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Industry problees include industrial, agricultural, and rmrnicipal
discharges, dredging and other navigation projects, freshwater
diversion, and silt deposition fraa upland developrrent. A rrrolIuscarr
fishery is particularly vulnerable to such activities because of the
stringent water quality requirements necessary for s ccessful
reproduction and growth.

Washington State annually provides approximately 95 percent of
the Pacific  hast production, with Alaska clarrs accounting for rsMt
of tbe rest. Washington's leadership in the Pacific Coast clara
industry rmry be attributed to a nrxaber of factors, but perhaps most
important is the abundance of suitable clam habitat. Oregon and
Chlifornia lack protected bays, estuaries, and coastal clam habitat
necessary for significant clara production. In addition,
recreational clam harvesting accounts for the bulk oi' the clam
production in those states. Alaska has an extensive coastline and
is rich in clan resources; however, harvest is restricted by
paralytic shellfish poisoning and socio-ecoa~c factors.

In the following chapters, the Pacific Cbsst clam industry is
reviewed by state: principal cammrrcial species are listed, and
history, current trends, and anticipated future developments are
presented. Srxne recreational clam harvesting is reviewed, since it
is often a rsrjor factor in total harvest and may have considerable
impact on the ccaxmrcial fishery.

Many factors influence the level of production and overall
~ement of clam stocks on the West Coast. Water quality,
certification of clam beds, rmrrraIgsmot of available stocks,
paralytic shellfish poisoning, ccarm rcial versus recreational
harvest, rmrrketing, transportation, encroachnrrrrt of man, and other
factors are directly or indirectly associated with the status af a
given clara fishery, These factors are also addressed in the
discussions that follow.

To rerxrlve sam of tbe issues involved in clam fisheries,
federal, state, and local governments have enacted Legislation
addrrmsing the i'ragile nature of capital areas, their social and
economic importance, and the conflicting drmrands for their use.
Since tbe reproduction, propagation, and harvest of fishery
rea>urces � including shellfish~e clearly mandated as a legitimate
use, individuals fran a variety of backgrounds have entered the
planning process required to irrplrmrent these laws. This report is
presented, in part, to provide pertinent infozmation on the local
clam industry for the general public, students, potential entrants
into the industry, and those people who make decisions concerning
the industry.
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'There are nsny different species of clanm along the Pacific
Cbast, but only a few are of economic importance. 'Ihe principal
ones that are considered in this report are

the razor clam, Silique patula
the native littleneck clam, Protothaca etaminea
the Manila clam, Venerupie j aponiea
the butter clam, Sazidomus yiganteus
the tasket cockle, Clinacardium nuttalli
two species of horse or gaper craxe Treeus nutta22i

and T. eapaz
the eastern softshell clam, Nya arenaria
the geaduck clam, Panope generoeu

In addxtion, sane minor or undeveloped species that will be
discussed include

the surf clam, Spiaula palpnevra
the Pismo clam, Titrela stultorwn
cockles, Chione sp.
the jackknife clam, Tagelus ealifernianue
the bean clam, Dana@ gouldii

 Descriptions of these species may be found in Fitch, 1953;
Marriage, 1954,' and bayle, 1970.!

Clams occupy a variety of habitats: fresh-, brackish, and
saltwater environments, and substrate types frae the upper
intertidal zone to the abyss. 'the depth to which clams burrow
varies ~ing to species and is determined by the length of their
siphons, Table 1 gives a description of the major cannsrcial
species and where they are found. In addition, a. smeary of clam
mor~iogy and physiology is given in Appendix B.

Razor clams are found on surf � pounded ocean beaches, whereas the
other species inhabit bays, inlets, and estuarine areas. Except for
geoducks, all of the other species are collectively referred to as
"bay clane�" which are categorized i'urther as "hardshell clams" and
"softshell clane." The hardshell clanm include native littlenecks,



Manilas, butter clams, basket cockles, and horse clarrm. Methods used
on the West Cbast to harvest clarrm depend on the species sought, the
type of substrate, and tbe tidal level at which the clams occur.
Table 1 gives a description of the maJor species and where they are
found.

Ralor Clams
Razor clare are harvested primarily in the sports fishery. They

are taken with a specialized clam shovel or a "tube gun." When a
"show" is located, sand is removed with the shovel on the seaward
side of the neck, which is grasped quickly bei'ore the clam can
retract its siphon and dig deeper. The digger must be careful to
avoid breaking the fragile shell and mrrashing the clam. If a tube
gun is used, it is placed amund the show, pushed into the sand, and
cores of sand � usually two or tabac. are raxrved until the clam can
be extracted.

Interti@Q Bay Clams
Most intertidal hardshell and softshell clam are harvested by

hand with an ordinary potato fork  called a clam rake or hack!,
a shovel, or a four tined clam back. The best method is to dig in
rows, spreading the ground out evenly along the rows. Rmt oi' the
clams are overturned as this is done, but a few more usually can be
found as the substrate is carefully raked through once more. Hand
harvesting is inefficient carrpared to mechanized hydraulic devices,
but it rmLy enhance clam populations by thinning adult clams without
eliminating them. Oompetition for focxi and space is reduced, and
they grow f'aster.

Hydraulic clam rakes are used by carircial diggers on sane
intertidal beaches along the West Cbast. A gasoline-powered water
prmrp in a skiff supplies enough water prmsum to the rake to dig
about one foot into the substrate. 1Ire clams float to the top of'
the resulting water-soil slurry and are picked by hand fran the
trench created by the rake. Hydraulic rakes are not only faster and
more efficient than hand d~ing, but minimize clam breakage.

Harvested tmy clams frequently are placed in clean salt water so
that they can purge sand and rnrd frarr the gills and viscera before
they are conrad. Buckets of sea water rrsy suffice for a srrmll
recreational catch, but cannercial quantities are often held in sink
floats for purging before being shipped to market.

SibtiCal Bay ClanLs
In Washington State and British Cblrxrrbia, Canada, subtidal clams

are harvested rrminly with mechanical clam harvesters. 'Ihese
hydraulic gear types were originally developed on the East Cbast for
harvesting tbe vast clam beds there. Ihe hydraulic escalator, or
"Hanks," harvester was invented in the early 1950s by Fletcher Hanks
of rrhryland to dig mftshell clrrrre, in Chesapeake Bay. Modified
versions of the escalator harvester have been used in Puget Sound
since about 1958-

The hydraulic dredge is attached to a baat which pushes the
subnerged portion of the dredge through the substrate. Powerful



jets of water loosen the substrate and toss clam onto a chain-nesh
conveyor belt, or escalator, which carries them to the boat. Sma.ll
cianm, gravel, and other debris fall thro~ the mesh and are
redeposited on the bottan. Although there are problems such as
noise pollution, turbidity, and siltation asmmiated with the
escalator harvester, it is probably the nest efficient method now
available for harvesting subtidal clam stocks.

The "Iong Island," or hydraulic jet cage harvester was also
developed on the East  hast, primarily for harvesting the surf clam
 Spisula ao2idisaima!, but has been used to a limited extent in
Washington, British Wlunbia, and Alaska., This device can be
operated in deeper water than tbe escalator harvester because it is
limited only by the length of the water hose. %here is no conveyor
belt; rather, the dredge is tawed behind the boat, and the
cl~fter being loosened by water jet � are collected in a
steel-ring bag or collecting device. The dredge is hoisted out of
the water periodically to eapty the catch.

Another method of harvesting subtidal clams is the Venturi
 suction! dredge. This vacua device may be ranotely operated frcm
a boat or used by divers. Clams and other neterials are picked up
and either sorted out on deck or, if diver operated, ejected fran
the disc~e end under water. In the latter method, another diver
follows along behind the harvester and retrieves the clanm after
they fall on the bottcm,

t'eoduchs

Few geoducks are harvested in tbe intertidal a.rea because of the
depth to which they burrow and the effort required to dig than.
Some recreational diggers use a shovel and merely excavate tbe sand
around the gecduck. However, others my use a "geoduck can," which
is an open~ed metal tube similar to a stovepipe. The can is
placed around the siphon and pushed as far as possible into the
substrate, preventing tbe sides of the hole fram caving in as sand
is rimed, When tbe siphon and shell are exposed, the clam can be
extricated,

Subtidal harvesting of geoducks in Washington State occurs only
on ccwmercial tracts leased fram the state. Clams are harvested
individually by means of a hand-held, high-pressure water jet
operated by a diver. Ihe water jet loosens the substrate around the
geoduck and allows the diver to remove the clam fraa its burrow
relatively quickly. An experienced diver nn,y harvest two clams per
minute where clana; are abundant.



Table 1. Description and Distribution of' Primary Pacific
Coast Comnercial Clam Species,

Oescri tionRAZOR CLAM
piiiqta patti

NATIVE LITTLENECK
Pratothuaa Stq"niqntea

MANILA CLAM

erupie japonica

BUTTER CLAM
Saxidomus qiaanteus

BASKE T C DC KL E
C2inoearChum nuttal.li

GEDOUCK
Panape uenerosa

EASTERN SOFTSHELL CL,AM
libya arenaria

HORSE CLAM
I Tresus nuttalli and

T. Caput
III

Thin elongate shel' !
Greenish-brown with
inner valve tinged
purple

Ova! to round shell;
distinct radial and
concentric ribs.
White, gray, or brown

Looks like native
littleneck but shell
is oblong and com-
pressed. Gray, brown,
or variegated

To 5 in. long; thick
oval valves with
close concentric
rings, Grayish white.

Large fragile shell,
gapes at siphon.
White with brown or
black at valve. Long,
unretractable siphon.

Heart-shaped heavy
shell, 4 1/2 in. long.
Brown with prominent
ribs, scalloped edge.

Long rectangular
shell, gapes at both
ends, up to 9 in.
long, 10 lbs. Gray-
white with coarse
growth rings.

Thin, easily broken
she' ll, up to 6 in.
long. Elliptical
with concentric rings.



Habitat Comments

Table 1 continued

Sandy sur f -swept
beaches. Intertidal
and subtidal to 30
feet.

Mud-gravel substrate
in protected bays.
Llpper 8 inches of
intertidal to 1/3 tide
level.

Pea grave , sand, or
mud. Intertidal zone
from -1,5 feet to
just beyond half-
tide.

Sand to gravel
substrate in lower
third of intertidal
and subtidal to 60
feet.

Sand, mud, and
gravel  T. capax pre-
fers gravel!. Inter-
tidal and subtidal to
60 feet.

Mud and sand in bays,
sloughs, and estuar-
ies. Inhabits inter-
tidal and subtidal zone
to 80-ft. depth.

Sand and mud in pro-
tected bays. Lower
intertidal and sub-
tidal to 200 feet,

Sand and mud in low
salinity eStuaries.
Inhabits upper inter-
tidal .

Distribution
Northern California
to Aleutian Islands

Baja California to
Aleutian Islands

Northern California
to Alaska

Northern California
to Aleutian Islands

Baja California to
Alaska

Southern California
to Bering Sea

Baja to laska

California to
Alaska

Rapid burrower--may
dig up to a foot in a
minute. Position dis-
closed by slight de-
pression in sand,

Observed at depths to
60 feet in Puget
Sound. Burrows 'o
about 8 inches.

Lives just be ow t e
substrate; easy to
hand harvest.

Burrows to about 2
inches. Frequently
harvested with
native littlenecks.

Burrows to 1 1/2 feet.

Because of short
siphon, found near or
on top of surface.
Powerful foot enables
it to travel rapidly.

Because o extreme y
long siphon, may bur-
row to 4 feet. Larg-
est burrowing bivalve
on Pacific Coast,

Thought to have been
introduced on West
Coast with East Coast
oyster seed. Now
known to be indigenous.



filiWashington

Washington leads the West Goast in clam production for several
reasons: Washington's ocean beaches contain large razor clam
stacks, and the protected estuaries of Puget 3ound, Grays Harbor,
and Willapa Bay contain extensive intertidal and subtidal bay
 hardsbell! clam stocks  Figure 1!. In addition to extensive clam
habitat and resources, there is a tradition of private ownership of
intertidal beaches and private leasing of state-owned subtidal
bottan land that provides a favorable environnx.nt for carrnercial
harvest.

Despite these factors, both the cceatal razor clam fishery and
the estuarine bay clam fishery have undergone radical fluctuations
in production during tbe last four decades  Figure 2! . The
cannercial razor clam industry bas alrmst disappeared except I' or a
anall Indian fishery on the Quinault Indian Reservation; however, a
large, active recreational razor clam fishery res.ins. Although bay
clam landings appear relatively stable, there have been major
harvest fluctuations within individual species. Historical
production figures for Washington clam fisheries are given i.n
Appendix A.

The bay clam harvest fran Washington's publicly owned beaches,
once the major source of ccinnercial supply, declined gradually after
1940 for a nmnber of reasons. Public beaches were heavily dug
during the depression of the 1930s, and a sub~quent lack of major
setting reduced the standing stock. In addition, there were fewer
people harvesting clans during and after World War II because of
Improved etyloyment opportunities in other businesses. During the
1940s, purchase of tidelands by private citizens accelerated,
effectively eliminating many tidelands as public clam harvesting
areas. Finally, the value of butter ciim' declined, and fewer were
harvested.

Other significant developnents that have influenced bay clam
production include the introduction in the late 1950s of aechanical
harvesters, permitting the utilization of subtidal stocks, and the
debut of the geoduck fishery. A amll mftshell clam fishery also
developed in Zmgit My in the 1960s. It was successful initially,
but experienced legal problems in the late 1970s.



Figure 1. Clam harvesting
areas in Washington State
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Commercial Ralor Clam I'ishery
The razor clam is found in surf-swept, sandy ocean beaches all

along the pacific Coast of North America, and is harvested
coamercially in a nvnber of areas frcm Oregon to Alaska  Quayle,
1970!. 'Ihere are four main beaches in Washington where razor clanm
are relatively abundant: Long Beach, Twin Harbors, Gopalis, and
Mocrocks. Other beaches supporting significant razor clam fisheries
are Tabolab, on the Quinault Indian Reservation, and Kalaloch, north
of the reservation  Scbaefer, 1939!.

In tbe late 1960s, diving and bottan grab samples indicated a
razor clam population extending off the Ikshington coast to depths
of at least 60 feet. At depths greater than 25 feet, however, razor
clams of a different species  SiIiq~ s.'oat<-! appear, and the
intertidal variety disappears. Although S. slant;i is found in sane
abundance up to 60 feet  the deepest that grab sample observations
have been made!, it is thinner and has a maxinxln Length of only 4
inches, which greatly diminishes its ccasmrcial potential. Ihe
offshore range of this species is not knam, but local crab
fishermen have found S. r,Ioati shells in crab traps set in 16
fathoms.

The ccernercial razor clam fishery in tNashington has been
influenced by the recreational fishery to a great extent, so a
history of the industry necessarily includes information about both
segments of the fishery. Prior to 1900 there was a ars.ll clam
fishery supplying local fresh markets, but largmscale utilization
of the rea>urce did not begin until canneries were introduced just
after tbe turn of the century. In the peak year of 1915, over 3.2
million pounds of processed razor claret were canned, representing a
catch of about 8 million pounds of unshucked clam.  Schaefer, 1939!.

As the cotnnercial fishery expanded, concern about the razor clam
stocks led to conservation efforts. In 1917 the Washington State
Legislature passed a bill reducing the harvesting seam!n fran nine to
three months  hhrch through hhy! to eliminate harvesting during the
samer spawning season. Further restrictions became necessa.ry,
however, and in 1929 a 3-1/2 inch caranercial size limit was adopted.

