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I. A. History of Oregon's commercial
and recreational bay clam fisheries
liAiVI l. R. llANCHCV,
GAll.  BRHF:0! WILLEKh

Hay clam species of commeri:ial use in
0rcgon consist of the gaper or hoz.seneck
clam  .'z i aua aapar!, the cockle  ."2i naaarci-
z'uni nu,.ta7.~7i!, the lit t I cncck  Vererupza
: Lani.',»,: a!, and to lesser extents, the soft-
shel l clam  zfga arena~ia! and the butter
>. 1am  Sca'idoi>iua gz.aanreua! . A 1 1 are mar-
keteel for restaurant, fresh food and bait
tis c.

Bzy clam pzoducti on history from 1941 to
1975 is shown in 1'igure 1 A 1 - ' World War

rest'rictions on night digging effected a
decrease in production in 1942, whi le
z'elaxed restrictions allowed increased
production to a maximum 306,000 lbs. �39
ii>etric tons! in 1945. Since that year,
ther has been a gezzeral downward trend,
r epoz tcdly a result of incrcascd oyster
cult»rc and decreased digging effort  Cleav-
er, l951; Marriage, 1954!. However, the
present authors believe that the reduced
production following 1945 was morc likely a
consequence of clam population reduction and
poor market conditions. In 194B, because of
reducecl stocks of gaper clams, the digging
of these clams was prohibited to all users
from,January 1 to,June 30  Cleaver, 1951;
.'$arrz age, 1954!. 'I'his seasonal closure of
the clam beds continued until 1960, when the
restriction was lifted for personal use
diggers only, but with a reduced bag limit
 Snow, Wagner and Sims, 1962!. production
nevcz again reached the l945 peak,

Coos, Tillamook and Yaquina Hays consti-
tute the major commercial bay clam produc-
tion az'eas in Oregon, contzibuting 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 ot primarily cockles, and in Yaquina of
gapers and cockles. Gaper clam harvests in
Oregon have contributed as much as 60'> to
the total bay clam production  Cleaver,
l951; 'larriage, 1954; Smith, 1956!. None-
theless, sporadic spatset and seasonal and
bag restrictions have caused respectively

19
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unstable population 'tocks;ind hazvest
production,

Prior to 19<ii, cl;<m digging was done by
hand in th< intertidiil regions of bays. ln
1<961 in Coos Bay, two divers used mechanical
equipmcnt t o collect subtidal gaper clams
 Snow, Wagner, Demor>, 1964I, but no infor-
mation about the amoi<nt of their harvest 1s
avai lablc. Peimits to mech inically harvest
clams From iubtidal,.:re;is iii Coos Bay «<erc
issued in 1 967-68 and 1969, but market
conditions held the 1�irvest to a minimum
 Snow, Gaum<'.r, Demorv, Vei lson, Osis,
Phibbs and Cibson, 1970!.

'I'hc h;irv est of bay c.lams for non-commer-
cial or pei sonal use 1!as not. been as thor-
oughly monitored as t hat toi commercial usc.
Nonetheless, Cleaver b 1<951! «nd tdarriage
�954! sho< <id that t lie rion- commercial take
of bay c.la«is far exceeded c<>mmercial prodiic-
t ion. A se ries of morc recent. surveys o1
Oicgon's tiays by the ODFW  Ga<imer, Demory,
Osis, 19?3-,4; Gaumcr, Demory, Osis, and
Walters, 1574! showe<1 similar results and
generally that recreational clam harvests
comprise 90". or more of thc total take from
tid;il flats.

I. B. Scope of research

GAI L  BBL'IiDj WILLEKE
DANIL R. HANCOCk

Thc purpose; of thi., study was to deter-
mine thv distribution, abundance and speci e»
compositi on ot Oregon bay clams, to under-
stand the r lationship between subtidal;ind
int crt i da 1 1am popul <it ions, thei r biology,
and to eval matc the potential effect on
intertid;il uouulations of a subtid;il com-
mercial «1am fishery in Oregon.

A conccr.'cd effort was iindcrtaken by the
Oregon Dcpa<tment of Fish and Wildlife to
determine t!ie location, abundance and
density, an<1 species < omposition of bay
clams in teii Oregon b;<> s. '1'hc surveys
included bo-h siibtida1 and intertidal
populations.

