
CHAPTER SEVEN

Seaweeds

Seaweeds are large marine plants that be. long to three major divi-
sions: green algae  Chlorophytaj, brown algae  Phaeophyta!, and red
algae  Hhodophytaj. 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 substrate by way of root systems, like
land 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 kel.p  a particular kind of
seaweed! than are found anywhere else on earth.  A list of commercially
useful seaweeds, and their habitat, distribution, and uses is given in
Appendix C,! They play two important roles in the ecosystem. First, as
producers of organic carbon, seaweeds are as important as phy-
toplankton as primary producers in the coastal zone, They are food for
snails, amphipods, urchins, and other herbivores, but more importantly,
algal material enters the food chain as detritus, broken down bits of
organic matter. The second major contribution of marine algae is as
habitat. Algal beds provide places where animals can hide from pre-
dators, feed, and breed, and form substrate on which marine organisms
attach, Although the eftects 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-
bile or immobile microscopic spores. Some spores are asexual: they
simply settle down, attach, and germinate. Other spores act as sexual
gametes: they fuse with another gamete before germinating. Some
spores germinate and grow into a plant resembling the parent plant, for
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Common Washington seaweeds. Left: iVereocysti, leutkeana is an im-
portant primary producer that can grow over 100 feet long. It has a hold-
fast, hollow stipe, and blades that float at the water's surface. Middle;
Porphyro abbottoe grows up to a foot long attached to rocks in the inter-
tidal zone. Right: Iridoeo cordota grows to three feet, is purple-brown
with an oily irridescence on the surface.

example, Iridaea or Fucus; others, such as Nereocystis, produce young
plants that look unlike the parent, then reproduce in the alternate
phase to produce a plant that does, Often, these microscopic spores and
germlings are the most delicate part of the life cycle and are easily
damaged or disrupted by pollution or degradation of water quality.

Washington's inland waters have ideal conditions for algal
growth � excellent water quality, relatively high salinities, and high nu-
trient levels. Only lack of substrate appropriate for attachment and low
levels of ambient sunlight during winter restrict native stock distribution
and seasonality. Except for the extreme southern end of Puget Sound,
there is generally no nutrient depletion in the summer, unlike surface
coastal waters where nutrients may be depleted by rapid phytoplankton
growth.
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The Strait of Juan de Fuca and the San Juan Archipelago have
abundant seaweed stocks in water up to 30 feet with bedrock or large
cobble substrate stable enough to be unmoved by currents or waves.
Most of the algal biomass is brown algae of the order Laminariales  kelp!,
especially Laminaria, Nereocystis and Macrocystis. This biomass is
seasonal; the peak algal standing crop occurs in the summer and fall, and
there is little or none in the winter.

Areas of Puget Sound with no stable substrate upon which germ-
lings can attach themselves are generally devoi.d of large seaweeds. Sil-
tation, pollution, and herbivores can also inhibit growth and germling
survival. In the San Juan Islands, for example, many areas with rocky
substrates suitable for seaweed growth, are instead paved only with
crust-forming seaweeds  such as pink coralline algae! that are resistant
to grazing by herbivores such as sea urchins and abalone.

USeS
As part of the marine environment, man the explorer, gatherer,

manipulator, and exploiter has always found uses for seaweeds.
Coastal-dwelling Native Americans used seaweeds as food, sources of
medicinals, and materials for creating tools and containers. For exam-
ple, the Makah Indians of the Olympic Peninsula smoked and oiled the
stipes of Nereocystis, then braided them together to make harpoon lines
for whaling. Nereocystis bulbs were used to store eulachon oil, and
steam wood for bending into hooks. Seaweeds were pressed on sun-
burned lips to cool them, draped over new mothers' breasts to induce
lactation, and burned to make acrid smoke t]aat was believed would
drive away the harsh winds threatening offshore fishermen.