In addition to the ccnm,rcial fishery, a relatively large,
unrestricted, personal-use recreational fishery had developed by tbe
late 1920s, The wides~read clam wastage and "bootlegging"
 harvesting and/or selling clams illegally! associated with the
recreational fishery finally led to the institution of sports � take
regulations in 1929  Schaefer, 1939!. A summary of these
regulations from 1929 to the present is given in Table 2.

The camercial razor clam industry changed signii'icantly during
and after the 1940s, partly because of circamtances that adversely
affected the canneries. Because of declining clam stocks, a
poundage quota., or allotment, system was inclosed which, coupled with
the limited r~rcial season, placed rAmsiderable econaaic strains
on razor clam canners.

Expansion of Washington's Dungeness crab fishery contributed to
the canners' problems. After llbrld War II increased offshore crab
harvesting placed additional danand on the limited supply of razor
clanm, which were a favorite bait of crab fishernmn.

During the early 1950s inexpensive East Gest canned clams made
a dramatic entrance into traditions.l razor clam nmrkets and placed

10



Table 2. Washington State Razor Clam l.ishery Personal Use
Regul ati ons, 1929-present.

Saq LimitYear ~Le al Size Season

to 1929
1929-42
1 943-47
1948-59

None
36 clams/person
36 clams/person
24 clams/person
 except 18 in 1950!
18 clams/person
15 clams/person

None
3-1/2 inches
None
None

None
None
March 1 � Sept. 30
March 1 � Sept. 30

1 960-72
1973-present

None
None

March 1 � Sept. 30
July 1 � Sept. 30,
complete closure;
Afternoon closure,
March 16 - June 30
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canned West  heat razor chum at a distinct ccmpetitive
disadvantage. As a result, the razor clam canning industry in
Washington declined rapidly, and a greater share of the cannercial
catch that bnd been canned went to crab bait and fresh clam markets.
By the late 1950s about 30 percent of Washington'e ccmnercial razor
clam production was shipped to Oreg' and Chlifornia for crab bait.
Attempts by tbe stn.te to prohibit out~f-state exports were
overturned in court.

%he export of large quantities of razor clams for crab bait,
along with the burgeoning recreational fishery, contributed to the
dms.se of the caanercial fishery, Brause there was only a ncminal
$5.00 fee for a ccamercial license, nmny sports fishernmn purchased
the licenses in order to avoid recreational limits. By the 1960s,
an estimated 3~0 percent of the ccmnercial landings was actually
harvested for personal use. Eventual ly, ccanmrcial digging was
permitted only ii there was a surplus of clam fran the recreational
fi.sbery ~ In addition, several beaches were pernmnently closed to
ccsnnercial fishing: Iong Beach and Twin Harbors Beach in 1950,
Wpalis Beach in 1960, and Ikx:rocks Beach in 1968.

%he m>ie remaining, aon-Indian, ccmnarcial fishery in Washington
exists � albeit sporadically � on the detached spits at the m!uth of
Willapa %.y. Because this area is not easily accessible and the
stocks there are uastable, the fishery is difi'icult to nmnage and
bas no seasonal restrictions. It is a anall fishery with reported
catclms of only 6,000 to 28,000 Ixiunds annually. However, rich more
effort is expended and clanm harvested than the reported catches
indicate. Since the ccamercial license is still only $5.00 and
there are no limits or restrictions oa keepiag clams for personal
use, clans are harvested under a ccnmercial license for personal
use. In 1979 and 1980, over 1,500 connnercial licenses were issued,
but only 6.3 percent of the licensees reported cmaercial landings.
To discoux~e inproper use of tbe licenses and non-reporting of clam
harvests, the Washington Legislature considered a bill in linrcb 1981
that would raise the ccnxnercial razor clam fee substantially. The
bill wn.s not passed, but was to be reconsidered in the 1983
legislative session. An additional provision would require that all
clanm harvested cannercially be sold, ~ it illegal to harvest
razor clams for personal use with a ccannercial license.



Gunmt latm
The razor clam resource is an important source of revenue to

sane members of the Qiinault tribe and about 300 Indians were
licensed in 1981 to dig clams. Market demand exceeds the ~ply of
claar, so prices have remained relatively stable. However, the

Table 3. i!uinault Indian Tribe
Razor Clam Production,
1970-1 980

Year Pounds Landed*

750,000
678,838
379,086
179,818
201,139
135,033
294,952
373,142
890,161
645,389
373,581

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

apnroxir;,ately*One pound
4.2 clams
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Since 1960, nest of Washington's aaaaercial razor clam
production has ccrae fran the Quinault Indian Reservation.
Production statistics from 1950 through 1980 indicate that the catch
averaged about 260,000 pounds per year. Da.ta for the last decade
provided by the Quinault Indian tribe are susnarized in Table 3.

There was a record harvest of 890,161 pounds worth approximately
$712,000 in 1977-78, mainly as a result of increased digger effort,
a 13+month digging period, and light surf conditions in January and
February 1978, which permitted more clam digging.

Prior to 1972, clam harvesting on the Indian reservation was
loosely regulated. Since then the +inault tribe has instituted
more stringent rules. Clam harvesting by non-Indians is not allowed
on reservation beaches, and Indian diggers are required to purchase
a tribal license  about $5!. Although clams may be dug year � round
 as of early 1981!, digging is allowed only on low, minus tides.
The Indians harvest their clan+ with shovels and, because hand
digging is a traditional part of tribal life as well as an important
source of eagloyment, there is little interest in using mechanical
methods.

Buyers of reservation clams may be non-indian, but must purchase
a triba.l license. 'lhey buy clams from diggers on the beach at
prices set by the tribe  $,90 per pound whole wet weight in 1981! .
&pending on the market, about half oi' the clams are sold for crab
bait and the rest enter the fresh and frozen retail and restaurant
markets. Razor clam processing on the reservation was attempted but
could not be successful ly implemented because of high processing
costs and labor and quality control problene.

In addition to stricter regulation of the fishery, the ~inault
tribe improved their management program. Since 1972, an annua.l
standing crop assessment of reservation beaches has been made, and
recasnendations suhnitted periodically in order to axLintain a high
yield and maximize profits to tribal clam diggers.



harvest record for the 1978-79 and 1979-60 seasons indicate that a
decline occurred in both total clam aburxhmce and average size,
Reasons for the decline are unclear, but it probably resulted fnxn a
combination of factors, including a norns,l f.luctuation in the clam
population, over-harvest, and weather and market conditions.

To better monitor clam productivity and abuntiance, the fisheries
division of the Quinault tribe bas dtmig~ a detailed field
~ling program; however, it lacks the personnel and funds to begin
the new program. If razor clam harvests continue to decline, limits
or reductions of total harvest, beach areas, or nunber of diggers
may be considered.

Futcee
Because of its unique status, tbe Quinault razor clam fishery

has the potential to ~ one of tbe most viable, cnanercial clam
fisheries in Washington. For exaaple, both tbe beach and uplands
are exclusively held and managed by the tribe and are therefore less
subject to encroachnent by residential developaent than puget Sound
beaches. In addition, the Quinaults are exempt fran rrest state and
federal regulations, as well as many other political, socia1, and
ec~c forces influencing Washington's non-Indian clam fisberi.es.

The future of the razor clam market is difficult to predict,
since it depends to sane extent on the dennLnd for Dungeness crab
ba.tt, which is tmyorarily depressed. 'Tbe fresh and frozen razor
clam market for hunan coemption is improving, however. Rising
prices for clams, aggressive marketing, and increasing public
acceptance could insure a continued solid base and modest growth for
this ~t of the market. The limiting factor is supply, which
will continue to be co~tingent on the vagaries of natural setting.

Recreational Ralor Clam Fishery'
As noted earlier, Washington's razor clam fishery has evolved

from a ccmnercial one to a predcwniamtly recreational one. Figure 3
docunents the latter stages of this transition, which ended in 1968
when the last major public beach was closed to ccnnercial harvest.
Recreational digger trips increased dramatically frno 208,000 in
1946, when annual monitoring of the sports fishery began, to over
950,000 in 1977  Figure 4!. A 1980 decline in digger trips and
number of clams harvested was attributed to a canbiaa.tion of
extrenx'.Iy bad weather during many low tides, the depressed econcmy,
rising gas prices, and the second 1980 eruption of Mt. St. Helens on
lb.y 26, which deposited volcanic ash on the highways to the beaches.

Cement RaCus
Smagenent of the recreational razor clam fishery by Washington

Department of Fisheries consists of three basic aspects:
manngam.nt-enhancement, enforcement, and licensing.
Management enbancaaent includes a rmnitoring system to estinate
nanber of diggers, average catch, size of clanm taken, wastage, and
total catch. Biological data such as assessnent of clam at~iaa~,
reproduction, and recruitment are also ccmpiled.

Recruitment and setting of razor clanm have generally been
declining, especially at Grayland and Long Beach, where populations
are at very low levels. Ihe two northern benches, Mpalis and
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liocrocks, have had sporadic razor clam setting and inconsistent
recruitment, Offshore clam populations are considered broodstock for
intertidal populations, but how much they contribute is unknown and
depends on OCean Currente 4iuring early larval and juvenile Stagee Of
deve1opnent,

A program has been initiated to enhance naturaj razor clam set
On SCfns beaohes. Sexually mature razcr Clanm were suCCessfully
spawned at the Nahcotta clam hatchery, resulting in the production
of over one million juVenile razor clan89. 'Ihe Clame were planted at
selected sites in the spring of 19gl. Transplanting of subtidal
juvenile clams to underpopulated intertidal areas is also being
studied and fmty prove to be an additional method of enhancing razor
clam stocks.

Regulation enforcement is an integral part of the razor clam
program. As a result of increased razor clam license funds
 resident license fee is $2.50; nonresident license fee is $10 as of
1979!, six additional officers were hired to patrol razor clam
beaches. The n4877ber of citations issued inc~ during 1979 and
1980, and reports indicated that the officers contributed
significantly to the enforc6nnent of fisheries laws,
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Cbast Clan99 and razOr Clame. The butter Clam's large size  up to 5
inches!, high meat yield, and good flavor made it suitable i' or
canning, but most native littlenecks were marketed fresh. Scane
butter clams were sold unshucked, but because they gape and lose
fluids during storage, their shelf life is limited to a few days.

Ih.ta are not available to analyze historical trends in the early
bay clam fishery, but the canbined catch statistics for native
littleneck and butter clams indicate tha,t, except during World War
I, production was relatively stable during the first quarter of the
20th century. Hardshell clam production remtined relatively stable
at one to two million pounds per year up to 1975, except for 1937

16



mmk7ec el
hwe99 L99999

15

19

pv

19751970

NIIIOaa al
Posada ine999

'1 5

19

p 5

1979 1975
Figure 6. Native littleneck and butter clam production, by harvesting
metlXX1, 1965-1679,  PreC4Ctien figures EOr 1961kS1 haVe been included
5n Appeaiin A.!

when there 97as a. reCOrd harveet of about 3.5 million pounds.
Production figures for all Washington clam fisheries are given in
Appendix A.

Although total bay clam production, excluding geaducks, has not
changed noticeably, the proportional harvest of different species
has changed, Native littleneck production, for example, declined
during the last 20 years fran approximately one million pounds per
year in the late 1950s to only 500,001~30,000 pounds in the late
1970s  Figure 5! ~

The Manila clam, an exotic species accidentally int~uced into
the United States along the Pacific Goast, began making significant
contributions to the southern Puget Sound fishery after World War
JI. Production rase fram about 400,000 pounds per year in the early
1960s to over one million pounds in 1977. In recent years it has
been the mmt valuable c1x19nercial clam resource in Washington, but
since about 1975 it has been surpassed in terms of production and
value by the geaduck.
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Harvesting methods of bay claam significantly affected annual
catch rates  Figure 6!. The hand-harvested catch declined steadily
after the early 1960s. A naaber of factors contributed to the
decline.' use of hydraulic-escalator harvesters for harvesting
intertidal clam beds, rela.tively low prices paid for butter clan+,
general reduction in the nuaber of clam beds in cmmercial
production, and possibly overharvesting in tbe late 1950s and early
1960s without sufficient setting to maintain production.

Introduction of the escalator harvester to Washington in 1959
not only supplemented native littleneck and butter clam production,
its use also generated a anall horse clam industry. Despite its
abundance on scme intertidal beaches, the horse clam bad never
gained natch acceptance in W'ashington. It has a, nuaber of
characteristics that tend to discourage caanercial harvesting. hand
harvesting is difficult because it burrows deep; it has a fragile
shell that tends to break; and the valves gape, resulting in water
loss and reduced shelf'-life. The meat yield is lov  only 25-30
percent of tbe total body weight is marketable!, and the neck, which
makes up about 60 percent of the shucked weight, has a tough,
leathery, siphonal skin that requires considerable processing effort
 Quayle and Bourne 1972!. Many people consider the meat to be
excellent for chowder stock or clam steaks, however.

Prior to 1973, horse clam production was erra.tic and not
econaaical in Washington. The price IaLid to harvesters was about
$1.00 per 55-pound bushel, which did not meet the $.015 per pound
royalty. In 1973, however, horse clam production increased
subartantially as a result of a price increase to $.08 per pound, and
in 1979 dredged horse clam delivered dockside fetched about $.12
per pound with a $.03 per pound roya.lty. Although horse clams have
been more econcmical to harvest in recent years, the fishery has
renained strictly incidental to subtidal native littleneck and
butter clam harvests.

Coaanercial harvest of softshell clanm with the Hank's harvester
began in 1969 on privately awned and leased intertidal. ground in
Port Susan and Skagit fhys. A profitable s~ialty retail and
institutional nmrket for shucked and steamer clams developed in
California and production expanded significantly in 1973, when
approximately 104,000 pounds were landed  Figure 5!. 'Ihe softsbell
industry was virtually halted for the next several years by lawsuits
prohibiting the use of mechanical dredges under Washington's
Shorelines ihnagement Act. However, a record 358,000 pounds of
softshell clam were harvested in 1977, 341,500 pounds of which were
hand harvested on tidal beds adjacent to the Skokcmish Indian
Heservation. Almost all of the clams were shipped to the Ea.st Qs.st
where local clam supplies were severely limited because of disease
and severe winters  Oceanographic Institute of Washington, 1981!.
Subsequent production figures show a marked decrease in softshell
clam harvest.

Carrent Status � ZatertiOal Revest
1' intertidal. hardshell clam fishery is a vital component of

Washington State's camercial clam industry, Many amall clam fmms
are located in the nunerous bays of southern Puget Sound, and Sequim
Bay, Discovery Bay, Port Townsend, Port Gamble, and in Hood Ca.nal,
Willapa Ry, and Guys Harbor. Most intertidal clams are harvested



Table 4, Intertidal Harvest, Cost per Unit of Output 1969 and 1979.

~ts ense Item
1969" 1979

$.25Harvesting-- hand digging
Stumpage value to beach owner

State lands
Private lands

Processing

03-. 05
.10-. 25
.05

.03

.06

.03

$.20-.30 $.70-.95Wholesale price of clams/pound

*Goodwin and Westley, 1969

by hand on tidelands that are either owned by the harvester, or
leased fran other private owners or the state. Harvesters that
lease tidal tracts are ae~ a royalty or "stunpage fee" on the
amnber of pounds harvested. 'The fee varies fran $.03 to $.25 per
pound, dependiag oa the ownership of the land, and the species
harvested.

