvesting techndgoes, stack dispersal, sad
difficulties in harvesting soms sites, Royalties & the state v harvest
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story and management. The
Yy bed's role as a food source
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effent
simd oty
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Tnstitutional Constraints

The National Research Counnil has observed that “constraints on
& seloproentof dquacuiture tend to be political and admin-

& i

: \ witcal” Indeed, although the bio-
wibilityof ng Parg an nets, Laminaria on longlines,
i sesed an o has heen shown, there are no
eommercial ventures growing these siaweeds in the MNorthwest, The
consteaints seem o fall into twe broad categories—permils and market-
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The purmdithy
{s maually fong

ure in Washington for aguaculbies projests
| yery uncertalny g b ity aulcams, A shuve-
_ 4 from county government, A hiv
4 thal most oppasitivn &8 hesed, While apponents may sbae € el
ohiections in enviropmental terms, their real aveument sppesrs ta be
sesthetic, Many people approve of the idng of agacuitare, bt thees
whi own property near the water decry any change in “their” rnarine
view. While appeals 1o the Siate Shorelines Hearings Board have not
supported aesthetic arguments, the delay and costs of legal counsel are:
costhy o a prsjet,

\

A porit s ad vonn the LLSL Ay Garpeo
cvder to place any 8 navigahls watsrs, Trwn §
rontated o state sl foda g { o, ard potues
ered and reviswed by the Lorps. g
resolved in the course of this pr w proniect woay be oedi

mitigated to prevent envirgnwantal danwge.

Further requirernents avs 81y Hios permit freom thee Washingten
Department of Fisheries, which assures that the projet will nit damage
fish habhital or stocks, and a lease from the D

snk of et Re
sources if the proposed project is on state-owned Uilelands or badlands.
Rates for the lease are negotiable with the department.

Finances and Marketing

facause of the length of time thet may be required to obtain per-
ruits, and becanse there is no way 1o tell how long the permilting pro-
cess will take or even whether permity will be issued at all, investors
have not heen sager 0 suppat puanuliare projects. Financial backers
are also hositant about such projets Leoause nanagement skills are of-
ten lacking in people who want o start an aguacuiture business. Suc-
cessful aquacultare veniures consist of a tearn of skilled business man-
agers, technicians, and sccountants—or a rare individual with all these
skills,
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Hetermining the markst for g preduct is often difficult and expen-

Rragketing i¢ the first thing that a potential aguaculturist must
Hate. A wmarketing steategy must be devised and carried out,
thess prabbams are ahvious, many technically oriented aquacul-
turisly may walkt vl wall into & projent before dealing with these as-
s of the business.

I 1988, the Wishington State Legisla
places the sespenaaibility for sarkatiog of aguac
he ¥ iton Depaetment of Agriculture (B8
§ spongihitity, The bill trsata aguacutar
, 1 - anel allows the fonmation of warket
ing coimission for aguaseiiure prducts.

statinm that
provucts with




Epilogue

‘This account of shellfish and seaweed harvests in Puget Sound be-
gan with @ beiaf ook at the pastthe lang history of harvests predating
Buropoan sl Asuerioss colonization of the region by huindreds of
vorrs. Present produstion of shellfigh and seaweed is dominated by
Hurvosty of Bivalve moluses, ncluding aguacilivre of oysters, claims
and mussels, and capture fisheries fov vexturnd elumoand geodugk
Crab and shrimp fisheries constitute 8 sotalier but importnt
total production. Maring species such as syuid, cotipy
and sen ruowmbers ey S

: el Trom Puget Sound at low levs
ihetr market tiy thie oanty 10808 but played only @ miooe
harveats o seatwreds havs heen havvested 1o IBOIReRTg guanti-
fins i w porsonad use § shary avd ronsidered for commercial produc-
fion.

The Capture Fisheries

an extension of the hunting-gatbering tradition,

wwernent groups. Capture fisheries
d siag to the diver barvest of geo-
, < also invlude sking of seafood and bait products,
suah ay sg com intendidal rocks.

YV i 1 shifts in shellfish species taken in cap-
riy Hishertes uver Hn oot rapid development and exploitation, of-
ton vesuliing iy overharvasting of stocks, followed by precipitious de-
dlines in production wie i was unable to reproduce at a rate
vaguized fo sastain By 1. Such situations recwrred throu gh-

‘ Serand fa the seadlop snsd sheimp fisheries.

1ifs historios and growout rates at different
sant cspuplex managerent problems, es-
pectally wiisn the go i1 i3 to ensoe uniform production from year to
year, Regudatl o mammgenust that ace seapstishoa stable harvesteee
flect an undorstonding of the dynamit natur e '
from management experience, T
from the fishermen themselves.

s,

poe




oheilfish and Seaweed Harvesis of Puget Sound

Aguaculture

Culture of gysters has a long history in Puget Sound and by the
early 1980s, commercial aquaculture technigues had heen adapted to
rearing of clams and mussels as wall Pilot-scale culture of marine spa-
cies such as seawseds, geoducks, abalone, and scallops have alsa suc-
cesded. Shellfish aguaculture—still dominated by oysters, clarns, and
mussels—accounts for a farge share of Washington State’s total shell-
fish production and is excesded only by the genduck harvest in Puget
Sound.