Algal uses fall into six broad categories: food, fodder and fertilizer,
chemicals, pharmaceuticals, phycocolloids, arid energy. Some of these
uses are minor or outdated, but many others produce little known but
vital chemicals critical to modern industry,

Pacific Northwest coastal Indians used bull
kelp  Nereocystis] stipes to store eulachon
oil.  After .'Stewart, 1977.]
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Food

In Indonesia and the Orient � particularly Japan � and among the
native peoples of the Pacific Northwest, seaweeds have been gathered
for centuries for food and as condiments. As a. food resource, seaweeds
are nutritionally rich, They contain vitamins A, B,z, C, D, and E, pan-
tothenic acid, folic and folenic acids, minerals, trace elements, iodine,
and protein as much as 40 percent of total dry weight,

Fodder and Fertilizer

Because they are rich in vitamins and minerals, seaweeds have
also been used as animal fodder and fertilizer. In Europe and the British
Isles, sheep once grazed on beaches, or farmers gathered seaweed to
feed to their livestock, attributing to it weight gains, increased egg or
milk production, and enhanced resistance to disease. Dry seaweed
meal is still used as animal feed supplement,

Liquid seaweed extracts are used as micronutrient-rich soil ad-
ditives and plant foods that enhance resistance to insects and fungi,
increase nutrient uptake, and provide a variety of hormone-m6diated
responses such as decrease in fruit drop,

Chemicals

In the seventeenth and early eighteenth centuries large brown
seaweeds were burned to recover soda [sodium carbonate! from the
ash, which is used to manufacture glass. The word "kelp" originally
meant the ash from burned seaweed, and only later came to mean the
seaweed itself. Potash, another product of kelp, was valued as a fer-
tilizer and for industrial processes, such as the manufacture of soap and
explosives. Early in the twentieth century potash production was effec-
tively monopolized by Germany, and as political problems in Europe
intensified, the United States was forced to develop domestic sources,
Kelp resources were inventoried from Baja California to the Aleutian
Islands, and large-scale harvesters were built, During World War I, an-
nual production of potash reached 4,000 � 5,000 tons. After the war, pro-
duction of alginates began and these products had sufficient value that
other uses were no longer profitable. Kelp was a major source of iodine
in the 1800s before Chilean guano deposits provided new sources.

Pharmaceuticals
As medicine, seaweeds were used to treat goiter and worms in hu-

mans. Today, seaweeds and their extracts are used in many applica-
tions:

Calcium alginate is used to dress wounds because it forms a gel
and retards bleeding.
Carrageenan and other red algae extracts  Constantinea and Cryp-
tosiphonla! have antiviral properties.
Carrageenan is used to treat ulcers, and to lower blood cholesterol
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and serum lipid levels.
-Al 'ginates have been used to treat poisonings due to radioactive
strontium and heavy metals, such as lead.
Dried Lantincrrio stipes swell when moistened, and are used to
dilate the cervix before abortion and to widen fistulae and wound
openings.
Carrageenan and agar are used as binder in tablets.
Agar is used as a base for suppositories, pills, plasters, and oint-
ments, arid as an agent for growing bacteria for medical laborato-
ries. Recent shortages have raised the price so that recycling agar
is now cost-effective.

Phycocolloids
By far the largest use of seaweeds in thc western world is the ex-

trac.tion of algal polysac.:charides or phycocolloids, Phycocolloids arc
sulfated polytners chemically relaled to cellulose, In water they fortn
gcls used to give foods such as puddings, ice creain, and sauces a
stnooth consistency, to prevent icc crystals from forming, and to keep
the components from separating.

f
Phycocolloids also have many industrial uses, They prevent pai t

rom separating and enable them to flow smoothly, yel riot drip, and are
used iri gels for high-speed printing inks. An estimated $200 tnillion
worth of algal polysaccharidcs arc used in the United States annually to
produce $22 billion worth of goods. Thcrc are three major groups of
phycocolloids:

Porphyro is prepared for eating by processing the wet seavrec.d in a
paper-making machine into these 7' x av~-irrch sheets.  !ver 12 bil-
lion ol these sheets were produced in Japan in the 1884-85 growing
season, with a wholesale value of about $600 million. This buiidle of
100 folded sheets is worth about $5.00 to the farmer and $50 to the re-
tail merchant
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Agar, extracted from various red seaweeds, forms gels and is used
in foods and bacteriological plate preparations in medical labora-
tories;

- Carrageenan, extracted from red seaweeds, forms gels or highly
viscous solutions for foods, especially milk products;

- Algin  or alginic acid] from brown seaweeds forms gels or viscous
solutions used in industrial and food processes.