The bardsbell industry in south puget Sound is closely aligned
to the oyster industry aad most clam growers are involved with both
bivalves. Because of the abundance of Mafia clams in south Puget
Sound, clam barvestiag is ecoaanicaily viable � perhaps the most
lucrative of all intertidal bivalve endeavors ia gashiagtoa. Manila
clanm are readily marketable at profitable prices, which � at least
io recent years � have increased rapidly. Ia additioa, processing
costs are mfnfnal aad production costs are relatively low,
consisting primarf,ly of capital favestzoent ia clam ground,
band-harvest costs, and operating expenses.

Unlike the oyster industry, which depends on imported seed,
south Puget Sound clam harvesting relies totally on cost-free
natural reproduction. Altbo~ there is sane variability in !mafia
clam setting, it occurs fairly regularly � particularly cccapared to
native littleneck and butter clams � and there are enough good years
to campmsate for the poor ones. Also, because clams grow at
different rates oa different beds, the beds nay be managed for
fairly steady yields to as.tch the danaad of established narlrets.

Tbe ecoaanics of tbe native littleaeck industry are complicated
because of the diversity of the industry aad wide variations in cost
and price. The figures in tbe paragraphs that follow are not
intended to be representative or average, but are simply estimates
based oa several interviews, It is interesting to caqpare 1979
price estinmtes with those given by GoocMn aad Westley �969! ia
Table 4.

According to tbe Wa.shiagtoa Department of Fisheries, the 1979
wholesale price for subtidal native littleaecks delivered dockside
was $.40 per pound, and overhead costs averaged about 60 percent of'
the sale price. Harvesting subtidal clams apparently provides a
very gocd return on investment; however, it is not clear whether
this is true for intertidal native littleaecks. Variability in
product:ion costs for littlenecks may be related to taxes, value of
tidelands, low productivity due to variation in recruitment, and the
relatively slow growth rate of tbe clam.



Hardshell clams on intertidal beaches are harvested year round
by contract diggers using f'orks or rakes. Sbst of these clams are
sold fresh, unshucked, to wholesale fish houses in Seattle,
portland, and Newport. We price to the producer for bardshell
clams  ustly native littlenecks and Smilas! was about $1.00 per
pound in August 1980, but may have been higher in distant markets
such as Los Angeles, which pay more for fresh clans. bbst butter
clams are dredge-harvested frcxa subtidal stocks because the high
cost of hand harvesting  $.09 per pound! relative to the market
price limits intertidal harvest.

Except for 1977, intertidal harvest of eoftshell clams has
remained relatively low and, because of existing restrictions on
mechanical harvesters, is done totally by hand. Although tbe
potential of' these claxm has long been recognized, it bas never been
realized, Washington Department of Fisheries surveys of
ccnmercially barvestable areas in port Susan and Skagit Bays
indicate a standing crop of about 19 million pounds covering 1,200
acres, with an estfxated annual maxixxxa sustai.ned yield of about 1,9
million pounds  Goodwin and Jones, 1976!. Allowances were made fn
the estimates for areas that could not be harvested because of
sewage pollution and state regulations against harvest near drainage
slough areas or areas with attached v~etation. Although early
1980s prices for softslw:II clams were relatively good  about $.91
per pound unsbucked and $3.00 per pound shucked!, the mftshell clam
harvest is not yet a signif'icant factor in Washington's clam
i.ndustry,

Current Status � Subtidal Karvest
Harvesting of subtidal hardshell clams in Washington is done

with mechanical dredges on publicly owned beds leased fran the
state. 'Ibe principal a~ice harvested are native littleneck,
butter, and horse clanm, leases are granted by the state on a
first~, first-served basis, with site selection determined in
one of two ways. First, many sites are selected on the basis of
pr~xisting Washington Impartment of Fisheries  WDF! clam surveys.
Alternatively, a. prosIxmtive harvester, in the presence of a WDF
observer, is allowed to explore potential clam ground  generally
areas with fast currents and rock-gravel substrate! .

Although native littlenecks are the most desired species, there
are few clam beds containing only littlenecks; est clam beds have
other species as well. A dredger looks for a tract that will
produce a balanced mixture of native littlenecks, butter cianm, and
horse clams in profitable volumes. In asseming the worth of a
tract, one dredger stated that he uses the following criteria:
estimated daily harvest of 800 pounds of each species  a good clam
bed can yield up to 200 pounds oi' native littlenecks per hour!,
protection frcm strong winds and rough water, acceptable water
quality, and little likelihood of complaints from adjacent upland
owners.

Once a desirable tract is found, the harvester finances a survey
by Washington Department of Fisheries  $800-$1000! to estixste the
standing crop, species ~itioa, and total area. On the basis of
the survey, the Depariznent of R,tural Resources assesses a minimum
lease fee of $5,00 per acre per year. The harvester must also pay a
royalty fee of $.05 per pound for native littlenecks, and $.03 per
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pound for butter and horse clams. Current estimates of prices paid
to harvesters for bardshell clams fromm subtidal tracts are $.50 per
pound for native littIenecks, and $.20 per pound for butter and
horse clams.

~< native littleneck clams harvested subtidally are sold in
tbe fresh markets, but butter clams are nmrketed fresh, frozen, and
as canned ~er stock. Me damLnd in recent years for canned
butter clams has been snail, primarily because of caryetition frcm
less expensive Rh,st Quest imports, and severely depressed prices.
Even though tbe market is improving, the price paid to harvesters
remains relatively low. Other markets for butter clams include a
small half~ll trade, clam strips, and fish and crab bait, The
fresh food market brings $.95 per pound wholesale and $1.15 per
pound retail.

Until recently the only market for horse clams was at a local
cannery. Horse claxm are mixed with butter clams I.n chowder stock
and are used in the preparation of clam nectar. Because of the low
sea.t yield, and labor involved in processing, horse clam harvesting
is little more than a break~en endeavor. An additional crab bait
market for horse clam bas developed but it has not improved product
price.

FIKlilLT8
In general, the future for the hardshell clam industry is

promising. The market is constantly iuproving as danand continues
to exceed supply, and there is sane potential for inc~
harvesting in sane areas. For exanple, production in m>uthern &get
Sound might be inc~ through better clam bed ~etmnt and the
conversion of low profit oyster grounds into clam grounds. In
addition, there are over 1,000 miles of public shoreline tba.t cauld
be utilized for camuercial intertidal clam culture ii' techniques
such as clam seed planting and/or beach enbancmnent were enpioyed.

Planting beaches with hatchery-reared seed is being evaluated by
the School of Fisheries at the University of Washington as one
amtbod of minimizing the problem of setting variation  Miller et
al., 1978!, particularly with respect to tbe native littleneck clam.
The cost of hatchery seed bas been prohibitive until recently, but
one clam hatchery in Washington is selling Manila clam seed for
approximately $4.00 per thousand for 10 Imn clanm. Although survival
of hatchery seed to market size is lcw, this method ma.y be a
potential way to improve productivity of amrginal lands,

Beaches can also be enhanced to provide a more suitable habitat
for clams. Cne propre involves the raaoval of aassels from clam
beds to prevent accumulation of silt on tbe substrate. The
substrate can be altered by working pea gravel into the sand or mud,
providing a better medius for the clams and added protection for
juvenile clanm, To stabilize the substrate and reduce predation,
the University of Washington's Scbool of Fisheries is investigating
the use of plastic netting on clam beds. A pilot study indicated
that not only was the netting ~~aaaical, it dramatically increased
survival of both hatchery clam seeds and natural sets  Anderson and
Drew, 1980! .

The econanic feasibility of hhnila clam aquaculture has been
demonstrated for certain areas in Puget Sound  Anderson et.al.
1982!. However, only marginal proi'its can be expected in most
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instances, even with good managenent practices. Tbe greatest sucess
in Ihnila clam aquaculture will probably inure to clam and oyster
growers who already have tbe capital, personnel, and intertidal land
available for planting clam seed on a large scale.

The market for native littleneck clsxmx is expected to renxxin
favorable, but supply will depend on a nxxnber of factors, inclmiing
reproductive success in clam producing areas that have a history of
marked variation in setting, continued farming of productive
intertidal beaches, and continued production fran subtidal areas.
Use of existing clam dredges is limited to a maxixmm watex' depth of
25 feet, DeveloIxoent of a subtidal dredge that can operate in
deeper water could increase subtidal production substantially.

Continued utilization of subtidal clam stocks is also an
~rtant factor affecting the viability of the butter clam
industry. The standing crop of butter clams in Puget Sound is
estimated to be as high as 113 million pounds  Goodwin and Shaul
1978!. Although clams cannot be harvested in all the subtidal axeas
surveyed because of water depth, substrate caaposition, or
pollution, there is still a large resource of harvestable subtidal
butter clsnm yet unexploited. The potential fox' expanding the
butter clam market and iayrovtng product prices is pranising. If
prices rise sufficiently, intertidal hand harvest could be augmented
by inc~ digging efficiency. Present prices do not provide
enough incentive, hemmer, for hand diggers to dig deep enough �0
feet or more! to effectively harvest butter clams.

The potential for the horse clam industry is similar to that for
butter clanm. Foreign buyers have inquired about the possibilities
of marketing 20,000 to 30,000 pounds of. horse clan+ per month. A
Japanese cmgany is interested in air-freighting whole, live horse
clajxm to Japan. With increased interest, the fishery's prospects m.y
improve, not only for subtidal harvesters, but perhaps for
intertidal barvestex's as well.

'The future of the softshell clam industry is uncertain, because
of restrictions barring the use of mechanical harvesters in that
f ishery, However, as 1977 production figures indicated, band
harvest can be prof'itable in a favorable aMLrket. Hecent estimates
of wholesale prices  $.91 per pound unshucked! indicate that tbe
potential for profitably harvesting softshel1 clans is excellent.

Coaunercial Gealuck Fishery
Although the geoduck has never been abundant enough on Puget

Sound's intertidal beaches to support a casnercial fishery, there
has been a sma.ll but very popular intertidal sports fishery.
Cannercial intertidal harvesting of geoducks was banned in the 1920s
because the %b.sbington Department of Fisheries feared overharvesting
and wished to retain the recreational fishery. 'Ihe ban ramLined in
effect until 1969 when the Washington State Legislature amended the
law and changed the status of the geoduck fraa a sport-only clam to
a sport and casnercial species. This change was a response to
extensive surveys initiated by the fisheries department in 1967 and
pe.rtially financed by the Hational ihrine Pisheries Service to
assess the distribution and abundance of Puget Sbund's subtidal
clanm. Although tbe discovery of significant hardshell clam beds was
expected, the large subtidal standing crop of geoducks found was an
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Table 5. Estimates of Geoduck Standing Crop in Puget Sound, 1973.

Estimated Number of GeoducksAcresLocation

307,000
12, 788,000

San Juan Islands
Strait of Juan de Puca
Central Puget Sound

 including Hood Canal!
Southern Puget Sound

160
6,685

68,427,000
24,905,000

17,272
8,807

106,427,00032,924Total

Source: Goodwin, 1973.
Additional surveys have increased the estimates to 33,799 acres with
117,653,000 geoducks in various parts of Puget Sound and contiguous
waters  Goodwin, 1978!.
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unforeseen benison, The initial surveys ~ that subtidal
geoduck stocks could support a cannercial harvest  estins.tes of the
standing crops in four regions of puget Sound are given in Table 5.!
Additional surveys have inc~ the estinates to 33,799 acres with
117,653,000 geoducks in various parts of puget Sound and contiguous
waters  Goodwin, 1978!.

Harvest of subtidal geoducks ccnmenced in 1970, but strict
regulations were placed on the new ccsmercial fishery. Harvest was
restricted to areas no closer than a quarter mile from shore and in
water no shallower than 10 feet below mean lower low water  MLLW!.
In addition, harvesting could be done only by divers using hand � held
water jets or suction devices and only during daylight hours;
however, no restrictions were imposed on seasons, sizes, or catch
limits.

Because subtidal lands are steed and managed by the
Department of, Natural Hesources, tracts were leased to harvesters by
the state at public auction. The highest bidder  bonus bid! for a
given tract had the exclusive right to harvest geoducks from the
tract for a. period of five years, after which time the lease
reverted to the state and was renewed or cancelled. Harvesters paid
a royalty fee of $.03 per pound  whole weight! on harvested geoducks
and a one percent catch tax in addition to purchasing a. Washington
Department of Pisheries clam farm license and a geoduck harvest
petit. Since the fishery began in 1970, approxinn,tely 2,500 acres
of subtidal lands have been leased for ccamercial geoduck
harvesting .

Although the potential annual harvest fran the original leases
was estima,ted to be about two million pounds per year, landings
actually averaged only 400,000 pounds annually prior to 1974. The
intent of industry pioneers was to harvest and sell whole,
unprocessed clams. Unfortunately, only a very limited � although
profitabl~le clam market developed. In order to expand its
naLrket, the industry was forced to develop a more salable product
form and began processing the clams into steaks and chowder meat.
According to an eccemaic survey of the early industry  Erickson,
1972!, approximately ~5 percent of the harvested geoducks were



sold in these forms. However, markets for these products proved
insufficient, and the industry � plagued by lack of capital, limited
markets, and high production costs � experienced econcrnic
difficulties. Only one processing firm survived this period.

During 1974 a large Japanese market was found for frozen geoduck
steak siphons, and Washington's geoduck landings in 1975 ~ to
2.4 million pounds. Subsequent production figures have exceeded the
1975 statistic  Figure 5! .

Current Rates
The drmrand for %.&ington geoducks in Japan has greatly expanded

the market for these clarrm until 1982. Oatch statistics rei'lect the
rapid expansion and have been 5 million pounds or greater since 1975
 Figure 5!, with a record catch of 8.8 milliorr pounds in 1977.
During 1982 a geoduck fishery began in Japan which eliminated the
danand for Washington l~ucks there. As of late 1982, approximately
160,000 pounds per rKrnth of the Japanese geoduck  &mope J'aponr'.t.a!
were being harvested, Ihe develolxnent of the Japanese fishery was
a major, but terrrporary, blow to the Washington geoduck industry,
which hrrd previously sold 50 percent of its harvest to Japan.
However, the 1982 georhrck harvest in Washington met the maximrm five
million pound quota set by the Washington State Department of
Fisheries, and new U.S. rrrrrkets have ~Wily ccrrjpensated for the
loss of the Japanese rrmrket.

'lhe gsoduck fishery is ncw the largest clam fishery on the West
Coast, both in terrrs of value and nrxrrher of lxrunds landed.
The market price for geoducks is about $.35 to $,50 per pound and
sane estimates range a,s high as $.58 per pound. Divers receive
between $.l5 and $.25 per pound, depending upon the quality of the
clams harvested.

A few changes have occurred in sane of the geoduck harvesting
regulations as well as the market. Fbr example, the quarter-mile
ofi'shore, ten-foot depth restriction was altered for leases procured
after June 30, 1979; harvesting is now permitted only 200 yards
offshore  frarr mean high water!, or at depths of 18 feet  below
hlLLW!, whichever is more seaward. This new regulation doubled the
area available for ccrnnercial geoduck harvest. Although there are
irrdications that geoducks are more abundant in water up to 200 feet,
harvest is limited to about 60 feet because diving time is severely
limited in deeper water. In addition to the new offshore limit, the
lease period has been reduced fran five years to twenty months, and
a maximum quota of 500,000 pounds has been set on tracts in many

Some people close to the industry speculate that a monopoly
exists in the Washington State geoduck industry, hut they adrrrit that
this is difficult to verify because of the existence of surrogate or
"drmnry" ccepmies, 'Ihere is also a substantial armunt of illegal
harvesting  off-tract and/or night harvesting! as well as inaccurate
reporting of. landed quantities in order to reduce royalty payments
to the state  $.08 per pound in 1981!.