Issues and Development

Capture fisheries are generally managed at the state level with a
relatively straightforward regulatory process controlling harvest rateg
{except when nearshors subetrate s B bv to be disturbed, as in the
case of mechanical clam haevest) gl Aqunculture is affected by federal,
i is subdect to a plethora of manage-
ment controls. Aquacy ivent perinits are required for con-
struction of shoreside fucilitiog, digging of walls, and control of aguatic
cultivation activities atfecting the marine environment, As a result of
special environmental legislation to ensure protection for sensitive ma-
rine environments, far more permils are required for projects near or on
marine water bodias than are required for more landward operations,

Shellfish scisntists and managers recognize many of the critical hi-
ological and environmental factors aftecting shallfish production. Sim-
Harities in the biology of marine species link many species fn 8 R
ture fisheries to those that are farmed. Most have free-swimmirg slagey
in their life history that intermix in the water colunen, thershy rsating
compatition for food and space. Many edible s nobso-adible shell-
fish (clams versus barnacles, for example) flter similar food particles
from the water. Infectious diseases and pests ocour in plants and ani-
mals reared on aguatic farms as well as in species taken in capture fish-
eties. Many of these pests are native to wild populations, and some of
themn—such as oyster drills—wers imported along with commercial
shellfish introduced into state waters,

Capture fisheries and aquatie farms both depend upon good water
guality—a dependency that creates soonomic {nventives o prsesrve
and improve water guality. Aguatic farming is alsu wue:
on proper maintenance and enforcement of regional water gualine stan-
dards. Problems caused by contamination of shalliish heds 21l too fiften
can be traced to nonenforcement of existing laws, lax or HNProper ap-
plication of land use nodes, Hitle or no inspection of onsite facilitios,
and lack of upland facility maintenance.

just as there are significant similarities between aguaculture and
capture fisheriss, there are similarities between aquacelture and agri-
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culture. Aquaculture allows sustained production of antlsrm, highe
quality seafoods that oau b tailored tw the market, It ig o peivate vap-
ture—a cultured oyster is owiad by the sguatic farmar throughout its
growth, not just at the time of harvest. In many vases aquatic sughids
are also privately held Management of aguaculture production has
been largely left to the skills of the farmer, although state and faderal
arganizations have provided many services to growers. In recognition
of the similarities between aguaculture and agriculture, many aguacul-
ture functions (as defined by the State] have been placed under the
State Department of Agriculture, and products grown by agquatic farm-
ors are now classified as agricultural commaodities.

Probably the most critical mapagement issue reraining in both
shellfish and seaweed fisheries and culiure is that of user conflicts.
These ars some {ypical examples:

. Conflicts between aguaculiure and capture fisheries—Many sites
cuitable for seawsed (nori} culture and raft culiure of shelifish
may be in waters less than 60 feat deep. Geoduck clams also fre-
guently occur in such areas and may be difficult to harvest when
averlving waters are used for aguaculture.

- Conflicts between captuore fisheries—Locations where grab pols
or traps are set can coincide with those areas that are used by
commercial purse seine and trawl vessels. This has resulted in
loss or damage to pots or the incidental capture of crabs in the
nets of the fishing vessels.

- Conflicts with other user groups—A battle, couched in environ-
mental teros, is looming between compeling users of the Hmited
nearshore resources and space. This often places waterfront own-
ers, with little direct econoroic interest {other than a perceived
ioss of property values) pitted against those who are attermnpting
to gain a livelihood from the sea. The central issue appsars to be
aesthetics—pecple do not want their views interrupted.

Future of Capture Fisheries and Aguaculture

The striking featurs of thie shehitish and seaweeds harvested from
iy st is et produstion vabuues (welich i Jone contpavat to fin
fish], it b the dbearse natute of the petucts amd the often sl

and special markets tha th oy 1 Cdriving thase indus
trios and the diaoand Tor shellfish appesrs to e e Re :
is ol Tue to the incressing consuuption of seafond ¥ ki

sHent quatity of Puget & i hsevesisd sl grown
qued For the prodists i other wast otast
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Shellfish and Seaweed Harvests of Puget Sound

will eventually lead to loss room for independent competition,
Technically there is great promise for increased squassiuse pro-
duction, especially in the use of g Hickally enbanced stooks ant Mo
intensive culture methods. In the st fowe g g stcated yestoms
have developed to culture algas and myess wsters and g
in hatcheries; to manage and wabain waty ¥ maEiny g
shvanosments seill deprad an
availabitity of funds v support it Exypansion of
wdred similar to that nesded agricuiure, Ree
o sioal sidutions, thers i v nned by ehicou gu s nurtiving
attitude, sud s willingness tw work long hooes i
-and fergottan, or '
7 e of heigl
o et oo in the

wonmenbad a ~1ssues that have
past will becotie devainant in shaping

- With o thonan papulstion in Poget Sound and
covsequent poliutut losding from domentic, fow, and industrial
wastes, frd sholues will have 1o be made conecerning the tradeoffs be-
tween economic and social contri butions af & plure Fsheries g A
vastars and
growers may find their collection Hrigues qusetioned, snd adve
atfects of harvesting and culture will Havsdo be vesalw
ing can proceed—these answers will he eosthrand

culture and the costs of controffing landside wastes, ¥

&
s betore havvast-
srae slowly,
Outlook for Puget Sound Capture Fisheries

The prospects for Puget Sound’s capture fisheres ars fair. Cyclag of
discovery, overexploftation, and stock crash will have to be avoided in
order to sustain these fisheries for future generations, however, Major
fluctuations in shellfish production is unlikely in the near futurs be-
vause most stocks are fished at maximum sustainable vield and cannet
withstand greater fishing effort. Existing stocks are managed to restrict
total harvest levels; often, this is accomplished by limiting entry in the
fisheries. The inahility to increase production of wild stocks of shellfish
tends o tip the production sector away from capture fisheries and
toward aquaculture.

Outlook for Aguaculture

The outlock for ayusicuttiue vendurey. iy good, provided they are
allowed & favorable economsic irarmental, and regulatory climate.
Near-term production ncrases ae Ticted for oysters, clams, mus-
sady, and marine plarits by srusinig old culture arcas for new crops,
applving batter grop anagement methods, and expanding into new
culturs areas. The expansion of squsiiture will probably be predomi-
vantly o seonominally depressed arsas. Employment opporiunities in
stpuamdture couldd ¢ vin such areas as South Puget Sound, east of
Whidbey lsland, snd Hood Canid.,
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APpendIx A

Physical and biological characteristics
of Puget Sound shelifish

islogival Charanteristics

Bistribulion and Zenatien
Distribution Pacific ystars——-Found ¢ hmusho Fu e Soz,nd ‘i" ura’ ropv';s‘io(sau»
cur i dgpan, and thay h ;

Zonation

2
oW M e
in g ¥egt GEOLS hetween
3.5 8

i (7:/5?”

