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I. A. History of Oregon’s commercial
and recreational bay clam fisheries

PANIL R. HANCUGCK
GAIL (BREED) WILLEKE

Bay clam species of commercial use in
Oregon consist of the gaper or horseneck
clam (Tresus capar), the cockle {({Iinccard-
twn nurtalli}, the littleneck (Vererupis
atamineg), and to lesser extents, the soft-
shell clam {(Mya arenaria) and the butter
clam (Saxidomus giganteus). All are mar-
keted for restaurant, fresh food and bait
use,

Bay clam production history from 1941 to
1975 is shown in Figure I.A.1.-1. World War
Il restrictions on night digging effected a
decrcuse in production in 1942, while
relaxed restrictions allowed increased
production to a maximum 306,000 lhs. (139
metric tons) in 1945. Since that year,
there has been a general downward trend,
reportedly a result of increased oyster
culture and decreased digging effort (Cleav-
er, 1951; Marriage, 1954}. However, the
nresent authors believe that the reduced
production following 1945 was more likely a
consequence of clam population reductien and
noor markKet conditions. In 1948, because of
reduced stocks of gaper clams, the digging
of these clams was prohibited to all users
from January 1 to June 30 (Cleaver, 1951;
Marriage, 1954). This seasonal closure of
the ¢lam beds continued until 196¢, when the
Testriction was lifted for personal use
diggers only, but with a reduced bag limit
(Snow, Wagner and Sims, 1962). Production
never again reached the 1945 peak.

Coos, Tillamook and Yaquina Bays consti-
tute the majer commercial bay clam produc-
tion areas in Qregon, contributing approxi-
mately 40, 25 and 20% respectively to the
state's annual bay clam harvest (Marriage,
1954). Clam harvest in Coos Bay is com-
prised of nearly all gaper clams, in Tilla-
mook of primarily cockles, and in Yaquina of
gapers and cockles. Gaper clam harvests in
Cregon have contributed as much as 60% to
the total bay clam production (Cleaver,
1951; ltarriage, 1954; Smith, 1956)}. Nene-
theless, sporadic svatset and seasonal and
bag restrictions have caused respectively
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unstable population stocks and harvest
production.

Prior to 1961, clan digging was done by
hand in the intertidal regions of bays. In
1961 in Coos Bay, two divers used mechanical
equipment to collect subtidal gaper clams
(Snow, Wagner, Demory, 1964), but no infor-
mation about the amount of their harvest is
available. Permits 1o mechanically harvest
clams from subtidal sreas in Coos Bay were
issued in 1967-68 and 1969, but market
conditions held the harvest to a minimum
(Snow, Gaumer, Lemory, Neilson, Osis,
Phibhs and Gibsom, 15707.

The harvest of bav clams for non-commer-
cial or perscnal use has not been as thor-
oughly monitored as that for commercial usc.
Nonethelcss, Cleaver [1951) and Marriage
(1954) showced that the non-commercial take
of bay clams far cxceeded commercial produc-
tioen. A series of more recent surveys of
Oregon's bays by the ODFW (Gaumer, Demory,
Osis, 1973-74; Gaumer, Demory, Osis, and
Walters, 1574) showed similar results and
generally that recreational clam harvests
comprise 9C0% or more of the total take from
tidal flars.

l. B. Scope of research

GAIL (BREED) WILLEKE
DANTL R. HANCOCK

The purpasc of this study was to deter-
mine the distribution, abundance and species
composition of Oregon bay clams, to under-
stand the rzlationship between subtidal and
intertidal :lam populutions, their biology,
and to evaliate the potential cffect on
intertidal wopulations of a subtidal com-
mercial clam tishery in Oregon.

A concerted effort was undertaken by the
Oregon Department of Fish and Wildlife to
determine the location, abundance and
density, and species composition of bay
clams in ten Oregon bays. 'The surveys
included both subtidal and intertidal
populations.

As the distributional surveys ncared
completion, interest in the results, as well
as a worldwide increase in demand for
clams, prompted the development of a 181
metric ton pilot harvesting program in
Yaquina Bay  This continuing program was
initiated in 1976 under a permit system and
is being c¢losely menitored by the Oregon
Department of Fish and Wildlife (QDEW).
Information on harvesting rates, suitable

cquipment, population resilience under
harvest pressure, and envirconmental Impacts
is being gathered,

Although four major species of hardshell
vlams {gaper, littlencck, cockle, and
butter) frequently co-occur, the distribu-
tion data indicated that the fishery would
be deminated by f. capar. Prior to forming
a subtidul management strategy, studies of
the biology of the gaper clam were desirable
to understand the impact of the proposed
subtidal fishery on the existing intertidal
commercial and recreaticonal fisheries and on
the estuvarine ecosystem as a whole. The
role played by the subtidal populations of
Y. azpar in the ecology of the intertidal
populations of I'. cgpax was therefore of
tundamental interest in this study. Conse-
quently, studies were undertaken by the
Oregon State University School of Occanog-
raphy and the Oregon Department of Fish and
Wildlife to provide information about growth
rates, conditions necessary for spatset, and
reproductive cycles of F. capar populations
from different locations in Yaquina Bay.

Although several other commercially
important species of planktonic fish and
shrimp are known to cnter the bay during the
winter, the contribution of the I. capar
populations to the winter planktonic food
supply was an important consideration of
this study. Utilization of data chtained
during the course of this study, along with
infaormation on age specific fecundity and
the age of sexual maturity, would allow
estimates of the amount of this contribution
to be calculated using a method reccently
described by Barnes and Barnes (1677).

While few studies are ever complete, we
have attempted to identify those areas of
irecid biology which would incresse our
abilities to make sound decisions relating
to thc management of subtidal clam fish-
eries,
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{I. A. Studies of the distribution of clams
and other biological and physical
features

THOMAS F. GAUMER
GRIGORY P. ROBART

LI.A, . SAMPLING PROCEDURES

Intertidal and subtidul surveys werc
conducted on 10 of Oregon's principal clam-
producing estuaries (Figure 1I1.A.1.-1),
using techniques developed by the Oregon
Nepartment of Fish and Wildlife (Osis and
Gaumer, 1973). Surveys were generally
conducted between April and October.

Swberwidal Sampling Technigues

Dregon's estuaries contain two basic
types of tideflats: (1) broad expanses of
immtertidal arcas containing several hundred
acres each, and (2) narrow shore-bordering
strips sometimes several miles long. Some
estuaries have a combination of these two
types of tideflats while others might have
one or the other. The type of tideflat
governcd the procedure used to lay out the
transects. On broad tideflats, permanent
landmarks such as navigational markers or a
cumpass course were used to orient the
transect lines. This type of survey design
generally took a spoke-wheel appearance
using an established marker as the focal
noint.  The shoreward ends of the transects
were 274.3 m apart. Samples were taken
every 91.4 m along the transect lines. An
all-terrain vehicle (ATV} was used in laying
vut trunsects and sampling stations. Dis-
Tance:s were measured by using an odometer
wheel.

Where no convenient landmarks were found,
a base line was established along one shore
of the estuary. From this base line tran-
sects were laid out perpendicular to the
shore baseline. Transect lines and survey
stations along transcct lines were each set
21.4 m apart.

At each sampling station, the presence
and abundance of clams and shrimp, substrate
type and vegetation were recorded. The
following methods were used to document
presence and abundance of clams at a given
sumple station: (1)} the general area of the
station was visually surveyed and a sample
plot containing 9.3/m? was marked ocut. Clam
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and shrimp species could be identified by
the shape of siphon ¢r burrow holc; these
were classified and counted. The main
shortcomings of this proccdure were that
only adult clams were detected and eelgrass
cbscured some siphon holes. (2) Once the
holes were identified, the samplc plot was
raked for surface-dwelling clums (primarily
cocklesy. (3) Finally a 0.09 m? section of
substrate from within the sample plot was
removed by shovel. Fuch sample was about 36
cm deep.  All removed clams were identified
and counted.

Subiidul Sumpling Techniquer

Surveys started at the lower rcaches of
each estuary und extended up-bay until all
major clam beds had been surveyed.

Using a well-defincd geographical land-
mark as a starting point, 610 m sections of
the bay were plotted on a map for survey.
Within these sections, transects were estab-
lished parallel to shore, generally at 45,7
m intervuls. The transect line was a 610 m
polypropylene rope weighted at 3 m intervals
with 142 pm gill-net lead weights and with
sampling station mark:srs every 30.5 m.

At each sampling station two SCUBA divers
recorded information on water depth, maximum
numher of clams per square foot, vegetatien
and substrate.

Ulams were lovated visually and by pound-
ing, raking or digging. The tips of gaper
and piddock c¢lam siphons were usually easily
scen. On heavy shell bottom, pounding the
surface gen:rally exposed the presence of
gaper clams. Cockle and littleneck clams
werce usually found on top of the substrate
or by rakinz the surface. Digging located
littleneck and butter clams. Vegetation and
shrimp concentrations were subjectively
enumerated.  For this report, shrimp and
vegetation Jistributions were classified as
sparse or dense,

I1.A.2, RESULTS

Surveys on the distribution and abundance
of clams, shrimps and vegetation were com-
nleted in Tillamook, lietarts, Nestucca,
Salmon, Siletz, Yaquina and Alsea bays
(Table IT.A.2.-2). Surveys were conducted
but not comnleted in iiehalem, Siuslaw and
Coes bays.

During our surveys we examined more than
518,160 m of transect linc and collected
biclogical and physical data from 9,216
sample stations. A total of 17 species of
bivalves, twoe species of shrimps and four

aenera of vegetation were recorded during
the surveys {Table IT1.A.2.-1).

Fehalom By

Only subtidal surveys were completed in
Nehalem Bay. A total of 4,877 m of transect
line was surveyed and 160 ohservations made.
Substrate material was generally sand, and
sand mixed with shell (Figure 11.A.2.-1).
Scveral areas at the mouth of the bay con-
tained massive outcroppings of rock; exten-
s1ve areas of unstable sand hordered the
west side of the main lower bay channel.

The principal clam species observed in
the bay were gaper and littleneck. ‘The
distributions of gaper, littleneck, cockle
and butter clams are shown in Figures
[[.A.2,-2 to II.A.2.-3. No shrimps were
observed in the subtidal survey.

Lelgrass (Fostera marine) was the princi-
val species of vegetation observed in the
bay (VFigure 1T.A.2.-4). Several unidenti-
fied species of green, brown and red algae
were noted in the channel near the mouth
(Figures 11.A.2.-5 to I1.A.2.-7).

Filiomoonl Bay

Intertidal and subtidal surveys for
Tillamook Bay were completed in 1977, A
total of 118,140 m of transect line werc
surveved and 2,096 observations recorded.

Yuch of the substrate in the Garibaldi
area of Tillamook Bay consisted of gravel
and rock with some shell and sand. This
arca supports some of the heaviest concen-
trations of intertidal and subtidal hay
clams in Oregon's estuaries. The mid- and
up-hay portions of the estuary were primar-
-1y of mud or combinatiorns of mud and sand
[Figure T1.A.2.-8).

leven species of clams were ohserved.

Of the recreationally or commercially impor-
tant clams, gapers and cockles werc the
principal species observed in the lower bay
while the softshell was the most prevalent
vlam species in the upper bay. The distrib-
utions of gaper, butter, cockle, native
littleneck, irus, softshell, Baltie, bont-
nose, California softshell and piddock clams
were charted (Figures 11A.2.-9 to [1.A.2.-
17).  Ghost and mud shrimps also inhabited
much of the tideflats (Figure [1.A.2.-18).

Llelgrass and species of green and brown
#lgac covered extensive arcas of the tide-
ftats and channels of Tillamook Bay (Figures
IT.A.2.-19 to T1.A.2.-22}. A number of the
major clam-producing areas occurred in the
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Species Name
Bivalves:

Ldula falcata
Clinocardium wutial 7L
Jryptomya cali fornica
Macoma balthica

M. irvus

M, nasuta

M, sectu

Mya arenaria

Jatrea Lurida
Petridola sp.
Saxidomus gigyanteus

Solen oinnrius
Pellina bcdegenstis
Tregsus capax

Venerupis philippinarium
V. staminca
Zirfaca prlakryi

Shrimps:

Callianasea californiensis

ipogebia pugettensic

Yegetatior:

Enteromorraa SP.
Fucus sSp.

diva sp.

sostera meriid

Common Name

pea pod borer
cockle clam
California softshell
Baltic clam

irus clam

bentnose clam

sand clam

softshell clam
native oyster

butter clam

jackknife clam
Bodega tellin clam
gaper clam

Manila littleneck clam
native littleneck clam
piddock clam

ghost shrimp
mud shrimp

green algae
rockweed
sea lettuce
eelgrass

Table II.A.2.-1.
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Dther Local MNames

basket cockle, cockerel
false softshell

mud clam, bay clam

beefsteak, Coney IsTand,
giant Oregon clam,
guahog, Washington clam

horseneck clam, horse
clam, blue clam, blue-
neck clam, Empire clam
steamer, butter clam
steamer, butter clam
rock oyster

sand shrimp

Taxonomic 1ist of species observed.




Complete
Inconplete

Total Observations

Buttzr clam
Cockle clam
Gaper clam

M., 1ittleneck
. littleneck
Softshell clam
Irus clam
Baltic clam
Bentnose clam
Bodeja tellin
Jackknife clam
Piddock clam
Sand clan
Calif. softshell
Pea >od borer
H. oyster
Shrimps

Hlud
Sand
Gravel
Shell
Rock
Bedrick

Eelgrass
Green algae
Brown algae
Red 211gae
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40
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M
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486

742
2034
411
608
191
78

63
33
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580
7
98
19
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476
1308
g0
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102
9

96
5
109
461
15
136
14

THeca

:E rJ

; 2 o

A
% X
340 ial 377
0 G 0]
] G 0
0 [ 4]
0 0 0
0 0 0
125 27 157
5 0 0
130 42 155
0 0 4
0 0 0
0 0 0
0 a 0
4] 0 0
27 1 0
0 0 0
0 0 o
179 33 284
113 659 201
"8 126 366
a8 18 21
3 0 z
29 [ 19
3 2 2
] a4 15
3 3 6
6 31 31
%7 32 179
0 g 0
1 0 0
4] 0 0

w Yacuina

2906

442
739
38

256
4z

36
27

&4

18
430

1489
2369
299
765
187
b

38
209

dgd

107
0

Alsea

=

x5
v g
- o
wy (]
X X
467 579
{ 30
0 171
14 229
3 78
0 0
107 3
62 a0
107 0
0 40
0 4
0 1
5 15
0] 0
1 3
0 0
0 0
109 0
113 55
318 746
24 33
7 294
8 z20
11 34
74 0
3 0
41 45
99 54
1 ]
4 115
0 1

Table I1.A.2.-2.

lHurber of transect points where

vegetation species occurred.

chserved sediment type and hivalve and
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eelgrass beds. This wus especially evident
on the Bay Ocean sand spit and on the tide-
flats adjacent to the mouth of Kilchis
River.

Natarts Bay

Subtidal surveys of Netarts Bay were
completed in 1975; intertidal surveys werc
finished in 1977. The :surveys included 1336
observations along 79,120 m of transect
line. Many o the tideflats surveyed con-
sisted of a combination of sand and mud.
The down-bay channel arecas were primarily
rock, gravel and sand; the up-bay channels
were covered with sand and shell sediments
(Figure 11.A.2.-23}). Sand and sand mixed
with mud covered most ot the tideflats.

Gaper, but-er, cockle, native littleneck,
Manila littleneck, softshell, irus, Baltic,
bentnose, Bodega tellin, California soft-
shell, and piddock clams werc widely scat-
tered over much of the bay (Figures 11.A.2.-
24 to TT.A.2.-34). Mud and ghost shrimps
were also widely distributed over the tide-
flats (Figure Ll.A.2.-35).

Vegetation, predominantly eclgrass,
covered extensive areas of the channels and
tideflat (Figures TI.A.2.-306 to TI.A.2.-40).
Few clams werec observed in the vegetation
due to the denseness of the plunts and the
difficulty of locating clums in this type of
environment.

Jestucea Hav

Subtidal and intertidal surveys of Nes-
tucca Bay wer: completed in 1977. We made
330 ohservations along 44,022 m of transect
line. The tideflats consisted primarily of

sand and sand mixed with mud (Figure LL.A.2.-

41). Subtidally, massive houlders und rock
outcroppings were predominant it the mouth
of the bay, grading into a substrate of
gravel and sand up-bay. The western side of
the channel wis primarily compesed of soft
shifting sand.

Figures I1.A.2.-42 to TI.A.2.-43 indicate
the distribution of softshell, Baltic and
irus clams in the bay. The softshell clam
was the principal species observed. No
clams were obscrved in the subtidal survey
although there appeared te be suitable
habitat in the channel near the mouth of the
bay. Mud and ghost shrimps were also widely

scattered over the tideflats (Figure 11.A.2.-

443,
Eelgrass was the most common vegetation

obscrved and occurred over much of the
tideflat of the Little Nestucca lstuary
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fFigures TI.A.2.-45 to TI1.A.2.-47). [Patches
of celgrass and sea lettuce occurred in the
subtidal channels.

Salmor, Miver Estuary

Intertidal surveys of the Salmon River
estuary werc completed in 1976. One hundred
fifty-one observations were made along
10,187 m of transect. Most of the substrate
consisted of mud, sand, or mud mixed with
sand (Figure 11.A.2.-48). Rock and gravel
covered much of the northern tideflat near
the mouth of the bay.

Snmarse populations of softshell and
Bultic clams were ohserved throughout the
survey area (Figures II1.A.2.-49 and IT.A.2.-
50). Mud and ghost shrimps were widely
distributed over much eof the interidal areas
of the bay (Figure II1.A.Z.-51).

Sparsec vegetation was scattered through-
out most of the survey arca {Figures [1.A.2.-
52 and 11.A.2.-53). Eelgrass was especially
prevalent along the north shore of the bay.

Intertidal and subtidal surveys were
completed for the Siletz Estuary. A lotal
of 572 observations were made aleng 383,717 m
of transect. Tideflats of the upper bay
consisted mainly of soft mud and mud mixed
with sand. The lower bay tideflats consis-
ted primarily of sand {Figure TI.A.2.-54).
Rock, gravel and sand were prevalent in the
charmel. This materlazl appeared to be
suttable ¢lam hahitat but strong currents
mipht preclude clam larvae from settling on
or surviviag in this area.

The softshell clam was the maln species
cbserved (Figure 1T.A.2.-535)., Baltic clanms
also inhubited the intertidal tideflats
(Figure 11.A.2.-36). No clams were observed
ir. the subtidal survey. Ghost and mud
shrimps were extremely dense throughout much
ot the intertidal area (Figure I1.A.2.-57}.

The up-bay tideflats were uniformly
covered with eelgrass (Figure IT.A.2.-G8).
Groen and brown algae occurred in lesser
densities in the mid-and down-bay portions
of the estuary {Figures IT.A,2.-59 to II.A.2Z.
-6l).

Yewnina fay

Distribution surveys for Yaquina Bay were
completed in 1975, During these surveys we
macde 2,906 observations along 117,561 m of
transcct line.



Sand mix:d with gravel and shell was
predominant in the lower bay channel (Figure
11.A.2,-62), This material gradually changed
to a purc sand or sand mixed with mud up-
bay. The tideflats were of a sand, mud or
mud-sand composition.

Ten species of bivalves were identified
in the bay [Figures IT7.A,2.-53 to TI1.A.2.-
71} cockle, gaper and softshell clams heing
prevalent. The intertidal areas generally
contained clams in densities of less than
10.8/m?. Subtidally, clams were consider-
ably more dJdense with extensive areas con-
taining clans in excess of 51.0/m”. Several
ageas had concentrations of more than 108.9/
me.

Ghost arnd mud shrimps were observed an
all the tideflats surveyed from below the
101 highway bridge up-river to just below
the town of Toledo (Figure TT.A,2.-72).

Eelgrass was scattered over most of the
tideflats from the mouth of the bay up to
near Toledo {Figure 11.A.2.-73). Densities
were preatest on the down-bay tideflats.
nteromorphs sp. and birown algue including
Furus sp. were widely scattered over most of
the tideflats (Figures TILA.2.-74 to II.A.2.-
75).

Alzaa Bay

Intertidai and subtidal distribution
surveys were completed on Alseas Bay in 1975,
Surveys were made along 36,332 m of transcct
line and included 827 observitions. Much of
the substrate of the lower hay consisted of
unstable, shifting sand (Figure T1.A.2.-78).
Sand with scattered shell was common in the
mid-bay subtidal area while mud and sand
werc predominant in the up-bay intertidal
arca.