Factors such as the limited nrxrrber of tracts, and financial
constraints  bonus bids, bonding requirenents, etc.! associated with
the geoduck industry have reduced the nuzrber of participants in the
fishery and prevented many new operators frcrrr entering it; however,
there is little doubt that the industry is profitable for those



already involved in it. There are 12 to 20 vessels currently
harvesting geoiucks fran 11 tracts  approximately 18,500 acres! in
Puget Sound.

Although much of the geoduck harvest is marketed in Japan, an
increasing anount is being sold in R.shington and other states as
"king clam steaks," to avoid using the coremn nans, 'geoduck." 'Ibis
product and others are gaining acceptance in U.S. markets as a
result of iaproved processing techniques and a general dazand for
clans-

3hCgre
The geoduck fishery will probably maintain or exceed ita present

value and level of harmsting for awe time to oaue, but changes in
managanent and enforcanent policies amy be nay to insure the
stability of the resource. We solution iaplemeuted in 1982 was to
confine all new leases to one area in south Puget Sound and lease
tracts on a on~ear basis. This not only allows easier enforcenmnt
of fishery regulations, but also prevents overharvesting of tracts,
The dawn-toduak harvesting time limit smy also require axne
alteration to assuage upland residents who cmplain about the noise
fran on-board air caapressors and water pops.

No techniques are eaployed at this time to enhance geoduck
production on leased tracts. However, experimental re-seeding of,
geoduck beds with hatchery � ~ seed bas been connoted by the
Washington Department of Pisheries and may provide a way to shorten
rotation times for tracts and further increase production-

Recreation Clam Fisheyes
The Washington Departmmit of Fisheries began collecting

infornmtion on the effort and catch of the &~et Mund recrea,tional
clam fishery in 1973. 'This wae an ambitious undertaking,
considering that the Sound haa about 2,000 miles of shoreline, about
800 miles of which are publicly owned and contain over 300 major
public user locations sca,ttered throat the state. In addition,
creel saapling  sampling by examination of tbe sport catch to
determine target species and axounta harvested! indicated that the
fishery consists of 11 species tbe native littleneck, hhnila
clam, butter clam, two species of horse clam, cockle, snftshell
clam, three species of tacoma, and gecduck.

Digging effort has been estimated by a cmplicated sampling
schane using aerial observations covering about 60 percent of the
shoreline and 80 percent of the user locations.  htch is estimated
by creel census of users on the beach. An average estimate of
774,000 user trips and an average catch oi' 2.3 million pounds of
clans per year for the period 1972 through 1978 represents a
considerable fishery  Table 6! .

As a result of the nmgnitude of the recreational clam fishery,
the Department of Fisheries instituted a sports fishery program in
its shellfish unit. A major goal of the program has been to
inventory public beaches, elucidating locations, boundaries,
and--where necessary~ershfp, since a variety of federal, state,
and local governmental agencies own tidelands. Another goal is to
increase recreational clanming areas by pezmitting harvesting on
public beaches that presently lack access by acquiring nore public
beaches through clarification of ownership.
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Table 6. Puget Sound Recreational Clam Effort and Harvest, l972-78.

Harve~st its.!~liter Tri sYear

2,734,000
2,447,000
3,254,000
2,142,000
1,376,000
2,104,000
1,885,000

823,000
695,000
890,000
744,000
709,000
798,000
760,000

1972
1973
1974
1975
1976
1977
1978

Xn.dastry Pea%lens and, Comlzainis
Environmental Quality

Water quality is a primary consideration for clam growth a.nd
harvesting. Ekxnestic pollution in Washington waters has reduced by
a.bout 25 percent the potential areas for subtidal hardshell clam
harvesting because clams frccn the ai'fected areas do not meet
certification standards of the Washington Department of Social and
Health Services �KGHS!. In addition, a nmnber of potentially
harvestable intertidal clam areas are not certified, including Dyes
Inlet and parts of. Totten Inlet and Oakland Eay in south Pkt,et Sound
 Hayes, personal ccnnmnication!. Only one sewage treatment plant in
Puget Sound presently has secondary tres.tment capabilities, and m>st
of the dkmestic pollution that enters the Sound frcttt treatment
plants has undergone only prilfs,ry treatment.

Paralytic shellfish poisoning  PSP! is a recurring problaa in
Washington waters, as it is all along the Pacific Cbast. The
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In addition to expanding the nkmber of beaches available to the
sport clam fishery, biological studies to evaluate ways to increase
the productivity of the Washington public beaches have been
initiated, Methods being studied include habitat: improvement  e.g.,
altering the substrate to increase clam production!, and seeding of
beaches with hatchery-reared juvenile clams. Even if procedures are
initially successful, there is no guarantee of long-tenn production
since good clam production depends on many variables. There are a
few good beaches, such as one at Fbrt Flagler Sta.te Park  which
yields an estimated 11 tons of claam per acre per year!. Such areas
are rare, however, because clams are usually overharvested on
productive beaches, and the beaches may not be capable of sustaining
high yields ~

Some difficulties encountered in developing a managkment program
for the sports clam fishery in Washington have been lack of
recognition of the recreational fishery as a. legitimate larxi use and
lack of COOrdinatiOn among government agencies. Hssolution of sckae
of these problems was necessary before research and enbancaaent
projects could be initiated.

Another problem is recreational clam diggers' apparent ignorance
of regulations, especially those concerning bag limits �0 clams per
permn in Puget Sbund!- 'Ibis lack of infomation could probably be
alleviated by a public education program.



causative agent of PSP is the marine dinoflagellate  'onyaulax sp.,
which becanes concentrated in filter feeders, such as bivalve
molluscs, during certain times of the year, especially sxnxner and
fall mmths. The WISHS monitors certain clam producing areas for PSP
fran hh.y through October. Areas in lee.shington that are regularly
affected by PSP are %quim Bxy and Discovery Jh.y along the Strait of
Juan de Fuca, A large bloan in the fall of 1978 distributed
".c'nyaulaz cysts into south~tral &get Mund a,s well-
Gonsequently, PSP was detected as far south as Fauntleroy and Des
lbines during the sxxxxner of 1979 and couth of the Tacoma. Narrows
Bridge by the sxnmer of 1980. Some recreational shelli'ish
harvesting in intertidal areas amund Vashon Island were closed
during the 1979 outbreak because of PSP contamination. Subtidal
shellfish were not seriously affected, however.

In order to provide accurate infoxmation to the public regarding
PSP, N!SNS has established a 'PSP Hotline." 'Ihis is a toll-free
telephone nxxnber �-800~-5632! with an up-t~te status report
on areas closed to shellfish harvest because of PSP.

Another problem affecting clam beds, particularly in the
intertidal area, is siltation. In addition to silt deposition fran
natural runoff, storms, and floods, erosion fran increased upland
developnent and construction of marinas contributes to siltation of
clam beaches. Subtidal clam beds have also been destroyed by
dredging and dredge spoil disposal. In addition, there is some
concern that the use of mechanical harvesters on subtidal and
intertidal clam beds nxxy adversely affect clams by suspending and
depositing fine sedhnents, causing clams to be anothered.

Biological factors that govern the availability of clam
resources include predation and variation in recruitment, or
setting, which presents sane difficulty in adjusting digging
frequency to achieve maxixnxm sustained production, particularly in
marginal harvesting areas. The moon snail  Poliniaas lev~si! is a
major predator of littleneck, butter, and to a lesser extent bhnila
clams, particularly in southern Puget Sound. The snail drills a hole
in the clam and cone's the ~t through the drill site. The only
effective control is to hand harvest the snails. Additional
predators include ducks and other birds, which consme considerable
nxxnbers of seed clnne,, and fish, crabs, and starfish.

Climatic conditions also influence clam fisheries, either by
affecting clam beds directly, or by preventing harvesting. Strong
wave action on exposed clam beaches can dislodge newly set and
juvenile clams, subjecting them to predation. Survival of late
sxxxmer razor clam sets can be adversely affected by wintex' stoxns,
particulax'ly if fall growth is slow  Tegelberg and IHagoon, 1969!,

Subtidal haxdshell clam tracts located in areas subject to
excessive wave action are not harvestable by dredge, particularly
dux'ing the stormy winter seasan. Similarly, geoduck tracts located
in areas exposed to winter storms are dangerous to harvest in bad
weather. There is a problem within the industx'y of securing a
balance between those tracts that can be harvested only in seamer
and those in sheltered waters that can be harvested during winter
months.

In addition, there is an occasional "winter kill" of clams in
southern Plat Sound, which scmetinms results in heavy mortalities.
Although the possibility of disease has not been totally rejected,
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this phenaaeaon is probably related to a ccmhination of low salinity
and freezing winter tea~eratures.

Karheting sad Harvesting
Biological and envirotxnental impedimeats notwithstanding, many

of the crucial issues influencing the caeaercial clam industry az'e
thOae inVolving labor, managenent, marketing, and goverzxnent
regulations. 'Ihe first consideration is that of barvestiag the
resource. Hand digging is expensive in Washington, where labor
costs generally are high. This limits hand harvest to land with
relatively dease populations of clams. l4echanical harvesters used
in Puget Sound are limited to water no deeper than 25 feet, and on
relatively anooth bottan terrain. large areas of subtidal clam land
are located in deeper waters or over rocky terrain, Much of the
intertidal clam area is simply too snail and too rough for
mechanical harvesting, aecessitating hand harvest.

A naaber of people in the hardshell clam industry have expressed
concern about the potential adverse effect of mechaaical harvesters
on clam ground productivity. Whereas hand digging is claimed by
sane to improve clam beach qua.lity, there is a tendency for
mechanical harvesters to cause substrate ccrapaction.

Obtaining reliable labor is a continuing problem. The labor
source for intertidal harvesting is primarily high school students
and acme older people. However, diggers earn a fairly good return
on time worked. One clam grower indicated that an average digger
can harvest about 200 pounds of clanm per tide  about four hours!
for which he/she receives $.15-.20 per pound,

Harvest labor is also a problem in the geoduck industry. Divers
are paid well for woz'k that is extranely hard and risky, but
turnover is high, and there is sane difficulty in getting divers to
work consistently every day. Sane people ia the industry have
canplained about the inefficiency aad high cost of using divers to
harvest geoducks. Others, however, contend that the method is a
good conservation practice that is in the best interest of the
resource,

illegal harvesting of geoducks in off-tract areas and
falsification of landing reports are additional problems for
Department of Natural Resources and Department of Fisheries
enforcanent agents, Proper managanent of the fishery is impaired by
such activities, siace royalty payments and estimates of resource
utilization are baaed on the quantities of geoducks harvested.

bhst hardshell clams are sold in the shell without any further
processing involved. Although all clam fisheries have ccmnon
problems, there are a few related to nwLrketing, processing, quality
control, and other caanercial aspects that are peculiar to the
geoduck aad razor clam industries. These will be discussed
separately for each of those species.

Ieoduck Fish.exp Kaaagemeat aad
Technological Problems

Obtaining a sufficient supply of rcmenably priced geoducks to
insure the volune of production necessary for the industry to
operate profitably is an increasingly serious problen. The issue is
complex and involves managanent of the geoduck fishery as well as
other aspects of the .industry.



The guiding philomphy behind tbe ~ement of tbe geoduck
resource has evolved as biological infoxwmtion has accumulated and
as the industry itself has changed. Geoduck tracts were originally
leased to operators for five years. Initially, permitting the
geoduck industry to evolve on a f~ basis was considered  i.e.,
leases would be renewable and harvesters would be encouraged to
develop their own long term sustained yield managenent programs! .
1hat idea was abandoned when it was discovered that �! setting was
inconsistent in harvested areas, and data indicated that geoduck
larvae, for unknown reasons, prefer to set in areas nmtaining high
densities of adults, and �! growth rate informa.tion indicated that
geoducks take 8 to 10 years to attain a weight of 2-1/2 pounds,
1bese findings suggest that a long rotation time  i.e., 8 to 10
years! is necessary before a given tract can be reharvested. These
factors, coupled with evidence that poaching  illegal harvesting!
bad reached significant proportions, compelled the state to assune
virtually total managasent of the geoduck resource.

8taller tracts, shorter leases, and an industry quota oi' 5
million pounds per year were instituted by the regulatory agencies
to cope with management and enforcmnent problass. 'Ihe geoduck
industry expanded rapidly, however, and by 1981, total harvests met
or exceeded the estimated maxijmxn sustained yield. In addition,
short � term leases made it difficult to guarantee a consistent supply
of geoducks over a long period of, time. As a result, bonus bids on
geoduck tracts were increased to levels that according to the
industry, made the profitability of future operations uncertain. In
the 1979-80 auction, bonus bids ranged fraa $4,200 to $78,000 per
tract, a marked increase aver previous bids. Price fluctuations
depend on tbe quality of the tract  geoduck density and substrate
type! and the quality of, the clams harvested  i,e., size, condition,
and color!. A limited nunber of available tracts and high bonus
bids forced many operators out of tbe fishery, excluded newccmers to
the fishery, and contributed to an aserging monopoly of the geoduck
industry by one canpany.

There was also cmyetition frcm the geoduck industry in Ch,nada,
which supplied a consistently higher quality product. Although
higher quality clams were available in Puget Sound, they were not
always abum~t on the leased tracts,

1be problans faced by the g~ industry are basically related
to management and policy. 'Ihe industry wants to be assured of
long term supplies at a reasonable cost, The state, however, is
constrained by a limited resource base and political considerations
in securing the supply of geaducks demanded by the industry.

There are also st processing and quality control problems,
Geoducks rmst be processed within 24 hours of harvesting or their
valves begin to gape, they lose water and body fluid, die, and the
meat dries out. Transporting harvested clams free scattered g~uck
tracts in Puget R>und to a processing plant can take several hours,
and the vrLde distribution of tracts almost precludes the
establishnent of an optimally located plant.

Perishability and quality control in processing present problans
in maintaining acceptable bacterial levels in processing geoduck
steaks. Workers nest adhere to high standards of personal hygiene
and cleanliness when preparing the steaks. 'The processing and
packaging of geoduck steaks requires considerable care to insure a
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high~uality product. Although the requisite technology is
available, disciplined application is essential.

Raaor Clam Piahexy Management and
Technological Px'oblems

Since the most significant camercial razor clam fishery is
located within the Quinault Indian Reservation, amst of the problans
discussed in this section pertain to that fishery. However, scme
nay be extrapolated to the snail, non-Indian fishery around Willapa
Bay,

1he sharp decline in Quinault razor clam harvests for tbe
1978-1979 aad 1979-1980 seasons, combined with iac~ digging
effort, has caused concern within the tribe regarding continued
availability of the resource. Fluctuations in razor clam productioa
are difficult to determine, however, because of many variables other
than clam abundance that afi'ect the size of the harvest~ther
conditions, markets, and aunber of diggers, for elle.
Interpretation of harvest records is caaglicated further by
inconsistent reportiag methods and iacceplete reports.

Examination and assesam.nt of clam maaageawmt practices of state
managenent agencies and those practiced by the Quinault Fisheries
Division aery pmvide the biological data necessary for better
management of the reservation razor clam beaches. Funding for these
endeavors, ~er, is not available. Instead, circmm taaces xey
necessitate limiting or reducing total harvest, time of harvest, and
the nunber of harvesters �00 ia 1981!.

As with geoducks, there a,re acme processing and quality control
problem. Razor clams are extrenely perishable and nmst be processed
within 24 hours, In addition, razor clams cannot be marketed whole,
except as crab bait, aad those used for the restaurant and retail
markets are prcwmsed by band.