{ym

; iy nadural poniz 3 @, Ustally
sur:‘ace m mudfas and gravel tars near B mouths of rivers o

Subsiizte
avel of coarse ail overain
..subs Irate for selting; may be seen

Physical/Chemical Tolerances
Temperature Facific Gysters—Optinum: 50-85°F; wifi toleraie near-freeving conditions
Ut do ot grow,

Ofymiig Gysters—Optimum; 56-85°F, w

g ¥ eipesed 1 esring o

elevated temperatures. Seasonal exiremes may 1esui in poor seffing and
Stiryival

Salinity i ?O 30 :{ mll 1'3 L”' ; u can

il days, and anasrobic condi-

san withstand low ¢ :
ranee decreases with ingrea:

Hons 1o 3 short perdo o
perature,

Dissoived Oxyvgen

[, Armonia, HS

’ﬂ) ‘mssg §
‘)lages
Curenis Tend Io grow befler it amas with moderate currants,




Reprodustion
Typs: of Beproduction

Natuial Spawring Season

Appendices

Eagific Oysters-—-Protandiic hamaghrodites; sex varies wilh inod supply
and age. Dider or well-lad individuals are ue maie, Repioduce by

gxdernal terilization,
Olyimpiz e’,’erﬂ - Protandsic hermaphredites; inteinal fentilization. Fune-
Hon as males in sarly part of season, ; Hd over duning

tre winier in sransiion beiween mals and female.

«,i/’!z Oysters-—Late dung io ealy 8 Pp.e'“be usially tate duly to cardy
ust fn the Puget Sound ares, nalurs! spawning is infrequent axcept i
r‘:OOC Qanal,

Dlympiz Oystgrs——-Usuaily in summer bt may exiend for up to six monihs
irom late spring o fal

G!'ym;;ig uysfe.fs--»—opawra when Mer tempcra?.ures; sxoend 56°F.

Growih
Tyne of Reproduction

Time for Larvai Deveiopmant

Size of Ego/larvag

Growth Rale

Fagific Dvsfers—Peingic 8098, planki arvae, Juvenilss permasently

atiach to adult shell o bellom mak ally ratre by dirst vear
Oivmpis uyﬁfef"—hrc de«r!m and haieh Internatly, planktonis larvas,
parmanently atiached fom juvenile t adull, seually maturs by the s
ond year

Facific Oysters—Absut 48 houra

Diyirinia Ovalers—-8-11 days

Paritic Oysters--18 days & T1°F to 30 days &t 647

Olympia Ovsiers—30 or mose days depending on lemnperalurs and fnod
supphy

About £.071 insh al sattiement.

Paoitic Gysiers—4 inches in 2-3 yearq i Soutn Sound; 4-8 years in

catdar waters, Srowth rate i3 much slower when the oysters are crowded o
axpased 3 i

{Giympia Gysters—Reach markelable slzs of Tainch in 4-8 years in Pugst
Sound,

|.arvas eal phytopian
tritus. Some foed i
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(Al »’ES
Phys,cai and Blological Charackeristics

Bistribution and Zonstion
Gistribution

itter Clams-
icund south t oB i
ahundart in the Stz

ar™
(:la‘

ands, Alaska; cormmon
st abundant in E < eran of Juar de Funa and

§oev 3 the US. Found in
(,.stdaa,m nd beildﬂ"“ Ha achingtor, Oregon, and

California. Most commen & soifien SagS

Horse Olsms—Nop io Alaska and o6 N thrw hout Py-

el Sund. Usually lase abundant than Sutier of:

clams.

SGifsns m,fm _Nd?ive i the Allantic coast from Canasda In Flori; in’")w
st o Alaska Is San Franciseo Bay Moders

u,mm

Heart (305*'(«'99»83 were California to e Bering Sea M doderately abun-
dant throughon iPuqJ Sound

Gegdck Clams-—Baja Feninsula to Alaska and abendant in Puget Seund.

Zonatinn Bufter Clams—Nost comman bebwesn -3--50 jagf { (MLLWY: found bo
tepthe of al least 180 feed Matwre clams buried up o one fu,r i the sub-
strade,

Native Liftlenack Clams—0cour fom abodt the § tide zanmm MiWitwa
depih of af teast 85 feel; most sbundant from -3 fest: buried unin §
inchies in the gubsiate.

Manila Ciams—Most abundant from 42 fest (MLLY N rais
usually buried close fo e surface, 10 a maximum 0! § inch
Horse Clams—-Most comon from —1 fnot {MLLW, ams<€al dogths of
8360 feat; turspj U3 15 18 inches.

Softshel! Clams-—-Most com
e fver o :'h and in the lass aah Ep
about 8 inches
Haart (;f}erk:ee; Foun
from 5-63 z’eeit? nd
b exposed,
Geodiick Cla
daptha of &t
faat hurie

Qubiiﬁﬁﬁ},’;

cations

nd from 4 feek in the Infertidal 2one o sublida walers
n silally beried just bereath the surlace and rmay

s—Found trom the lower interiidal {-2 feet MLLW zone to
st 200 teat, sbundant in certain tovations at depths of 1060
{0 depths of 3 fest,

Bufier Clams—Pure sand 1o pure gravel: prefers a mixture of sand, hroken
fed, and somai qraM

w

meunis of
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fmud and graved to medium-sized

fand mud or gravel and mud,

neds of eplg

th%aaai Lhemicat Taﬁeraswea
Tempeature

reas with modarale currenis and good waler sxohangs,

feprodustion
Tyos of Beproduction

Natural Spawning &

Sexas 318 62

{ate upﬁf 1 I fale SUMMSE S0aWNS wien watsy fempenatusg

With seme spawning o

Growih
Typs of Reproduction

Pelagic 2ggs, nla
pottom medern Trec JL( gwing uveniies through adulis,

Buiter, Kative Litteneck, and Manits Clams—isuslly sexually mature siter
39 yeas, 1% irar-‘ies i Ee:‘g
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Time for Eng Development

Fime for Larval Doveiopment

Sizs of Eggrlarvas

Growdh Hate

Food

Seitshad! Glams—Sexally matre by 1-
Hearr Cocklgs-—-Sexus
Gepdugk Clams—Saxually mature by 2 vears.