Figures T1.A.2.-77 to IT.A.2.-79 show the
distribution of gaper, cockle and littlencck
clams. The softshell and California soft-
shell clams were the principal species found
and are combined in Fipure I1I.A.2.-%0. In
the intertidal areas densities of small
clams {less than 25.4 mm long) were greater
than 108.0/m= in many of the samples, den-
sities were penerally less than 21.6/m? for
larger clams. Mud and ghost shrimps were
widely scuttered over most of the tideflats
(Figure 11.A.2.-81). Most sample stations
contained deisc shrimp populations.

Felgrass was the principal species of
vegetation odserved in the channels and
tideflats (Figure IT,A.2.-82). Green and
brown algue were widely scattered throughout
the bay (Fignres II.A.2.-83 and 11.A.2,.-84),

s lon Bay

Subtidul and intertidal surveys of Sius-
law Buy are incomplete. To date, we have
miade 461 obscrvations along 30,126 m of
transcct line,

Much of the substrate material of the
lower bay channel consisted of sand with
patches of rock, gravel and shell. The up-
Lay tideflats were primarily of combinations
i sand and mud (Figure II.A.2.-85).

Small povulations of gaper, native little-
neck and piddock clams inhabited the lower
bay chunnel; softshell, Baltic and irus
clams were recorded for the up-bay tideflats
JFigures IT.A.2.-86 to TT,A.2.-90). HMMud and
ghost shrimps were observed at most of the
intertidal sampling stations {Figure IT.A.Z.-
a1y,

Vegetation covercd much of the up-bay

tideflats (Figures IT1.A.2.-92 to T1.A.2.-
95}, lielprass was the orincipal specles
ohscrved.

reer Caoe Bay amd South Slough

To Jdate, only the subtidal clam heds of
South Slough have been completely surveyed.
intertidal and subtidal surveys on the
remainder of the bay are only partially
completed. Sand and a cembination of sand
mixed with shell comprised much of the
substrate material throughout the channel
areas (Figure TI1.A.2.-94). A rock shelf
covered much of the bottom across snd immed-
iately down-bay from the Charlesten boat
basin.

During the surveys we made 579 observa-
rions along 17,648 m of transect line.
Figures I1.A.2.-95 to 1T.A.2.-99 show the
subtidal distributions of gaper, butter,
cockle, littleneck and piddock clams. The
concentrations of cockle and gaper clams
throughout the Charleston ship channel were
of particular interest, since we had prev-
tously thought that c¢lams had been removed
by maintenance dredging. No mud or ghost
shrimps were observed in the surveyed sub-
tidal arcas.

Vegetation in the South Slough channel
consisted of eelgrass, and green, brown and
red algae (Figures 11.A.2.-100 to TT.A.2.-
l02). Sparsc vegetation was recorded in the
channel uacross and down-bay from Empire.
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Figure [I.A.2.-1.
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Figure I1.n.2.-2. Jistribution of gaper clams (irca: sapar) in Hehalenm Bay, Oragon,
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Figure I1.A.2.-3. Distribution of cockle clams (. ooowfum nuttallid) and butter clams

{Bawidomus »izansens) in lehalem Bay, Oregon. (See Fig. II.A.2.-1. for
areas not surveyed,}
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Figure 11.A.2.-4. Distribution of eselgrass (Zoszepa moawedng) in Nehalem Bay, Oregon.

{See Fig. IT.A.2.-1 for areas not surveyed.)
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Figure I1.£.2.-3. Uistribution of sea lettuce {iixr sp.) in Nehalem Bay, Oregon.
{See Fig. II.A.2.-1 for areas not surveyed.)
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Figure I1.A.2.-6. Distribution of unidentified brown algae in Hehalem Bay, Oregon.
(see Fig. II.A.2.-1 for areas not surveyed.)
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Figure I1.A.2,-7. Distribution of unidentified red algae in Mehalem Bay, Uregon.
{See Fig. II.A.2.-1 for areas not surveyed.)

3



f12=

CADE MEARES

Tillamook Bay

MUD

SAND

GRAVEL

NOT SURVEYED

o © 1000 000 8030 4o¢  gwog TEET

Figure IT1.A.2.-8. Distribution of substrate naterials in Ti]lamook gay, Oregon.
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Figure IT.A.2.-9.

Distribution of gaper clams (Ivwaswe sasaw) in Tillamook Bay, Oregon
(See Fig. I1.A.z.-8 for areas not surveyed,)
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Figure 11.A.2.-10. Distribution of butter ¢ ams {=uridomus digantene) in Tillamook Bay,
Oregon. (See Fig. I1.A.2.-8 for areas not surveyed.)
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Figure I1.A.2.-11.

Distribution of cockle clars (.. nceardiws nuttailsi) in Tillamook
Bay, Oregon. {See Fig. 11.4.7.-3 for areas not surveyed.)
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Figure [I.4.2.-12. Distritution of native littleneck clams (Verwrupien staminea) in
Tillamook Bay, Oregon. (Sec Fig. I1.A.2.-& for areas not surveyed.)
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Figure 11 A.2.-13. Jistribution of drus clams { “eore ‘rws) in Tillamook Bay, Oregon.
See Fig. II.A.2.-& for areas not surveyed.)
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Figure T1.A.2.-14. Distribution of softshell clams {"yer areropic) in Ti11amook Bay,
Oregon. (See Fig. 11.A.2.-3 for areas not surveyed.)
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Figure II.A.2.-15.
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Distribution of Baltic clams {“weoma balthica) in Tillamook 3ay,
Oregon. (See Fig. II.A.2.-8 for areas not surveyed.)
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Figure [1.A.2.-16. Distribution of bentnose clams (Yazoma nasuta) in Tillamook Bay,
Oregon. (See Fig. I1.A.2.-8 for areas not surveyed.)
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Distribution of California softshell clams (cryctomua zaliforalon)
feleyd) in Tillamook Bay, Oregon.
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Figure [1.A.2.-17.
and piddock clams (wirft :
(See Fig. I1.A.2.-8 for arcas nct surveyed.)
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Figure 11.A.2.-18. Jistribution of ghost and nud shrimps {Callianasea californiensis
and Uoopsbin pugatianais) in Tillamook Bay, Oregon. (See Fig.
[T.A.2.-8 for areas not surveyed.)
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Figure I1.A.2.-19.
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Distribution of eelgrass (Zogstery maring) in Tillamook Bay, Oregon
(See Fig. I1.A.2.-8 for areas not surveyed.)
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Figure 11.A.2.-21. Distribution of the green alga
Bay, Oregon. (See Fig. II.A.2.-8 for areas not surveyed.)
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Figure I1.A.2.-22. Distribution of the rockweed {mucus sp.) in Tillamecck Bay,

Cregon. (See Fig. I1.A.2.-8 for areas not surveyed.)
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Figure I1.A.2.-23. Distribution of substrate materials in Netarts Bay, Oregon.
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Figure TI.A.2.-24. Distribution of gaper clams {Tresus capax) in Netarts Bay,
Oregon. (See Fig.I1.A.2.-23 for areas not surveyed.)
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Distribution of butter clams (Saxidormus giganteus) in Netarts Bay

Figure II1.A.2.-25.
Oregen. (See Fig. I11.A.2.-23 for areas not surveyed.)
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Figurs I1.A.2.-26. Distribution of cockle clams (o/inoaardium nuttallit) in Netarts
Bay, Cregon. (See Fig. 11.A.2.-23 for areas not surveyed.)
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Figure I1.A.2.-27. Distribution ¢f Manila littleneck clams (Venerupis »iilippinariwn)
and native littleneck clams {¥. siaminea) in Hetarts Bay, Oregon,
(See Fig. 11.A.2.-23 for areas not surveyed.)
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Figure [I1.A.2.-28.

Distribution of irus clams {(#ucoma Zrus) in Hetarts Bay, Oregon.
(See Fig. [1.A.2.-23 for creas not surveyed.)
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Distribution of softshell clams (iya arenaria) in Netarts Bay

Figure 11.A.2.-29.
Oregon. (See Fig. I1.A.2.-23 for areas not surveyed.)
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Distribution of Baltic clams (#acoma balthica) in Netarts Bay,

Figure I1.A.2.-30.
Oregon. {See Fig. I[.A.2.-23 for areas not surveyed.)
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Figure I1.A.2.-31. Distribution of bentnose clams (iucome naszuta) in Neatarts Bay,
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Oregon. (See Fig. I1.A.2.-23 for areas not surveyed.)
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Figure I1.A.2.-32. Distribution of Bodega tellin clams (Tellina bodegeneis) in Netarts
Bay, COregon. (See Fig. II.A.2.-23 for areas not surveyed. )
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Figure I1.A.2.-33.
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Distribution of California softshell clams {Crypeomya californica)
in Netarts Bay, Oregon. (3ee Fig. I1.A.2.-23 for areas not surveyed.)
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Figure I7.A.2.-34,

Distribution of piddock clams (Z<rfaea pilsbryi) in Netarts Bay,
Oregon. (See Fig. 11.A.2.-23 for areas not surveyed.)
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Distribution of ghost and wud shrimps {Caliianaeca cuiiformicnsic
and Upogelin pugettensis) in Netarts Bay, Oregon. {See Fig.

I1.A.2.-23 for areas not surveyed.)

Figure I1.A.2.-35.
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Figure I1.A.2.-36.

Distribution of eelgrass (:osieia rarina) in Netarts Bay, Oregon.
(See Fig. IT.A.2.-23 for areas not surveyed,
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Figure 11.A,2,-37. Distribution of sea Tettucs (Uiru $p.) and other green algae 7n
Netarts Bay, Oregon. {See Fig. II1.A.2.-23 for areas not surveyed.)
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Figure [I.A.2.-38.

Oregon. {See Fig. II.A.2,-23
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Distribution of unidentified brown algae in Netarts Bay, Oregon.
{See Fig. I1.AR.2.-23 for areas not surveyed.)

Figure I1.A.2.-39.
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Distribution of unidentified red algae in Netarts Bay, Oregen.

Figure I1.A.2.-40.
{See Fig. I1.A.2.-23 for areas not surveyed.)
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Figure 11.A.2.-41.
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Distribution of substrate materials in Nestucca Bay, Oregon.
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Figure I1.A.2.-42. Distribution of softshell cams (*s: arenaria) in Nestucca Bay,
Gregon. (See Fig. I1.A.2.-41 for areas not surveyed. )
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Figure 11.A.2.-43. Distribution of Baltic clams (Musoma balthicq) and irus clams
(M. irus) in Nestucca Bay, Oregon. (See Fig. II.A.2.-41 for
74 areas not surveyed.)
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Figure II.A.2.-44, Distribution of ghost and mud shrimps {Callianassa ecli formiensis
and Ipogebia pugettensis) in Nestucca Bay, Oregon. (See Fig.
IT.A.2.-41 for areas not surveyed.)
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Figure 11.A.2.-45,

Distribution of eelgrass (“:stera marina) in Nestucca Bay, Oregon.
{See Fig. II.A.2.-41 for areas not surveyed.)
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Figure 11.A.2.-46. Distribution of sea lettuce {%iva sp.) and Entermorpha in Nestucca
Bay, Oregon. (See Fig. [1.A.2.-41 for areas not surveyed.)
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gure IT.A.2.-47. Distribution of rockweed (*ucis sp.} in Nestucca Bay, Oregon.
(See Fig. II.A.2.-41 for areas not surveyed.)
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Figure [1.A.2.-54,

Distribution of substrate materials in Siletz Bay, Oregon,
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Distribution of softshell clams (#ya arenaria) in Siletz Bay,

Oregon. (See Fig. II.A.?.-54 for areas not surveyed.)




FACIFIC OCEAN

Figure I[.A.2.-56.

Distribution of Baltic clams {Mecoma balthicq)

in Siletz Bay,

Oregon. {See Fig. II.A.2.-5%4 for areas not surveyed.)
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Figure 11.A.2.-57. Distribution of ghost and wud shrimps (Caliianassa califormiensis
and Upogebia pugettenais) in Siletz Bay, Oregon. {See Fig.
88 I1.A.2.-54 for areas not surveyed.)
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Figure II,A,2.-58,

Distributicn of eelgrass (Zoiters maring) in Siletz Bay, Oregon.
(See Fig. I1.A.2.-54 for areas not surveyed.)
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Figure T1.A.2.-59. Distribution of sea lettuce (¥7uz sp.) in Siletz Bay, Oregon.
{See Fig, II.A.2.-54 for areas not surveyed.)
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Figure .1.A.2.-60, Distribution of the green alga tnteromorphia Sp. ih Siletz Bay,
Oregon. {See Fig. I1.A.2.-54 for areas not surveyed. )
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Figure I1.A.2.-61. Distributien of rockweed {;ucus sp.) in Siletz Bay, Oregon,
(See Fig. I1.A.2.-54 for areas not surveyed.)
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Figure [I.A.2.-76.

Distribution of substrate materials in Alsea Bay, Oregon.
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Figure 11.A.2.-77. Distribution of gaper clams (¥1:sus ecapar) in Alsea Bay, Oregon.
(See Fig. I1.A.2.-76 for areas not surveyed.)
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Figure [I.A.2.-78,

Distribution of cockle clams (Clinocardium muttalliz) in Alsea
Bay, Oregon. (See Fig. II.A.2,-76 for areas not surveyed.)
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Figure 11.A.2.-79. Distribution of native littleneck clams (Venerupie staminea) in
Alsea Bay, Oregon. (See Fig. II.A.2.-76 for areas not surveyed,)
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Figurz I1.A.2.-80. Distribution of softshell clams (iya arenaria) and California
softshells (Cryptomya esiiformica) in Alsea Bay, Oregon. (See Fig.
11.A.2.~-76 for areas not surveyed,)
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Figure I1.A.2.-81.
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Distribution of ghost and mud sirimps {Callilanassa ealifornicnsis
and Jrogebia pugettemsis) in Alsea Bay, Oregon. (See Fig.
IT.A.2.-76 for areas not surveyed.)
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Figure 11.A.2.-82.

Distripution of eelgrass (Toviera mering) in Alsea Bay, Cregon,
(See Fig. I1.A.2.-76 for areas not surveyed.)
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Figure 11.A.2.-83. Distribution of sea lettuce (iiyu sp.} in Alsea Bay, Oreqgon.
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(See Fig. I1.A.2.-76 for areas not surveyed,)
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Figure 11.A.2.-84.

Cistribution of unidentif-ed brown algae in Alsea Bay, Oregon,

(See Fig. 11.A.2.-76 for ar

eas not surveyed.)
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Figure 11.A.2.-85.

Distribution of substrate materials in the Siuslaw River, Oregen
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Figure [1.A.2,-86. Distribution of gaper clams (Tresus capaxr) in the Siuslaw River,
Oregon. (See Fig. II.A.2.-85 for areas not surveyed.)
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Distribution of native littleneck c¢lams (Voweripis sumdnec) in
the Siuslaw River, Oregon. {Sez Fig. IT1.A.2.-85 for areas not

Figure 11.A.2.-87.
surveyed. }
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Figure I1.0A.2.-GE.

Distribution of softsuall clams (Tle wrenged
River, Oregon. (See Fig. 1.A.2.-85 for areas not surveyed.)
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Distribution of Baltic and irus clams {Macoma bathica and if. {rus)
in the Siuslaw River, Oregon. (See Fig. I1.A.2.-85 for areas not

Figure II.A.2.-894.
surveyed, )
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Figure I1.A.2.-90.
River, Oregon.

Distribution of piddock clams (Zirfaca pilsbryi} in the Siuslaw

(See Fig., I1.A.2.-85 for areas not surveyed.)
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Figure I1.A.2.-91.

Distribution of ghost and mud shrimps (Callianassa californiensis
and Upogelia pugettemsis) in the Siuslaw River, Oregon. (See Fiqg.

[1.£.2.-85 for areas not surveyed.)
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Figure [1.A.2.-92.

Distribution of eelgrass (icuaier
Oregon. (See Fig. I1.A.2.-85 for areas not surveyed.)
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Figure II.A.2.-93.
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Figure I1.A.2.-94.

Distribution of substrate materials in Tower Coos Bay and South
STough, Qregon.
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Figure 1I1.A.2.-95.

126

Distribution of gaper clams (Frozue eapax) in lTower Coos Bay and
South Slough, Oregon. (See Fig. II.A.2.-94 for areas not surveyed.)
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Figure 11.A.2.-96.

Distribution of butter claws (Suridomus gigateus) in lower Coos
Bay and Scguth 3Slough, Oregon. {See Fig. I1.A.2.-94 for areas

not surveyed.)
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Figure T1.A.2.-97. Distribution of cockle clams {Ciinocardiwn nuttallii) in lower
Coos Bay and South Slough, Oregon. (See Fig. II.A.2.-94 for
128 areas not surveyed,)
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Figure 11.A.2.-98. Distribution of native liztieneck clams (Venerupie siaminea) in
lower Coos Bay and South Slough, Oregon. {See Fig. 11.A.2.-94 for
areas not surveyed.) 129



EMPIRE

EA0

-
(8

Ty AFE

e
\

P
o
X
N
-7

o 56
’ Ill >E/f12
| —— — |
o iS00 SO0 *500 BOOO o0 FEET

Figure 1I.A.2.-99, Distribution of piddock clams (Zixfaea pilsbryi} in Tower Coos Bay
and South Slough, Oregon . (See Fig. II1.A.2.-94 for areas
130 not surveyed.)
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Figure "1.£.2.-100,

Distribution of eelgrass {sostery marina) in lower Coos Bay and
South Slough, Oregon. (See Fig. 11.A.2.-94 for areas not surveyed, )
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Figure 11.£.2.-101. Distribution of unidentified green and red algae in Tower Coos Bay
and South Slough, Oregon. {See Fig. I1.A.2.-94 for areas
132 not surveyed,)
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Figure 11.A.2.-102. Distribution of unidentified brown algae in lower Cocs Bay and

South Slough, Cregon. (See Fig. 11.A.2.-94 for areas not
surveyed. )



IT.A. 3. DISCUSSTON

Our surveys revealed scveral interesting
facts about the distribution and abundance
of clams, shrimps and vegetation in Oregon's
estuaries. ‘lhe subtidal surveys produced
new infermation on the location of clam beds
having commerleal harvest potential in
Tillamook, Yaquina and Coos bays. Stocks of
clams in the other surveyved estuaries were
either too scattcred or sparscly populated
to support a commnercial fishery.

Nestucca and Siletz estuaries contained
no subtidal clams although suitable c¢lam
habitat appeared to occur in cach bay.
Strong water currents, Jack of adequate
spawning stock or other unmeasured cnviron-
mental paramcters have apparently precluded
successful spawning or survival of set in
these bays.

Evidence that vegetation, especially
eelgrass, i3 important to the occurrence of
clams was ohscrved in several estuaries.
Gaper clams were frequently encountered
among the eclgrass beds whereas adjacent
non-vegetated arcas contained few or no
gapers.

Ghost and mud shrimps had a negative
relationshin with the zbundance of bay
clams. FYew ¢lams werc observed among dense
concentrations of shrimps. Unstuble sub-
strate conditions causced by the burrowing
shrimps may preciude establishment of clums
in these areas.

Il. B. Gaper clam aging studies

THOMAS F. GAUMER
GREGORY P. ROBART

IT.B.1. 1INTRODUCTION

One of the hasic requircments for manag-
inpg ¢lam resources is an understanding of
the age structurc for cach species. Aging
techniques used In this study denended on
the fact that growth of the gaper clam is
usually greatly reduced during winter months
when an annular ring is formed (Orton, 1923,
Stevenson and Dickie, 1954; Wilbur and Owen,
19647,

II.B.2. METHODS

Caper clams were collected subtidally
adjacent to Pigeon Polnt in Coos Bay during
Cctober 1976. A total of 135 clams were
used to test five methods of determining the
ages of gaper clams. The right and left

134

valves of each clam were also measured
separately to determine differences in size
and age. After aging, analysis of variance
tests were performed to determine signifi-
cant di fferences, if any, between aging
techniques. The five methods used to zage
the gaper clams were as follows:

Aging Yschnique 1: Shell Annuili

The annular rings on the exterior surface
of the valves were identified and counted
(Figure II.B.2.-1}.