Preparing the "dressed" or "steaked" razor clanm requires
ramving the shell, gills, and viscera, and cutting open the body
and siphon. It is difficult to produce a good quality product on a
consistent basis, however, because of fluctuations in the biological
activity of the clams. For example, clam weight drops markedly
during the sinner sIawniag season, aad the condition oi' the clams
may vary throughout the year, depending on availability of food and
other enviromnental factors.

Producing good quality, dressed razor clams requires
considerable skill and tolerance for tedious work. hbst workers in
the industry prefer digging because it pays better than processing.
The Quinaults have also had difficulty finding a sufficient retail
market for d~ razor clams. Limiting factors are the high price
of dressed razor clams  about $5.00 per pound in 1982!, a 50~
percent «eight loss during processiag, and the high cost of hand
labor for processing. 1hus, tbe razor clam "steak" market is
limited to the snail specialty retail and restaurant trades,
particularly along the Washington and Oregon coasts, a/here there is
more product familiarity than elsewhere.

capite processing aad marketing problexa, dmend for fresh
razor clanm appears to be increasing, and it is likely that the
fishery will be limited more by supply than denaad. Au t of the
razor clam harvest  sometimes as much as 50 percent! has
traditionally been sold for Dungeness crab hLit, but in recent years
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the fresh clam market has taken over most of the Quinault harvest.
Periodically, Alaskan razor clan+ enter the West  hast crab bait
market, but disruption of Washington's market is likely to be
lessened as Washington razor clams are increasingly used for food
rather than bait. In addition, the Dungeness crab fishery is
temporarily in a depressed economic state and crab bait sales are at
an all-time lcw.

Regulatioas and JurisCicNoaal Conflicts
Increasing danand for clams necessitates expanding clam growing

and harvesting areas and introducing more aquaculture techniques and
equipnent, which creates socio-legal and regulatory problems.  A
detailed study and analysis of asny of these problate may be found
in a report by the Ocearx~phic CamLssion of. Washington, to the
Washington State Legislature.! One of tbe prime constraints to
ccmercial clam production and culture in %zshington is the paucity
of subtidal and intertidal clam growing areas. Mst of the tidelands
within Puget Sound are privately owned or leased for oyster culture.
Consequently, only a anall amount of public tideland exists, much of
which ha.s been designated for recreational use.

Although intertidal clam harvesting areas are not as closely
regulated as subtidal areas, scam people in the industry consider
the fee and/or taxation structure for intertidal lands unfair
compared to that for subtidal leases. Ihe taxes levied on corners
are equivalent to those for upland farmers and are based on the
potential value of the area for other uses. Purthemnre, a state
lease for clam cultivation requires the l~ to pay the state the
value of the pr~isting resource in addition to costs of resource
appraisal by the state. One proposed solution for beach owners is
to zone aquaculture areas in Puget Sound and tax them as clam
beaches for other potential uses.

Cbnflicts between clam harvesters and other beach users' groups
are increasing, and many waterfront landowners have organized to
contest the use of mechmical harvesters and other equilment
associated with clam harvesting. Two major actions have occurred in
recent years with regard to this issue. In Englz.8h i3ay Entezpvise-
L:d. vs. Zslcma C'ourt5y �977!, the court decreed that mechanical
harvesting constituted "dredging" and required a substantial
developnent permit. Another case, still pending in Superior Q>urt,
involves harvest of subtidal clam beds in Agate Pass, Kitsap Cbunty,
'Ihe situation is aggravated by newcomers to the business who have
little technical expertise and in sane cases do not understand the
necessity of maintaining good relationships with upland owners.

Subtidal clam harvestez's are also experiencing regulatory
pressures that discourage change and innovation, particularly with
respect to physical structures required in clam farming and other
aquaculture practices. There az'e two major problems associated with
this caaplex aspect of the industry; the regulatory envimzlnt is
in a continual state of change; and procedures for entering the
subtidal fishery  i.e. using mechmical harvesters or diving gear!
are ccnplicated, lengthy, and the outcome is uncertain. An example
of the maze oi' government regulations and procedures facing
applicants attempting to obtain subtidal harvesting permits follows:

Obtain appz'oval foz' a tract lease fran the Department of
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Na.tural Hesources aad suhoit an application, The
application rmst cceply with the provisions of the
Washington State Zhvironmental Wlicy Act  SEPA!.

2. Send application aad enviromaental iapact statsnent to
Washington Department of Fisheries  WDF!.

3 ~ %ca!ly with provisions of the State Shorelines hhaag~nt
Act  SMA!, including application for a substantial
develolzaeat permit fran the local government agency.

4. If the above pezmits are obtained, which any take 12 � 18
months, tbe harvester is eligible for a clam farm license
 $15 per annum! and a mechanical harvester's license  $300
per aanzwz! - However, the latter has no bearing on the
decision of local !urisdictioas regarding the substantial
developaent permit. Commrcial gsoduck harvesters rmst also
obtain a geoduck tract license  $100 per aauun!, and each
diver tmzst have a personal camercial fishing license  $50
per annua! .

5, Obtain required permits  Section 404 aad Section 10 permits!
fran the Army Cbrps of Engineers  AXE!. 'Ihis procezkzre is
essentially a duplication of all the foregoiag steps.

6. Obtain a certificate of approval fnxa the Washington
Department of Social and Health Services.

A national pezzait program has been proposed which nay eliminate
the necessity for the section 404/10 permits for mecbanica1 clam
harvesting frcnz the Army Cbrps of Zagineers. 'Ihe pmgram would
provide for general permits to be granted for a wide variety of
fishery-related activities throughout the nation, including clam
harvesting, However, further claz if ication of the proposal is
needed before the Seattle District AQOE will place mechanical
harvesting under this permit system. There is also sane speculation
that this pzugram would eventually place intertidal beach
rehabilitation aad hand harvest of clanm under the Corps' regulatory
control .

'Ihe cmplexity, cost, and uncertainty of obtaining pezznits
necessary for conducting the activities associa.ted with clam fazming
aad harvesting are discouraging capital inveshaeat aad the kind of
technological advancement needed to increase productivity. Eocal,
state, and federal agencies will have to modify aad/or streamline
their policies aad procedures if the ccnnercial clam industry is to
continue at its present level in I'ashington State.
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Tbe clam resources of Alaska are considered to be quite large:
approximately 160 different species have beerr found, 28 of. which
have carnercial potential  Brrxter, 1965!, Although the exact
abundance arxi location of most clam stocks is unknown, estirmrtes of
potential annual yields are as high as 50 million pounds per year
 Paul rLnd Feder, 1976!.

The three rrrLin types of clams that have been harvested in Alaska
are the razor clam, butter clam, and cockle. Of these, the razor
clam has been the mast important, car@rising about 95 percent of the
ocrrrnercial catch since the 1950s  Paul and Ireder, 1976!, Recent
assessrrents of sur'f clam  Spr',ear.a polgnema! populations in the
southeast Bering Sea  Hughes et ~1., TÃ7, 1979! are encouraging arxi
may lead to the developrrent of a new clam fishery. If fully
utilized, Alaska's clam resources could make an important
contribution to tbe ecorKrrry of the state. In addition to the
potential for a rrxrltimillion-dollar-a~ear industry, the resources
could be exploited year round, providing a source of continuous
eaployment. The latter consideration is particularly ixportant in
Alaska, where rrrrch myloyment is seasonal.

OrXlmercial Clam harveSt in Alaska preeently iS constrained by
several factors. Although Alaska's marine waters are virtually free
of industrial and drxrrestic sewage pollution, paralytic shellfish
poisoning  PSP! contamimtion is ubiquitous in srxrx. areas. Strict
regulations have been enacted through Alaska's &ellfish Buitation
Program to prevent the harvest of contaminated clams for hrnxrn
consrxrrption. Butter clrumr concentrate up to 80 percent of the toxin
in t!x. gills and siphons. Razor clarrxr, however, do not accrxrrulate
PSP as rapidly, dissipate it quickly, and concentrate it in tbe
digestive gland, which is rarroved when the clam is prepared for
eating. At the present time, most razor clams harvested for hrzxrn
consrxnption cane fran south central Alaska beaches.

CoaunerchQ Rasor Clam Fishery
Razor clarrxr extend frrxrr Southeastern Alaska westward to the

Bering Ssa and the Aleutian Islands. In a review of razor clam
populations in Alaska, Nickerson �975! stated that there are 49
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known growing areas  Pigure 7!, about half of which could probably
support a cmmercial fishery. %here is little information on the
extent and abundance of subtida.l stocks, but they as.y be
considerable.

A caanercial razor clam fishery in Alaska began in 1916 with the
harvest of razor clams beds near Cordova  Pigure 8!. It developed
primarily to satisfy on inc~ demand for razor clams in
Washington and Oregon.

During the early years of the fishery, most razor clams were
canned in Gordova. As the clam beds at Cordova were depleted in the
early 1920s, additional razor clam stocks were exploited at Polly
Creek Beach in Cbok Inlet and Bwikshak Beach on the Alaska
Peninsula. By 1922 the U.S. Governm nt, fearing the loss of an
iagortant industry, established regulatory controls on the Alaska
clam fishery.

Production during the 1920s was erratic  Figure 8! because the
Cordova beds were overharvested and market conditions were poor
 Orth et al,, 1975!. Although production began to increase in 1930,
it declined again in 1932, apparently because of stock depletion,
cold temperatures, and severe winter storms. In 1935 harvest q~ias
were placed on the Alaska razor clam fishery and the 4-1/2 inch size
limit established in 1924 continued  Nickerson, 1975!,

Fran the mid-1930s to the 1950s, razor clam production was
relatively stable, from one to t~ million pounds per year. By tbe
mid-l950s, however, several factors coalesced to cause a sharp
decline. Canned razor clane frcm Alaska, produced with relatively
high harvest and procmming costs, could not caapete with the
cheaper, dredge-harvested clams fran the Atlantic Coast. In
addition, the U.S. Pood and Drug Administration  FDA! withdrew its
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Figure 8. Qaanercial razor clam production in Al aalu,
19!&1910  free Orth et al., 1925!.

endorseamnt of Alaska's menbership in the National Shellfish
Sanitation Program  IKSP! in 1954 because of PSP problem3 with
bardshell clam stocks and the inability of tbe territory to comply
with provisions of the program. As razor clams were increasingly
diverted for use as Dungeness crab bait, canneries could not match
the prices paid by the crab bait buyers and almost all the razor
clams went to the bait market. In addition to meeting its internal
demand, Alaska exported significant quantities of bait cl6me to
Washington, Oregon, and British 0311jnbia.

'Ihe clam beds of south central Alaska incurred extensive ~e
during the Alaska Goad Friday earthquake in 1964, especially in
Prince William R>und. Entire clam populations were lost to the
six-foot land rise that accompanied tbe earthquake. Clam harvests in
Prince William Sound have steadily declined since that time  Figure
9! . In the Kodiak area digging conti.nued on a fairly regular basis
until increasing state and federal regulations, poor market
conditions, and the 1964 earthquake caused a decline in production
in the 1960S  Ka,thy Howell, personal cCSmxlnieation!. In the laSt
five years, production has been drastically reduced.

Interest in expanding Alaska's razor clam fishery for hIxaan
cons19nption bas persisted, and in 1971 efforts were initiated by the
state to re-establish ~rship in tbe 143SP. 'Ihis not only was
required to ship fresh and fresh-frozen razor clams to other states,
but was considered essential to obtain approval for bardshell clan+,
for cutoff-state markets as welk.

Alaska regained its NSSP status in 1975, and camercial
harvesting of razor Clame for hunan conSI9aption resuned. Only three
beaches  Swiksbak, Gordova, and Polly Creek! were approved for this
purpose because more background data was available for those
particular areas. Hegulations were modified to allow harvesting of
bait clams fmm unapproved areas provided the clams were treated
with a yellow dye to prevent than flan entering the food market.

Research in tbe use of hydraulic razor clam dredges has
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continued in order to better utilize razor clam resources at
ccapetitive prices.

Qurent SCahus
Most of the razor clam harvest is still utilized for crab bait;

however, there is a limited nsrket for fresh, frozen, and canned
razor claalg for hixnan consixnption, primarily in tbe harvest areas,
'Ihere is also a potential. market for Alaskan razor clams in the
pacific Northwest and Galifornia because of product familiarity. At
tbe present time, at least one processor is licensed to ship razor
clams interstate; however, few clams have been exported  Torgerson,
personal casminication!. 'Jhe seasonality and high variability of
clam supplies make it difficult for prcxwssors to becane
establ i shed.

Razor Clam landings i'Or PrinCe William Sound and KOdiak  FigurI
9! she that production has declined over the last two decades.
part of tbe ream>n for the decrease is that clangaing in Alaska is
now only a source of seasonal or part-time ea~loyment. Social and
econanic changes, canbined with the relatively low productivity of
hand harvest, have resulted in a paucity of cama rcis.l clam diggers.

Some of the difficulties encountered in tbe razor clam industry
 e.g., high production costs, variable supply, and lack of
experienced diggers! can be minimized with the introduction of
suitable, ei'ficient mechanical dredges. Efforts begun in 1963 to
adapt an East Cbast mechanicai clam harvester to the Alaska razor
clam industry are continuing. Since 1975, one harvester in Cbrdova
bas Patented a hydraulic dredge for harvesting subtidal stocks, and
another bas purchased a dredge fran the amt Cbast: these are the



only tm harvesters presently equipped to mechanically harvest razor
clams  Nickerson, personal crxrmrnication! .

Mecbanicai or hydraulic clam harvesters presently are allowed in
all approved areas with prior permission from the Qmaissioner of
Fish and Game and appropriate permits. Other required licenses for
ccxsaercial fisberumn are as follows:

1. Ocexwercial fishing license resident, $10;
nonresident, $30

2. Vessel license, $20

3. Entry or inter~ permit, ranges frrm
$10 to $100  Alaska Department of Fish and Garne, 1981!

There is no closed mmaon on razor clams at this time, and the
only size restriction is tbe 4-1/2 inch minirmmr in Prince William
Sound  Alaska Department of Fish and Game, 1981!,

FehlWI
Because of tbe importance oi' tbe bait market to the Alaska razor

clam industry, tbe future of the fisher'y is heavily dependent on the
viability of the Dungeness crab fishery, the price of bait
substitutes, and the ccmtinued preferences of crab fisbernmn for
razor clams. Introducing mechanical harvesters into the fishery
will be an important factor in determining labor costs, landings,
and, therefore, bait prices,

AssLxning that ~ical harvesters are utilized more in the
ca|ring years, a mmLller labor force auld be required, productivity
would mcrease, and production costs skuld stabilize, if not
decrease This would favor the expansion of the food clam market.
Hawever, as pointed out for the Washington razor clam industry, sane
problems which are unique to razor clam processing would have to be
solved or minimized. For exanple, hand processing requires
considerable skill and is labor intensive, contributing to high
product prices. In addition, a reliable, consistent source of
quality clams is necessary to establish and maintain a. viable market
for razor clam products. Transferring of baitmlam harvesting to
uncertified beach areas would permit greater utilization of
certified beaches for food-clam harvest effort and veld alleviate
supply problem to srme extent.

Overcaning supply and ccmpetition barriers in order to expand
the razor clam food mar'ket will require a considerable marketing
effort, but conditions are more favorable now than in past years.
The developnent of Alaska's shellfish sanitation program increases
the possibility for intrastate marketing of fresh or quick-frozen
razor clams  whole, unsbucked!, through large chain stores and other
outlets in NSSP memlmr states. The clam would protxrbly be packaged
and sold, as same clams re are, in paper or plastic. trays sealed
with a transparent wrapping  Nickerson, 1975>.