Aoproxieiely 12-20 hours o rexch the free-swimming slage

About 18 days &t 80°F In culture; may axcesd 49 days under suboptimal
conditions,

Al settlernent, .01 inch; usuatly burrew 2 abiou! %34 inch,

; sin LE vears in southern British Solumbia, 8-9

Native [ flgnwck Clams 13 inches 1n 44 yaars i Strait of Ger gl
rmaxirum size of 24 inches reached i 0 YEATS,

itz Clamg-
vears in Strait oi
rafe s showes §
Horse Clarmsg-- Ppax,h Sinches in 4 { years.

Soffshelf Claing—Gruw to about 3 inches in 3 years.

Feart Gopkigs—Sexually matiun at 2 years

Geoduck Diams---Usuali h 2 potends in B-10 years in Puget Sound,
but in some areas reach 2 pounds i 3 vears, &¢ hmc maximum weight of
10 pounds.

RCE A
. Giowih

¢

hie diatoms, and astritus,

Fitier faeders— (onsume small planidon, ben
; al material,

Most probably eal geater proportions of delr

MUSSEL

Pw'aaral a’u Hisie Charactaricd

08

Distribution ang Zonation
Distribution

Zonation

Substrats

Hive Mussels-- ; ie & worldwids
dictﬂ'b::tio y are found in ggh

Calitorniz Mussels—in Puget Sound §
,,i it of Juan de Fuca and fhe Ban duan

naed areas of the

Biug Musseis—High 1o mid Intertidal zone; nesasionally ecour io depths of
120 feet

Califernia Musseis--usually !35"'!f‘i(,d fo mig-inderlidal zone but may bs
found down to upper subtidal leve

Maring algae, rocks, pr piiing, and other shall ingluding mature musssl
heH nafurai beds often are high on piling and rocks and are em,s e 10
the air at fow e,
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Fhysteal/Chomizal Tolsrances
Yemperaturs

Salinity
Dissoived Owygen

pH, Ammonis, HyS

Appendicss

Hiug Musseis—Tdleraie 35—80°F; prefer 56-70°F.

Calitormig Mussels—Gptimum is 80-76°F; growth reduced above 70°F.

Sirmifar to Pacific ovsbers—aoplimum is 10-20 pot
Strriar o Pacific oysters.

Simiiar 1o Pacific aystera.

Currents Blue Mussele—Preler slow %o madiurm waler activity
Cafifornia Mussels—Prefer strong waler activity
Regrodustion

Type of Reproduction

Natural Spawning Season

tnvironmenial Limits

Separate sexes, sxternal fertiiization; reproducing stucks are unevenly
distributad in Puget Sound.

Btz Mussels— Spawn in late spring thiough midsurmsrn dusation of
spawring is a few wecks for any singie ares during the ssason.

Lafifornia Mussels—Spawning peak is In July with some spawning in
December,

Spawning s stmulated by increasing waier temperaturs, mechanical astion,
strong wave action, funar oyols, and various chem

Browlh
Tyne of Beproduction

Yime for £gg Development
Tirne for Larval Development
Size of Egy

Growih Rate

Peiagic eggs, plankionic larvae, may delay sstilement unti! 2 sultable bottom
fype is found; aftach to subsirate by a byssus and remain attached thiough
ardult stage. Ave gregarious and tend 0 foim crewdsd snd dense
seitlements. Sexually mabure in ong year

Absut 48 hot

3-4 weeks is normal, buf may remain in plankion for up 10 10 waeks,

Aboul 01 inch in diameter,

Varies with food abundance, degres of crowding and exposure of intertidal
poputations; when constantly submerged may grow to 3-3% in 2 years;
thoss exposed o air may raguire 3-4 years fo reach 2 inches.

Shniiar to Panific oysters,



Shellfish and Seawesd Harvests of Pugst Sound

BCTPUS

P

ical and Blologicat Charaglsristios

Bistribulion snd Zonation
Distribution

Zoiiatinn

Substrate

Throughout Pugat Sound, on both westers and eastemn North Pacilic
coasts, a6 far seuth as northern Catifornia.

Low intertidal to depths of al least 800 feel; larvae float in med-walsr at

degths of ie 200 feet,

Prafers crevices and cavas i selid outorops and heneath bouldars of
manmads debris.

Physical/Chomival Toleraness

Similar to ahaiones excapt the oclopus i3 more commen in protected and/
of deeper walers,

Heproduction
Type i R aclion

Naturai Spawsing Season

Sexes are separale and stable; oviparous with infernal fertilization; femaies
trood the egas; cotrtship behavior is compiex.

Bread from Oclober to December;

SOMN8 SpAWAING ©

4

st T Sotiowing May to Jduly with
7 o faler in the year,

Growih
Type ct Reproduction

Tirme for £gg Development
Tiene bor Larval Developrent

Growih Hale

138

P

Develop in the sgg through weil-
senthic from juvenile thiugh adu

ad larvae; shoit pelagic period;
ture afier 134-2 years.

8 months sfter breeding.

A few weeks 1o maonths, dependent on wate

iperatire and food supply.

fay reach 2 pounds in 12 months and 20 pounds af he end of 2 years.
liie span is 3-5 years,

Opporlunistic carnivores; peeter crab, shrimp, and small benthic fish but
iy alse est sea cucumpers and starfish.