Aging Usohnique 20 Cartiloge Anauli

The two valves were separated and the
cartilage removed from the chondrophore, or
ligament pit. Caution was required when
removing the cartilage because the tip of
the oldest portion often breaks off during
removal. Annular rings werc counted on the
cartilape where: (1) the cartilage attaches
to the chondrophore; or (2} the left and
right sections of the cartilage separate.
For the smaller clams, it was nccessary to
use a 10x magnifying glass to accurately
count the annuli.

Arving Trehwique 3: Chondrophore Awnili

The vialves were separated and the car-
tilage removed from the chondrophore. The
annular rings in the chendrophore, appearing
as light purplish bands between the cream
colored hackground of the chondrophore, were
counted.

&

Fig. I1.B.2.-1. Exterior annual rings on
the shell of the gaper clam
(Tresus capax).



Source 5SS
Betwe2n clam ages 13465.35
Betwean aging techniques 5.20
Resid.aal 116.10

134 100.49 504.5 1.00
8 0.65 5.85 1.94
1072 0.

0 - [Pr (F > 5.85)/H_ true] < .05

NI F F.05

Table 11.B.3.-1. Two-way analysis of variance of clam aging technigues.

Aging Technigue 4:  Cnondrophore Annuli with
igh Iwtonsitu Light

The chondrophore was removed intact from
the sepurated valve, Once removed, a high
intensity light was held or mounted behind
the chondrophore exposing the annular rings
as bright white lines against a durker
background.

Aging Tecant.pee Lo (hondrephore Crosa-
Seaticn

tach valve was cross-sectioned trom the
umbo to the outer margin of the shell with
either a hacksaw or a pair of wire cutters.
Following rcmoval of the cartilage, the
annular rings of cither the chondrophore or
the valve were then connted.

IL.B.3, REEULTS

The resualts of the Tive aging techniques
were not identical.  the null hypothesis
that the five technigues would yield identi-
cal results was rejected at the 5% signifi-
caiice level 7Table I11.B.3.-1%.

Aging technique No. 1, counting the
annular rings on the exterior of the valve,
accounted for the greatest variance in
identifying growth checks with 29% disagree-
ment hetweer readings: the cartilage annuli
method had 6% disagreement; chondrophore
method, 18%; cross-section technique, 16%;
while method No. 4 accounted for the least
disagreement. 11%. Conparison of our aging
techniques ggainst known aged clams was not
made .

Analysis of differences in apparent age
between the left and right valves showed the
greatest variance (34%% with the chondro-
rhore cross-scction techingue. Counting the
exterior annular rings had almost the samc
amount of variance, 33%, as the cross-
sectioning technique. The aging technique
utilizing the chondrophre and the high

intensity light varied 8% hetween rvight and
left valves. There was only 2% variance
hetween the left and right chondrovhore
uging technique without the high intensity
hack-up light.

T1.B.1. DISCUSSION

Lach technique had certain advantages and
disadvantages:

Auing Techmique 1: Sheli fanuli

Thne annular rings on the exterior of the
vilves were more pronounced dlong the pos-
rerior cdge and easicr to identify. The
annular rings in the middle portion of the
vialve showed better on the more recently
formed part of the valve. Tt was often
wcessary to scrape off the periostracum to
locate the annular ring. Two distincet
advantages of this method over the others
were: (1) examination for age was rapid;
and [2) the clams did not have to bLe sacri-
Ticed to determine age. This method is
romplicated by the occasional presence of
filse checks resembling annular rings but
coused by circumstances other than the
reduced growth in winter. Such complica-
tions are reflected in the high variance
{33%). Further complications are raused by
the ubrasion of the older part of the shell
including the first few annular rings. Tt
was often necessary to compare known zcro-
age shells to the shell in question to help
determine where the first annulus occurred,
Reduced growth in older clams made it diffi-
cult to identify the Iater annuli because
they are spaced too closely for rcliable
Jetermination of age,

Aging lechnique s: Cavedlage Amaul:

Removal of intact cartilage was difficult
especiully in the larger clams. Determina-
tion of the first annulus was also d4ifficult
@5 the older portion of the cartilage was
always compressed and folded over. Only on
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a fow occaslon: was it possible to court the
annular rings on the cartilage at the separ-
ation hetween the lott and right secticns,
Generally, the cartilage was cracked ard had
an irregular surface which damaged the
annular rings.

Aging TectniZ g 3 (Vondrophors damedd

Locating the first annular ring of the
chondrophore wos difficult especially in
older clams, because the first ring was
often over grown by later portions of the
shell. The disturbance checks on the chond-
rophore were generally much easicr to rocug-
nize than the disturbance checks on the
exterior of the valves. Disturbance checks
in the chondrophore appeared us a [ine
indistiner hand whereuas an annulus was
considerably more prominent,  This technigue
was much more accurate using dry samplcs
rather thun fresh, wet samples.

nadvorhore Avvuale D ER

This method was mest accurate of the five
methods anclyzed.  There was very little
doubt us to whether s ring was an annualar
Ting or a disturbancc check. CUonsequently,
we used this method to age all garer cliams
during the study. Tre main disadvantape was
the animals had to be killed.

: .- B
SR VI ORI

The greatest problem with this method was
obtalning a uniform, smooth break along the
valve at tho umbo. Y the separation Jdic
not hegin cxictly at the umbo, the first
annular ving was mis=cd and the age wnderes.
timated by one year. Therefore, it was
casicr to count the znnuli in the chondro-
phore than those in the valyve itself.  7The
annular rings in the cross-section of =he
valve Were very indiztinct and noet nearly so
identifiabie as those in the chondrophore.
Cross-scotioning did not work well for
smaller or younger clams which have lc
distinct annular rings than older clams.

II. C. Surveys of clam beds with
commercial potential
THOMAS . GAUMER
GREGORY P. ROBART

II.C.1. INTRODUCTTCR
During the clam distribution =.rveys,

subtidal cliam beds containing prospective
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commercial quantities of clams were located
in Tillamook, Yaquina and Coos bays. To
assess the magnitude and extent of these
subtidal stocks of clams, a sampling program
was developed. A suction pump patterned
after one developed by the Washington De-
Dartment of Fisheries [Coodwin, 1973) was
zmpleoyed to evaluate similar clam stocks.
Those arcas having clams in Jensities great-
or than 21.6 m’ were catcgorized as having
commervial cTam harvesting potential.

[1.C. 2. METHODS

Three arcas in Tillamook Bay, four areas
in Yaquina Bay and a single arca in Coos Bay
(Figures 11.C.2.-1, I1.C.2.-2 and [I.C.2.-3)
woere sclected for study.  Sampling schemes
were senerially similar for cach area {Gaumer
and Bakas, 19%5; Gaumer and Halstead, L1976).
v\ samping grid was designed for cach area
with sumpling intensity proportional to the
Tamber ot ¢lams observed in the area during
the distribution study. Samples were col-
lected by SCURA divers using a suction pumn
aowered by o 9 h.n., gasoline engine capable
of discharging water at 73,826 kgs!m?. The
oitlet hose, when conmected to a 15.2 cm
diameter suction tube, created a venturi
water Lift,

Eqich sumple stution wus excavated to a
Jepth of approximately 3005 to 5.7 oms or
antil the dredge operator was confident all
Jlams had been removed.  Sanple station area
wis o 0.2/m of surface. The dredge was
Fitte! with o collection basket covered with
1.5 on mesh vinvl covered hardwarce cloth.
The retained drodge material was sorted in
the bowt. In the laboratory, length mea-
surcnents {(to the nearcst lower mm!: were
recoried from all clams except the cockle
where height [rib length’ was used. Live
set weight (to the nearest gram) was record-
cd, Il butter, cockle, gaper and little-
nieck clams were aged when possible.  Aging
techniques included ¢ounting exterior growth
vings on the butter, cockle and littleneck
¢lams, and annuli in the chondrophore of the
paper viams.  Bilomass estimates were calou-
{ated lor each area by determining the mean
wolpht of the clams by ape and expanding by
the population estimates for each age.

Syb=trate materlals werg assessod and
recordad at cach sample stution by the pump
aperator,  Scediment categories were bedrock,
rock ., wravel, sand, mud, shell or debris.

The ¢lam bed in Tillamook Bay was divided
inte tharee units with Arca 1-A (off Hobson-
ville Joint) surveyed in 1974, Area 1-B (off
Larson Cove) in 1975 and 1-C (off Garihaldi)
in 1976 (Figure [1.C.2.-1). Area 1 of



Yaquina Bay wus surveyed in 1974 und Areas
1, 2 and 3 in 1975 (Figure II1.C.2.-2). A
portion of Area 2 in Yaquina Bay was resur-
veyed in 1976 and 1977 to obtain information
on recruitment and natural mortality. The
Pigcon Poin: area of (oos Bay was surveyed
in 1975 (Fipure I1.C.2.-3).

IT.C.5. RESULTS AND DISCUSSION

A total of 159.8 ha of clam beds having
commercial ¢lam potential were surveyed
during the study. We estimated that 214.7
million clans inhabited the eight areas
{Table I1.C.3.-1). Gaper and irus clams
(Macoma irug) were the principal species,
comprising 83.3% of the tetal cstimated
clams. Total clam densities ranged from
627.4 clams/m? in Area 2 of Yaquina Bay to
16.5 clams/m? in Area 4 of Yaquina Bay
(Table TI1.C.3.-2). Maximum densitics en-
countered in Tillamook and Coos bays exceed-
ed 135 clams/m?. Bionass estimates showed
that approximately 9,335.8 mt of gaper,
cockle, littleneck and butter c¢lams occurred
in Tillamook, Yaquina and Coos bays (Table
I1.C.3.-3). Of this total, approximately
7,367.3 t were of a commercially desirable
size. The confidence limits at the 95%
confidence level were -13.3% for the biomass
of these ¢lams., h

Tl lamock Bag

Our surveys showed that the subtidal clam
resources ir Tillamook Bay have a definite
potential fcr the development of 2 commerci-
al clam fistery. DPopulation cstimates
revealed that approximately 39.6 million
clams inhabited the 46.1 ha area between
Garibaldi ard Larson Cove (Table 11.C.3.-17.
Gaper, cockle, littlencck, butter and irus
clams were the main species recorded, pro-
viding 7.2, 3.3 and 10.6 million clams,

respectively, of the total. Figures IT.C.3.-

1 to I1.C.3.-5 show the distribution and
abundancce of the commercially important
species in Tillzmook Bay. Figure I1.C.3.-6
shows the incidental clam species.

Hean density of clums in Tillamook Bay
ranged from 135.7 clams/m? in Area 1-C to
57.4 clams/n“ in Area .-A (Table 11.C.3.-2).
All commercially important clams (gaper,
cockle, littlencek, butter, irus and soft-
shell) occurred in excess of 4.8 clams/m?
and averaged 15.1/m2.

Biomass cstimates showed that 2,596.9 t
of gaper, cockle, littleneck and butter
clams occurrced in the survey area (Table
I1.C.3.-3). Of this total, approximately
2,411.5 t (92.9%) werc of a commercially
desirablc size. (Minimum desirable commer-

cial sizes were arbitrarily established for
the gaper, cockle, littlencck and hutter
slams at 100 mm, 50 mm, 40 mm and 65 mm,
respectively.) Of the 2,596.9 t, 1,109.5 t
{12.7%) were gaper clams and 796.6 t (30.7%)
were cockle clams.  The confidence limits at
the 95%% confidence level ranged from +17.2%
for vockles to +29.2% for butter clams
{Table [1.C.3.-3).

Year-class composition data indicated
that gaper clams adjacent to Hobsonville
Hoint (Area 1-A) were primarily of the 1967
voar-¢lass (Figure [1.C.3.-7), whereas
gapers upstream and adjacent to Larson Cove
{Area 1-B} were mainly of the 1970 and 1971
vear-classes (Figure I1.C.3.-8). Cur sur-
veys off Garibaldi (Area 1-C) showed an
exceptionally strong recruitment from the
1975 year-class (Figure II1.0C.3.-9). The
1966 year-class was also prominent in the
vhannel adjacent to Garibaldi. No 1969 or
1971 year-class gaper clams were ohserved
off Garibaldi indicating sporadic survival
ct gaper set. Total ycar-class failures
have been also observed for FProtothaca
e ramiveq (Paul and Feder, 1973; Paul et al.,
1976}, and Soxidomus giganteus (Quayle and
Rourne, 1972).

Cockle and littleneck clams exhibited
atrong recruitment from the 1969 through
1973 year-classes in Areas [-A and [-B
{Figures I1.C.3.-7 and TT.C. 3.-8); the 1974
vear-class was prominent in Area 1-C (Figure
TH.Cox-9).

The 1966 year-class was the principal age
group of butter clams in Area 1-C (Figure
11.C. 5. -9), Indistinct annular growth rings
vrecluded aging butter clams in Areas 1-A
and 1-B.

Hean lengths for cockle, gaper, little-
neck and butter clams collected in Area 1-A
were 56.3, 96.6, 36.5 and 73.7 mm, respec-
tively (Figure II.C.3.-10). Mean lengths
for these same species from Arca 1-B were
59.1, 98,5, 38.4 and 90.1 mm, respectively
{Figure T1.C.3.-11), and 59.2, 65.0, 36.5
and 6®.8 wm, respectively, from Arca 1-C
‘Figure I1.C.3.-12).

Zagquised Bay

An estimated 148.7 million clams inhab-
ited the 90.4 ha surveyed in Yaquina Bay.
Of this total, 25.0 million, 93.2 million,
23.1 million and 7.3 million clams occurred
in areas 1, 2, 3 and 4, respectively (Table
IT.C.3.-1}, Gaper and irus clams were the
main species observed and contributed 139.4
nillion clams (93.7%) to the total. Figures
11.C.3.-13 to T1.£.3.-17 show the relative
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distribution and abundance of the commerci-
ally important species of clams in the four
survey areas. Figure [1.C.3.-18 shows the
same information for the incidental elams in
the bay.

Mean clam densities ranged from 16,5
clams/m? in Area 4 to 627.4 clams/m? in Area
2 (Table IL.C.3.-2). The exceptionally high
values of clam densities in Yaguina Bay are
partially the result of extremely strong
recruitment from the 1975 year-class of
gaper clams. Several of our samples had
more than 2,133/m? gaper set.

Biomass estimates revealed that approxi-
mately 5,889 t of gaper, cockle, littleneck
and butter clams occupied the survey area
(Table IL.C.3.-3). Of this total, approxi-
mately 4,188.2 t (71.1%) were of a commerci-
ally desirable size; 5,660.5 t (96.1%) were
gaper clams. Due to the small number of
cockle, littleneck and butter clams encount-
ered in Areas 1, 2 and 3, we combined their
totals for biomass estimation. The confi-
dence limits at the 95% confidence level
ranged from +24.4% for gapers to +41.7% for
cockle clams {Table II.C.3.-3}.

Year-class composition data for gaper
clams for Areas 1, 2, 3 and 4 are shown in
Figure TI.(C.3.-19. Strong recruitment for
the 1975 yvear-class 1s indicated for Areas
1, 2 and 3. Area 4 was surveyed in 1974
prior to the spawning and setting of the
1975 year-class. Mean age of gaper clams
increased up-bay, ranging from 0.9 years in
Area 1 to 7.2 years 1in Area 4.

Due te the scarcity of butter, cockle and
littleneck clams sampled in Areas 1, 2 and
3, we combined these clams, by species, to
show their age composition (Figure I1I1.C.3.-
20). Figure [1.0.3.-20 also shows the year-
class compositon of gaper clams. Recruit-
ment from the 1975 year-class was especially
strong for gaper and cockle clams; the 1974
year-class was nredominant for butter and
littleneck clams. Figure II.C.3.-21 shows
the year-class composition for cockle, gaper
and littleneck clams in Area 4. We were
unzble to age butter clams from Area 4 due
to indistinct shell annulation. Year-class
composition of each species from Area 4 was
considerably different than that for the
down-bay clams, older <¢lams being predomin-
ant up-bay.

Length-frequency data showed that gaper
clams in Areas 1, 2, 3 and 4 had a mean size
of 41.1, 36.9, 47.6 and 109.7 mm, respec-
tively (Figure I{.C.3.-22). The high value
for Area 4 reflects the lack of set in that
area,
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Length-frequencies for cockle, gaper,
littlencck and butter clams from areas 1, 2
and 3 wcre combined and are shown in Figure
I1.C.3.-23. Mcan sizes for these four
species were 19.6, 39.2, 24.7 and 29.5 mm,
respectively; thesc same species averaged
50.7, 109.2, 53.8 and 86.8 mm in size,
respectively, In Area 4 (Figure I1.{.3.-24).

Year-class compesition of gaper clams in
Arca 2 during 1975, 1976 and 1977 is shown
in Figure TI.C.3.-25. Gaper clams of the
1975 year-class werc prominent each year and
survival continued high through 1977. In
1876, the oldest gaper clams collected were
of the 1963 year-class. The oldest gapers
sampled in 1975 and 1977 were of the 1966
year-class,

Figure 11.C.3.-26 shows the size compos-
ition of gaper clams in Area 2 for 1975,
1976 and 1577. Size composition was slight-
ly bimodal, reflecting the abundance of 1875
year-class clams and clams of older age
groups.

Natural mortality was estimated using a
technique utilized by Gruffydd (1974). A
catch curve of ages was plotted against the
natural logarithm of mean abundance of age-
classes from samples taken in Yaquina Bay
each year from 1975-1978. Sing¢e abundance
of age-class varies from year to year in a
given lucation, the effect of uneven re-
cruitment can be largely avoided by plotting
the natural log of abundance of age-class
against age.

An age-specific population depletion rate
was difficult to ascertain from the age
composition within individual sample years.
When the mean of all yearly samples was
utilized, however, an estimate of natural
mortality was calculated.

The regression line in Figure II1.C.3.-27
was fitted mathematically and assumes that
gaper clams are fully recruited into the
cutchable populatien at age 0 and that the
age-specific natural mortality rate is
constant on sampled years. The total mor-
tality coefficient was calculated from the
cxpression:

N+ 1
-Z = loge S where N = number
t of clams for
each age-class,
and

t = time in
years

Mo clams were found in the samples greater
than 13 years old. A mcan annual mortality



rate of 0,458, corresponding to the slope of
the regression line, was calculated for
gaper clams in Area 2 of Yaquina Bay by this
procedure.

Covs Bay

A 19.4 ha section of Coes Bay, proposed
by the U.5. Army Corps of Engineers as a
dumning site for dredge spoils, was surveycd
between Pigeon Point and Empire. We esti-
mated that 26.4 million clams inhabited the
area. Of this total, 16.0 million (60.0%)
were itus clams and 5.6 million (21.4%) were
gaper clams (Table II.C.3.-1). Figures
IT.C.3.-28 1o TI1.C.3.-32 show the relative
distribution and abundance of the commerci-
ally important speciecs of clams in the area.
Figure TI1.C.3.-33 shows the distribution and
abundance of the incidental clams in the
survey area.

Total clam densitics averaged 136.0/m? in
the surveyed area {Table 11.(.3.-2). Irus
and gaper clams average 82.5/m? and 29.1/m?,
respectively.

We cstimuted that over 849.9 t of gaper,
cockle, littleneck and butter clams populat-
ed the surveved area. Of this total,
approximately 767.6 t {90.3%) werec of a
commercially desirable size (Table 1I,C.3.-
3). The confidence limits at the 95% confi-
dence level ranged from +44.8% for gapers to
+89.0% for cockle clams.

Year-class compositions of cockle, gaper,
littleneck &nd butter clams are shown in
Figure T1.C.35.-34. As in Yaquina Bay, gaper
clam recruitment was especially strong for
the 1975 vear-class, indicating excellent
coastwide rccruitment in 1975, Unlike
Yaquina Bay, littleneck and butter clams
were primarily of the older age grouns.

Mean lengths of cockle, gaper, littleneck
and butter clams were 33.4, 65.7, 6.3 and
9.6 mm, respectively {Figure I1.C.3-35).
Mean sizes were nearly twice as large for
each species as those found for Yaquina Bay
clams,
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GARIBALDI]

Tillamook ’Bay

!

o 1800 2000 B000

+200 FEET

Figure I1.C.2.-1. Location of Areas 1A. 1B. and 1C surveved for commercial
potential in Tillamook Bay, Oregon.
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Fiqure [1.C.2.-3.