Bay Ram Fisheries
The two renmining species, in addition to tbe razor clam, which

have been harvested cannercially in Alaska, are the butter clam and
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the cockle. Other abundant but unexploited intertida,l species
include littlenecks, horse clans, mftshell clans, and surf clams
 Paul and Feder, 1976!. Butter clanm are abundant throughout
m3utheast alaska and on isolated beaches farther north. There are
no population estimates, but the resource is considered to be quite
large. Butter clanm grow slowly in Alaskan waters and require 8 to
10 years to reach a canercial size of 2-1/2 inches  Paul and Feder,
1976! .

According to Orth et al. �975!, butter clams were canned
incidental to salmon and razor clams in the early 1900s. 'Ihe first
significant harvest didn't occur until 1930, however, when 25,000
pounds were landed. '/he catch remained at approx3mately the same
level until 1942 when production increased substantially because of
the wartime d4mmnd for shellfish and other alterna,tive sources of
protein. In 1946, however, the discovery of PSP in canned butter
cla33m interrupted the growth of the butter clam indlistry  Figure
10!, A survey of major beaches showed that PSP was ubiquitous and
that it 14ould be difficult and costly to define safe harvest areas.
'Jhe PSP probl4m3, followed by inc~ federal regulations and
caapounded by COB3petition frcan Atlantic canned clams, eventually led
to the collapse of the butter clam fishery, and it never recovered.

Frcxn 1980 to 1976, less than 2,000 Ix3unds of butter clams were
processed in Alaska  Nosho, 1972! ~ AI,though a aaaLI,
family operated butter clam fishery in Kasitsna Bxy on Cbok Inlet
survived, the industry in Alaska essentially ceased in 1955.

Basket cockles are found throat Alaska, but no assesanent of
the ccoxnercial potential of this species is available. CockIes graw
relatively slowly in Alaska and take frccn 5 to 15 years to attain a
shell Length of 2 to 4 inches. The history of the basket cockle is
similar to that of the butter clam. Because the two species often
occur together, they can be harvested simultaneously. In addition,
the cockle, as noted previously, lives just below the substrate
surface, which iacilitates harvest. 'Ihus cockles were harvested
with butter clarm and canned.

At one time Alaska was the major caanercial source in the United
States for cockle meat  Nosho, 1972!. Exact catch statistics are

30.
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difficult to obtain because razor clan and cockle production was
recorded together in certain years. Hoemer, data indicate that
cockle landings fluctua,ted substantially fran 1943 to 1962 and
peaked in 1960  Figure 10! with a catch of approximately 1.3 million
pounds  Nosbo, 1972!. High labor costs, relatively lcw meat
recovery, and restrictions related to PSP finally caused the decline
of the fishery, and production decreased in 1962. No landings have
been recorded since that time.

Carrell 8Catus
Ccmnercial butter clam and cockle fisheries are virtually

nonexistent in Alaska, although the butter clam industry around
Prince William Sound may revive as PSP sampling improves. Market
e~essel price problem are the nmjor inhibiting factor for the
f ishery  Kimker, personal ccaamnuf cation! .

A snail salmon processing plant in Kasitsna Bay harvests and cans
approximately 200 cases of butter clams per year. Butter clam
harvesting is allowed there because sufficient background data,
toxicity tests, ard survey results exist for state authorities to
approve the beaches.

Other areas where butter clam harvest is permitted are "westward"
Alaska  fran Gape Fairfield on the Alaska Peninsula, westward!, Cook
Inlet, and prince William Sound  October 1 through April 30! with
permission fnm the Ccnmissioner of Fisheries. Hardshell clams
maybe taken by hydraulic or mechmical clam diggers in all of these
areas. The only minimmn size restrictions presently in effect are
those on littleneck clams � � 1/2 inch mininmm! and butter clmm-
�-1/2 inch mininmm! in Prince William Sound  Alaska Department of
Pish and Game, 1981!.

l~elms
The outlook for the utilization of hardshell clams in Alaska.

improved after 1975, when the state r~tered the Na.tional
Shellfish Sanitation M~ram. Regulations allowing the harvest of
hardshell clans frcm sane areas may contribute to increased
production in caning years.

Perhaps the most promising developnent in Alaskan clam fisheries
has been the discovery of vast surf or pink clam  Hp~'amia po!yummy!
resources in the southeast Bering Sea. A cooperative study, /ointly
funded by industry and federal and state agencies, was initiated in
1977 to determine the resm~e potential, obtain biological da.ta,
and examine the sbort-term effects of such a fishery on the
environment  Hughes et al., 1977!. Results of surveys near the
Alaska Peninsula estima.ted the remxurce to be between 248,000 and
324,000 nmtric tons of harvestable surf clans, which could sustain a
yield of 19 to 25 million pounds of meat per year. In addition,
tests for PSP suggested that surf clams may not concentrate the
toxin to any appreciable extent, making them safe for hmnan
constnnption  Hughes, et al., 1979!.

An East Coast-style hydraulic harvester wa.s used in the surf clam
survey and the financial feasibility study indicated that with the
type of equipnent utilized clam harvesters could expect to make a
reasonable profit. 'Ihe overall catch rate with a six"foot wide
harvester was 1,683 pounds of surf clanm per hour, and the
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enviroanental impact was generally minima.l or 5mneasurable  Hughes
et al., 1979!.

Results of the surf clam survey were very encouraging and
indicated that tbe ~merce would support a viable fishery. Alaskan
surf clams may be able to supplement Atlantic surf clam landings,
which dec~ in the late 1970s  Ritchie, 1977!. The Alaska surf
clam rivals its East Coast counterpart in flavor, making it a
suitable alternative for the U.S. chowder and clam strip industries.
If problene of high production costs, PSP restrictions, and market
canpetition can be overcane, the Alastum surf clam rmmurce nay
becca' the largest, most productive cammrcial clam fishery in
Alaska or on the Pacific Coast.

Recreational Clam Kshery
The mejor recreational clam fisheries in Alaska utilize the razor

clam stocks on the east side of the Kenai Peninsula and scme areas
of Prince William Sound  Paul and Fedez, 1976; Kimker, personal
ccammication!. The Sport Fish Division of the Alaska Department of
Fish and Game has monitored the eastside fishery since 1969 and
reported no decrease in the average size of clams in heavily dug
areas  Alaska Departnmnt oi' Fish and Game, 1973!. Recreational
harvest figures are given in Table 7.

Inlaalry Problems and Conitx'aints
Although Alaska.'s clam resources are sizeable, only a small part

of theiz productive potential have been utilized. The exploitation
of these resources continues to be restricted by a variety of
problenm. In order to expand, Alaska's clam industry nmst ccinpete
with other clam suppliers, both dcmestic and foreign. This is not
likely to happen because oi' the high ccet of hand harvesting and
p~ing in Alaska. If markets outside Alaska are developed, the
cost of txnnsTxntation presents another obstacle to supplying those
markets. Developnent of an efficient, environmentally sai'e

Table 7. Estimates of Total Effort and Razor Clam Harvest for the
Recreational Clam Fishery

Total Estimated
Effort  Man-days!

Year Estimated Harvest
 Number of Clams!

Source: Commercial Fisheries Statistics, Statistical Leaflet No. 25,
Alaska Catch and Production
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1969
1970
1971
1972
1973
1974
1975

1969-1974 mean

12,200
11,100
6,800

15,400
23,770
27,410
~24 260
16 ~ 110

375,BOO
306,450
187,760
437,530
682.600
872,450
896 080

477,100



mechmical dredge ~ld reduce the cost of clam production and
provide a more consistent and reliable supply of claaa for
prceessors, A food clam industry has been established for razor
claae, however, and fresh amrket denmnd increased steadily after the
three major growing areas were approved for ccame~ial harvest.

Pull utilization of razor and bardsbell clam stocks for hmen
consmption depends on several factors. 'Ihe present Shellfish
Sanitation Program restricts @cern.rcial harvesting for food razor
clams to three areas: Cordova   bpper Ri,ver Flats and Orca Inlet!,
Swikshak, and Polly Creek Beach. These three areas were chosen
because they were utilized in the early razor clam fishery, have
been highly productive, and have few incidences of PSP.

Expansion of murce beaches is critical to harvesting sufficient
quantities of clanm to make processing i'easible. Tbe sta.te,
however, is reluctant to fund additional programs of beach
certification and monitoring unless the clam fishery is well
financed, intends to process in Alaska, and makes a significant
contribution toward increasing Alaska's eaployment opportunities
 Torgerson, peramal caamnication!. If more money is allocated for
monitoring and beach certification, harvest of other clam species
may also increase. Some Alaska Department of Pish and Game
biologists regard bardsbell clam resources as having greater
potential than razor clams  Orth et al,, 1975!.

Present ccaxnercial iisbing regulations allow hand harvesting of
Iuudshell clanm in Prince William Sound, Cbak Inlet, and along the
Alaska Peninsula; harvesting with hydraulic clam diggers is allowed
by permit only in portions of those areas  Alaska apartment of Fish
and Game, 1981!. Future bardsbell clam harvesting will be
influenced directly by the economic factors previously mentioned,
inc~ beach certification, and cmyliance witb provisions of the
state Sbellfi.sb Sanitation Program, especially with regard to PSP.
Another factor influencing utilization of Alaska's clam resources is
shortage of risk capital; however, there is adequate capital in
Alaska's other shellfish industries, sane of which could be
transferred to developnent of a clam industry if these other
fisheries should decline  Torgerson and ~, persona,l
caamnication! .

Despite restrictions and problens affecting expansion of the clam
i.ndustry, interest in Alaska's clam stocks is increa.sing. The
prospects of a new surf clam fishery in the southeast Bering Sea are
encouraging, and the hrplementation of Alaska's Shellfish Sanitation
Program will probably result in certification of more harvest areas.
In addition, demand for clam and clam products in the United
States, especially on the Pacific Coast, augurs well for the
expansion of Alaska's clam fisheries if the major difficulties can
be resolved.



Oregon

The Oregon coastline contains little suitable clam habitat. Sane
productive razor clam habitats are found along Oregon's 300-mile
coastline, but the protected bays aad ~ies  preferred habitat
of bardsbell claem! are relatively small, However, clem stocks in
Oregrm historically have supported a amll ccarnercial fishery aad a
recreaticmal fislmry, both of. which caatinue to this day.

'Ibe ccasmrcial clam fishery usually is divided into tao parts,
tbe bay clem and ~l razor clam fisheries. Species of clam
that are harvested are the razor clem, na,tive littleneck, butter
clem, cockle, horse clam aad the softshell clam.

According to Cleaver �951!, the following Oregon bays have a
history of crsreercial clam harveert  Figure 11!:  north to south!
Nebalem, Till~, Netarts, Nestucca, Taquiaa, Alsea, Suislaw,
Qapqua, Coos, and Goquille Bays. Tillemoak, Yaquina, and Coos Bays
account for nest of Oregon's caanercial bay clan catch, and the
ocean beaches support a small razor clem fishery. Al~ Oregon
bas scattered razor clam populations along its entire coastline, the
most productive area is the 1~le stretch of beaches extending
fran the Colmabia River to Tillamook Head, south of tbe city of
Seaside.

Commercial Raaor idun Fh&ery
'ihere is little statistical iaforeeLtion oa the razor clam fishery

in Oregon prior to 1941. ~uent data suggest an adverse impact
oa total catch because of World War II restrictions oa beach use and
a shortage of diggers. After World War II, the caanexcial fishery
increased steadily fran a lour of 13,353 pounds in 1942 to a high of
about 337,000 pounds ia 1850  Figure 12!, Aa intensive sport
fishery developed during tbe postwar period, with harvests probably
equal to the ccarnercial catch  Cleaver, 1951!.

There was a marked decline in ccaaercial razor clam harvest by
the nd.d-19Me, and in the early 1960s production decreased to an
average of 34,000 pounds per year. Catches inc~ again ia the
late 1960s, peaking at 120,542 pounds in 1967; however, another
decliae followed and, except for 1976 �14,297 pounds!, laadings
have reneLined relatively low.
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Rdme
Expansion of the caanercial razor clam fishery in Oregon is

unlikely at this time for reaems mentioned above  i.e., high
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 hramh Ratas
The amer clam fishery is amnaged primarily by a season closure

extending fran mid-July through August, and by a 3-3/4 inch size
limit, GmaerCial diggerS xaist pv~ a $40 OCmmeroial li.cence and
a state health certificate. l'n addition, a record indicating the
quantity Of Clame and imLrket deetination mist be in the digger'S
pog~aion to prevent use of a casnercial license to dig unlimited
ntmbere of Clanm for pera3nal ugly.

In Oregon, neet ctxsnercially dug ramor clam are sold to two
Oregon proce'.Bsors. Diggers are paid $.85 to $.95 per pound for
unshucked clans, and $2.30 for cleaned ragger elena. !@mt claxm are
proceed into fresh or frcmen steaks; however, the high cost' of raw
claam and labor requires a high retail price  $4.75 to $6.50 per
pound!, which limits the sale of ramr claxm to the speciality
retail and restaurant tzmde.

Razor clam are marketed primarily in Portland and along the
Oregon coast, with lesser axounts sold in Seattle and along the
Itashington coast. Attespts to develop amrkets outside these
localities have been unsuc!~ul because of high prices and product
unfamiliarity  Smith, Bellbouy Crab Co., personal caaenication! .
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production costs and limited mrkets!. Most oi' the factors
constraining the cannercial razor clam fishery in Washington are
also applicable to the industry in Oregon. The reader is referred
to tbe section on the Wasbireton razor clam industry for a more
detailed discussion of those problens.

Commercial Bay Clam Fisheries
The history of Oregon's c~ial bay clam fishery is sketchy.

Records of total clam catch were collected from 1928 to 1950. In
the 1940s, the state estimated bay clam and razor clam catches, but
it wae not until 1950 that harvesters were required to report their
catch by species  Marriage, 1954!. According to these statistics
 Figure 13!, Oregon's casaercial clam harvest was never large. Peak
production occurred in the 1930s, spurred by the daaands of an
economic depression  Cleaver, 1951!. The highest production
recorded was 664,297 pounds in 1938.

Restrictions on night digging and ocean beach closures caused a
sharp decline in clam production during World War II. Clam catches
inc~ after the war, but production levels wex'e below those of
preceding decades, Cleaver �951! attributed tbe decrease to
reduced digging activity, resulting fran an improved poster
eooncmy, and an inCreaee in oySter faxming in Tillamook, Yaquina,
and Coos Ih.ys, causing the loss of sane traditional clam p~ing
areas. Since the mid-1950s, bay clam production bas declined
steadily, and in recent years has been negligible. A s~ of bay
clam landings by species  Figure 13! shows trends in the fishery
during the last decade and also the increwuwM utilization of horse
claam, especially within the last five years.

In 1955 an enterprising cannercial harvester in Coos Ihy began
harvesting intertidal horse claae by hand-held water !et. Although
the state imaediately outlawed the use of all mechanical clam
harvesters  including hydraulic devices! in the intertidal zone, a
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1959 regulation change pexmitted their use subtidally, with special
permission f~ the Department of Fish and Wildlife  Snow, personal
ccnsxinication! .

There has been little harvesting oi' subtidal clans becuse of the
lack of infoxmation on the location and extent of subtidal clam
stocks. As a result, tbe Oregon Department of Fish and Wildlife
began an inventory of subtidal clam stocks in ten Oregon estuaries
in 1973. Subtidal clam populations having ccxsrercial potential were
found in Tillamook, Yaquina, and <bos R.ys  Gamer and Lukas, 1975;
Gauner, 1976!.