Appendicas

SCALIGPS
Physical and Blological Characteristics

Distribution and Zonation
Gistninution Weathervane Scallops—-North Puget Sound, San Jusn ishnds
af Jduan de Fuea,
Rock Soadpps-—Throughout Puget Sound, most common in north and
cenitral Seund,
ink Sealfops—Thinuchou Puget Sound, most comman in Sai B
Hood Cal

ad Strait

Zongtion Wealhervane Scaflops—Sublidal from 15450 feel in depih
Rock Seafiops—Lowsr intertidal fo sublidal depths of 1003150 feat,

Pink Scaliops--inerlidal 1o subtical depths of at isast 50 fest.

Substrate Weathervane and Fink Scalfops—Fing to coarse sand with some resting on
saiid rock.

Rock scaliops—Atiached to selid rock, pilings, sie.

Phys“i‘ési,'{:hemicai Tolsramees

Yermparaiure Wil feed and grow from 50-80°F.

Satinity Cannot inlerate low salinily {below 23 ppt).

Dissotved (hygen Generally iniolerani of low dissolvad oxygen concenimations.

Currents Prefer areas with moderate {o sirong surrents.

pH, Aminonia, HoS Sensitive to moderate uctualions in these water quality faciors; high lev-

alz of ammonia deprass respiration.

Reproduciion

Type o Reproduction Sexes are separate and fertilization i extemal,

Matural Spawning Seasnn Late spring o early il 2ot e of spawrning varies.

Environmeantal Limits Spawning period probably refaled to changss in water iemperature or the
presence of natural aigas hicom

Grauth

Type of Reproduciion Pelagic eggs and plankionic lanval stags; juveniies alachad to a soiid or
siahie le'J‘it’aiP by 3 byssus. Rock .;C“.H")() parmananty cemanted when
inch i ane and pink scatiop adults not sttached and ray
SWirm shoﬁ d:sia::ces,

Time for Larval Development Aboul 4 waeks, tims depands on water {smgperature and food.

Growit Rafe Weatheryane Sealfops—Reach 5 inches in 4 years; maximum size of 8
inches.

fock Scaliops—Reach up to 4 inchies in 3 years. Maximum size vanes,
Pink Reach & maximum size of 25 inches.

Food Similar to oysters and clams. 134
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ABALONE

Physicai and Riskogical Characieristios

Bistribution and Zonation
Distribution

Zonation

Suhstrale

Pinty Abalong—-Found from Southeasier Alasiks fo Southern Call
Pugel Sound are most common in Harm Sirait,
Red Abaione-—Has 3 naturai range from southern Orsgon to cantral Baja
Peninsiila, have been transplaniad o the San Juan islands.

orria; in

Most common in depiiis from extreme fow water to 160 feet in depih,

Sd'id rook o bowlders separalad by gravel in arsas with brown algae o
kelp; protective habiats are prelferred,

Physical/Chemisal Toleranges

Temperature
Salinity
Dissoived Oxygen

(urrents

pH, Ammania, HyS

Suvive and grow from 45-80°F; iarvag do poory above 76°1
Require ooceanic conditions,

Tolaraie fow {1 ppm) levels for only short periods of fime

Profer areas with muoderate 10 shrong surrents and medium io high wave
Activity,

Probably sirmilar 1o scaliops.

Reproduction
Tyne of Reprodustion

Matural Spawning Season

nital Limits

Sexes with external ferilization; may b induced 1o spawn by changing the
water temperature o exposing them to ultraviolet Lighi-irradiated sea water.

Finio Abgione—Spawns from April inrough dune in British Columbia and
Pugst Sound,

fed Abalons--Reporied 1o spawn year round in Californiz,

Temperatuse

a marked influence on he rade of growth and development;
in culture, =h0.i ji¥

reases in water temperatune induce spawning.

Browth
Type of Reproduction

fims for £gq Bevelcprsnt

Time for Larval Development

Growth Bale

Fpod
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Felagic eggs; aggs develop in cilinled hvas; setlie as cresping post-
larvag which are able to swim; flath shell s deveioped vary soon after
sefifement and pores are formed 25 the abalone increases in sizs,

48-72 hours from fertitization o ciliated larvae.

Pinto Alialone—-8-9 days in Pugst Sound walers,

Pinte Abalone—1 inch
it Pugel Sound; up to
Columbia.

fed Abalons—in California reach a maximum of 7-8 inches in § years. .

irst year and 2V inchas in 3 years in ¢ ulture
4 inches in 11 years for pinto abalong in Brilis

[

Agults and juveniles prefer brown aigae; very voung abaions sat disfoms
and sometimes red aigas as weli a3 green algae.
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Appendicss

DUNGENESS CRARS

Prysical and Biclogicat Characteristics

Dighibution and Zonation
Distribution

Innation

Subsirate

Found from Alaska ta northern Mexic. In Pugs! Saund, most abundant in
norn,

Low intertidal o deep subtidal; most abundant at depths of ahout $00 fest,

Sand and mud; juveniies and young found in shallow seawesd and eslgrass
oadis

thsicaﬁ-{:hemicai Toleransss
Termperaiur

Salinty

Dissclved Oxvgan
Currenis

pH, Ammoria, H.8

1temperature fos farvae 15 S0-60°F; aduits tolerate near freexi ng to
75°F, Crabs approaching molt are iess reaistant 10 increassd ismpsrature

To 810 ppt for juvenile and young crabs; larval survival best at 25-30 pot;
infolerant of rapid fuctuations.

intoierant of fow dissoived axygen consentrations; optimat s above 5 ppm.
Prefer areas of low io moderate botiom cunsnts,

Ammonia is foxic af iow concentrations.

Regrodustion
Type of Reproduction

Natural Spawning Seascn

giredd to recepiacies of tamale just after

faies polvgamnug; sperm trangh
S0 BGES remain attached fn the

mait; agas are fertilized later in the recep
tamale unti hatching.

ing fermales found every monih mest comman November-anh;
agis u~uaHy f fate sprng o early summer,

Growth
Tyoe of Reproduction

Tima for £gg Development

Time lor Larval Development

Growtn Rate

Food

)

£ plankionic larval siages; up fo 12 juvenile malls o1 the boliom 1o reach-
writy; and up 1o 14 moits before they reach minirmum logal stes; usuadly
molt once 3 year when mature.