Location of a study area surveved for commercial potential in
lower Coos Bay, Oregon.
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Yaguina and Ccos bays, 1974-197¢6.
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95 Confidence
Area Biomass Estimazes Founds of Clams Interval for Biomass
Clan Type No, Poinds Metric Tans  of Commercial Size (+)
Tillamook Bay
Gaper 1-8 826,300 3743 785,700 3.2%
Gaper 1-B 331,500 173.1 347,900 3.9
Gaper 1-C 1,238,900 561 1,122,900 347
Total 2,447,100 1,106 4 7,256,500 20.8
Cockle 1-A 527,500 239 4 507,200 22,8
Cockle 1-B 337,500 162 7 349,500 3.4
CoclTe 1-C 571,100 395 789,000 29.2
Total 1,736,100 796 / 1,645,800 1/7.2
Littleneck 1-A 133,000 K4 3 119,600 35.3
Littleneck 1-B 68,100 309 59,500 4v.9
littleneck 1-C 137,300 62 3 126,900 69.3
Total 348,400 158. 1) 306,400 26.5
Butter 1-A 619,500 281.0 584,600 a1.6
Butter 1-B 343,800 155.9 324,500 47 .4
Butter 1-C 211,500 g5 4 199,600 72.8
Total 1,174,800 532.4 1,108,700 29.?
Grand Total
(Tillzamook Bay) 5,726,400 2,596.9 5,317,400 +L 5%
Yaquina Bay
Gapar 1 2,359,600 1,070, 545,700 66.1
Gapeor 2 6,058,300 2,747 .5 4,270,800 481
Gapsr 3 2,058,500 1,353.5 2,921,400 40,7
Gapar 4 1,078,800 489 . 1,049,800 27.0
Total 12,481,200 5,660, 5 8,787,700 2.4
Cockle 1,2,3 22,100 10.9 20,100 89.0
Cockle 4 78,200 364 76,000 4e.8
Total 100,300 ah, - 96,100 a41.7
Littleneck 1,2,3 20,200 9.7 17,500 63.8
Littleneck 4 74,600 33.4 70,500 36,2
Total 94,800 43 7 85,000 32.3
Butter 1,2,3 62,100 28.3 41,500 75.8
Butter 4 246,300 111.7 221,700 40.7
Total 308,400 140,71 263,200 6.0
Grand Total
(Yaquina Bay) 12,984,700 5,888.7 9,235,000 +24.1
Coos 3Jay
Gap=r Pigeon Pt. 1,530,800 694 .2 1,355,700 44.8
Cockle " 23,000 10.5 19,300 ga.0
Littleneck " 71,600 32.6 69,800 467
Butter " 248,200 112.6 247,700 BG. 2
Total 1,873,600 849.9 1,692,500 34.7
Grand Total
{Coos Bay) 1,873,600 849.9 1,692,500 +32.7

cuiary of biomass escimates of commercially imperatant clams in Tillamook,
Yaquina and Coos bLays.

Table I1.0.3.-3,
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955 Confidence
Area Bionmass Estimates Pounds of Clams Interval for Biomass
Clam Type No. Pounds Metric Tons of Commercial Size (+:2)

Grand Total {A11 Bays Combinad)

Gaper 16,459,100 7,464.2 12,399,900 18.6
Cockle 1,879,400 852.5 1,761,200 19.0
Littleneck 514,800 233.7 464,200 20.8
Butter 1,731,400 785.4 1,619,600 22.6
Tota” 20,584,700 9,335.8 16,244,900 +13.3%

Tabic I1.€.3.-3. continued.
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GARIBALDY}

Figure [2.C.3.-1, Distribution and density of gaper clams {Tresus capar) in Areas
1A-C, Tillameck Bay, QOreqgon.
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Figuyre 11.€.3.-2. Distribution and density of cockle clams (Cifrocaraiur nutiaqllid)
in Areas 1A-C, Tillamock Bay, Oregon.
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Figure 11.C.3.-3.

Distribution and density of butter clams {Smeldwowe o oaiens

in Areas 1A-C, Tillamook 3ay, Gregon.
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Figure 11.€.3.-4. Distribution and density of native littleneck clams ( Vemnerupie
stamines) in Areas 1A-C, Tillamook Ray, Cregon,
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Figure 11.C.3.-5. Distribution and density of irus clams {ifacome ires) in Areas
17-C, Tillamoock Bay, "renqon.

151



z

GARIBALD)

Tillamook ‘Bay

I-5/7ft2

!

Figure I1.C.3.-6.

Distribution and density of bentnose clams (Yaera surzvta) and
California softshell clams { vy iomia exldorniec) in Areas

1A-C, Tillanook Bay, Oreqcn.
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LOG, of MEAN ABUNDANCE

y =16.28-0.488 (x)

lfl-'léI6I7'I89|IO|||.|4'21.1‘.'>|4
AGE -~ CLASS (yr)

Figure 11.C.3.-27. Abundance of age-class vs. age of gaper clams from Area 2, Yaguina Bay,
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Oregon, 1975-1978.




PIGEON TOINT

CHARLESTON

4500 SOOOFEET

Figure 11.C.3-28. CTistribution and density of subtidal gaper clams (Tresus capax)
collected from the Pigeon Point survey area, Coos Bay, Oregon.
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PIGEON TOINT

CHARLESTON

Figure 11.C.3.-29. Distribution and density of butter clams {Samidomes zigonicus)
collected from the Pigeon Point survey area, Coos Bay, Dregon.
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Figure I1.C.3.-30. Distribution and density of cockle clams (Cifnocardi.m
niltulids) collected from the Digeon Point survey area, Coos
Bay, Oregon.

169



BARVIEW

OHATRLESTON

Coos‘Ba}/

[ ]1-57 12
|
i >5/1?
o 500 3Iooo F5O00 SO0OFEET

Figure 11.C.3.-31. Bistributior and densizv of native Tittleneck clams (enernrds
sooefne ) collected from the Pigeon Point survey area., Coos
Bay, Oregon.
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Ficure I1.C.3.-32. Distribution and density of irus clams {Hazera e} collected
from Pigeon Point survey area, Coos Bay, Oregon.

171



172

PIGEON TOINT

BARVIEW

CHARLESTON
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Figure II.C.3.-33. Distribution end density of Poirizala sp., bentnose (Macoma
nzeuin), Bodega tellin (Ta7iiv: .‘?;kfsj{jg:hﬁ:-t'b‘), and California
softshell {Criptomga callfornica) in the Pigeon Point survey

area, lower Coos Bay, Oregon.
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Il. D. Commercial bay clam fisheries

THOMAS o GAUMER
GREGORY P. ROBART

POt INTRODUCTTON

Freiimminary results of the subtidal clam
suriery ladieated a petertial for o commer-
cinl el Pishery in Yageiong Bay, A clum
density oot 2loe/m was arbireartly sclected
for delineating potential clam harvesting
REREHEE An experimental olam (shery was
designed to study the effects of mechanicn]
clmi Terrvesting equimeent on the clam re-
senrces and benthic envivonment.  Two types
ot harvest eyqulpment were permitted; a high
rressare hand-held water jet and a suctiaon
~Lumm .

In 1875 a pormit was issued hy the Oregon
Fepart aent of Fish and Wildlife to one ¢lam
Farvester To remove subtidal olams with a
righ pressure water jet {rom Yaquina Bay.
Pive commercial oclam barvestors received
special permits to mechaniendly harvest
iams i 1970 [two In Yaguina Bay and three
in Cocos Bay). In 1977 six permits wore
iesued (five in Yaquina Bay and one in Coos
EHEY

Manlwam sustainable yield data woere not
svatlable to determine harvest rates prior
toe implementat ton of the first yeur's fish-
ery.  Consequently, a quota of approximately
T ol the avallable gaper clams wuas arbi-
trarily selectoed for harvest until such data
were vollected.

11,0, 2. HETHODS AND MATERIALS

Ty bay

In 1975 a 6.1 ha site was approvad for
the use of a high pressure water jet in Area
4 of Yaquina Bay (Figure IT.D.2.-1A%. The
hurvester was limited to a naximum harvest
of 45,41 metric tons of clams.

In 1276 two adjacent ¢.8 ha plots, A and
B, were selected in Area 2 of Yaquina Bay
for the commerical harvest of clams (Figure
11.0.2.-1A). Harvest in plot A was restric-
ted to the use of a high pressure water jet;
a suctlon pump was required in plot B.
These plots in area 2 were located immedi-
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Detail of permit Area 2, showing subsections of plots 2A and 2B,

Figure 11.D.2.-1B.
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atcly north (up-bay) of the LS. highway 101
bridge. lach plot wa: delineated with a
polypropyicne rope stretched around its
perimeter.  Euch of these plots was further

suhdivided by polypresylene rope into 30.5 x

30.5 m sub-sections.  Five dvedge samples
were taken from cach of the sub-sccetions to
provide estimates of species composition,
age, blomass and size.  Each sample station
was excavatsd to a deplh of approximately 45
cm. Surface area was 0,2/m?, A1l biomass
estimates were calculated hy deternining the
mean Weight of the clams by age and cxsund-
ing by the sepulation estimates for each
age.  ALD ¢lams were weiphed alive to the

nearest grom on a Metiler analytical balance.

Age or year-class for each species of clum
wis assigned to the calendar year that the
parent clam spawned by counting anmual
growth rings,

In (976 vwa permits were issued to har-
vest clams .n Yaquina Bay; one each for the
jet and pump plots.  1a 1977 two commerical
clam harvesring permits were issuel for the
jet-approved plot and three for the suc-ion
pump site.  Sub-sectioas 2-A-4 and 2-A-7
were Vjet™ arcas and S-B-1, 2-B-3 and 2-B-J
were "pumn' arcas {Fisare TT.D.2.-1B). Thoe
water jet approved for sub-section 2-A-d was
a hand-held discharge tube 15.2 c¢m in dram-
eter {(Figure 11.D.2.-24). Water vclocity
was regulated by the diver. The pump wus
powered by @ 8 h.p. engine capihle of d.os-
charging 787 liters/minute. The jot was
most effectively used iIn blowing the sub-
strate matervial from rhe clams, exposing
them for hard-picking. The water jet ap-
proved for sub-sectlon 2-A-7 was 1.9 cm in
diameter (Figure 11.D.2.-2B}. This smaller
jet unit wu: powered by a 8 h.p. engine
capable of cischarging 757 lpm. This jet
was used to Jdislodge or losscn the sur-
rounding sutstrate, enabling the diver to
reach inte the logsencd material to retrieve
the clams.

Asuction pump with a 12.7 eom discharge
(Figure I1.0.2,-3A) was initially approved
for sub-scction 2-B-1. This equipment
proved to be too smull to effectively pump
clams and was oventualfly replaced with a
20.35 em discharge tube. The suction purp
was powcred hy twin 16 h.p. engines each
capable of discharging 2,082 1pm. All
pumped material was surface-discharged onto
a screening device aboard a barge. Clars
were removed from the s<creen by hand and
sorted by size and species, A 15.2 om
suction punp (Figure II1.00.2.-3B) wis ap-
proved for sub-scetion 2-B-41. This punp was
povered by a 7 h.p. engine capable of dis-
charging 946 lpm, All clams were hand-
picked on the bottom. All spoils were

Jdischi rged on the bottom behind the suction
“ILIRTY .

Each permittee was assighed a sch-sectlion
reasuring 3005 x 30,5 moand was restricted
Teothis specific sub-section within the
rermit o arca until Department biologists
approyed moving to another sub-scction.
Luotas of 181.4 m.t. were cstablished for
tuth the 1976 and 1977 seasons; 90.7 m.t.
tor the jet-approved plot and a similar
amount f'er the pump site.  lLach peripittee
wos required to file monthly harvest reports
Iisting sub-section worked, numbers and
pounds harvested by speeies, and diving
time.  We periodically sampled cuch permit-
tee’s catch to obtain age, size and weipht
composition data,

During October 1977, it became apparent
that a recently completed rock jettv sur-
rouncing the South Beach Marina was causing
tidal currents which moved sand towurd
several of the commercial c¢lam sub-sections.
Asomuch oas 3005 em of recently deposited
sand covered approximately 1,022/m~ of clan
beds adjacent to the commercial plots,
Fiidence of clam mortality was immeliatcly
seen. As a result, all nermit holdors were
Al lowed to move into the sand-encroichment
area to salvage the remaining live clams,
Alfter Ll days, the harvesters rveturaed to
theirv respective permit arcas to resume
fishing.

In addition to the ODFW permits, cach
clum harvester was requirved to have a spe-
vial conditional use permit 1ssued by the
Jregon State Board of Health hecause both
havvest plots existed within a restricred
commer-ial shellfish harvest area. Condi-
tiona! harvest restrictions were litted by
the State Board of Health providing that
mnthly samples of the commercial harvest he
sont to them for hacteriologpical exumination.

At the completion of the 1977 commercial
tishing season, those portions of suh-
sections 2-A-4 and 2-B-J that were commer-
sially worked were resurveyed to evaluate
the effects of harvest on the ¢lam stocks
md substrate.  Sub-sections 2-A-7, 2-B-1
and 2-B-3 were not resurveyed due to the
Little harvest effort cxpended in those
areas.

'
]

Ln 1975 the ODFW issued a commevcial clam
harves+ing permit for the taking of subtidal
clams “rom 2 19.4 ha site which, at that
time, was heing considered by the U.S. Army
Corps of Ingincers as a dredge spoil site
Figure T1.0.2.-4). This permit was nonre-

177



‘qusdinbs furysaadey 9af-4d3em Wl 2T gL PLAY-puey ay3 butjesado Jaalp yands 4o Etmm_o ‘yz='z70"11 24nb14

RIS N ef..r S
- i . i
M - -~ P .

Gt e . .
N R
R RS N

Teoam - N ..vxp .
= LY
.unmoﬂ._czwﬂ <
[ . w L
N ..
[ e

B T N T N R B S g

178



“juswdinbs bulysaadey 130

J23eM WY g pLAY-pury 2yl Buljeusado dsalp yanos 4o wedbelq

“g42-72°0° 11 @4nfid

179



*jusudinba Buiqsaadey dund uolgons Bulbaeydsip-3derans syl Suriedssdo JsaLp yanoIs 10 wedbelg

"YE-TZ2 QI 24nbyy

180



181

"juswcinba Bulyssadey dund uolaons buLBaeyssip-u0110q ay3 Hurjedado saalp vanos 40 wedberg tge--z'0° Il ad4nbiLy




182

PIGEON TFOINT

BARVIEW
c:4ﬂﬂ2tlazs1:>n\\\\\\

-] 1500 2000 F500 SOOOFEET

Figure I1.D.2.-4. ap of Tower Coos Bay, showing that area approved for
commercial clam harvesting.




strivtive tor numbers or wejght of clams
harvested, since the intent was to salvage
as many clams from this area as passible
before dreige spoil deposition,

Following the 1975 season, the USACE
decided not to use the proposed site as a
spoil dispasal area. As 2 result. harvest
quotas were imposed for the 1976 season.
Three commercial permits were issued for
the 1976 scason,  Two of the permits covered
9.7 ha cach; each arca was within the 19,1
ha tract assigned in 1875, The twe harves-
ters assigned te these units were allowed
to use only o high pressure jet of water to
remove «lans.  No restrictions were placed
en where they could take ¢lams within *heir
respective units, Eaich fisherman was
allowed to harvest 4..4 m.t. of clams,

The third permit restricred harvest to
the main channcl are: downstream from
I'mpire and the permitiee was allowed to use
a boat-towed hydraulic dredge to harvest
clams.  The hydraulic dredge was allowed in
the channcl, since the area was scheduled
for deepening by the tCorps of Enginecrs in
1377, No restrvictions were placed on the
numbers or species tuken, although the
cockle ¢lam was the primary species af
interest.

[n 1977, one harvesting permit was
issued for Uoos Bay. The pormit allowed
the use of o water jet to harvest clams
from within the same 19.4 hs permit area
approved for the 1974 season. A harvest
quota of 45.4 m.t. was placed on the area.
As with Yaquina Bay c¢lam harvesters, tke
permittee was required to submit monthly
summarics ot” his harmest records to the
ODFW.

I1.D.3. RESULTS AND CISCUSSION
Yogquina Fay

The commercial fishery four clams in Area
4 of Yaquinu Bay produced only 683 kg of
clams in 1975. The 1ow harvest was parti-
ally the result of pocr marker conditions,
Figure [1.D.3.~-1 shows the ycar-class
composition of the samples of gaper clams
harvested. The 1969 year-class was preva-
lent although the 1963 and 1970 year-
classes wer: ncarly as strong.

Length-frequency distribution o’ the
gaper clams sampled from the commerical
harvest is shown in Figure IT.M.3.-2. ‘ean
length for the harvested clams was (22,7
mm,

-1 1976 the commercial olam fishery was
shifted to plots A and B of Area 2 of
Yaquina Bay in which we estimated 4 total
Fiomi=s of 822.3 m.t. of gaper clams {Tahle
S -1)0 0 Approximately half of this
biomiss was from clams considered by the
processing industry to be too small (<100
vmj To be processed (John Becker, ners.
comm. ]. Of this total, 333.7 m.t. ovccurred
in jet plot A and 288.6 m.t. inhabited pump
plot 8. small numbers of cockle, butter
and littleneck clams precluded mak ing
blomiss estimates for thesc species for
nlots A or B

Although two permits were issued for the
vommercial harvest of clams in Yaquina Bay
in 1976, neither harvester reported a take
of clums,  Both individuals were privately
employed in other non-reluted full-time
ceeupations and werce unahle to initiate a
fishery.

Ganer clam biomass was again estimated
in 1977 for plots A and B of Area 2 (Tabie
I1.D.3.-?) and totaled 584.7 m.t,, a reduc-
tion ot 237.6 m.t. from the 1976 estimate.
Of the 1977 total, 385.9 m.f. occurred in
the jot portion of Arca 2 and 198.5 m. 1.
inhubhited the pump section of Area 2.

Al the 95% confidence level, no signifi-
cant Aifference in biomass was exhibited
betwesn 1976 und 1977, The differences
observed between 1976 and 1977 probably
reflect sampling error due to small sample
s1zes each year,

Papulation and biomass estimates for the
individual permit areas within plots A and
B are also shown in Table 11.D.3.-1, A
motal of 1.6 million clams weighing 128.2
w.t. inhabited the five arecas. Biomass
estimutes ranged from 11.1 m.t. in sub-
section 2-B-1 to 36.5 m.t. in unit 2-A-4.

Over 104,000 clams weighing 31.3 m.t.
were taken in 1977 {Table 11.D.3.-23.
taper clams comprised 30.9 m.t. or 98.6% of
the total harvest. The maximum harvest of
gaper clams came from sub-section 2-A-4
where 16.7 m.t. were reported taken {(Table
tIL05.0+2)0 Midway through the season the
permit holders for sub-section 2-A-4 were
apprehended while harvesting clams unlaw-
fully cutside their assigned permit area.
An estimated 6.3 m.t. werc veported taken
iGlen Wilber, pers. comm.}). The total 16.7
n.t. included the unlawfully taken clams,
The original estimate of gaver clam biomass
for this sub-section was 36.5 m.t. avail-
able tc the harvester. lost-harvest sur-
veys showed that approximately 20% of the
permit arca had been worked. Troduction
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Table 1I.D.3.-1.

Area  Population 95% Confidence
Plot fear Size Estimates Biomass Estimates Interval of
Na. Sampled  (m?) {N) (Pounds} (Metric Tons) Biomass (+%)
4 1976 8361 5,051,300 1,176,800 533.7 49,7
3 1976 3361 1,203,800 636,400 288.6 100.0
A 1977 8361 4,545,000 851,000 385.9 68.6
3 1977 3361 3,177,000 438,400 198.8 91.9
fﬁﬂ e
L& 8B 1976 6,255,100 1,813,200 822.3 41.7
A& B 1977 7,722,000 1,289,400 684.7 47.4
Area  Population 95% Confidence
Sub-Saction Year Size Estimates Biomass Estimates Interval of
Na. Sampled (m2) {N) (Pounds) {Metric Tons) Biomass (+%)
2-A-2 {Jet) 1977 929 362,400 80,200 36.5 98.9
2-A-7 (Jet) 1976 929 100,900 43,500 19.7 83.4
2-B-1 (Pump) 1976 929 135,000 24,500 11.1 £5.2
2-B-3 (Pump} 1976 g29 465,100 be, 300 28.3 100.0
2-B-4 {Pumnp) 1977 g29 540,000 72,100 2.6 100.0
Total 1,603,400 282,600 128.2 53.8

Summary of subtidal gaper clams in commercial clam harvesting plots and

sub-sections of Yaquina Bay, Oregon.

from permit areas 2-A-7 and 2-B-3 was low
because of the low effort expended in 2-A-7
and the inasrility of the harvester to
maintain his boat in position in 2-B-3. Of
the 31.3 m.t. of clams taken, 6.8 m.t. came
from the salvage of clams being covered hy
sand during construction of the South Beach
Marina jetty.