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

Energy
The search for renewable and relatively nonpolluting energy re-

sources 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 Macro-
cystis for organic matter that could be decomposed anerobically to
produce methane, Biological, engineering, and economic problems are
inherent to such large-scale production, however. It may require more
energy to build and maintain large rope structures  up to 400 square
miles! and pump water to provide plant nutrients than could be pro-
duced. Nevertheless, Macrocystis produces more organic matter per area
than almost any other plant, growing in excess of two feet per day under
optimal conditions. Research is now focused on creating artificial kelp
beds in nearshore waters.

Puget Sound is not an ideal place for biomass energy production,
however. First, there is not enough room; only a small percentage of
Washington's energy needs could 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 months,
growth almost stops in the winter, when energy needs are greater. As
energy costs continue to rise, kelp as an energy source may someday
become a reality.

Harvesting of Wild Stocks
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 seaweeds are collected by men
standing chest deep in the surf wielding dip nets on long poles, or us-
ing baskets 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
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A kelp harvester cutter
rnechanisrn mounted on the
front of a barge used to cut
f1<rating kelp such as tvereo-
cystrs and Macrocystis.
This machine was rtsed in
the early 1900s, but srrnilar
cutters ar'e still used in  : at-
ifornia today.  Source: Cam-
eron, 1M5].
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Japan, konbu  Laminaria! is harvested with long, weighted poles with
toggles that are twisted to tangle the kelp. Ge!idium, used for agar, is
gathered in Japan and California by divers, Dulse  Palmaria palmata! is
collected from rocks by hand at low tide.

The alginate industry uses large-scale harvesting methods. In
southern California, offshore beds of Macrocystis are harvested by
ships fitted with underwater r utter bars that cut the kelp about three
feet below the surface and a conveyor belt that moves it into the hold of
the ship, Smaller barges, fitted with similar cutters, harvest Ascophyl-
furn  rockweed] irt Nova Scotia, Canada, and Iceland.

During the 1920s and 1930s, several attempts were made to com-
rnercially harvest kelp for algin extraction in the San Juan Islands. After
an abandoned pea cannery at Friday Harbor was purchased for the ex-
traction plant, however, it was discovered that the Nereocystis plant
did not regenerate after harvesting as did iMacrocystis plants in Califor-
nia, The project was abandoned, but through the years, small amounts
of kelp have been harvested for making kelp pickles, soap, and fertiliz-
ers.

ln Puget Sound, the Lummi Indian Business Courrcil experimented
with harvesting natural beds of the carrageenophyte lridaea cordata in
1969. WVaters near Bellingham and the San Juan Islands were surveyed
and the standing crop estimated at 350 to 500 tons dry weight. Divers
were trained, funding arranged, and equipment assembled for a full-
scale harvest during the late spring and early summer of 1970. The at-
ternpt proved unsuccessful, however, because subtidal beds were
widely scattered and harvesting was labor-intensive and expensive.
Only 30 tons  wet weight! of Iridaea werc harvested and operations
were suspended at the end of the summer.
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As of 1985, there was only one approved commercial harvesting
operation from state-owned lands, Olympic Sea Gardens of Sequim,
which harvests edible seaweeds from the Miller Peninsula and dries
them and packages them for the health food market. An increasingly
large amount of seaweed is being harvested in Washington for food,
mostly by Southeast Asian refugees working along the east side of Pu-
get Sound, particularly near Seattle and Tacoma. Although it is uncer-
tain how much has been harvested, in certa:in areas, such as Titlow
Beach near Tacoma, such harvesting has clearly impacted standing
stocks,

The Development of Seaweed Culture
The Japanese are the most sophisticated cultivators of seaweed.

They originally gathered species like nori  Porphyra sp.!, wakame  Un-
daria!, and konbu  l.aminaria! from wild stocks, and only gradually be-
gan to cultivate them to enhance natural beds. Early harvesters discov-
ered that many desirable seaweeds such as konbu grow best on "new"
surfaces, so they dynamited rocks to provide such surfaces. The next
step was to put out new artificial substrates such as cement blocks.
Then it was reasoned: Why not help the seeding along by attaching fer-
tile fronds to the blocks before placing them in the ocean'? Subse-
quently, less cumbersome, less expensive substrates were developed,
particularly ropes and nets attached to buoys.