-1} months; hatoh innorhemn Puget Seund mid-March-Apri,

Reanh a carapace width of about 4 inches in 2 vears; first harvested at st
i i nmit;

7 shzes;

Juvenites and adults are opportunistic carnivores; prefer otfier crustacsans,
bivalve molluscs, woms, 8ags, and email dish,
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SHRIMP
Physical and Biological Charscieristics

Distribution and Zonation
Gistribution Found thraughout Puget Seund, soastal wailers of Washington, Alasks, Ore-
gon and norihern Califomia,

Zonation Semibenthic ag aduits

Fhysical/Dhemical Tolsranses

Temperaiure Optimat from lows of 30°F to 60°F; cannot withstand high water tem-

Sulirsty 25-30 pot for pink shrimg;
adulis; fow salinity is grow!
emperature.

3¢ more adapted fo varying salinity than the
inhititing; eflects more criticat than

{ligsnived Dxvgan Not known for pandalids, for penasiids the lower limitis about & pprm,

I iuveniles and adults aveid Bighled arsas; adulls
ieave the bottom in lale aflernoon 2nd return by dawn.

pH, Ammonis, HS Ammonia i3 toxic af fow concenrations; H,S with low dissoived oxyger
may lsad 10 “"hlack git” dissaze,

Repmﬁua&iﬁn
ivpe of Reprodustion

fandric hervaphrodites; usually mature first as males, Dreed at least
gnce, and {hen fransform to females; funclion as lemales thiough remal
of lile. Males transter spermn to recsplacles of fermales; egas are ferlili
exiernatly af a later date; eqgs remain aiached fo the femaies until they

haloh.
Natural Spawiing Season idate in the fall; eggs ars axtrudad shorily affer mating and fertilized.
Growih
Type of Reproduction Eags a tached {0 famale untif they iia 3 thraugh € plankionic faral
sst Pugst Sound shrimp iring their second year and
e or two years as males before i i
maturity varies with species and incation.
Vi for £qq Davelopment 4.8 months,
Time for Larval Develoorment 2-3 monihs.
Growth Baie (‘nonsfupr Shirimp-each carapacs lengths r«nq*q from -1 inchin
ihedr Sirst vear, I thair senond vear they ange from -1 inch in carapace
ot shrimp----in Hond Canal, reach average caragacs lengths of 1 inch
{age 1), 14inch {ags 2}, and D4 inch {age 3 or 4).
Food Carmbvorous boflom feeders ding on marine worms and smail

orusiaceans, detrits, and dead animal mattar



Appendices

SEA URCHING AND SEA

CUCLIMBERS (Siichopus)
Physical and Biclogical Charactaristics

Distribution and onation
Distribution

Zonation

Substrate

ofiin—hiost abundant in the Strait of Juan de Fuca, Stiait o
San Juans; more comeaan in southery and warmer wa.ew

Common in parts of the San Juans, South Seund, and

fed Sez Ur
Georgia, and
Sea Cucuinbers—
Whidbey basin,

Red Sea Urchin—Intertidal to depths of 375 fest; tend o cluster in crevices
and betwsen kelp holdfasts, especially in high s{.bt;dai zon

Sea Cucurmbers-—Frefter eslgrass beds, common fom shoreaine io deplhs
of 250 feat,

Red Sea Urchins——Preler rocky hottoms in areas of hrown seawsed,

Sea Cucumbers—Associaled with varied bollom types, including solid
rock, medivm to coarse sand, mixed sand, and eelgrass. Prefers
sand/ealgrass substrates.

Physical/Lhemical Toleranoes
Temperature

Saiinities
Dissoived Gxygen

Durrenis

pH, Ammonia, H.$

Red Sea
range.
2 Cueumbers——-Range is within Puget Sound values.

Urchin—Cplimum is slightly higher than the normal Puget Sound

s
& 3

frtciiant of low seiiniiies; refer poeasic cenditions,
Genaraily intolerant of Iow dissolved axygen concentrations,

Sea Urphins—Frefer moderate to swift curenis
Sea Cucumbers—-tsually found in areas with law cusrent velosities,

Sheilar 10 ovsters.

Heproduction
Type of Reproductinn

Natural Spawning Season

Sed Lehins—Sexus ars sepanats with axternal ferdiliz
prior io spawning.

S Cucumbers--

afion; may aggragats

exterriy] dertilization,

-The sexes are separale with

Red Sea Urchins—Spawn Apiit through June, but spawning may be spo-
radic from vear to year.

Sea Cucumbers—Spawn July to August in Pugst Sound and Seplamber |
the San Jduans,

=

Growth
Type of Reprogustion

Time for Lanal Development

Piank oG farvae go through & number of stages and mstamorphose quickly
after seftling on the batlom as miniature urching or sea cucumbars.

:

Sea Urching—-2-3 months afier spawning.
Sea Cucumbera—15-23 days.
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Size of tga/larae Eags—80-90 mm; larvag just belore metamorphosis—-about 1 mm.
Sea Urchins—Spedies similar 1o rad urehin reach 14-2 inches in diame-
e in 4 years,

Sea Cicumbiers-—-Probabiy grow at 3 rate similar 1 urehing,

fFeod Ser Urchins—Grazing herbhvores; prefer brown algae or keip.
Sea Duvurnbeis— Stichopus is 3 deposi! fseder and lves on organic
materiai and aigae that are on the surdace or mixed with sand.
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Appendix B

Physical and environmental features of commercially

harvested pandalid shrimp in Puget Sound

Relative
Size in P.S.