Catch per effort values ranged from 45.4
kg/hr in pump permit area 2-R-1 to 142.4
kg/hr in jet permit area 2Z-A-4 (Table
I1.D.3.-2). For all the permit areas
combined, the average C/E was 103.9 kg/hr.

Figure IT7.D.3.-3 shows the year-class
composition of subtidal gaper clams before
and harvestzd from the commercial fishery
in the four used permit areas. The 1975
year-class was prominent in each area prior
to the commcrical fishery. Year-class
composition of the harvested clams showed
that the strong 1975 vear-class was gener-
ally lgnorel except for sub-section 2-B-4.
The fishery was selective of the older
clams with 32.7% of the clams harvested
being five vears of age or older.

The length-frequency of subtidal gaper
cvlams sampled from each of the four main
commercial clamming sub-sectiens is shown
in Figure II1.D.3.-4. Mean size before
Fervest ranged from 62.5 mm in sub-scction
--B-4 to 86.1 mm in sub-section 2-A-7.
Mean =ize of harvested clams ranged from
107.0 mm in sub-section 2-B-4 to i17.7 mm
in sub-scction 2-B-1 (both were pump-
Farvested areas).

Results of the assessment of the cffects
uf the commercial clam harvest on the clam
stocks and surrounding habitat showed that
only & small portion of each of the 30.5 x
0.5 m sub-sections was actually harvested.
Unly in sub-sections 2-A-4 and 2-B-4 were
appreciable numbers of clams taken: 16.7
m.t. in 2-A-4 and 4.8 m.t. in 2-B-4.

In sub-section 2-A-4 the ODFW estimated
that an area 6.1 x 30.5 m or 20% had been
worked. Year-class composition of clams in
the harvested area revealed that only clams
of the 1973, 1975 and 1976 year-classes
remained (Figure TI1.D.3.-3). All older
clams had been removed. Prior to the
harvest, gaper clam density averaged 391.0/
m”, whereas post-harvest density was 8.6/m2.
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Fecal
Coliform
Density

(MPN)

Baximum allowable

densities for narket 230/100 gms

Results of tests

B/27/77 68
/18777 130
9/15/77 <18
921777 130

Criteria tested by Oregon State Health Division

Total
Standard 35 C Coliform
Plate Count (MPN)

500,000/ gm >160,000/100 mls
114,000 460
18,500 460
5,600 2,200
800 460

Table I1.D.3.-3.

Results of testing by Oregon State Health Division far

bactericlogical contamination of commercially harvested
gaper clams, Yaquina Bay, 1977.

An area similar in size to 2-A-4 was
harvested in 2-B-4. Year-class composition
of gaper clams was generally similar in
each arca prior to harvest. Post-harvest
observations revealed that younger clams
remained although some older clams were
missed by the suction pump operation (Fig-
ure IT.0.3.-3}. Gaper clam densities in 2-
B-4 prior to harvest averaged 583,2/m?
whereas post-harvest densities were 57.2/m2
indicating a nearly complete harvest from
the worked area,

Results of the monthly Qregon State
Board of Health testing for bacteriological
contamination of commerically harvested
clams are shown in Table I11.D.3.-3. The
maximum fecal coliforn counts ahserved
occurred in clams tested during July and
September; both counts of 130 MPN/10Q £ms
fell well helow the FDA maximum allowable
density of 130 MPN/100 gms. Standard 55 C
plate counts and total coliform counts also
fell below the maximum allowable densities
for each sumple period.

Cove Bay

The QDFW estimated in 1875 that 849.9
m.t. of clams inhabited the commercial clam
plot in Coos Bay (Table 11.0.3.-4). Of
this total, 694.2 m.t. (81.7%) were gaper
clams.

The commercial harvest from this area
from 1975 tarough 1977 produced 59,3 m.t.
of which 58.4 m.t. (98.5%) were gaper clams
(Table 11.D.3.-5}, Butter clams were the

oilly other species harvested. Peak year of
harvest was 1976, when 47 m.t. were taken.
The harvest from this area was taken en-
tirely by hand-held water jet.

Catch per effort ranged from 71.2 kg/hr
in 1977 to 102.4 kg/hr in 1976.

Year-class compositions of samples of
the harvested subtidal clams for 1975, 1976
and 1977 are shown in Figure I1.D.3.-5.

The 1966 year-class was prominent in the
1975 and 1976 harvest. In 1977, the har-
vest shifted to younger aged clams with the
1968-1972 year-classes all showing well in
the take. The change in age compcsition
possibly illustrates a change in harvest
location within the 19.4 ha permit area.

The length-frequency of samples of
commercially harvested gaper clams in Coos
Bay during 1975, 1976 and 1977 is shown in
Figure I1.D.3.-6. Mean sizes for each of
the three years were similar, ranging from
131.8 mm to 133.2 mwm. The harvest was
entirely composed of 100-160 mm size clams.
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Pooulation
Estimates

Species {N)

(

Gaper (.. caper) 5,648,700 1,
Cockle {C. nuttaiiii) 202,200
Littleneck {¥. sp.) 843,000
Butter (&, giganveus 809,200
Total 7,503,100 1,

Biomass Estimates

Pounds)  (Metric Tons)
530,300 694.72
23,000 10.5
71,600 32.6
243,700 112.6
873,500 849.9

05% Confidence
Interval of
Biomass (+)

44 .8
100.0
49 7
8.2

34.7

Table I1.D.3.-4.

Bay, Oregon, 1975.

Summary of subtidal clams in commercial clam

Species 1975
Gaper (7. capar)
Pounds 14,467
N 20,991
Butter [S. gigantaus)
Pounds 735
N ——-
Total Pounds 15,202
Kilograms 6,895
N 20,991
Hours of Effort 75.0
t/E (pounds/hr.) 202.7
C/E {ka/hr.} 91.9

Py
1976

102,442

1,142

103,584
46,986

459.2
225.7
102.3

harvesting areas of Coos

geon Pd{nf

1977 Total
11,931 128,840
.-- 20,991
0 1,877

0 _——
11,931 130,717
5,472 59,293
--- 20,99
76.0 610.2
157.0 214.2
71.2 97.2

Table I1.D.3.-5.
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Il. E. Economics—market conditions
from harvest of gaper clams

THOMAS F. GAUMER
GREGORY P. ROBART

The market potential for gaper clams from
Oregon has never been tully investigated.
Until recently, Last Couast bay and offshore
surt ciams have hecn available to meet
market demands across the country. This
availability has changed rapidly during the
past several years due primarily to the
substantial decline of the known stocks of
East Coast surf clams resulting in failure
to meet the growing national and world-wide
demands for clam products. Consequently,
market demand has increased for ¢lam stocks
from the West Coast of the United States,
with the center of activity in the Puget
Sound area of Washington. In 1976, clam
processors from Washinglon state, with
markets in the Orient, inquired about
possible supplies of Oregon bhay clams to
supplement stocks being taken in Washington.
One out-of-state processor was sceking a
source in excess of 30,000 pounds {13.6
n.t.) per week.  Since that initial request,
several other out-of-state clam processors
have requestcd information on the availa-
bility of c¢lams for export.

The following is a summary of the recent
development cof the provessing and marketing

ct gaper clams in Coos and Yaguina bays.

[T.E.]1. (005 BAY

In recent years nearly all the gaper clam
Fuarvest trom Coos Bay has been taken subtid-
aliy by one harvester under special permit,
vsing 3 hand-held water jet.

Harvest takes place in the fall, usually
in November and December, following the
calmon secason. Production has bheen variable
cepending on the outcome of the salmon
season and on prevailing weather conditions,
cince nuddy water precludes the efficient
use of a4 diver-held water jet.

[n 1977, 5.4 m.t. of gaper clams were
harvested in Coos Bay. Fishermen received
2hg/pound (live weight]). Nearly all the
¢lam production was processed by onc company
ir. Oregon. Processed clams were marketed as
fried ¢ lam steaks at restaurants in Eurcka,
California.

In {976 the ODFW monitered the changes in
meat recovery during a speciul extension of
the conmercial clam season to allow salvage
of c¢lams at an Army Corps of Engineers spoil
disposzl site. Results of the survey showed
that processed meat yield dropped from 22%
in February to 19.4% in tarch (Table II.E.-
1] The fishery was terminated in April due
to the poor meat yield {(reported at 17%)
fullowing the ¢lam spawning season.

Number Pounds Founds Percentace
Date of clams of clams of meat yield
Jan. 19, 1976 100 87.00 18.50 21.2
Feb, "0, 1976 100 105.75 23.25 22.0
Feb. 6, 1976 100 99,00 19.75 20.2
Mar. "6, 1976 20 23.725 4.50 19.4
Table II.E.-1. Summary of meat yield data for gaper clams harvested in commercial

clam fishery in Coos Bay.
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IT.T. 2, YLQUINA BAY

The commercial subtidal gaper clam fish-
ery in Yaquina Bay has been slow in develop-
ing due to poor markcting conditicns prior
to the 1977 season. In 1977, a restaurant
chain contracted to use Yaquina Bay gaper
clams in their chowder base. The following
was provided by John Becker, Plant Manager
of Mo's Newport Seafoods:

Althougt the marketr potentlal for Ore-
gon's bay clam indust-y appears unlimited,
present supply is onlv adequate to meet
local restaurant demand. Mo's Seafood
restaurant chain annually requires in excess
of 11.3 m.t. of processed clam meats {equiv-
alent to atout 125,000 pounds of whole clams)
for their chowder. Nearly all the produc-
tion of gaper clams from Yaquina Bay was
purchased by Mo's Seafocd at 19¢/pound in
the round. Small, unprocessed gaper cluams
not used by Mo's Seafood were sold to bait
shops and returned §3.00/pound to the har-
vester. Approximately 0.5 m.t. (2%) of the
total 30.9 m.t. gaper hurvest was sold as
bait. A smull incidental "'walk in" retail
trade at Mo's Seafood provided fresh clam
meat to the general public at $1.75/pound.
An additional market {for clam waste for
either commercial crab bait or as a source
of glycogen is potentially available as
production increases,

Mo's processing facilities required a
minimum of 1.4 m.t. of live clams per day to
meet operating expenses. This production
required a crew of nine working an eight-
hour shift. Optimum production would re-
quire 1.8 m.t. of live clams per day.
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PART lll Ecological
Studies of the
Gaper Clam,
Tresus capax






Ill. A. Growth and reproduction

DANIL R. HANCOCK
GATL (BREED)} WILLEKE

ITT.A. 1. INTRODUCTION

In order to initiate an effectively
managed gaper clam fishery in Yaquina Bay,
nertinent ecological information should be
compiled. Swan and Finucane {1952} compared
Tresus (=Schizothasrus) capar to 7. nuttalli
on the basis of gross observations and
suggested that 7. cagpar is a winter spawner.
Pohlo (1964) described the relationship of
age to changes in burrowing behavior and in
ontogenetic form in 7. nuttalli. resus
rapar and 1. nutsalli were again differenti-
ated by Pearce (1965), hut on the basis of
distribution, positional orientation, the
nresence or absence of a symbiotic pinnixid
crab, and the prescnce or abscnce of a
visceral skirt. The autecology of the two
specics from Humboldt Bay, California, was
described by Stout (1967), whe concluded
that, although no significant difference
existed between the distributional patterns
ol the two, density of both increased with
increasing sediment size and/or decreasing
organic content of the sediment. Reid
(1969 related type and amount of food
storage of 7. capar to season, giving cvi-
dence that it spawned during the winter.
More recently, thorough examinations of the
reproductive cycle were made at Humboldt Bay
{(Machell and DeMartini, 1971}, and near
Vancouver Island, British Columbia (Bourne
and Smith, 1972a), reflecting only slight
viariations in the cycle at the two areas.

Growth in commercial clams has been
extensively studied but less consideration
has been given the gaper clam or other
members of the family Mactridae. Bourne and
smith {1972a) are the only researchers to
have considered the growth rate of 7. capax,
finding it to be more rapid, over 100 mm/5
¥r, than that of other commercial clams, and
vielding generally 30% usable meat. They
als50 studied the effects of temperatures
and salinities on larval growth and survival
(1972b). Other studies on mactrid clams
have heen about reproductive cycles only
(Ropes, 1968; Calabresc, 1970).
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Wilbur and Owen (1964} stated that allo-
metric growth relationships, i.e., those of
the growth of one body part relative to
another or to the whole, can be expressed by
the equation

y = a(xb),

which can be transformed to the linear
equation

log ¥y = log a + (b) log x,

where x aund ¥ are body dimensions and a and
b are constants. Comparisons of growth
rates among populations may then be made by
determining the values of the constants a
and b. Using this approach, significant
differences between growth rates of inter-
and subtidal bivalves were found (Dame,
1972; Brown, Seed and (Q'Comnor, 1976). Raco
(1953) found that mussels of a lower tidal
height had greater shell weight for a given
soft body weight than did higher level
mussels. Wevmouth, McMillin and Rich (1931)
described how relative and absclute growth
rates of razor clams differed with latitude.

During this phase of the study, a concer-
ted effort was made by the Oregon State
University Schocl of Oceanography to provide
information about growth rates and reproduc-
tive cycles of 7. capaxr populations in
Yaquina Bay to be used in managemwent-planning
decisions.

IIT.A.2., MATERIALS AND METHODS

Gaper clans {Iresus capax} for a repro-
ductive cycle study were collected from
April 1975, through February 1977, from four
areas in Yaquina Bay, Oregon (Figure III.A.2.
-1). Stations 1, 2 and 4 werc subtidal.
Substrate was removed with a suction dredge
manipulated by SCURA divers (Gaumer and
Lukas, 1975), subsequently allowing the
clams to be collected by hand. Collections
at these stations were generally made at the
slack of the daytime high tide at depths of
approximately 5, 2.5 and 6 f (9.1, 4.6 and
11.0 m) respectively. Station 3 was located
on a tidal mudflat; samples were taken ax
low tide by digging with clam shovels.
Occasionally unfavorable tidal, weather, and
sea conditions made uniform sampling diffi-
cult; nonetheless, most samples contained 10
clams from exach station and the period
between sampies was approximately two weeks
in November through Fehruary and one month
during the remainder of the year.

Measurements of temperature and salinity

were taken with an Industrial Instruments
electrodeless induction salinometer (Model
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55-3) from each subtidal station every time
a collection was made. Core samples of the
substrate and its infauna were taken with a
corer from all stations at the time of each
collection. In an attempt to retain juven-
ile clams, the surface sediments were sampled
with a 12.7 mn sieve; sediments below the
surface were sieved through 25.4 mm screen.

Clams were transported immediately to the
Oregon State University School of Oceanog-
raphy where examination took place. Length,
height and width were measured with vernier
calipers to the nearest 0.1 mm (Figure
ITT.A.2.-2). Age was determined by counting
annual growth check rings of both valves and
by counting the annuli in the chondrophore
of either valve. The presence or absence of
hapiosporidan cysts was alsc observed.

A sample of gonadal tissue was taken from
the middle of the feoot of each clam. The
tissue was fixed in Bouin's solutien, embed-
ded in paraplast, sectioned at 7 pm and
stained with Harris' hematoxylin and eosin.
Based on examinations of the slide prepara-
tions, the sex of each clam was identified
and the stage of the reproductive cycle was
assigned according to the criteria set by
Ropes and Stickney (1965) and Machell and
Detlartini (1971). ‘The five phases of the
cycle were 1) inactive, 2) active, 3) ripe,
4) partially spawned, and 5) spent. Oocyte
and oocyte nucleus diameters from each ripe
and partially spawned clam from stations 2
and 3 were measured with an ocular microm-
eter. At least 15 oecytes that were free in
the lumina of several alveoli from each clam
and that contained nucleoli were measured.
Counts were made of oocytes attached to the
alveolar walls and of those free in the
lumina of the alveoli of the same clams as
above. Only those cells from five alveoli
and with nuclei were included.

Additional gaper clams were collected for
a4 velumetric study when logistically possi-
ble at the same time and with the same
methods as described above. Measurements of
total wet weight and shell weight, in
addition to the size data listed above, were
taken immediately upon return to the labora-
tory. Dry body weight was mcasured after
drying in a constant temperature oven (110 C)
for 48-72 hr. 'Two methods were employed to
measure shell volume: 1) one clean valve of
cach clam was filled with water and the
volume of water was measured in a graduated
¢ylinder, then doubled for the total; 2) the
two clean valves of each clam were tightly
secured together, sand was poured through
the gap between the valves until full, and
the volume of sand measured. Gonad tissue
was not taken from these clams. Methods of
statistical analysis are described below.
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ITT.A.3. STATTISTTCAL ANALYSES

The statistical procedures used during
this study follow the methods outlined by
Steel and Torrie [1960) and Snedecor and
Cochran {1937).

Growth

Absolute growth was determined by finding
the mean length and its 95% confidence
interval of the ¢lams at each age. Stu-
dent's t-test was used to compare all mean
lengths. Generally, when the confidence
interval of one mean length did not overlap
another mean value, the means were signifi-
cantly different.

Allometric relationships were calculated
in concordance with the methods described by
Steel and Torrie (1960) and Snedecor and
Cochrun (1967); computations were cxccuted
on a4 computer.

Reproductive Phuse Synzhronousness

To test the synchronousness of the repro-
ductive phases among gaper clams at each
sampling site, 2 mean Jday (MD) for each
phase at each site was calculated:

MD = %H, where

D = day number when clam observed to be
in respective phase, numbered
consecutively from day #1 = day
when phase first observed in Yaquina
Bay;

N = total number of clams in respective
phase from respective site.

The 95% confidence interval (CI} for each MD
was also caiculated using:

t (s)
Cl=Mp + —22 7 Lhere
Y

t = Student's t-value at 0.05 probabil-
ity level for (n-1) degrees of
freedom;

s = V3¢ = standard deviation of sample;

N = total number of clams in respective
phase at respective site.

Significant differences between MD's were
tested with the Students' t-test. The
normal F-distribution was used to test the
difference of the population variances, o.2,
where *

larger s°

P . e
= - s< being a statistical
smaller s°° 5 ;

estimate of o<,

and wos compared to an F-distribution table
for the corresponding degrees of frecdom and
.05 probability level.

When u? = 052, a Student's t-test was
used to test the significance of difference
between the mean days of the reproductive
phases among the sampling areas:

MDI - MD
t = —w—— at (n, - 1) + [n, - 1)df where
S 1 2z
d
N, + N
2.1 1 2.1 2
o = (87 (— ¢ —) = [87 ()
1l Nl N2 ]\]'\2
2 2
3 (NFU $)7 4 (N2—1) Sy )
57 = = g weighted

le'll * (Nz'l) average of

variances
when n n.,.
1 # 2
2 2 .
When oy # o, , a modified test was used:

HDl - MD
t' = ————"_ (t' indicating the criterion
d not distributed as t) where

{sample variances were not
pooled as above).

This calculated t'-value was then compared
to a tabulated t'-value for the chosen
probability level:

w.t., + w_ t

t':—'lwl—-‘_ﬁ—z—z, where
1 2
< 2
w. = 1
1 Nl
. 2
A
2 N2
tl =t Osnvalue at N_-1 degrecs of
’ freedom;
t2 = t'os-value at Nz-l degrees of

freedom.
To further compare synchronousness of repro-

ductive phases, the X? test criterion was
used to test independence of the distribu-
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tion of the frequency of clams in cach phasc
at each site

2 {observed - expc:ted]z
X“ =1 ,
expected

(r-1)({c-1)df.

ITT.A.4, RESULTS
Growth

Nearly 2000 clams were examined during
the growth and reproductive studies. Both
techniques for determining the age of the
clams, count:ng either the annual growth
checks (rings) on the valves or the annull
on the chondrophore, gave similar results,
indicating that either method may be used
confidently. Both methods were used through-
out the study to cnsurc accuriacy. The only
reliable volume measurement technique proved
to be the sand method (sec Materials and
Methods). Volume measurements using water
could not be duplicated.