Net and Longline Culture
Today, nori, most wakame and some konbu are produced on nets

and longlines seeded with spores of algae selected for good taste and
fast growth and placed in bays or the open ocean to 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 nori is a good example of a gradual evolution of
culture techniques. It was once picked from rocks and submerged brush
by hand, but by the beginning of the seventeenth century, farmers began
to stick brush in shallow bays where they became colonized with at-
tached nori. This gradually led to more sophisticated collection appara-
tus, and today the most common method is to place artificially seeded,
horizontally strung nets between poles or from floating rafts.

Until recently, a major obstacle to true nori culture remained � the
source of the spores that seeded the nets was unknown. While it was
known 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 1949, when Kathleen Drew, a British biologist, discov-
ered a probable source of the spores. A small filamentous plant, then
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Oyster shell with conchocefis colonies on surface

» s

Velfetatiye form conchOce le

fertile conchor:elis
Gonchosporanpial branchesBlade up lo t loot> Growth cycle15-Bt> days

Large-scale <.nrnmercial farms ol n<iri den< i<d upon the s<ir<essfut cul-
ture oi two distinct phases in Porph> m life history � th». cnnchocclls
phase, grow<> during the summer; and the hind» lihase. grown during the
winter, which is the harvested phase.

called Conchocelis, was shown to be produced from spores from the
blades, The Conchocelis plant was actually a life-history phase of Por-
phyru.

Within a few years the japanese were growing Conchocelis in large
quantities, and were producing spores to seed nets when and where
they wanted. This discovery emphasized the importance of understand-
ing the biology of cultured seaweeds. The Japanese continue to investi-
gate strain selection, genetics, effects of pollution, fertilization, and ef-
fects of growth hormones to manipulate the species and enhance culture.

Tank Culture

Culture techniques tested in the United States and Canada show
that loose seaweeds placed in tanks of agitated seawater also grow well.
The tanks are constructed with cement or are plastic-lined structures
on land, or bags hung from floating rafts. Water is agitated by large pad-
dle wheels or compressed air pumped into the bottom of the tank or
bag. Sotne seaweeds, such as Irish moss, fragment in the tanks and self-
perpetuate, while others must have fresh inoculum  young plantsj pro-
vided. To harvest from tanks, excess growth is skimmed off. The advan-
tages of using this method are that growth rates equal or exceed those
from natural stocks and pure cultures can be grown. The disadvantages
are contamination by weeds, high construction and operating costs for
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Oyster shells iiioculated with coochocelis are hung in pairs in tanks.
Seawater in the tanks is temperature controlled, and light levels in the
shed are lowered by overhead curtains. The conchocelis grows from
A p ri I unti i October.

Newly seeded nori nets are placed 5 � ] 0 deep in these floatntg nursr.ry
frames at Squaxin Island The nets are raised periodically to be dried and
to kill unwanted plants and aniruals. They are left in these frames for
about 40 days until the plants reacli a third to three-quarters of an inch in
length.



Close ttp of Porphyro blades nearly raady for harvesting.

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

Seaweed  :ulture in Washington
In 1970 the Washington Dcparttnent of Natural Resources initiated

research to develop methods for culturing Iridoea ort artificial sub-
strates. The first attempts to seed and plant ropes were unsuccessful,
but tn 1974 ropes and nets were placed over a natural bed of Iridaea,
and large standing crops were produced, In 1976, the work was ex-
panded to a pilot-scale project, It became evident, however, that natural
seeding was unpredictable so seeding was attempted under controlled
conditions in tanks with both Iridaea and Gigartina. The new seeding
technique worked, but high production costs caused DNR to drop these
species from the project. Nori proved promising for aquaculture de-
velopment, however, so a Japanese nori aquaculurist, Makoto Inayoshi,
was hired to teach DNR project personnel how to grow it. Pilot-scale
seeding of nets was accomplished in September 1982 and by October the
project had its first successful harvest. Small amounts of nori were frozen
and flown to Japan to be processed into sheets, which turned out to be of
moderately good quality. Since 1982, the DNR, project has successfully
grown three seasons of the conchocelis phase, seeded nets with nori, and
grown them to harvest size.