Caxreai %atua
Oregon is reluctant to allow full � scale canx~ial harvest of its

subtidal clem ~ until a nmher of ugmrtant managenmnt
questions are answered:

1. The effect of harvest on existing stocks

2. The efi'ect of harvest on the substrate

3. %be relatioaship between intertidal and subtidal clam
populations  e,g., the ixportance of subtidal populations as
spawning stock! .

To gather data on these questioas, several areas in Yaquina &y
were opened in 1976 for horse clam harvest on an experimental basis.
Ihe results of the study are still being evaluated.

Fahue
The future of. Oregon's ccmnercial bay clam fishery appears to

depend on the utilization of subtidal stocks. The resource is
relatively anal 1, however, and estimates of wmximm sustained yield
are not yet available. Other potential clam fisheries do not appear
pruaising. A variety of c~ial clam species occur in Oregon's
offshore cxmatal zone, aad although little is known about the
abundance of these species, it is assigned to be Ioa. In addition,
there appears to be little potential for private clam farming
operations in intertidal areas lxeauee tideland for such purples is
scarce in Oreg' estuaries  Saow, personal ccnnnication!.

Besides the management problem associated with the exploitation
of Oregon's subtidal clam stocks, there are several other
constraints to a subtidal horse clam fishery. For example, the
Oregon State Department of Hee.1th has closed a nunber of potentially
harvestable areas because of possible health hazards.

Marketing horse claee poses another problem. At present, there
are no local prceesaors willing to handle horse clawm, and the
unpredictability of future supply does not /ustify the effort or
cost to potential prctcessors. In addition, there are pro~sing
probleam. Rmxrving tbe tough, leathery skin fran the siphon of
horse clams requires considerable hand labor and the meat recovery
is poor �2-24 percent average! ~ Both I'actors make processed horse
clams an expensive product  $2.25-$2.50 per pound retail!. A high
retail price and the fact that horse clams are aot well known except
in very localized areas of southern Oregon and northera  hlifornia
limits their market potential  Gamer and Mills, personal
ccnnma ication!

Recreational Clam Fishery
Surveys of the bay clam recreational fishery through the years

reveal an intensive fishery, particularly on cockles and horse
clam. In 1971, Oregon reported a recreational catch of over two
million clawm. Spot surveys coaducted in 1975 and 1976 iadicated
that digging effort was increasing markedly, placing considerable
pressure on clam ~. Therefore, catch limits as well as other
clam harvest regulations were imposed ia 1977, and a routine
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sanpling program of the bay clam sport fishery was initiated to
Inonitor mOre clOeely the impaCt Of harVeeting.

1he annual Spcrt CatCh Of razOr Clang' hae been eetineted since

mi 1
1955. The recreational harvest has ranged between 0.5 d 1.5
mi lion pounds per year  Figure 14!, with an exceptional catch in

all

1976 of about 1.5 million clan+, or about 250,000 pounds. Wastage
haS presented a prcbl499 in Saae yeare and hae approached 25 perCent
of the catch at tines, although it appears to have abated sanewhat
during the last few years.
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California

Ch,lifornia's long coastline ie notably lacking in protected bays
 Figure 15!. Thus it is not surprising that California's clam
stocks have never been extensive  Bannot, 1949!; boa+ver, these
stocks did support a small camnercial clam fishery prior to World
War II. ']he species that have appeared i.n cannnezeial catches
include razor clams, native littlenecks, butter clams, cockles,
horse clanm softshell clnnm, Piano clanm, jackknife clams, and bean
clams.

Commercial and Recreational Fisheries
The histary of the clam industry in California is essentially one

of a mall ccnnmrcial fishery that eventually was supplanted by a
recreational one. Ccamercial catch statistics, cmpiled since 1916,
reflect both the magnitude and trend of Cali.fornia's clam fishery
 Figure 16!. The two mast important species in the early fishery
were the Pimna clam and softebell clam. The Piano clam, which
ranges fran south of San Francisco to Baja, Ca.lifornia, was once
abundant at Piemo Beach. Catch statistics clearly shaw the daainant
positian of the Piano clam fishery in California's past. A marked
decline in catch during World War II resulted fran a military
closure of Piano Beach. In 1947, ccemercial harvest af the species
was prohibited because of reduced resale abundance n.nd increased
digging prwmsau'e fran the recreatianal fishery  Aplin, 1949!.

A small softehell cRam fishery centered in San Francisco and
Tastes Ihys supplied local markets. Catches of 200,000 to 300,000
pounds were recorded through the 1930e and the clam bede were
finally abandoned just after World War II because of sewage
pol!.ution  Bonnot, 1949!.

In early catch statistics, tao types of bivalves constituted the
catch classification "cockle": the native littleneck clam, found
scattered throughout the northern bays of the state, and three
species of Chalone found fram Paint Conception, south. None of the
species was ever found in great abundance and the cpm.rcial fishery
on cockles was never very large. Production persisted at low levels
through the late 1920s; however, inc~ digging pressure during
the econcmic depression of the 1930s resulted in a marked, but
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ThecretiCally, Casnsercial Clam harveet ie still pOSSible in

HTBTTbcldt &y by "market order"  i,e., a Casnsereial fiehernan with a
bona fide order fran a wholesale fish dealer TTmy harvest the nTITTber
of classm specified in the order!. In lieu of a Tmtrket order, a

temporary increase in catch. The result was overexploitation
 Bonnot, 1949!, and with the start of World War II the fishery
rapidly declined to insignificance.

During the 1930s, a minor cammrcial butter clam fishery was
centered in IITxDboldt Ihy. Production ranged from 10,000 to 40,000
pounds per year. After World War II, the fishery persisted,
although at an extranely low level, until the early 1960s when it
virtually disappeared.

Other species of clams also were harvested cannercially, but not
in large quantitieS. A Small horee Clam fiehery existed in Bsxobcldt
and htcnterey Kh.ye, but ceaeed in the 1950S. The raZOr CIHTTMB fOund
On Little River BeaCh  HLHBbOldt County! and Battery pcint  Del NOrte
County! were harvested until 1949, but the ccam rciatl fishery was
never a, significant one  Warner, personal ccmnnication!, In
addition, populations of jackknife clsasmB, found primarily in the
protected bays and estuaries of mmthern California, supported a
minox bait fishery following World War II.

In ssxsnary, California had a mmtll caanercial clam fishery
through the 1950s, which declined rapidly after World War II and is
now negligible. POllutiOn, OVerharVeeting, ecCrnaTTics, and
increasing pressures fran recreational diggers for more beach areas
ccmbined to cause its collapse.
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caanercial license holder m,y harvest clan+ in intertidal areas, but
mist adhere to sport limits and size restrictions. If a Dstriculture
lease is Obtained fr6xs the state, size and catch limits do not apply
to lease area harvests.

San Francisco Bay is ~ly the only area in Ch.lifornia with
enough cl6uEs to pe3333i.t a ccamercial fishery  IIahlstraa, personal
casaunication!. Tbere are considerable Icwer intertidal populations
of Manila and softshell clams, as well as stme subtidal stocks,
which are inaccessible to sport diggers and could be utilized in a
calmercial venture. Legislation was enacted in the 1970s permitting



a ocamercial fishery on these stocks. A private corporation, which
owns part of Saa Frmmisco Bay's subtidal lands, aad aa aquaculture
firm are both interested in pursuing a cceamrcial fishery. Because
the bay is polluted, depuration is required before these clares can
be sold for bmaan consmnption. This is a costly process aad the
canpanies involved have not yet begun coaruercial operations.

Since WorM War II California's clam resaercee have been
iasufficient to support both caanercial and recreational fisheries.
As a result, the California Legislature has reserved the state's
clam m~urcee ala+et exclusively for ~reatioaal clam diggers
 Dnhlstran, personal ccsamnication! ~ ~anent of clam stocks for
recreational fisheries is difficult, haeever; Mlifornia's clam
resouxce are relatively small, distributed over a wide geographical
area, aad ex@prised of nmny species.

Although mmmm data has been collected, there is still a paucity
of inforxmtion on clam populations aad abundance ia cmst areas.
Limited infornmtioa is available on horse clam populations in
Tmales and Bmnboldt lays, and clam distribution in severaI other
bays  e.g., Boliaas Ehy, Morro Wy, and Elkhorn Slough! has been
surveyed  Ihhlstrcm, personal ccssxmicatim,' Crane, et al., 1975!.

The first ccmprehensive survey of the recreational Piano clam
fi.shery ia Pissu Beach and iknterey Bay initiated ia the late 2970s
was designed to estimate effort, catch, and clam wastage. 'Lhe st~
bas been completed and a eNsm~ report is in progress  Burge,
perscaal camamication!. The recreational clam fishery in Humboldt
Bay ie mnitored for effort, but not catch per unit of effort
 Warner, personal caamjnication!. A study of the horse clam
populations of Ihxnboldt &y frcm 1989 thmugh 1973  Wendell et al
1976!, which included standing crop estiamtes for three major clam
beds, indicated a genera.l decline in population.

The razor clam stocks of Huadmldt aad Del Nor te counties are in
well~fined areas, and there is a aaapliag program established in
those counties to nxxritor clam stocks, catch, aad effort on a
regular basis. The razor clam i'ishery, although sns.ll, is
relatively stable  Warner, personal ~icatioa! .

A amber of methods are used to manage California'e recreational
clam fisheries. Chtch limits are placed on all important; sports
species, aad size limits are set for littleneck clane, softshell
clane, cockles, and Piano clams. Closed sermons are enployed in
managiag Pius clam ~, and beach closures are used ia both the
Pimno aad razor clam fisheries.

The condition of the Piano clam stocks determine mann@anent
procedures. Abunchmm depends heavily on a good eet, which occurs
approxixmtely once every tea years. When sampling data indicate
that a good set bas taken place on a particular beach, it is closed
for five years, until the clams reach harvestable size  Surge,
personal ~ication!. The two major razor clam beaches  Piam
Beach aad Morro Bay! are nmnaged slightly differently; they are
divided into north and anth sections, which are closed ia alternate
years.

Since a good portion of clam stocks occur in the l~r intertidal
zone, the tide plays an important conservation role. The lind.ted
maber of i~tide days coatributee to the stability of Qalifornia's
clam stocks, even ia intensely dug areas  Ihhlstan, personal
~ication! .
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rudra
Al~ there is little future potential for ca!aercial clam

harvesting in Mlifornia, there is potential for clam nmriculture
operations. The following are important considerations for such
operations:

1. Most of the tidelands in California are stat~ed and ths
state retains fishing rights.

2. Intertidal and subtidal lands can be leased fran the state.

3. 'Ihere are procedures for entering into a lease for land-based
nmriculture similar to those required to obtain oyster land
leases.

4. Clam farming would be pezmitted only where native clanm do not
exist. Mmmnably, culture under these restr ictions would
involve beach ~ilitation and/or the planting of
artificia.lly ~ clam seed.

5. In nmny areas residents would object to the use of public land
for private benefit or profit-

Because of stringent state regulations and economic factors, the
potential for clam mariculture in California appears extrenmly
limited  Feldman, 1978; Dahlstran and Smith, personal
caannications! ~

Clam Fishery Problems
Tbe major problem facing the recreational clam fishery in

California is the discharge of sewage and animal wastes into nmrine
waters  Dahlstran, personal caamnication!. Although there are
considerable iapacts fran urban develoyaent in clanming areas, these
are being minimized. Harbor dredging, once a problem in clam
producing areas, has been curtailed to sane extent, and marina
developnent is closely controlled  Schwartzell, personal
cammn ication! .

Tbe California State Department of Health evaluates
oyste~rowing areas for the certification required under the
National Shellfish Sanitation program, but usually does not declare
areas safe or unsafe for recreational clam harvest ~ Where an area
is grossly polluted, such as San Francisco Bay, county health
departzents establish a permanent quarantine; in other cases,
notices are posted on unsafe beaches by county health departments
 Young, personal caaajnication! .

There are sane localized areas closed to shellfish harvest
because of industrial pollution. Bastern quahogs  Mercenaries
mercer!mrna!, introduced 10 to 15 years ago, have established a
reproducing population in Colorado lagoon near the city of Ir>ng
Beach  Crane et al., 1975!. The clam bed bas recreational harvest
potential, but is restricted because of lead pollution  Ihhlstran,
personal ccsnun ication! .
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Table A,2 Early Puget Sound Clam Statistics, from Nightingale �927!.

Lbs.
Bait

Cans--48-lb. CasesWhole Clams
Year Pounds Landed

No. of
Canneries

No. Licenses
ClamClams Nectar Bait

183

236
177
232
145
115
121
119
132

15
603
177
619
154

60
515

2,400

3

4 4 4 4 4 6 4
1,179,375

772,568
925,531
486,955
385,856
441,184
572,305
554,631

2
15

9
10

17,680
15,500
12,700

1 Eight months

1905
1906
1907
1908
1909
1910
1911
1912
1913
19141
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925

3,500
8,850
8,850
8,200
5,000
8,200
6,200
6,000
8,200
5,000

875
3,529

19,956
7,944
3,788
3,524
4,810
5, 538
8,400
9,366



Tabl e

Year

A,3 Suasnary of Washington Coaeercial Razor and Bay Clam
Production, 1935-1979 Pounds Landed

Razor Claam ~da Clams Total P odootioo1 3

r clam catches include guinault indian
ect to revision
udes qeoduck landings
e: Washington Department of Fisheries.

1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
]951
1952
1953
'1 954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
'1 974
1975
1976
1977
1978
1979
1980
1981

2Razo1

35ub j
Incl

Sourc

1,809,311
2,048,201
1,009,897
2,679,664
2,061,813
2,199,614
1,094,745

367,035
213,418
622,582

2,057,210
2,048,065
2,014.100
1,256,693

720,601
249.840
700,117
691,325
608,301
597,30!
828,763
696,859
757,213

1,029,547
1,004,965

443,748
669,360
552,061
531,527
397,700
422,265
403,755
410,562
318,059
750,000
680,090
405,831
179,818
201,139
170,763
294,952
373,142
890,161
645 389
373,581

1 9,290
2,290

1,975,015
3,454,782
3,583,110
3,372,617
2,827,772
2,461,426
1,414,807

787,060
1,005,090
1.102,062

977,487
1,772,784
1,223,848
1,124,557
1,516,333
1,003,523

986,086
1,196,227
1,347,856
1,566,019
1,746,561
1,661,321
1,647,629
1,766,158
2,036,372
2,096,255
1,604,985
1,633,120
1,540,845
1,403,401
1,473,426
1,391 ' 179
1,190,444
1,295,134
1,823,686
2,032,642
2,468,462
2o300,960
2,584,179
2,799,025
4,389,967
7,542,433

11,752,572

9,951,541
7,222,792
6,373,614
6,774,057

3,784,326
5,502,983
4,593,007
6,052,281
4,889,585
4,661,040
2,509,552
1,154,095
1,218,508
1,724,644
3,034,697
3,820,849
3,237,948
2,381,250
2,236,934
1,253,363
1,686,203
1,887,552
1,956,'157
2.163,320
2,575,324
2,358,180
2,404,842
2,795,705
3,041,337
2,540,003
2,274,345
2,185,181
2,072,372
1,801,101
1,895,69]
1,794,934
1,601,006
1,613,193
2,573,686
2,712,732
1,874,293
2,480,778
2,785,318
2,969,788
4,684,919
7,915,575

12,642,733
10,596,960

7,590,373
6,392,904
6,776,999

Reservation figures.