The mean lengths of sach age class from
each station arc shown in Table ILI.A.4.-1
and Figure I'I1.A.4.-1. The yearly mean
lengths of subtidal clams (from stations 1,
2, 4) over 4 yr ovld were significantly
larger than those of intertidal clans.
Intertidal clams 4 yr and younger wcre not
significantly different in size than sub-
tidal clams of a similar age.

Linear growth rtate, shown in Figure
TIT.A.4.-2A, was rapid, 22 mm/yr during <he
first three vears, and Jdecreased quickly
with little growth occurring after 7-8 yrs.
A comparison of subtidal clam growth rate
(pocled data) to the intertidal clam growth
rate (Figure III.A.4.-2B) showed that the
initial and “inal growth rates of the two
groups were similar. However, the rate of
growth of the intertidal clams decreascd
more Tapldly betwcen the ages 4-7 yr (inclu-
sive) than iz did for subtidal clams.

The mean volumes of cach age class from
each station are shown in Tahle TIT.A.4.-2
and Figure II11.4.4.-3A. In Figure [II.A.4.-
3B, the data from the subtidal stations were
pooled for a larger sample size, Clams
under 3 yr of age were not available for
this portion of the study. The volume of
clams from subtidal stations was consistent-
ly larger than that for intertidal clams of
similar age.

The oldest clams collected from subtidal
sites were 10-12 yr of apge; those collected
from the intertidal site reached an age of 9
yr.
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Allometric growth relationships were
compared using the linear equation,

log ¥y = log a + (b} log x, which was
transformed from the expomential growth
eyuation,

y = a{xb). (see Methods and Materials

above, )

The value b is the ratio of specific growth
rates of y and x, i.e., the factor of dif-
ferential growth and the slope of the log
regression line. The value a 1s equivalent
to v, when x = 1.

Results of the regression analysis of
ailometric growth arc shown in Table III.A.4.
-5, and are described below., The allometric
coefficients given for the various morpho-
logical relationships are those which best
it the Jata collected. The regressions
were applied only within the range of the
data {(Wilbur and Owen, 1964} (Figures
111 A, 4.-4 to II1.A.4.-14). Significant
ditferences of a pair were iIndicated when
the 95% confidence intervals of those coef-
ficients were non-overlapping.

The width/length and height/length rela-
tionships for subtidal and intertidal clams
had signficantly different b values and were
greater for the subtidal c¢lams in both
instances. The coefficients of determin-
ation {R%) were, in all but one case, higher
than 4% No significant difference was
found in the volume/length relationship
between the a or b values for the subtidal
and intertidal clams. These allometric
ratios indicate that although shell heipht
and width growth ratios were higher and
increased more Tapidly per unit length in
subtidal clams than they did in intertidal
clams, the volume/length ratio did not
differ significantly between those clams.

The growth rate of total wet weight
relative to length was higher in the inter-
tidal c¢lams than in the subtidal clams, but
was not significantly different between the
ripe and inactive clams. The rate of
increase (the value b) was also greater in
intertidal than subtidal clams, but not
differcnt betwecen clams of different repro-
ductive phases.

Because the RZ values for the relation-
ships of wet body weight/length and dry body
welght/length were fairly high (73-86%)
among the inactive and ripe clams and were
very low {46-75%) among subtidal and inter-
tidal c¢lams, it appears that reproductive
phase, not height in the littoral zone, had
an influence on wet or dry body welght
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Figure III.A.4.-1. Absolute linear growth of Tresuc capax from four sampling stations in
Yaquina Bay, Oregon.
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Figure I11.A.4.-2. Linear growth rate of Tresus capax from four sampling stations in Yaquina

Bay, Oregon. A. Data from four sampling stations. B. Combined data for
subtidal and intertidal 7resus capaz.
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Figure III.A.4.-3. Absolute volumetric growth of Tresus eaqpax from four sampling stations in
Yaquina Bay, Oregon. A. Data from four sampling stations. B. Combined
data for subtidal and intertida)l Tresus capax.
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STATION

v
N
g
Cl
STATION

v
N
S
Cl

STATION

v
N
5
Cl

STATION

v
N
s
Cl

STATION

v
H

:
Cl

3 4 5 7 3 9
NO. i
67.2  136.2 121.6  166.9 170.4  211.3  241.6
] 2 13 N 23 15 2
0 3.1 5.96  5.67 5.77  6.30 3.06
(95%) 27.94  3.59  3.8]  2.50  3.49  27.49
NO. TI
70.8  87.7 139.8  188.5 205.9  221.8
2 3 1 14 13 7
4.35  2.91 6.28  6.44  6.48  5.80
(95%) 39,71 7.23  3.63  3.72  3.92  5.36
ND. T1I
54.4  75.0  110.9  130.8
1 15 17 3
3.97  3.9] 1,90  4.16
(95%) 267 2.7 2.52  10.34
NO. IV
86.2  140.8  171.8 188.8
3 6 14 4
374 6.38  6.54  4.69
(95%) .78 6.70  3.78  6.51
NOS. I, LI, IV
69.6  99.3  132.8  176.4 183.8  215.0  241.6
3 8 33 39 40 22 2
2.05 514 617 6.30  6.20  6.11 3.05
(95%) 517 4.30 219 2.04 1.98 2.7 27.49

Table TIT.A. 4.
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in Yaguina Bay, Oregon.




Relaticnship

Clam

y/x Population  Log a(+95% C.I.)  b(+95% C.1.) N RZ
Height,
Length Subtidal -0.409(0.010) 1.149(0.006) 653 0.9957
Intertidal -0.300(0.058) 1.092{0,030) 212 0.9608
Total -0.406(0.008)} 1.147(0.005) 865 0.9960
Width
Length Subtidal -0.716(0.094) 1.212(0.007) 603 0.9941
Intertidal -0.563{0.012) 1.137(0.048) 188 0.8968
Total -0.722(0.011) 1.216(0.006) 791 0.9939
Yolume
Length Subtidal -3.488(0.329) 2.766{G.159} 146 0.8763
Intertidal -3.406(0.774) 2.711(0.396} 47 0.8085
Total -3.714{0.240) 2.874(0,117) 193 J.9765
Total let Weight
Length Subtidal -2.972(0.545) 2.586(0.264) 162 J.6958
Intertidal -3,922(0.654}) 3.014(0.108) 47 0.8773
Ripe -3.689(0.668) 2.944(0.327) 57 0.8629
[nactive -4.319{1.300) 3.208(0.570) 33 0.8050
Wet Body deight
Length Subtidal -2.648(0.618) 2,307(0.300) 162 0.5881
Intertidal -3.432{0.891) 2.662(0.456) 48 0.7503
Ripe -3.176(1.060} 2.581(0.390) 58 0.7590
Inactive -3.615{0.318} 2.753(0.399) 33 0).8644
Dry Body Weight
Length Subtidal -4.077(0.890) 2.627(0.432) 162 0.469]
Intertidal -3.683(1.021) 2.386(0.520) 48 0.6492
Ripe -4.670(1.302) 2.938(0.478) 59 0.7301
Inactive -4.903(1.106) 3.001(0.540} 34 0.8010
Total -4.691(0.550) 2.919(0.270) 21 0.6830
Het Body Weight
Total Het Weight Subtidal -0.192{0.097} 0.974(0.041) 162 0.9258
Intertidal -0.076{0.107} 0.937(0.054) 28 0.963%
Ripe -0.021(0.111) 0.911(0.048) 59 0.9623
Inactive 0.012{0.138) 0.888({0.060) 33 0. 9604
Subtidal & 0.027(0.183) 0.891(0.078) 53 0.9114
Ripe
Subtidal & -0.074(0.227) 0.924(0.097) 25 00,9061
Inactive
Dry Body Weight
Wet Body Weight Subtidal -1.143(0.156) 1.177{0.074) 162 0.8601
Intertidal -0.655{0.147) 0.923(C¢.082) 48 3.9178
Ripe -1.002(0.1390) 1.114(0.091) 59 0.9141
Inactive -0.979{0.136) 1.100{0.066) 33 (.9738
Subtidal & -1.547(0.303) 1.364{(0.117) 53 0.8953
Ripe
Subtidal & -0.878(0.376) 1.055(0.103) 25 0.9511
Inactive

Table II1.A.4.-3. Allometric arowth coefficients

for various morphotogical relationships

of populations of Treesus capax.



Relationship Clam
v/ x Population Log a(+955 C.1.; b(+95% C.1.)

Het Body Weight

Ory Body Weight Subtidal 1.730(0.067) 0.731(0.045)
Intertidal 0.798(0.089) 0.994(0.088)
Ripe 1.002(0.090) 0.821(0.067)
[nactive 0.921(0.067) 0.885(0.052)

Shell deight
Length Subtidal -4.038(0.497) 2.930{1.238)
Intertidal -5.496(0.427) 3.594(0.218)
Total -5.609(0.350) 3.683(0.172)

Shell Height
Dry Body Weight Subtidal 1.120(0.223) 0.660(0.086)
Intertidal 0.554(0.116) 1.001(0.216)
Ripe 0.641(0.232) 0.967(0.126)
Inactive 0.628(0.170) 1.020{0.203)

[ I o R et I e

oo O

oo OO

Table II1.A.4.-3. continued.
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growth. Nenctheless, the rarios of wct hody
weight/length, dry body weight/length and
wet body weight/total wet weight were simi-
lar umong 21! groups of clams.

The relationships of dry hody weight/wet
body weight and its -eciprocal indicate the
percent of moisture in the body tissues:

82.5% in subtidal clams (N = 163},
84.0% in intertidal clams (N = 483,
82.1% in ripe clams (N = 59},

85.1% in inactive clams (N = 33).

The percent of moisture appeared to be
significantiy higher with a faster rate of
increase in the intertidal clams than in the
subtidal ¢lams. The significance of the
interscction of the lines for the ripe and
inactive clums (Figure [rr.a.4.-11) is
discussed below.

Shell weight/length was slightly higher,
for the most part, in subtidal clams than in
intertidal clams. The rate of increase was
faster in intertidal clams, so that the
growth of the shell vventually evertook that
of the subtidal clams.

Due to the low R? valucs, the relation-
ship of shell weight,dry body weight ap-
peared to have little corrclation relative
to tide height. There was 2 better correla-
tion relative to reproductive phase, al-
though no significant differences between
the inactive and ripe clams werc indiczted.

Reproductioe Dyele

Calendars of the five reproductive phases
for the clams from the four collection sites
are shown in Figures T11,A.4.-15A-D. Fe-
caunse the histological characteristics of
the phases of Urcsus capax from Yaquina Bay
were essentially the same as those of 7.
capaz from fumboldt Bay, California, Tepor-
ted previously (Machell apnd DeMartini,
1971), they will not be redescribed here.
The sex ratio was 1:1 for the phases in
which sex was discernable.

The statistical mean day {MD) for cach
reproductive phase at cach station is
graphed, with its 95% confidence interval,
in Figure JII.A.4.-16. Generally, the “D's
of one phase were distinet from the MD's of
another phasc; however, an overlap of confi-
dence intervals was observed between the
partially spawned and spent phases at sta-
tions 2, 3 and 4.

Within each phase, significant differ-
ences among the MD's for clams from each
station were calculated and are shown in
Table ITT.A.1.-4.

The statistical variations among MD's
observed for the inactive, active, and spent
thascs appeared to be random, fol owing no
pattern from phasce to phase or from station
to station.

‘Fe X7 test for independence of distri-
buticns of frequencies of clams thronghout a
reproductive phase also resulted in differ-
einces among stations except during the ripe
and partially spawned phases (Table I11.A.4.-
4). The variations indicated by this test
@lso appeared to be random. Results af the
% tests did not always agree witk those of
the t-tests for U differences, there being
fewer differences between distributions of
numbers of clams of a particular phase than
tetween MD's calculated at the four stations.
The majority of this disparity can be
¢xplained by the difference in length of
time interval used in the tests: one day
for the t-tests and two weeks in the X7
tests.,

The onset of the inactive or undifferen-
tiasted phase was rapid, first beginning in
“May and lasting through November. All gaper
clums from station 1 had inactive gonads in
lugust; from stutions 2 and 3, in July; and
trom sration 4 in June and July.

The active phase, a period of spermato-
genesis in the male and oocyte enlurgement
in the femule, was first recorded in July
and 1asted, at one site, into March of the
following year. Most or all of the clams
collected were in this phase in September
through November.

Ripe gonads, characterized by more de-
tached thun attached oocytes in tha ovaries,
or a majority of radially arranged spermato-
z0a in the testes, were first observed in
October, peaked in occurrence in Docember-
January, and continued into April (Figure
ITT.A.4.-15C). Of the five phases, this one
vontinued for the longest period of time.

Yo significant differences in the ripe phase
were found among the four stations. OQocytes
of this phase had a mean diameter of 49 um,

und a mean nucleus diameter of 27 um (Table

It1.A.4.-5).

Gonads partially emptied of ripe gametes
and with disorganized follicular tissue,
indicating spawning (termed "partially
spawned"), were found in most samples from
February through May or June. Peak occur-
rence was observed in April for stations 1
and 2, March for station 3, and February for
station 4. Despitc these observed differ-
cnces, mno statistically significant differ-
ences were found in the partially spawned
rhase at the four stations. QOocytes from
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INACTIVE PHASE

STATION NO.
STATION 1 2 3 4

no. \\\\\\\
1 - 4 4
2 - + o+
3 -+ +
4 + - +

SPENT PHASE

ACTIVE PHASE

STATION HO.

STATION
HO.
1

7
3
4

\No differences ameno ripe or
partially spawned phases.}

STATION NO. * + = not significantly different
STATION 1 2 3 4 at 95% probability level.
NO. - = significantly different at
1 95% probability level.
2 ** Top right portion of each table-
3 vglates te X° tests between each
4 station sair; bottom left portion
relates to Students t-tests of MD
differences.

Table III.A.4.-4. Comparison of the results* of the Student's t-test and X2 tests**
for differences hetween reproductive cycles of Tresus cgpax from
the four sampling sites in Yagquina Bay, Oreqon.

Station #2 (subtidal} Station #3 (intertidal)
Ripe Clams
Oocyte Diameter 48.18 um 48_.84 um
N a8 705
3 5.28 5.07
Nucleus Diameter 27.49 um 27.05 um
M 885 708
s 3.07 3.18
Partially Spawned Clams
Oocyte Diameter 48.90 um 43.68 um
N 255 240
5 4.4] 4.37
Hucleus Diameter 27.92 um 27.86 um
il 255 240
5 3.73 2.78

Table III.A.4.-5.
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intertidal gaper clams

Hean diameters of oocytes
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and cocyte nuclei from subtidal and
different reproductive phases.
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clams in this phase ha: a mean cell diameter
of 49 um, and mean nucleus diameter of 27 um
{Table TTT.A.4.-5).

Spent clams, those clams with gonads
having thick-walled, s»runken alveoli con-
taining debris or a fow remaiining pametes
undergoing crtulysis, were first ohserved in
February at station 2, later at the others,
and were present throuzh May or June. HMost
clams were in this phasce of the reproductive
cycle in May (stations ! and 3), tav-June
{station 2), and April (station 4), ufter
which a rapid drep in frequency of this
stage occurred.

In almest every instance, the MD of
reproductive phase for the female ¢lams from
a cellection site preceded, although not
always significantly, that of the malc clams
from that site, the greatest dJdifference
occurring during the active phase (Figure
ILI.A.4.-10).

Terperaiure und Jalind by

Temperuture and salinity data recorded
throughout this study at the three subtidal
sampling stations are shown in Figure
ITT.A 4.-17.

IIT.A.5. DI3CUSSTON
Growvth

Growth rates of Ywesus copar from Yaqaina
Bay, Oregon were comparable to those re-
ported for iatertidal paper clams from
British Columbia (Bourne and Smith, 1972a),
although subtidal clams were not included in
the latter study. Marriage (1954) reported
that gaper clams from Yaquina Bay grew 127
mm/5 yr, a rate faster than was calculatad
in the present study. However Marriage's
report could net be evaluated, as no data
were included in his study.

Growth, growth rates, and their differ-
ences can be discussed in relation to:

1. the external factors of the envi-
ronment ;

2. the reproductive cycle;

3. intrinsic interrelationships of
growth rates among the clam's
component parts.

1) Tresus capax from intertidal areas of
Yaquina Bay Jdo not grow as rapidly as those
clams from subtidal areas. Such differences
in bivalve growth rates can be partially
attributed to several envirenmental factors.
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The oldest clams collected (10-121 yr)
were from the subtidal sampling stations;
immtert-dal clams collected reached & maximum
age of 8 yr. Tn a study of the distributien
of @ cisar from intertidal areas of coastal
Washington, Pearce ({1965), observing that
paper clams from one area grew as much as 40
mm lavyger than gaper c¢lams from another
ared, cvoncluded that substrate type and
composttion somehow affected the linear
shell growth and maximum size of the clams.
' we ussume that the larger size is corre-

ated with an older age, it is possible that
differences in substrate type, in addition
Ta environmental stress, effoct differences
- maximum age reached by . capaex in Yaquina
Bay. Swan (1952) also described differences
in growth rate of Mya arenarva relative to
substrate type. He found that clams in
sand-dominated substrate grew faster {line-
arly) than did clams in a predominantly mud-
gravel-shell substrate.

Kulm (1965) completed an extensive quan-
titative unalysis of the substrate sediment
in Yaquina Bay; the surveys made during the
present study were morc qualitative. ‘fhe
resulty from beth studies as they relate to
our sampling sites are shown in Table
TIE.ALZ. 1 below.

Unfortunately, neither set of results
alone is completely reliable, due to the
subject ive nature of our sampling and to the
time elapsed since the Kulm study; annual
dredging of the bay and intervening con-
struction could casily have effected changes
in substrate type. Nonectheless, despite
differcnces in the terminologies, the studles
do show that the substrate of the subtidal
Stations i1s largely composed of sand; that
of the intertidal station is of finer grain
size.

Seed (1967) found that animal density had
4 marked effect on the shape of mussel
shells, animals of dense populations being
Jonger and narrower as opposed to rounder
individuals of more smarse populations. Two
conditions exist which suggest that the same
may be true of 7. capax:

a) subtidal clam populations were
denser than intertidal populations;

b) subtidal clams, were consistently
longer than intertidal clams.

Because shell shape may be influenced by
density, we suggest that thc measurement of
volume be considered as a more reliable
indicator of size than is length., 1In the
case of T. capax, shell volume was strongly
correlated to shell length, despite differ-
ences in shell shape. Subtidal clams were



Sample Site (Figure 2)
(subtidali
{intertidal)

silty sand
4 (subtidal}

* from categories of:

Substrate Type
Kulm., 1965*
fine & medium sand

1
¢ {subtidal] fine % medium sand sand
z fine, medium sand

fine & medium sand

fine sand, medium sand, silty sand, clayey sand,
sandy silt, sand-silt-clay (see Wentwortn, 1922).

** from categories of: bedrock, rock, gravel, sand, mud, shell, debris.

This study, 1975%*
sand-shell
& mud

sand-shell

Table III.A.5.-1.

not only lorger, but also had greater volume
than similurly aged intertidal clams.

Bourne and Smith (1972a) studied the
growth of two intertidal! populations of I,
cuper and feound differences between the
absolute grewth rates of the two populations.
They showed that 4. capax oxperienced spurts
of growth in the summcr and growth checks in
the winter, coincident respectively with
seasonal high and low temperatures, and
suggested that water temperature and food
availability were growth-controlling factors.
There may be u similar relutionship in this
bay, which 1as a similar temperature regime
to the onc in British (olumbia (Figure
IIT.A.4.-17).  Paul, Paul and Feder (1976)
suggested that teomperature also controlled
the growth rate of littlencck clams in
Alaska. Noshe and Chew (1972) found that
substrate hid little effect on scttlement or
growth of Viwmerupis jupsnica spat, tempera-
ture, salinity, food availability, and tide
level being probable critical factors of
growth.

Growth rates have been directly correlat-
ed to food availability and/or length of
feeding periods by Smith (1928), Coe (1947),
Coe and Fitch (1950), Fiteh (1950). Stickney
(1964}, among others. Intertidal clams, as
such, would experience limited periods of
exposure to sea water and therefore of
feeding, periods that are defined by the
clams' height in the intertidal zone. 1In
addition, intertidal clams in Yaquina Ray
are subjecred to various conditions of
environmental stress caused hy heavy fresh-
water run-of'f, freezing temperatures, and
insolation that are otherwise not confronted
Oor are not as extreme in the subtidal
regions.

Sediment types in Yaquina Bay,

Jregon.