Preferred

Abundance Subsirate

Bepifi Range,
ft. {Adufis)

Areas of Concentration

Comments

Large ly:(/lb}

Comman

Nartham gini st
FPandalus borealis

fed-Sm (50/10) Frequent

{(Jnean pink shrimp
Fandalus fordani

Srall {80/1h)  Freguen

Cnenslrips shrimp
Fandaus hoismolus

Med, 30/ Fequent

Dack shrimp

Fandzius dange

Med-Sra {3541} Qota-
sinnal

Humpy shrimp
Fandafis gonivrus

Srrall {80/

Rock-mud

Mud

Silty mud-
sand

Hocke-ruad

faved

Sand-¢

Sang-giavel

Soft mud

1862100

H-540

1800

Juan ks

Central & south Hood
Bailingham
sion Sotnd

o
33
s
&
;e
[e)
2
bt
g

Bd)‘ Bl

tingham Bay, San
+ fsland, Port Susan,
Fmes g Sound,
Carr inlel, Hood Canal

Soul: Pugst Sou
Vi E“s)ni md 3
Fa {

Sar.

e

3

Beilingham Bay

fouth of Sudd FDSP

Porl Gretard, S itan
island, Dise J\i° 1y Bay,
Hood Canal

San Juan lslands

Bellingham Bay, San
. hecasionatly
i Hood Canad

Largast i in Puget
Swrd mm mp s an"

i ,m the simall
wings in Puget
timporiant
and

© shrimp

Sound, 'Mo

spacies in

ost aburdant off
apen coast of Washington,

Landings are lumpad with
dock and hu
This is p{om iy a minor
species in the fishery

shrirmp,

aund in association
wiih dock shrimp.

Rarely faken in pots;
usually trawl harves
de.?.R w250 i
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Appendix C

Actual or potential uses of marine algae

found in Washington

Scientific Name™

gas

Bistribution Habitat

Chicrophyia

Chaetomorpha (3 species)

Codium fragile {(Sur.) Harv. (fleece, sponge
tang)

Entermorpha clathrata (Roth) Grev. var.
clathrata

Enteromorpha compressa (L.} Grev.

Enteromorpha intestinalis {L.) Link var.
intestinalis {green norij)

Entermorpha finza (L.} J. Ag.
Entermorpha prolifera (Musller) JAg.
Monostroma (3 species) {“aweo-nori™)

Prasiold sp. {1 species; different from one
used for food)

Ulva lactuca (L.) (Sea letiuce)

3 &l:* ey
<x *;;. LD‘
it
- %) =il R
= 2] = =
L3 g LT C‘lé
Ry X5 LR | B R F
® e ieiel ®ie
@ g8 eie
® ] ® @i
& ® ele 2le
‘ele | sisie ®
® @ sie |8 )
[ . leieis &
@ 8 82i®is ei®
e ® ®
[ gliieisie

*Scientific names follow Abbott and Hollenberg, 1976.
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Actual or potential uses of marine algae found in Washington

Scientific Name™ Uses Bistribution Habiiat
ggg‘?ég E;E E%

Phasophyia 2 fm;%ﬁf B 6B S &
Agarum cribosum Bory ol liele o
Agarum fimbriatum Harv. el llsle 3
Alaria marginata P. ef R. (wing kelp) eiel le els s
Analipus japonicus (Harv.} Wynne (fir needle) (e} | ele ®
Costaria costata {(C.Ag.) Saunders _ e sisiells
Cymathere triplicaia (P et R.) J. Ag. ® sis s
Egregia menziesii (Turner) Aresch. lej lel llejel el
Fucus distichus subsp. edenfatus (de la Pyl.) 1
Powelt (Rockweed) e gieie ®
Laminaria (8 species) sisiniel lioieioiie
Laminaria saccharina (L.) Lam. (“Konbu™} el 1 1 1 eieinile
Macrocystis integrifolia Bory (Giant kelp) sisle 8 ® !
Nereocystis luetkeana (Mert.) P et R. (Bull ' ST RS
kelp) sisieinl ileieisile
Pleurophyeus gardneri Setchell ef Saunders '
(keip) e 1 2ie @
Postelsia palmaeformis Rupr. (Sea palm) i lie e
Scyiosiphon lomentaria (Lynb.) J. Ag. &  { lisleisiisle

*Scientific names follow Abbott and Hollenberg, 1976.
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Actual or potential uses of marine algae found in Washington

Scieatific Name™ Uses Distribution Habilat
R g‘} g S & ; &

Rhodophyta B E @ Qs
Ahnfeitia gigartinoides J. Ag. ol | le ole .
Bangia fuscopurpurea {Dillwyn) Lynb. {cow . ‘
hair) ® e ®
Ceramium pacificum (Coll.) Kylin L lel lisleleileie
Chondrus ocellatus §. parvus Mikami 1] lel lle o
Constantinea simplex Setchell | sislells
Corallina officinalis var. chilensis (Dec.) Kutz. VERMIFLIGE 6le ®
Cryptosiphonia woodii (J. Ag.) J. Ag. ANTIVIRAL leile ®
Endociladia muricata (P. et R.) J. Ag. {8 sie ®
Farlowia compressa J. Ag. . mollis (Harv. et '
Bail.) Farl. ef Setch. nu eie sie
Gelidium (6 species) ® oie sle
Gigartina (11 species) N olole ole
Gloiopeltis furcata (P. et R.} J. Ag. ("funori”) e e ele} .
Gracilaria verrucosa (Hudson) Papenfuss }
{“0go”) ® sl ®le
Gracilariopsis sjoestedtii (Kylin) Dawson sl llele ole
Grateloupia (3 species) 0 ° olelellele
Gymnogongrus (4 species) ' o elel ilele

*Scientific names follow Abbott and Hollenberg, 1976.
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Actual or potential uses of marine algae found in Washington