1981 Fisheries Statistics.



Table A.4 Washington Comuercial Bay
1955-1979, Pounds Landed

Native
Year Li ttlenecks

Nanila
~lams

Butter
Clams

9,450
13,992

50

6,998
44,826

1,020
37,425

103,944
36,832
32,885
71,454

358,062
65,758
15,182
8,493

82,236
610,250
493,140
463,994
803,358

2,369,515
5,365,898
8,646,746
7,089,656
5,228,215
3,910,193
4,290,127

of FisheriesWashington OepartmentSource:

1955
1956
'1 957
1958
1959
1960
1961
'1 962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
'1 974
1975
1976
'i 977
1978
1979
1 980
1981

725,942
789,757
880,759

1,066,845
1,058,801
1,411,106

911,644
958,573
857,549
786,761
675,408
654,027
534,004
649,234
708,874
625,350
626,896
678,026
780,312
646,685
545,188
547,247
617,068
474,030
348,482
521,855
625,396

472,611
433,579
303,160
294,035
423,'184
469,731
291,647
299,837
420,023
414,301
606,884
498,648
395,458
434,654
542,303
540,069
762,226
649,531
539,820
778,730
963,745

1,110,807
1,078,433
1,840,493
1,475,497
1,466,111
1,508,088

107,51 5
199,112
226,129
186,422
374,250
389,299
288,934
350,059
204,348
180,866
136,591
139,245
191,453
208,966
525,860
609,315
465,920
413,293
598,698
359,720
323,364
232,431
527,440
237,262
107,182
406,060
250,'161

C'lam Production, by Species,

Horse Softshell
Clams Clams Geoducks

6,690
42,000
14,100
2,280

36,490
30,668

2,150
29,545
97,411

16'1,969
149,544
214,596
523,274
244,258

48,234
60,902

100,285



Washington Hand and Dredge Harvest of Native I i tt1eneck
and Butter Clams, 1955-1979 pounds I.anded

Table A.5

NativYear
Han Harvest

725,942
789,757
880,759

1,066,345
874,336
977,626
859,810
904,130
820,375
753,730
647,165
643,977
543 ' 004
505,800
463,273
387,634
435,946
575,680
483,494
321,084
348,374
434,478
526,621
418,122
323,159
455,247
610,006

Source: Washington Department of Fisheries

57

I955
1956
1957
1958
1959
1960
1961
1962
1963
I964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

184,465
163,480
131,834

54,443
37,174
33,031
ZB,243
10,050

120,120
230,318
228,843
174,567
83,784

270,705
3Z5,185
196,789
112,769
90,447
55,908
25,323
66,608
15,390

107,525
199,112
226,129
186,422
201,440
232,710
168,737
I43,796
93,175
75,933
88,981

122,179
38,738
15,729
46,527
39,484
33,697
81,312

102,306
11,761
16,314
22,492

131,612
43,075
42,441
7Z,089
41,528

172,810
156,589
120,197
206,263
111,173
104,933
47,610
17,069

152,715
193,237
479,333
569,290
432,223
331,981
454,002
347,960
307,050
209,939
395,828
194,187
64,741

333,971
208,633



in PoundsTable A.6

Year Butter Clams Cockles
Pounds Yalue Pounds Ua'iue

8,580
10,918
7,368
4,696

8,316
73,200
32,073 2

8,830
20,200 1
67,778

81,678 6
640

256
171
959
275
l09
l21
339

9,780
2,625

14,749
3,672
1,456
4,026
5,652

270
420
442
282

499
,392
,566
662

,616
,422

1,428
1,222

963
6,161

93
98
82

555
,534

45

1,270,290 165,138
5,800 860

500 260

1,500 1,000

Source: Nosho, 1972

1942
1 943
1 944
1 945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
I966
1967
1968
1969

Central Alaska Butter Clam and Cockle Production
and Yalue to Fishermen, 1942-1969 Pounds Landed



Table A.7 Oregon Commercial Clam Production  whole wet weight!,
1928-1980 Pounds Landed

Year Total ~6a Clams Razor Clams

59

1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
194'l
1942
1943
1944
1945
1946
1947
1948
'1 949
1 950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

110,471
56,600

163,370
]43.159
131, 530
127,635
224,270
469,445
447,509
471,615
664,297
607,985
658,564
338,371
134,550
196,505
268, 121
384,134
4'16,858
343,555
331,667
349,696
586,569
395,362
416,180
471,527
312,016
282,159
227,381
189,348
168,058
117,486
106,578
87,434

132,950
108,873
97,658

122,649
l31,238
148,05/
120,328
47,125
40,690
58,753
74,718
34,452
25,315
68,278

202,351

214,000
121,000
178,000
204,000
306,000
265,000
178,000
122,000
135,000
149,'OOO
155,000
149,000
'135,000
135,504
'll5,643
122,677
110,766
79,594
66,108
77,023
69,589

106,487
84,773
62,862
49,567
47,258
27,605
27,866
22,001
25,884
28,746
62,168
18,200
16,315
26,866
88,054

124,371
1 3,550
18,505
64,121
78,134

160,858
165,556
209,667
214,696
337,569
240,362
267,180
336,527
176,512
166,516
104,704
78,582
88,464
51,378
29,555
17,845
26,463
24,100
34,796
73,082
83,980

120,452
92,462
25,124
14,806
30,007
I2,550
16,252
9,000

41,412
11 4,297



Table A.7 Oregon Commercial Clam Production continued

Total B~aC1ams Razor ClamsYear

44, 478
38,2102
32,0GO

85,733
216,926

94,912
80,464

1977 130,211
1978 255'1361
1979 29,8801
1980 19,256

128ased on 16.64 recovery rate
Estimate

Source; Marriage, 1954; Biennial Report of the Fish Commission of
the State of Oregon; Darrell Demory, personal communication



Table A.B Oregon Ccminercial Clam Production by Species and Primary
Conlnercial Harvesting Areas, 1969-1978 Pounds Landed

Native Butter Horse Softshell
Littlenecks Clams Cockles Clams Clams TotalYear

COOS BAY

505
84

141 65
12,019

508

106
293

402

816
50

YAQUINA BAY

1,581
444

1,819
57

398

69,331
171,898

547
149

71,013
172,047

182 50585

TILLANOOK BAY

380
133

52
95
10

30
160
144

55

67
3, 055

120

150
326

36
60

1,303
433

3

1969
1970
197'1
1972
1973
1974
1975
1976
1977
1978

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

1969
197 D
1971
1972
1973
1974
1975
1976
1977
1978

646
50

1,406
9,442
7,999
4,029

445

1,045

2, 658
466

1,872
2,280
2,724
6,398

5
6,064

6,945
5,538
4,980
2,285
1,300

608
215
531
518

1, 218
10,278
30,751

65
0

15,024
85,713
12,011
35,740

5,109
4,522

10,893
44,642

2,853
3 232

21,715
86,529
12,066
41,804

1,581
444

1,819
57

398

4,770
7,819
5, 948
9,637

11,997
9,309
4,637

820
1,350
2,905



Table A.8 continued

Native Butter Horse Softshell
Year I.ittlenecks Clams Cockles Clams Clams Total

UMPIQUA BAY

36IO 200

NETARTS BAY

2,110
1,568

914
1,191
2,049

2,110
1,568

914
1,191
2,049

1969
1970
1971
1972
1973
1974
1 975
1976
1977
1978

1969
1970
E 971
1972
1973
1974
1975
1976
1 977
1978

Source: Darrell Demory, personal communication

9,384
10,631
7,459
5,545

786
445
463

35

9,384
10,631
7,459
6,105

786
445
463

35



Table A.9 California Clam Landings, 1916-1976 Pounds Landed

2~Nashin ton Softshe11 Piano Jackknife Misc.
Year Cockles Clams Clams 8 ams Cl ams ~haec i es

10
9B

1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
'1 932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1 958
1 959
1 960
1 961
1962
1963
1964

90,945
61,005
44,933
24,817
18,054
14, 504
31, 564
36,117

6,341
2,991

17,976
5,914

22,651
65,466

125,213
92,250

153,433
87,688
82,607
81,093
22,802
28,552
23,831
23,070
14,476

600
257

407
1,069

43
282
843
137

10,442
22,908
29,929
39,620
42,042
35,272
21,629
23,086
21,]35
22,983
20,764

9,848
728

1,423
6,565

20,341
8,009
6,602
4,925
7,022
5,?95
9,256

10,216
10,279
7,491

10,629
3,661
3, 961
2,876
1,655
1,976
3,185
3,879
4,133

75,674
187,864
312,143
302,576
233,124
216,600
343,262
283,095
243,324
264,056
245,962
1 51,383
148,542
101,460
116,571
101,738
165,041
173,039
222,011
153,405

90,971
92,915
87,219
75,721
63,235
65,988
73,144
46,557
31,316
13,425
22,239
22,584

1,373

220,566
502,069
665,684
417,515
299,015
219,507
193,491
237,948
293,149
323,245
274,317
133,000
125,832
109,744
108,860
104,672
110,277
106,21 5
140,737
181,855
209,805
223,955
214,571
192,694
167,478
168,797

93,613
45,870
34,534
26,079
69,177
60,557

5,247

20,908
29,453
22,155
47,777
43,747
36,837
26,683
12,358
8,788
9,336
6,988
5,823
4,458

534,291
308,497
1Z9,084

66,744
79,875
59,832
35,?91
25,845
49,379
61,839
35,202
64,663
44,662
13,498
17,266
30,793
8,183
1,258
4,918
4,454
4,496
3,396
4,545
4,149
3,188
1,624

760
120

132
2,656

55,774
10,144
29,774
41,535
29,128

2,160
1,128
2,100

688
394
680
726
488
200
480
869
467



Tabl e A. 9 continued

Washin ton Softshel1 Pismo Jackknife Misc.
2

Year Cockles C ams Clams Clams Clams ~S acias

169
'144

15,8693
10.648

2 In California, the butter clam is known as the Washington clam.
3

Bait

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
197r
'1 976

1
In early catch statistics, cockles were classified as native

littlenecks and three Species of Chiorce.

1,681
2,154
2,532
1,842

156
475
165
684
212

1,252
18,3773
18,4513





Hin

Posterior adductor

Anterior adduc

l sinusPall

'Ilentral nmrgin

Figure B.l itmlamlcgy of the internal surface of a clem shell.

Digestive
or "liver" ads

Crystalline style s

Labial pal
~ Siphons

Foot

Figure B.2 Internal anatmny of a clem ~ aain irxty fmrts
 with left valve tvmoved!.

extends anteriorly as an adaptation for burrowing  Figure 8,2!. The
clam digs by combining macular action and hydrostatic pressure. As
a pair of naiscles extends the foot downward, it is filled with blood
frcm the visceral ma.ss, causing it to dilate and. anchor in the sub-
strate, Other mscles ~iated with the foot then contract,, gulling
the she11 downwaml until the foot retracts.

SipMoxas
Siphons are tubular extensicns of the mantle edge allowing clans

to burrow and live ccmpletely embedded in the substrattan. %he
length of the siphon, or "neck," varies by species, but is typically
longer in deeper burrowing clmns. For example, a geoduck neck may
be three feet lang when extended through the substrate up to the
surface. 'Ihe siphons circulate water through the clam. grater
enters through the ventral, inhalent siphon and exits via the
dorsal, exhalent siphon. Although the two siphons are separate in
sess@ bivalves, they are fused in most of the ccstsfx!n species of
clams.



QQ11
The gills, or ctenidia, canprise ewe of the characteristic

features of the Lamellibranchs  "sheet gills" !. tour of these
highly specialized structures are present, t~ on each side of the
visceral mass. In clams and similar bivalves, the galls are used
for filter feeding as well as respiration, Thousands of hairlike
cilia cn the gill surfaces produce water currents which draw water
in throu!h the inhalent siphon and circulate it over and through the
gills, where oxygenation of the blood takes place, simultaneously,
food particles, mostly phytoplankton and detritus, are entangled in
mucous along the gills, sorted by size, and shunted by cilia alceg
food grooves to the labial palps and rmuth. Suitable-sized
particles are ingested, and re>ected material is expelled, usually
t~h the inhalent aperture, when periodic valve closure forces
water out.

Digestioxa
Af tet ingestion, food enters the digestive system, which is

unposed of a short esophagus, starech, crystalline style, digestive
diverticula@  " liver" ! and inteStine. In the StCmaCh, particles are
further sorted by cilia. Some oi the larger, coarse particles may
go directly thrrxxjh the intestine and be voided without being
digested, while other particles are processed by the crystalline
style or pushed through +nail ducts into the digestive diverticula.
The crystalline style is a transparent mass ot gelatinous material,
sow.times mistaken for a worm, which secretes digestive enzymes.
Cilia cause the crystalline style to rotate in the stanach against a
gastric shield, grinding food particles and facilitating digestim.
This rotary action also pulls food-laden mucous strands into the
stcmach fnm the esophagus. Fine particles are directed into the
digestive glands, where they are absorbed and digested. Wastes are
subsequently ccnducted to the intestine and excreted.

aeproeection
5k>st bivalves are dioecious  separate sexes! and possess pa.ired

gonads that are closely associated with the visceral mass. prior
to spawning  release of eggs and sperm! the gonads appar as
conspicuous, milky white masses within the mantle tissue.

Spawning often occurs simultaneously within a population, a
phencxnenon which enhances the probability of successful
repoimlatim. However, the time and duration of spawning depends cn
the species in question and envi~tal factors, such as water
tanperat.ure, salinity, availability ot nutrients, and tidal stage.
Most clans release gameteS through the exhalent siphon;
fertilization occurs in the water. 'DN' ensuing development, or life
history, varies snnewhat according to species, but the general
pattern is as follows.

Life Ristory
The enbryo quickly passes through several develoiznental stages

 Figure B.3! and becomes a free-swinming trochophore larva  approxi-
mately 10 � 12 hours!. 5'ithin a relatively short period of time  about
24 hours after fertilization! it develops into a veliger larva with
a microscopic foot, a digestive system, and a velum, which is a



specialized organ for swinrning and feeding. Also during this time,
the larval shell, or "prodissoconch," is ~g, and the larva rray
be classified as a "Mraight" or "D" hinge, or an umbo stage,
depending on the appearance of the shell.

The pelagic bivalve larva is well adapted for distribution and
perpetuation of Clae species, tasks requiring a delicate balance
between lOCanOtiVe effiCienCy and Shell grawth. TniS balanCe is
accanplished hy develapnent of the veltnl. As with other planktonic
forms, bivalve larvae are dispersed by the currents and are also
vulnerable to predation and sudden, aetrimental changes in
environmental conditions. In general, survival to setting is very
lcaa, and may be less than five percent of the original ntzuber of
larvae .

As the larval shell becczaes prcgressively thicker and heavier,
the swizzzuing capabilities of the veliger diminish and the tully
developed larva sinks more often and more rapidly to the bottom.
The larVa Creepe alang the bettCre On itS fOOt until it tindS a
suitable surface tor attachuent, adhering to it by means ot a byssus
or byssal threads. The totalh, organic threads are secreted by a
gland in the foot and harden upon exposure to sea water.
ldetwnorphOSis, or transition to a sedentary mode of life, is also
marked by a sudden disappearance of the velcro.

larval life ceases wlien the clam attaches itselt to a substrattan.
This event is synonymously termed setting, settlement, spatting, or
spatfal l, and the larvae are called spat. For a clam spat, the
attachtient is only temporary and it eventually breaks free and
burrows permanently into the substrate,

Figuze B.3 larval developeeot of a clam

Multicellular stageFertilized egg
vfth polar bodies

VeligerTrochophore
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