2) Periods of Tresus capue growth alter-
aute with periods of gonad activity and
spawning, a phenomenon not unusual in pelecy-
pods.  Reid (1969), in a study of the diet-
ary demands of Y. capar noticed an alter-
nation of depletion and accumulation of
glycopen, the major storage product, in the
gonad colncident respectively with periods
of food scarcity and abundance and with
periods of gonad activity and quiescence.

He suggested that, 'the accumulation of
yonadul lipid probably occurs at the expensc
of both gonadal glvcogen and diverticular
lipid.," and that 'the re-accumulation of
glycogen lags about one month behind the re-
avallability of phytoplankton; the lag
oresumnably reflects the increased cnergy
requirements of the animals for growth." It
“s probable that stored and acquired ener-
sgres n . cupar are being alternately
devoted to growth and reproduction, each or
both triggered by scasonal changes of the
eavironment.  Possible internal mechanisms
of energy regulaticen were not investigated
in this study.

Larmmens (1967) reported that Mgeooma
naltalea growth started at the end of spawn-
ing, and conversely that gonad activity
commenced when growth sleowed. Coe (1947)
and Fiteh (1950) observed a reduction in
growth rate of the Pismo clam coincident
with gonad activity and spawning. The same
was true of Vermus sériatula (Ansell, 1961).
Fully developed gonads of the American
oyster were reported to inhibit shell depos-
ition {Galtsoff, 1964), possibly a mecchanism
tor the regulation or distribution of energy.

3) It is not only likely that energy is
budgeted between growth and reproduction,
hbut that growth requires an energy budget of
its own. Growth, whether linear or by
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weight, is the result f a culmination of
interactions of the relative growth of each
individual's component parts. Mechanisms of
the regulation of energy distribution were
not included in the scope of this study,
however,

Relative growth umerg the body parts
appears to be Jdependent upon both the amount
of exposure to sea wator, i.e., the height
in the littoral zonme, and on the degree of
gonal development. Tho results of the
regression analyses inZicated that intertid-
al clams grew heavier per unit length than
did the subtidal clums. Clam weight, how-
ever, can be broken down into component
parts:

Dry BRody
Weight
Wet Body
Weight
Total Clam__
Wet Weight Water
Shell
Weight

It was also shown that, of the wet body
weight, intertidal clams had a higher mois-
ture content than did the subtidal clams.
Dame¢ (1972}, in a similar comparative study
on oysters, suggested that the higher reten-
tion of water in the Intertidal animals
resulted from u physiological adaptation to
the intertidal environment. In addition,
intertidal clam shells, although not as
heavy a5 subtidal clam shells, showed a
significantly greater growth ratc increcase.
Therefore, were these c¢lams to live longer,
it 1s possible that shell growth of the
intertidal clams would eventually covertake
that of the -ubtidal c¢lams. Perhaps, be-
cause of limited exposuire to sea water,
intertidal clams have become morce cfficient
in the absorption and metabolism of calcium
from the water. Intraspecific studies of
calcium uptake and shell secretion would be
valuable to compare intertidal and subtidal
clam shell growth.

Other studies comparing rclative growth
rates of sukbtidal and intertidal bivalves
are few. Rao (1953) compared rates of shell
growth ameng populations of inter- and
subtidal mussels and concluded that shell
secretion occurs at a rate directly propor-
tional to submersion time, sea water being
the calcium source. Subtidal mussels not
only had heavier shelis, but had more rapid
secretion rstes. A comparison between shell
growth rates of iInter- and subtidal oysters
showed that subtidal animals had heavier
shells, but there was no significant differ-
ence betweer rates of deposition {Dame,
1972).
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Tt -s apparent, then, that the higher
total wet welght/length ratic of the inter-
tidal clams is a result of:

higher moisture content,

h higher rate of jncrease of wet body
weight/length,

higher rate of increase of shell
welpht/length.

]

I+ would be expected, as was shown, that
vipe clams have a higher dry body welght/wet
body weight ratio than do inactive clams;
this is consistent with gonad development.
Fnrthermore, the intersection of the regres-
slom lines for dry body weight/wet body
weight of the ripe and inactive clams indi-
cates the approximate size at which the
clums become sexuually mature. In this
.nstance, the intersection fell at 90 gm
wet body weight which corresponded to 80 mm
~ength.  Bourne and Smith (1972a) reported
that gaper clams from British Columbia of
=70 mm had sexually differentiated gonads.

t 15 possible that latitude-related envi-
ronmental conditions such as temperature,
photoperiod, and tidal regime influence the
size at which sexual maturity occurs (sce
ulso Reproductive Cycle below). Histolog-
teal studies of juvenile and young ~dult
paper clams arc necessary before such a
goenerallzation can be made,

The reason for the higher tissue content
-n subtidal clams is not entirely clear. It
5, of course, a function of water retention
and could be related to feeding time,
Brown, Seed and O'Connor {1976) studied
three specles of bivalves: Terweioderma
eidnle, ¥Myillus edulis, and fodiolus modi-
¢+, the latter being the only subtidal
specics.  In this study it was found that
the two intertidal species had heavier
shells and faster rates of shell growth than
did the subtidal species. 7The authors
sugpested that when "moving from an inter-
=ldal to a subtidal pesition there appeared
<0 he o progressive emphasis on tissue
rather than on shell growth,"” and that the
intertidal species tend to he more unstable
in the:r habitat due to the instability of
nutrients. The lower R? values for morpho-
logical relaticnships in the subtidal clams
of our study would indicatec the opposite is
true. This phenomenon is not c¢learly under-
stood,

Our results are not entirely inconsistent
with these findings. However, gonad devel-
opment was not considered as a factour of
growth in the Brown et al. study. Their
intertidal and subtidal species were collec-
ted and processed at two different scasons
of the ycar; differences in body relation-



ships including dry haody weight could there-
fore be attributed to the stage ot gonad
development instead of to tidal height
Additionil intraspeci~ic compariscns a-e
necessary to describe the relationship
hetween tical height and tissue growth.

Differerces in growth between the sub-
tidat and intertidal gaper clam populations
may be attr.buted to environmental factors
associated with the «different habitats,
Physiological adaptations of the two popuia-
tions have possibly e:fected varistions in
their respcetive enevgy budgets reflected in
differcnces in relative growth rutes. Gonad
development and the phase of the reproduc-
tive cycle ulso influence relative growth.

fepraduc vive Tyele

The results of the gonad examinatiors and
plankton study confirmed that the freasvs
capar from Yaquina Bay are late winter
spawners and follow o reproductive cycle
pattern similar to that of I. zapar frem
Humboldt Bay, California (Machell and DeMur-
tini, 1971). CGametogenesis was initiated in
the late summer and ¢ontinued through the
autumn. levelopment of the gametes pre-
gressed until ripe gorads predominated;
spawning began in the winter, peaking in
March and April. A discrete inactive period
was observed during the summer. The okser-
vation of gonads fillad with Jeteriorating
ripe gametes suggested that some clams may
fail to spasn or may experience Incomplete
spawning.

The eastern Pacific range of 7. capaz
extends fron {alifornia to Alaska, yet few
studies of its reproductive activity at
different lutitudes can be found in the
literature. tachell and DeMartini (1971)
studied the reproductive cvecle of the gaper
clam in Humseldt Bay, on the northern coast
of Californiu., Bourne and Smith {1972a)
completed a similar study 1n southern
British Columbia., Table I1TI.A.5.-2 below
shows the spawning seasons of the gaper
clams at the three laritudes.

I't uppears that paper clam populations of
rore southern latitudes have slightly earli-
¢r spawning periods than do more rorthern
clams.  In the above threc instances, spawn-
1ng securred during the period of seasonal
Tow Lemperatures.  The Pismo clam {Fivela
ST lovwr] also spawned slightly earlier at
more southern latitudes of its rarge in
California, but during the summer when
temperaturces were high (Coe and Fitch,
19500,

Lammnens (1967), having indicated that
ambicnt temperature, or its changc, serves
a5 o stimulus for spawning in Macoma bhal-
fiice, suggested that the critical spawning
temperature differs amonyg species and among
populations of the same species. Other
cxamples of temperature-dependent spawning
are in the literature. Caddy (1967) con-
firmed Lammens' finding that . balthiea
spawned in the spring when temperatures
begin te rise,

Latitude-related differences of reproduc-
tive cycles have Leen observed and may
reflecr those differences influenced by
temperature., On the New Tngland coast,
fopes and Stickney (1965) found that popula-
tions of o arenaria progressively north of
Cape Cod had only slightly earlier spawning
pericls, while thosc south of Cape Cod had
bimodie) peaks of spawning. Porter {1974}
studied M. arenaria in Washington and
abserved only one spawning peak in July-
August, which occurred at approximately the
same Time as that of soft-shell clams of a
similar latitude in eastern Canada, reported
by Ropes and Stickney. A similar latitudin-
il difference in reproductive cycles was
‘ound with Mercenaria mercenaria also on the
cast voast. Loosanoff (1937a and h) report-
ed a single summer spawning peak far the
hard clams from Long Tsland Sound when the
temperature reached its peak. Further
south, in North Carolina, the hard clams
were observed to have two spawning peaks
between June and October when the tempera-
ture was abhove 20°C (Porter, 1964).

LOCATION Jan Feb Har Apr May June
Seal Island, B.C. {49°12') 1909855845089
faguina Bay, Or. (44°37") XK XXXA XX
Humboldt Bay, Cal. (40°52') XXXXXXXAX AKX

Table III.A.5.-2.

Spawning seasons of Ivesus capur at different latitudes

on the west coast of North America.
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Bimodal spawning fer the gaper clams in
more southern arcas was not indicated hy
this study or by Machell and DeMartini
{1971). Howcver, 7. @apaxr is the only
mactrid clam reported to spawn in the late
winter/early spring. .pfsuia goiddissima
spawned at sommer temperaturce peaks om the
east coast (Ropes, 19€3). Summer high
temperatures also coincided with spawning of
Mutinia iuteraliz (Calabress, 1970). Both
species expervienced biwodal spawning.

Unlike what was found of 7. egras in
Humboldt Bay (Machell and DeMartini, 19713,
female gaper c¢lams in Yaquina Bay were
histologically active before, ripe concur-
rently with, and spawned slightly before or
after the male clams. Such observed differ-
ences in synchronousness between sexes may
be: 1) actual differences in required
development time between males and females,
2) an artifact of the subjectivity inveolved
in the identification of the five histolog-
ical phases of the reproductive cycle, or 3)
an artifact of the statistics used.

Females of the Manila clam Venerupis
Japonica were alse found to become active
before those male clams (Holland and Chew,
1974}, 1t was suggested that ripe females
contain an e¢nzyme that inhibits oogenesis
until spawning, after which eggs immediately
proliferate. Males, lacking such a mechan-
ism, became zctive later. 1t is not known
whether the gaper clams possess a sumilar
mechanism,

Spawning of all clars was synchronous at
the four sampling sites; no differences
being indicated between the spawning period
of sub- or intertidal populations. ultiple
spawnings of individual clams were not
conclusively indicated by our data. None-
theless, the results of the plankton study
of gaper clan larvae suggest a lunac period-
icity of spawning in the population. Be-
cause collection of the adults did net
necessarily coincide with the peaks of
spawning during the period of maximum tidal
range, indication of spawning periodicity
was not discernable frem the histological
study. Spawning at maximum tidal amplitudc
would be of udaptivc value, increasing the
probabilities of fertilization and distribu-
tion throughout the bay.

Our studies confirm that Tresus capax
from Yaquina Bay are late winter spawners.
Furthermore, our results suggest that while
latitude affects the onsct of spawning, the
lunar cycle influences its periodicity.
Other factors such as temperature may also
affect the reproductive cycle.
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Itl. B. Abundance of gaper clam larvae
in lower Yaquina Bay, Oregon
from 12 January to 12 March, 1976

JOAN FLYNN
DANIL R. HANCOCK

TI.B. 1. METHODS

A sampling program to study the paper
clam larvac in Yaquina Bay, Oregon was
conducted ever a nine week period from 12
~anuary to 17 March 1976, Samples were
ceollected by hydroulic pump on high tide at
seven stations (Figure 11T7.5.1.-1). Six
cubic meters of water were filtered for cach
sampie.  TFive mid-bay stations extend across
the chinnel from Sally's Bend shore to [daho
Flat shore, #1, #3, #5, #7 and %9, Two
stations, #10 and #11, are located just
scaward of the Yaguina Bay Bridge. The two
riid-chunmel stations, #5 and #10, were
sampled for surfuce and near bottom depths.
Other =tations were sampled ncar the bottom.

A total of 74 guuntitative samples were
counted and numbers per cubic meter have
been determined. The counting procedure
involved diluting each sample te 100 ml and
then removing cither 5 or 10 separate ali-
quots with a L ml stempel pipette. Larvae
were scparated into young "straight-hinge”
and elder "umbo" groups for counting and
cength measurements. Larvae were measured
‘n each sample to establish the sizc range.
Larvae of at leuast two clam species other
than gapers were present in low varying
nunbers in the samples and were included in
the gaper larvae counts. Positive identifi-
cation has not been established. The num-
bers of these species were too low to have
-nfluenced the conclusions about gaper
clams. Twe types of very round larvae were
found in the samples which are definitely
not gapers. Both "straight-hinge' and
"umbo" stages of this type were combined
into onc scparate catcgory termed "round
larvac."” BSixteen samples of the vuarious
larval sizes and types have been separated
into vials for identification by specialists
at thc University of British Columbia.
LIT.B.2. RESULTS

The densities of gaper clam larvae in the
straight-hinge and umbo dcvelopmental stage
classes are summarized for all stations and
dates in Tables III.B.2.-1 and 1II.B.2.-2.
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Date

# #3 #58 458

12-13 Jan 3 0 203 10
20-22 Jan 353 167 1130 397
27-28 Jan 915 586 920 70

3-6 Feb 33 73 205 77
11-13 Feb 3 133 197 30
18-19 Feb 25565 1330 1193 430

1-2 llar 35 43 3 38
11-12 Har 7 3 57 -

#/ #9 #10S  #10B  #11

Z 0 Q0 0 7
1237 700 110 90 180
1407 85 510 257 88

87 7 17 3 148
113 -- 153 37 820
1200 393 1250 703 688
3 3 ] 27 88
140 3 170 93 20

Table IT1.B.2.-1. Number per cubic meter of "straight-hinge" larvae.

#1 #3 #55  #5B

12-13 Jdan 3 0 120 3
20-22 Jan 110 27 130 53
27-28 Jan 263 90 153 55

3-6 Feb 10 23 17 7
11-13 Feb 13 227 403 118
18-19 Feb 32 77 180 17

1-2 ‘tar 7 0 0 3
11-12 NMar 55 10 217 --

Station
#7 #9 #10s 4108 #1
0 2 0 2 0

287 3583 237 7 57
183 45 293 273 147

o 5 7 3 27
617 -- 87 3 35
77 65 90 77 90
0 Q 0 20 20

1990 17 380 333 107

Table 1I1.B.2.-2. HNumter per cubic meter of

Four hypotheses can be formed from these
data: 1) gaper clams are cyclic spawners
with maximum production of larvae during
periods of greatest tidal range; 2) they
develop in the field approximately according
to the schedule predicred from laboratory
rearing studies at comparable temperatures;
3) straight-hinge larvae are found in ap-
proximately constant density over the samp-
ling area except for low densities at the
Idaho Flat shore station, while umbo larvae
tend te be most abundant over the channel
(stations 4, 5, 6, 10 and 11); and 4) in
deeper water near-surface samples give
consistently higher estimates than near-
bottom samples. Each of these hypotheses
will be discussed in detail.

Spaming Cyois
The density estimates for straight-hinge

larvae on each date (Table III.B.2.-1) were
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"umbo" larvae.

ranked separatcly at each station.

The

ranks were then summed for each date, pro-
ducing the following sums of ranks:

Sampling Date Sums of Ranks
12-13 Jan 67.5
20-22 Jan 24
27-28 Jan 23.5

3-6 Feb 43
11-13 Feb 47
1819 Feb 12

1-2 Mar 5.5
11-12 Har 51.5

A concordance estimate, W, was
from these sums. W = 122D2/R?(C?
where I is the difference between
observed sum and the expected sum

calculated
- [:)s
each
under the

null hypothesis that the ranks are random,
M is the number of rankings, and C is the
number of items ranked in each ranking. The




result was % = 0.73, whose probability under

the nuli hysothesis is less than 0.0001 {sec
Tate and Cl:1land, 1957). This implies that
the stations are strongly concordant about
which dates have high and which dates have
low densities,

The dates with highest densities (lowest
sums of ranks) are 27-28 Junuary and 18-19
February. Roth of the sampling periods
followed imnediately after a periad of
maximm tidal amplitude. Tt is well known
that populations of mamy intertidal inverte-
brates have lunar periodicities in their
spawning intensity, and it is important to
find this may be the case for the gaper
clam. Confirmation of this result will
require datz from at lecast one additional
year,

Developmeni Rato

The existence of cyveles in abundance of
the early straight-hinge lsrval phase leads
to the expectation of a cycle in abundance
of later larval phases that Jag in time by
the periods necessary for development.
Cycles do exist in the abundance of the umbo
stuge clams. The data {Table [I1!.B.2.-2)
were ranked in the same fashion as the
straight-hinge stage data. The sums of
ranks wergo:

Sums of Ranks

Sampling  Sums of Ranks  (Straight-hinge)
Date (Umbo) (for comparison)
12-13 Jan 66.51 67.5
20-22 Jan 29.5 24
27-28 Jan 21 23.5
3-6 Feb 55.5/43
11-13 Feb 30.5 47
18-19 Feb 32.5 12
1-2 Har 64.&/ 55. 5
11-12 Har 24 51.5

The concordance value is W = 0.71 (p <
0.0001). ‘The peak periods (indicated by low
sums) were 27-28 January, 11-13 February and
11-12 March. A suggested developmcnt time
is indicated by the arrows. The 27-28
January peak probably derives from a spawn-
ing preceding the :ampllng period. For the
27-28 Janaury peak in straight-hinge larvae
the period to the 11-13 February peak in
umbo larvae is 15 to 16 days. For the 18-19
February straight-hinge pedk the period to
the 11-12 March umbo peak is about 22 days.
Considering ~hat the actual peaks do not
necessarily Zall on the sampling dates, and
the uncertainty about temperature variations
in the field, these intervals are consistent
with the 19 day period expected from labora-
tory rearing studies at 8-11 C (F. Duane

Phibbs, unpublished data).

Measurement data presented in Tuble
1.3.2.-1 can bc summarized for straight-

Linge larvae by mean shell lengths as fol-
Taws:
Hean Shell Numbers
Sampling Date Length {ym) Heasured
20-22 Jan 122 105
27-28 Jan 125 77
3-6 Feb 119 23
11-13 Feb 135 48
18-15 Feb 117 99
1-2 Mar 130 21
1112 Mar 123 3

Almost all of the larvae on 18-19 Febru-
ary were very close to 116 pm (84 of 99
individuals), and since this date is at the
strongest maximum of the spawning cycle,
this is close to the size of the youngest
straight-hinge larvae. On dates like 11-13
February, at maximum time after a spawning
peak but before the next peak, the mean
length of straight-hinge larvae has in-
creased to 135 um. Smallest umbo clams are
mich larger than this, 182 um, which implies
taat, despite spawning peaks, z large frac-
tion of straight-hinge clams are early in
that phase at all parts of the cycle.

siatriiution of larvae iv the Bay

Runking of Tables ITI.B.2.-1 and [I1.B.2.
-2 were performed for each date according to
the order of the abundance estimates at the
various stations. These ranks were then
summed for cach station, Dates with large
nunbers of zeros were dropped, and surface
vilues were used for Stations 5 and 10. The
AUNS were:

Sums of Ranks Sums of

Station (Straight-hinge} Ranks (Umbo)
1 28 30
3 27.5 29.5
5 {surface) 19 17
7 20 18.5
4 41.5 31
10 {surface) 3] 17.5
11 29 24.5
W=0.241 W= 0.235
p = 0.20 p o= 0,20

While the statistical significance of the
deviation of the sets of sums from sets that
night be expected under the null hypothesis
(no agreement between dates about the rank-
ing of the stations) is only at the 20%
level, the directicn of the deviations is in
accord with a clear alternate hypothesis in
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mbo Straight-hinge
Station 5 Station 10 Station 5 Station 10
Sampling
Date Surface Bottom Surface Bottor Surface  Bottom Surface Bottom
12-13 Jan 120 3 .0 2* 293 10 0 o*
20-22 Jan 130 53 237 77 1130 397 110 a0
27-28 Jan 153 55 293 273 520 70 510 257
3-6 Feb 17 7 7 3 205 77 17 3
}11-13 Feb 403 118 87 3 197 30 153 37
18-19 Feb 180 17 a0 77 1163 430 1250 703
1-2 Har 0 3 0 20* 3 38 0 27*
11-12 Har 217 -~ 380 333 57 -- 170 93
each case, VYounger larvae tend to be in Lurvac o f Speetes other thar (aper (lams

lowest abundance at Station 9, above the
tidal flats across the bay from the princi-
pal gaper c¢lam beds., Station § is the only
sampling sitc deviating consistently from
the others. Umba stage larvae are most
abundant at stations owver the channel (5
surface, 7, 10 surface, 11) und least abun-
dant at stations over the flats (1, 3 and
9).