Scientific Name™ Uses Distribution Habitat
s - ;\ o i; § S B3
SESSE IaYigge
Rhedophyta (cont.) Ty IR O R R R LSS
Halosaccion glandiforme (Gmelin) Ruprecht ?
{sea sac) ® eie ®
iridaea (8 species) s ilelsisijeinis!
Laurencia (1 species, 2 varieties) s  lelleie N
Lithothamnion (4 species) sl | sle o
Nemalion helminthoides {Vell.) Ball. (sea ,
noodle) ® _ ® .
Neoagardhiella baileyi (Kurtzt.) Wynne ef Taylor ie 1) eioile ‘
Neodilsea americana Abbott i jeielie
Odonthalia floccosa (Esper.) Falkenb. . BROMINE sleilel o
Palmaria paimata f. moliis (5. et G.) Guiry
(DU‘S%) ® ‘el® ei®
Pikea californica Harv. ANTIVIRAL ® 8le
Polyneura latissima (Harv.) Kylin o sleieiis
Porphyra abbottae Krish. (*Nori”) 8 sleiel sle
Porphyra nereocystis Anderson (*Nori®) ® eie ®
Porphyra perforata J. Ag. (*Nori”) ® siisials o
Porphyra pseudolanceolata Krish. (*Nori”) & eie ®
Porphyra torta Krish. (*Nori”) AT 8i® ! ®
Rhodogiossum (4 species) s ® _ ®
Rhodomela larix (Turner) C. Ag. ¢! liele  _lele

*Scientific names follow Abboit and Hollenberg, 1976.
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A@@ﬁﬁﬁiix 1) Washington State Regulations

288.26.320 Marine biological preserve-—Established and desoribed. There <
hereby crestad ao ares of praserve of marine binlogical materials useful for e
antific purposes, except when gathered for human food, and except, also the
plant nerscoystis, cornrnondy called “kelp.” Said aves of preserve shall consist
of ihe salt waters sod the beds and shores of the islands constituting San Juan
covaty and of Cypress [sland in Skagit county {1968 ex.s, ¢ 223 § 28B.20.328.
Prior: 1823 ¢ 74 § 1:RKS § 8438-1. Formerly BOW 28.77.230.)

288.20.322 Mavine biclogical preserve—Gathering perrail. No person shall
gather said marine biologicel materials from said area of preserve, except upon
permission first granted by the director of the Friday Harbor Laboraiories of the
University of Washington. {1868 ex.s. €. 223 § 288.20.322. Prioc: 1825 ¢ 74 § %5
RRS § 8438-2. Pormerly RCW 28.77.231, 28.77.230, part.)

28B.20.324 Marine hislogical pressyve-—Penalty for unlawful gaibering, Any
parson gathering said marine biclogical materials contrary to the terms of RCW
288.20.320 and 288.20.322 shall be guilly of a misdemsanor. {1984 ex.8. 0223 §
288.20.324. Prior 1923 ¢ 74 § 3; RRS § 8438-3. Formerly ROW 38.77.232,
28.77.238, part)

WAL 322-38-154 Marine agualic plant removal {RUW 79.68.088). (1) Any spe-
cies of aquatic plent may be collected from aguatic land for educational, scien-
tific and personal purposes up to 306 pounds wet weight per year, except that no
annual species can be collected in excess of fifty percent of {is population's
tolal wet weight i eny 1 acre area or any perenoial in excess of seventy-five
percent of its population’s totel wet weight in any 1 acre area,

{2) Agnaiic plants listed on the commeraial species list roay be collected
without 8 permit from aqualic land for cormmercial purposes up o the Hmits
unted on the list, except that no annual species can be collected in axcess of
fifty perceni of its population’s toial wet weight in any 1 acre area or any peren-
nisl i excess of seventy-five percent of iis population’s total wet waight in any
1 acre.

{3} Aguatic plaots may be collected frem aquatic land for educational, sci-
entific or personal purposes beyond the weight Hmitations stated in subsec-
tion {1 only through benefit of an aquatic plant removal permit from the de-
partmend. Payment of & royalty dependent on speciss, volume and use shall be
a condition of the permit.

{4} Aquatic plants as listed on the commercial species Hat may be collected
from agquatic land for commercial purposes beyond the sight Boitations stated
in subsection (2] only tirough beoefit of an aguatic plani removal permit from
the department. Paymen! of a royalty dependent on species, volume and use
shall be & condition of the permit.

{51 Aguatic plants may not be rexaoved from the San huan Marine Reserve
except as provided for in ROW 288.20.320 and from other areas where prohi-
bited.

{8) Removal of perennial plants must be b such 3 manner as to maintain
their regensration capability at the site from which thay have been collected.

{71 Species may be deletad or added to the commercial spacies list through
patition to the department,

{8) Species not on the coramercial species st may be enllected for pur-
poses of market testing, product developruent, or personal nse through either
wrilten avthorization from the department or through an aquatic plant removal
permit depending on the amount of plant roaterial required.

{9} Comunercial species list.
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Species Name

Alaria marginato Post, el Rupr
Cymathere triplicata {Post et Rupr) [ Ag.
Gravilaria sjoestedtii Kylin
Gravilaria verrucosa{Huds) Papent,
Iridaea cordata {Turner] Bory
Laminaria dentigera (Kjellm.}

{L. setchellii Silva)
Laminaria saocharing (L) Lamourous
Macrocystis integrifolia Bory
Monostroma spp.
Neooagordhiello balleyi (Harvey et Kutzing)

Wynne et Tavlor

Porphyra spp.
Ulva spp.

Appendices

Maxinum Free
Collection Weight

58 pounds wet weight
54 pounds wel weight
18 pounds wet waight
10 pounds wet weight
50 pounds wet weight

50 pounds wet weight
100 pounds wet weight
100 pouods wel weight

20 pounds wet weight

30 pounds wet weight
18 pounds wet weight
2¢ pounds wet weight

{10} Harvesting of fishery resources adhering to marine aguatic plants,
such as fish eggs, must be according to the law and as specified by the depart-
ment of fisheries. A permil may also be required according to WAC 332-30-
154{4). {Statatory Authority: TCS 43.30.151. 80-09-005 {Order 343}, § $32-30-

154, filed 7/3/80.)

[31]
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