When th<> P<>rf>hyra bladca reach a length ota third to three-quarters of
a« ln<:h th<'x>';<r<. re<novcd fro<n thc nursery frames and f>lavvd in thvs«
l>re<ha ti<>n fr <n«a. Th<.y r<,m:<in hcr > for;<nother 30 dave until th<', f>t'<nte
rva< h a l <neth ol' six t<> <.i>:ht in<:h >s and arv. th <n her Y 'st«'h

Economics of the Seaweed Industry
Wild Stocks

Before natural beds can be utilized, the extent and location of har-
vcstable stocks must be inventoried, The amount that can be reasonably
removed is then estimated, taking into account water depth, exposure
to waves and storms, seasonality of growth, standing crop, and yearly
variation of biomass. Short- and long-term harvesting cffccts are as-
sessed for thc seaweed itself and associated flora and fauna. The per-
cetttagc of foreign weed and debris in the harvested material is esti-
mated to determine quality and price. The number and size of vessels
required for harvest is determined by site selection, considering dis-
tance from thc harvesting areas to a shore facility for unloadhtg or to a
processing plant.

About 900,000 dry tons of seaweeds werc harvested worldwide in
1978 for the world phycocolloid market, which is worth an estimated
$1 billion per year. 1 he U.s. carrageenan market alone is worth $68 to
$100 million pcr year. Thc lintit to market growth has been the lack of a
stable supply of raw materials. Until the industry has a dependable
supplv of phycocolloids, it will bc reluctant to make a large product
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line depending on algal gels. The market for phycocolloids is increas-
ing only 10 percent per year; however, the market for farm-produced
 cultured! seaweeds may favor an annual increase of 25 � 30 percent. In
the case of carrageenophytes, the market is a "buyer's market" the
number of companies purchasing raw materials is very small.

The value of natural beds of Macrocystis and Nereocystis in Puget
Sound is calculated from standing crop estimated by F.K. Cameron in
1915 for the Department of Agriculture: 353,000 fresh weight metric
tons �0,000 dry weight metric tons! of kelp in the Strait of Juan de Fuca
and Puget Sound, At a dry weight value of $160 per metric ton �977!,
the total harvestable value is $4.8 million. At a 19 percent algin yield
worth $2.30 a pound, the total processed value is $28,8 million,

The Lummi Indian Council estimated the standing crop of Iri daea
cordata to be between 318 and 454 dry weight metric tons in the San
Juan Islands, which, at the 1982 market value of $400 per dry metric
ton, yielded a value of $127,200 to $181,600. The commercial yield of
carrageenan is 35 percent of dry weight after processing with a value of
$5.00 per pound; the processed extract was valued between $1.2 and
$1,75 million.

Cultured Seaweeds

Costs can be estimated for Japanese culture methods, but for other
culture methods costs are proprietary information so exact figures are
unknown and likely to remain so. As with the harvesting of natural
beds, the culture site is critical; proximity to a processing plant or load-
ing facility is desirable to curb transportation costs, and on-site person-
nel may be needed to prevent vandalism and to repair damage from
storms and other natural phenomena. Tank-agitated culture is still in
the developmental stages, therefore costs are high. As the technology
improves, costs should decline.

The Japanese grow an estimated 2.1 million tons of seaweeds an-
nually  wet weight, 1971 � 73 harvest averages!; about half is from native
stock, the other half is cultivated. This amount is only 12 percent of the
estimated 17.2 million tons of harvestable algae potentially available,

The total amount of edible seaweeds produced yearly is difficult to
determine because much of it goes through small foreign markets. Ja-
pan produced an estimated 654,000 dry metric tons of nori, wakame,
and konbu, worth $563 million in 1973. In 1980 81, 24,900 dry metric
tons of nori were produced in Japan, with a value of $491 million to the
farmers.