Vertical {Mairibution

Surface and hotrom samples were analyzed
for Stations 5 (mid-channel in mid-bay) and
10 (mid-channel near the bridge). ‘The
results cxtracted from Tables TIT1.B.2.-1 and
ITT.B.2.-2 are listed in the table above.

[f the date-station-stage combinations
with very low densitics (indicated by an *)
are eliminated, 24 of 25 date-station-stage
combinations showed higher abundance at the
near-surface depth. Gaper clam larvae live
throughout the water column, but are sone-
what more abundant near the surface.

PDensity estimates of "round larvae" are
presented in Table ITI.B.2.-3. The concord-
ance between the stations about which dates
had low und high densities was W = (.49,
which s lower than the values for gaper
iarvac., but still highly significant (p =
0.001). The dates with highest densities at
most stations were the same (27-28 January
and L8-19 February) as the dates of maximum
spawning intensity of the gapers, The
singlc highest valuc, 473 per cubic nmeter at
Stuation 411 on 11-12 March, did not occur in
agrecment with this schedule. The other
animals in that sample (Calmwne marchallae
Frost, for example) were characteristic of
the coastal ocecan well offshore, so it is
~ikely the sample represents spawning by
another species or population located in the

oeean. No consistent spatial pattern is
evident in the data for "round" larvae.
[[l.B.5. DISCUSSION

Analysis of January to March samples of
2aper clam larvae from Yaguina Bay, Oregon

Date
# #3 #55 W58
12-13 Jan 2 0 257 26
20-22 Jan 290 93 227 120
27-28 Jan 90 113 163 148
3-6 Feb 8 20 27 60
11-13 Feb 2 50 52 117
18-19 Feb 22 127 180 23
1-2 Mar 0 13 0 10
11-12 tar 7 o 17 --

Station

#7 #9 #105 #10B #11

0 0 0 5 0
387 190 7 77 33
93 38 383 353 53

7 12 13 3 18
87 -- 27 23 32
100 85 123 83 47

0 0 0 130 7
137 137 160 7413

Table I11.B.2.-3.
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have estabiished four hypotheses for further
testing: 1 gaper clams have an approxi-
mately lunar cycle of spawning intensity
with maximum production of larvae at the
periods of greatest tidal amplitude; 2) the
time required for development from "straight-
hinge” to "umbo' stage is two to three
weeks; 3] vounger larvac are about evenly
distributed through the lowcr estuary,
except that they are less common over the
tidal flats of the south shore; and 4) gaper
clam larvae are found throughout the water
column but are consistentlv most abundant in
near surfacc depths.

Coincidence of maximum spawning with the
period of maximum tidal range certainly has
adaptive significance. The larvae could
achieve an improved retention within the bay
from this, 2rovided that spawning is coin-
cident with return of the water after very
low tides. 'The flood tide would then carry
the Tarvae to the maximum distance upstream,
minimizing subscquent losses from the bay to
the oceun. Estublishment of the timing of
spawning wizhin the daily tidal cycle is
thus an obviocus next step for this research.

The approximate agreement botween the
observed tine required in the field for
transformat.on of straight-hinge larvae to
the umbo stage and the time required in the
laboratory suggests that the laboratory
rearing is a realistlc way to evaluate
larval growth processes.

It is surprising to have found the maxi-
mun densities of both age groups of larvae
to be near the surface. This should preduce
more flushirg of larvae from the bay than
concentraticn near the bottom, where ner
transport shonld be upstream. The fuct,
however, is quite strongly established.

lll. C. Haplosporidan study
THOMAS F. GAUMER

ITI.C.1. METHODS

A microsporun parasite identified in the
literature as a haplosporidan, occcurs in
gaper clams in Yaquina Bay (Armstrong and
Armstrong, .974). Gaumer and lukas (1975)
reported observing the haplosporidan infec-
tion in subtidal gaper clams. To increase
our knowledge of the incidence and distribu-
tion of this infection, subsamples of gaper
clams collected during our surveys were
examined by Dr. Robert Olson, Oregon State
University, Department of Zoolegy, under a

et Grant funded study on microsporan dis-
cases of shrimp and clams. Samples were
collected from Tillamook, Yaquina, Netarts,
Siuslew and Coos bays. The parasitic
infection was most intensively studied in
Yaquina Bay where clams from five stations
ilfigire IIT.C.1.-1) were routinely sampled
for onc year and c¢lams from two of these
stations were studied for an additional
vear. Single sanples were taken from each
of the other bays. This scction biriefly
reviews the results of Dr. Olson's studies
which he will publish in more detail.

[Li.C.2, RESULTS

The parasite was found to cccur at all
stations in Yaquina Bay. Massive infections
were obscrved at only one station (Area 1),
wherce the incidence of the parasitized clams
ranged from 51.6 to 89.0%.

Approximately 30% of the clams from Area
1 contained infections that were classified
as heavy and were immediately evident upon
gross cxamination. Although infection
incddences in clams from the other Yaquina
3ay sampling areas were often over 50%, the
infection intensities were usually so light
thiat close examination and dissection were
required for detection.

Examination of gaper clams from Coos,
Siusluw, Netarts and Tillamoock bays also
revesled haplosporidan infection. Clams for
these samples were collected from ireas
having known dense concentrations of gaper
clams. The parasite occurred in all of
~hesc areas, but the infection levels were
50 low that detection was difficult and
histological confirmation was required.

Haplosporidan cysts were not obscrved in
any of the zero-age gapers. Gapers also
appeared to be more heavily infected with
‘nereasing age. The disease was not ob-
served in any other clam species.
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PART IV Applications






IV. A. Research Summary, Conclusions
and Implications

DANIL R. HANCOCK
THOMAS F. GAUMER

The purpose of the research on hardshell
clam populations is to provide information
on the natural history and ecology of the
gaper c¢lum, Tresus cgpax, which can be
utilized by resource management interests,

The research scientist must be cognizant
of the fact that for a variety of reasons,
many of his research findings canmot or will
not he utilized by resource interests in the
management of a species. Qur intent then is
to summarize important findings, suggest how
such findings may be applied or related to
the munagement of the hardshell bay clanms
It not to provide a managemcnt program.

This section will attempt to integratc
the findings of hoth the ODFW and the School
of Occanography at Oregon State University.
Ivery effort will be made to provide a
candid appraisal of existing informnation,
the ceonditions of the data base as well as
the shortcomings of our studies with an
attempt to point out possible directions for
future research,

IV.A.]. HISTORICAL PERSPECTIVES ON COMMLR-
CIAL BAY CLAMS

lixisting information on the history of
commercial clamming in Oregon suggests
several things:

1. Accurate and consistent datz on clam
landings by species and individual estuary
1s very rudimentary, net easily cbtainable
or interpretable. Our analysis of these
data suggest the need for mere precise
records. It would be most helpful if the
formatting and recording of these data from
Yedr to year were consistent, Information
on catch per unit effort for both the recre-
ational and commercial fishery would eluci-
date comments on the condition of the clam
stocks. Economic information would also
help in this manner.

2. Such historical data as exists sug-
gests that the commercial clam harvest has
been highly variable over the years. Rea-
sons for these fluctuations appear highly
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conjectural but have hoen suggested teo be
related to national politics such as night
digging resirictions Juring WWII, poor
market cond:tions and declining intertidal
populations.

3. Data of the period from 1841-1975
show a general downward trend from the high
of 139 m.t. landed in 1945.

4. Approximately 21J% of Orcgen's toval
bay clam production comes from Coos Bay with
Tillamook Bay and Yaquina bavs producing 25%
and 20%, rcspectively, to the state's annual
commercial harvest. '1The Coos Bay harvest is
nearly all gaper clams; Tillamook is primar-
ily cockles: while Yaqaina is a mix of gaper
and cockles In spite of sporadic spatsets,
gaper harvests have coatributed as much as
60% to the total bay clam production in
Qregon.

5. In 1961 a permit was lssued for the
taking of subtidal clams from Coos Bay hy
mechanical methods. Prior to this, all
commercial hay clam landings came {rom the
intertidal arecas.

6. The landings for recreational uses is
thought to “ar exceed reported commerical
landings.

7. Tt apnears that the ratio of recre-
ational to commerical londings will change
substantially if subtidal harvest by mechan-
ical methods becomes acceptable, and market
conditions remain strong.

IV.A. 2. STHDIES OF TIE DISTRIBUTIORS O
NARDSHELL CLAMS AND OTHER ECOLOG-
ICAL FEATURES

1. Intertidal and subtidal distributional
surveys werc conducted on 10 of Oregons
principal clam nroduc.ng estuaries.

2. Surveys of the distribution amd abun-
dance of clams, shrimp and vegetation were
completed o1 the Tillamook, Netarts, Nestuc-
ca, Salmon river, Siletz, Yaquina and Alsea
estuarics. Surveys were conducted but not
complcted on the Nehalem, Siuslaw and Coos
Bay estuarics.

3. The distributional surveys werec exten-
sive, examining over 518,000 m of transect,
and included over 9,216 stations.

4. A totral of 17 snecies of bivalves, two
species of shrimp and four genera of vegeta-

tion were recorded.

5. Subtidal surveys produced new informa-
tion on the location of clam beds having
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commer:Jal harvest notential in Tillamook,

Yaquina and Coos Bay estuaries. Stocks of

clams in the other surveyed estuarics were

cither sbsent or too scattered to support 4
commersial fishery.

t:.  Th:s Nestucca and Siletz estuarics con-
tained ne subtidal clams, although sultable
hahitat appeared to occur in each huay.

- Gaper clams were found dassociated with
colgrass beds in many instances. Fow clams
were odserved in areas having densc concen-
trations of sand and mud shrimp. These
results tend to indicatce the importance of
substrate stability to the settling and/or
survival of bay clams.

TV .ALS. AGING OF GAPLR CLAMS

1. The knowledge of the age structurce of
the ganer clam population has extremely
important management and scilentific implica-
tions.

Z. Five aging techniques were studied
during the coursc of this research. The
results of the five techniques were found be
significantly different. The method of
delineating chondrophore annuli by means of
a high intensity light was the most accurate
means of analysis.

IV. A4, COMHERCIAL SUBTIDAL BAY CLAM
FISHTRIES

1. Uslng the value 21.6 clams/m? as an
indicator of commercial potential, thrce
areas in Tillamook Bay, four areas in Ya-
auina Bay and one area in Coos Bay were
sampled.  Owver 9,000 m.t. of clams (primar-
ily gapers and irus) were estimated to
inhabit these areas at densities of up to
135 clams/m? in Tillamook and Coos bays and
627 clams/m? in Yaquina Bay. Over 7,000
m.t. of this total were deemed to be of
commercially desirable sizes.

2. An experimental commercial fishery was
initiated in 1975 in Yaquina Bay. Condi-
tions included gear restrictions (to study
the effects of mechanical harvestina), a
limited harvest area, and a quota of 10% of
the estimated available gaper clams. The
State Board of llealth moreover required
monthly clam samples for bacterialogical
exanination,

3. In 1975, cne permittce using a high
nressure water jet harvested 683 kg of clams
From Yaquina Bay. In 1976, two commercial
permits were issued for Yaquina Bay, but no
harvest was reported.



4. In 1977, two commercial plots In Yaquina
Bay were arproved for water-jet harvesting,
and three for diver-cperated suction rump
devices. lhirty-one m.t. were rejorted
taken, but only 20% of the arca was actually
harvested. Catch per effort ranged from
45.5 kg/br in a pump permit area to 142
kg/hr in a jet permit arcua.

5. The fishery anpcared selective of the
older clams with 82.7% of the c¢lams harvest-
ed being five vears of age or older. Year
class compnsition studies revealed that only
clams of the 1973, 1975 and 1976 vear clas-
ses remalned. Preharvest gaper density was
391.0/m" and postharvest density was 8.6/m2.

6. Bacterial cxamination of harvested clams
from Yaquina Bay indicated that plate counts
and coliform counts fell below the maximum
allowable “or cach sammling period.

7. The toral commercial harvest in Coas Bav
from 1975 through 1977 produced 59.3 m.t.

of which 98% were gaper clams. Catch per
effort values ranged from 71.2 kg/hr to
102.4 kg/hr and was ontirely compesed of
clams 100 mm in length.

8. The uassessment of the effects of the
commercial harvest on the clam stocks showed
only a smill pnortion of ecach of the sulb-
sections was actually harvested, and only in
two sub-scctions were anpreciable numbers of
clams taken.

IVLALS. SIMMMARY OF MARKET CONDTTION FOR
COMMERCTAL HARVEST OF GAFER CLAM

1. The market potential for gaper clams
from Oregor: has never been fully invesri-
gated. Untlil recently, the East Coast bav
and surf clams were available to meet market
demunds across the country. Last cozst clam
availability has rapidly declined during the
past several years and consequently market
demand has increased zapldly for stocks from
other sourcoes,

2. In I977 great interest in subtidal clam
harvesting was shown by local industries be-
cause of the declining East Coast sources
and the deronstration of the notential
sunply of Cregon's bay clams to meet local
demands.

3. Meat recovery by seafood processors
averaged 21% of live wet weight for gaper
c¢lums during the winter months, After
spawning had occurred in April, meat yield
reportedly dropped to 17%, which is not
enough to justify a fishery during that
5¢ason.

i r addition to the interest in the use
af the gaper for the local seafood market,
Tnere appears to be a rewly market for
indersized clams in the bait fishing market
1% well as g potential for the utilization
of clam wastes as a source of glycogen.

IV A 6. REPRODUCTION AND GROWTH OF ‘[HE
GAPFER CLAM

l'ertinent ccological information on the
paper clum was obtained during this study
with special emphasis on reproduction and
growth,  These data are important to the
nanagement of both the subtldal and inter-
tidal stocks of clams for several reasons.
These data a) provide information on the
velationship of the subtidal to the inter-
tidal populations, b) suggest optimal har-
vest size of clams based on growth curves
for the different stocks, ¢} provide infor-
matlen on seasonal variations of meat qual-
tty, and d) provide information for estab-
lishment of harvest scasons and comparative
differences hetween subtidal und intertidal
stocks.

“rowth rates of 7. capaxr from both the
subtidal and intertidal areas of Yuquina Bay
werce comparable to those rates renorted for
the intertidal from British Columbia.

The mean length of subtidal clams over 4
years old was signitficantly larger than
those of intertidal clams.

4. These data suggest that gaper clams from
intertidal areas do not grow as rupidly as
clams from subtidal areas.

5. Differences in sediment types as well as
density dependent factors and tidal exposure
ire most likely responsible for the observed
diffcrences in growth rates.

6. Relative growth among the body parts
secm to be dependent on the amount of expo-
sure to seawater and the degree of gonad
development.

7. Intertidal clams grew heavier per unit
length than did subtidal clams.

8. The wet body weight of intertidal clams
had a higher moisture content than did
subtidal clams.

Y, TIntertidal clam shells, while not as
high as subtidal shells, showed a greater
growth rate increase. The higher weight to
length ratio of intertidal clams results
from the high moisture content, the high
rate of increase of wet hody weight to
length and the higher rate of increase of
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shell weight to lensgth,

10. Latitudinally reluated environmental
conditions such as tempcrature, ni, nhoto-
period or tidal regime influcnce the size at
which sexual maturity ovcurs.

IV.A.7. THE REPRODUCTION CYCLE OF THE GAPLR
CLAM

1. Data from our histologiciul examinations
and plankton studies confirm that the gaper
is5 a late wintcr spawner but that the time
of spawning was found to vary from that
previously reported.

2. Gametogenesis is initiated in late
summer and continued through autumn. Devel-
opment of gametes progressed until ripe
gonuds predominated; spawning began in late
winter, peaking in March and April.

3. A discrete inactive period was found
during the summer.

4. T[vidence suggests some clams fail to
Spawn or spawn incompletcly.

5. Latitudinal variations in spawning were
observed. Gapers in more southerly lati-
tudes spawn earlier, while those of more
northerly latitudes spawn later than clams
from Yaquina Bay.

6. Female clams in Yaquina Bay were active
before, ripe concurrent with, and spawned
both slightly before and slightly after the
male clams.

7. Observed synchronousness hetween sexes
may he indicative of differences in develop-
mentt time hetween males and females.

8. Clams at all four stations in Yaquina
Bay exhibited synchrounous spawning.

9. Multiple spawning of individual clams
was not conc¢lusively indicated by these
data.

10. These data indicate that while latitud-
inal differences affect the onset of spawn-
ing, a lunar cycle influences its periodic-
ity. Other factors such as temperature also
influence the reproductive cycle.

IV.A.8. LARVAL STUDIES OF THE GAPER CLAM IN
YAQUTNA BAY

1. Analysis of preliminary plankton samples
have indicated that gaper clams have an
approximate lunar cycle of spawning with the
maximum activity occurring during period of
preatest tidal amplitude.
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2. The time required for devclopment from
the straight hinge stage to the umbo stage
is -5 weeks.

3. Young larvae are approximately evenly
distributed througheut the estuary but are
Tess common over the tidal flats of the
scuth shore.

4. Gaper larvae gre found throughout the
water column but are consistently most
atundant at the surfacc.

IV A9, HAPLOSPORIDAN 1KFECTION

1. The microsporan parasite jdentified in
the literature as haplosporidan occurs in
gaper clams in Yaquina Bay.

2. Lonvurrent studies have been examining
haplosperidan infections in gaper clams from
Tillamook, Yaquina, Netarts and Coos Bay
estuaries.

3.  The narasite was found in samples from
all four stations in Yuguina Buy, howcever,
massive infections were found at only one

station (Sally's Bend region}.

4. DNaplosporidan intections were absent
from zero age class gapers, the infections
increasing with increasing age.

IV.A.10. GENERAL CONSIDERATIONS AND
RESEARCH RECOMENDATTONS

1. The abundance of subtidal gaper
populations found in some of Oregon's estu-
arics, coupled with the synchrony of spawn-
ing, could conceiveably make the gaper an
important food source for planktovorces
during s period when other zooplankton arc
much reduced. This consideration was not
addressed in the scope of this research.
Data on the utilization of gaper larvae,
juveniles and gaper siphons by other species
would also be beneficial.

2. The data on age, growth and abundance
strongly indicates the requirement of the
gaper ciam for substrate stability. In
shallow areas eelgrass appears to be related
to hottom stabilization, while in other
instances shell debris may armor the sub-
strate. Since the settling gaper larvae
also require protected areas with hard
substrate for attachment, the returning of
the shells of harvested gapers may have
value.

3. Growth data suggest that the optimum age
for harvest of the gaper clam in Yaquina Bay
is about 5 years.



4. Althougk the gaper appears to spawn
every year in Yaquina Bay, recruitment “nto
the year classes is otften sporadic. Careful
consideraticn must be piven to the allowable
acrecage for subtidal harvest,

5. Montoring the env:ronmental effects of

the mechanical harvesting of the gaper clam
are continuing, however much of the informu-
tion from other regions such as Puget Sound
and Alaska 15 available and can be utilized.

6. Larval studies coupled with the spawning
synchreny and other reproductive, growth,
distribution and abundance information are
extremely imporant factors in assessing the
contribution of the subtidul gaper stocks to
the intertidal stocks.

7. Information on the age of sexuul matur-
ity and age snccific fecundity would be
necessary to complete the determination of
the contribution of the subtidal gaper
ponpulations to the intertidal populatiors.

8. Histological studies of juvenile and
young adult gaper clams are necessary before
the effects of latitudinal variatioens can be
made.

9. Additional studies of calcium untake
would he valuable to compare intertidal to
subtidal clan shell growth.
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