Produdion Constraints and Incentives
Standing Stock Limitations

The Washington State Department of Natural Resources, under
RCW 79.68.080, has authority to "develop and improve production and
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+~;~i+ ~ l~p These nori nets in Matsu-
shima Bay, Japan, illustrate
a traditional Japanese
method of nori production:
growing the blades on nets
spread horizontally be-
tween poles driven into the
bottom of shallow bavs. As
a result of widespread Jand-
ftff aettvttv and Vollulrorc
this is no longer a common
scene ln Japan,

harvesting of seaweeds," and it has developed regulations for removal
of seaweeds from bedlands and state-owned tidelands  WAC 332-30-
154j.  These regulations and the commercial species established as part
of those regulations are given in Appendix D.j Seaweed growing in the
water or detached plants washed up on privately owned or leased tide-
lands in the state of Washington belong to the person owning or leasing
those tidelands, Seaweeds growing in the Marine Biological Preserve
established in all of San juan County and Cypress Island, Skagit County,
are protected and tnay be collected only with the permission of the
director of the Friday Harbor Laboratories. Exceptions are any organisms
"gathered for human food and the plant Xereocystis, commonly called
kelp,"

Carneron's 1915 estimate of 353,000 wet metric tons of Macrocystis
and Nereocysfis in the Puget Sound region is approximately ten times
what is needed to establish a processing plant. This standing crop was
never verified using modern techniques, nor was harvest shown to be
truly profitable considering harvesting techniques, stock dispersal, and
difficulties in harvesting some sites. Royalties to the state to harvest
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this resource would have to pay for inventory and management. The
effects of harvests on the kelp and the kelp bed's role as a food source
and habitat are not known, and the costs of making this determination
would also enter into the true cost of harvesting.

Institutional Constraints
The National Research Council has observed that "constraints on

the orderly development of aquaculture tend to be political and admin-
istrative rather than scientific and technical," Indeed, although the bio-
logical feasibility of growing Porphyra on nets, Laminaria on longlines,
and Gracilaria and Gelidium in tanks has been shown, there are no
commercial ventures growing these seaweecls in the Northwest. The
constraints seem to fall into two broad categories � permits and market-
ing,

The permitting procedure in Washington for aquaculture projects
is usually long, costly, and very uncertain as to its outcome. A shore-
line permit is first required from county government, and it is at this
level that most opposition is heard. While opponents may state their
objections in environmental terms, their rea] argument appears to be
aesthetic, Many people approve of the idea of aquaculture, but those
who own property near the water decry any change in "their" marine
view, While appeals to the State Shorelines Hearings Board have not
supported aesthetic arguments, the delay and costs of legal counsel are
costly to a project,

A permit is also required from the U.S. Army Corps of Engineers in
order to place any structure in navigable waters, Drawn plans must be
circulated to state and federal agencies for review, and comments gath-
ered and reviewed by the Corps, Environmental concerns are usually
resolved in the course of this process, and a project may be modified or
mitigated to prevent environmental damage.

Further requirements are a hydraulics permit from the Washington
Department of Fisheries, which assures that the project will not damage
fish habitat or stocks, and a lease from the Department of Natural Re-
sources if the proposed project is on state-owned tidelands or bedlands.
Rates for the lease are negotiable with the department.

Finances and Marketing
Because of the length of time that may be required to obtain per-

mits, and because there is no way to tell how long the permitting pro-
cess will take or even whether permits will be issued at all, investors
have not been eager to support aquaculture projects. Financial backers
are also hesitant about such projects because management skills are of-
ten lacking in people who want to start an aquaculture business. Suc-
cessful aquaculture ventures consist of a team of skilled business man-
agers, technicians, and accountants � or a rare individual with all these
skills.
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At the Washington Department of Natural Resource's nori a<toe<:uiture
research site near McNeil Island, Porphyro is harvested fro<n the nets by
a cutter <n<>untcd in a boat The boat is run under the nets and the
scav'eed is cut off and drops into baskets under the <>utter,  Photo by len-
nifcr Warner, <:curtesy of the Seattle Post-Intelligen<.er!

Determining the market for a product is often difficult and expen-
sive, yet marketing is the first thing that a potential aquaculturist must
investigate. A marketing strategy must be devised and carried out.
While these problems are obvious, many technically oriented aquacul-
turists may wait until well into a project before dealing with these as-
pects of the business.

In 1<j85, the Washington State Legislature passed legislation that
places the responsibility for marketing of aquaculture products with
the Washington Department of Agriculture  ESB 3067!. In the past, no
agerrcy was charged with this responsibility. The bill treats aquaculture
products as agriculture products, and allows the formation of a market-
ing commission for aquaculture products.
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Epilogue

This account of shellfish and seaweed harvests in Puget Sound be-
gan with a brief look at the past � the long history of harvests predating
European and American colonization of the region by hundreds of
years. Present production of shellfish and seaweed is dominated by
harvests of bivalve molluscs, including aquaculture of oysters, clams,
and mussels, and capture fisheries for natural clam and geoduck stocks,
Crab and shrimp fisheries constitute a smaller but important fraction of
total production. Marine species such as squid, octopus, sea urchins,
and sea cucumbers harvested from Puget Sound at low levels expanded
their market in the early 1980s; but played only a minor role in total
harvests. Finally, seaweeds have been harvested in increasing quanti-
ties in a personal use fishery and considered for commercial produc-
tion.

The Capture Fisheries
Capture fisheries, an extension of the hunting-gathering tradition,

are strictly regulated by state management groups. Capture fisheries
range from traditional crab-pot fisheries to the diver harvest of geo-
ducks, They also include hand-picking of seafood and bait products,
such as seaweeds from intertidal rocks.

Variations in landings and shifts in shellfish species taken in cap-
ture fisheries over time reflect rapid development and exploitation, of-
ten resulting in overharvesting of stocks, followed by precipitious de-
clines in production when a stock was unable to reproduce at a rate
required to sustain the harvest effort. Such situations recurred through-
out Puget Sound in the scallop and shrimp fisheries.

Differences in species life histories and growout rates at different
locations in Puget Sound present complex management problems, es-
pecially when the goal is to ensure uniform production from year to
year. Regulation and management that accomplish a stable harvest re-
flect an understanding of the dynamic nature of fisheries stocks gained
from management experience, research, and the knowledge gained
from the fishermen themselves.
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Aquaculture
Culture of oysters has a long history in Puget Sound and by the

early 1980s, commercial aquaculture techniques had been adapted to
rearing of clams and mussels as well. Pilot-scale culture of marine spe-
cies such as seaweeds, geoducks, abalone, and scallops have also suc-
ceeded. Shellfish aquaculture � still dominated by oysters, clams, and
mussels � accounts for a large share of Washington State's total shell-
fish production and is exceeded only by the geoduck harvest in Puget
Sound.

Issues and Development
Capture fisheries are generally managed at the state level with a

relatively straightforward regulatory process controlling harvest rates
 except when nearshore substrate is likely to be disturbed, as in the
case of mechanical clam harvesting!. Aquaculture is affected by federal,
state, county, and local interests and is subject to a plethora of manage-
ment controls. Aquaculture development permits are required for con-
struction of shoreside facilities, digging of wells, and control of aquatic
cultivation activities affecting the inarine environment. As a result of
special environmental legislation to ensure protection for sensitive ma-
rine environments, far more permits are required for projects near or on
inarine water bodies than are required for more landward operations.

Shellfish scientists and managers recognize many of the critical bi-
ological and environmental factors affecting shellfish production. Sim-
ilarities in the biology of marine species link many species in the cap-
ture fisheries to those that are farmed. Most have free-swimming stages
in their life history that intermix in the water column, thereby creating
competition for food and space. Many edible and not-so-edible shell-
fish  clams versus barnacles, for example] filter similar food particles
from the water. Infectious diseases and pests occur in plants and ani-
mals reared on aquatic farms as well as in species taken in capture fish-
eries, Many of these pests are native to wild populations, and some of
them � such as oyster drills � were iinported along with commercial
shellfish introduced into state waters,

Capture fisheries and aquatic farms both depend upon good water
quality � a dependency that creates economic incentives to preserve
and improve water quality. Aquatic farming is also uniquely dependent
on proper maintenance and enforcement of regional water quality stan-
dards. Problems caused by contamination of shellfish beds all too often
can be traced to nonenforcement of existing laws, lax or improper ap-
plication of land use codes, little or no inspection of onsite facilities,
and lack of upland facility maintenance.

Just as there are significant similarities between aquaculture and
capture fisheries, there are similarities between aquaculture and agri-
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culture. Aquaculture allows sustained production of uniform, high-
quality seafoods that can be tailored to the market, It is a private ven-
ture � a cultured oyster is owned by the aquatic farmer throughout its
growth, not just at the time of harvest. In many cases aquatic seabeds
are also privately held. Management of aquaculture production has
been largely left to the skills of the farmer, although state and federal
organizations have provided many services to growers. In recognition
of the similarities between aquaculture and agriculture, many aquacul-
ture functions  as defined by the State! have been placed under the
State Department of Agriculture, and products grown by aquatic farm-
ers are now classified as agricultural commodities.

Probably the most critical management issue remaining in both
shellfish and seaweed fisheries and culture is that of user conflicts.
These are some typical examples:

. Conflicts between aquaculture and capture fisheries � Many sites
suitable for seaweed  nori! culture and raft culture of shellfish
may be in waters less than 60 feet deep. Geoduck clams also fre-
quently occur in such areas and may be difficult to harvest when
overlying waters are used for aquaculture,

~ Conflicts between capture fisheries � Locations where crab pots
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 terms, is looming between competing users of the limited
nearshore resources and space. This often places waterfront own-
ers, with little direct economic interest  other than a perceived
loss of property values! pitted against those who are attempting
to gain a livelihood from the sea. The central issue appears to be
aesthetics � people do not want their views interrupted.

Future of Capture Fisheries and Aquaculture
The striking feature of the shellfish and seaweeds harvested from

Puget Sound is not production volume  which is low compared to fiin-
fish!, but in the diverse nature of the products and the often unusual
and special inarkets that they enjoy. Markets are driving these indus-
tries and the demand for shellfish appears to be extremely strong. This
is in large part due to the increasing consumption of seafood in Wash-
ington State, excellent quality of Puget Sound harvested and grown
products, and long-term demand for the products in other west coast
areas, particularly California. To meet this demand, more cooperative
efforts will be needed, particularly in marketing and purchasing, which
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will eventually lead to less room for independent competition.
Technically there is great promise for increased aquaculture pro-

duction, especially in the use of artificially enhanced stocks and more
intensive culture methods. In the past few years sophisticated systems
have developed to culture algae and mussels; to rear oysters and clams
in hatcheries; to manage and maintain water quality in marine culture
systems; and to control disease. Future advancements will depend on
research and increased availability of funds to support it. Expansion of
an infrastructure is required similar to that needed in agriculture. Be-
yond technological solutions, there is a need to encourage a nurturing
attitude, and a willingness to work long hours � aquatic crops cannot be
put out and forgotten, or left to grow until the next season.

In an era of heightened environmental awareness, issues that have
not been of great concern in the past will become dominant in shaping
the industry. With increased human population in Puget Sound and
consequent pollutant loading from domestic, farm, and industrial
wastes, hard choices will have to be made concerning the tradeoffs be-
tween economic and social contributions of capture fisheries and aqua-
culture and the costs of controlling landside wastes. Harvesters and
growers may find their collection techniques questioned, and adverse
affects of harvesting and culture will have to be resolved before harvest-
ing can proceed � these answers will be costly and come slowly,
Outlook for Puget Sound Capture Fisheries

The prospects for Puget Sound's capture fisheres are fair. Cycles of
discovery, overexploitation, 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 future be-
cause most stocks are fished at maximum sustainable yield and cannot
withstand greater fishing effort. Existing stocks are managed to restrict
total harvest levels; often, this is accomplished by limiting entry in the
fisheries. The inability to increase production of wild stocks of shellfish
tends to tip the production sector away from capture fisheries and
toward aquaculture.

Outlook for Aquaculture
The outlook for aquaculture ventures is good, provided they are

allowed a favorable economic, environmental, and regulatory climate,
Near-term production increases are predicted for oysters, clams, mus-
sels, and marine plants by reusing old culture areas for new crops,
applying better crop management methods, and expanding into new
culture areas, The expansion of aquaculture will probably be predomi-
nantly in economically depressed areas. Employment opportunities in
aquaculture could occur in such areas as South Puget Sound, east of
Whidbey Island, and Hood Canal,
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