As thc distributional s»rveys n< ared
completion, interest in the result», as well
as a worldwide increase in demand for
clams, prompted the d< velopmcnt of a 181
metric ton 1>ilot harvesting progr;im in
Yaquin;i Bay Thi s continuing program was
initiated in 19 ?6 under a permit system and
is being closely monitored by the Oregon
Department of Fish and W<ildlife  ODFW!.
lnformatton ori harvesting rates, suitable

oquipmcnt, populati.on ress 1ience under
harvest pressure, and environmental impacts
is being gathered,

Although four major species of hardshell
<:lama  gaper, littleneck, cockle,;ind
butter! frequently co-occur, the distribu-
t ion diit;i indicated tliat the fishery would
he dominated by "". < @par . Prior to forming

subtidal man<igement strategy, studies of
the biology of the gaper clam wcr<' desirable
to understand thc impact of the proposed
sulitidal Fishery on thc existing intertidal
commercial and recreat iona 1 fishei les and on
the estuarine ecosystem as a whole. The
role played by the subtidal populi<tions of

;i.-.p<ir. in the ecology of thc intertidal
1iopuliitions of '". capax was therel'ore of
fund;!mental interest in this study, Conse-
«ucntly, studies werc undertaken by the
Oregoii State University School of Oceanog-
raphy and the Oregon Department of Fish and
Wildlife to provide information about growth
i'ate», conditions necessary for spats et, and
reproductive cycles ot T. ;.'-.I>cia populations
frori different locations in Yaquina Bay.

Although scvcral other commercially
im1!art aiit species of planktonic fish and
shrin,p are known to enter the bay during the
winter, the contribution of the ''. e<ipaz
poput;<tions to the wiiitcr planktoiiic food

upply was an important. corisideration oF
1 hi s study. L,'tilizati on of data obtained
during the course o th! s study, alorig with
infozmation on age specific fecundity and
t hc;ige of sexual mat»rity, would allow
estimates of the amount of this contribution
to be calculated using a method recently
described by Barncs;ind Barnes �977!.

Wh 1 1e few studies are ever complete, we
have attempted to identify those areas of

biology which would increase our
abi! itics to make sound de<:isions relating
to thc management of subtidal clam fish-
eries.
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il. A. Studies of the distribution of clams
and other biological and physical
features

T110'.1AS F. GAUhlER
GRI';�ORY P . ROBART

1 I . A. 1. SAJIP BING! PROCI'L>URFS

Intertidal and subtidal surveys werc
condrrcted on lO of Oregon'» orincipal clam-
producing estuaries  Figure 1I.A.1,-1!,
using techniques developed by the Oregon
Ocpartment of Fish and lvi 1<ll i fe  Oars and
G;rumer, 1973!, Surveys were generally
<-on<luctcd between April arrd October.

Oregon's estuaries contain two basic
types of tideflats: �! broad exp;rnse» of
rrrtcrt idal areas containing several hundred
:<ere» each, and �! naz'row st>ore-b<!rdcring

r rip» sometimes several mi les long. Some
estuaries have a combination of these two
t>T>es of tideflats whi lc others millht have
<!ne or the other. The type of tideflat
governed the procedure used to lay out the
1 ransects. On broad tideflats, permanent
landmarks such as navigational markers or a
.ompas» course were used to orient the
transect lines. This type of survey design
generally took a spoke-wheel appearance
!.r»ing an established marker as the focal
r!oint. The shoreward ends of the transects
were 274.3 m apart. Samples were taken
.very 91.4 m along the transect lines. An
«II-terrain vehicle  ATV! was used in laying
out tr;rnsects and sampling stations, Lris-
tance were measured b> using an odometer
<<heel.

h'here no convenient landmarks were found,
base line was established along one shore

ot' the estuary. From this base line tran-
sects were laid out perpendi.cular to the
»}<ore t>aselinc. Transect lines and survey
stations along transect lines were each sct
!>1.4 rn apart.

At ear h sampling station, the pt esence
;md abundance of clams and shrimp, substrate
type and vegetation were recorded, '1'he
tollovrng methods were used to document
presence and abundance of clams at a given
» rmple station: �! the general area of the
»tat ion was visually surveyed and a sample
plot containing 9. 3/m was marked out. Clam
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Figure Il.A.l.-l. A map of coastal Oregon showing estuaries surveyed by the Oregon
Department of Fish and ilildlife  *not included in this study!.
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and shrimp ape<.ies c<:»ld be ident ified by
the shape of siphon <. r burrow hole; these
were classi fied and counted. The main
shortcomings of this proccdiire were that
only adult clams were detect.ed and eelgrass
obscured scme siphon holes. �! Once the
holes were identified, the sample plot was
raked for s<irf ice-dwelling clams  primarily
cockles!, �! Finaliv a 0. !9 m section of
substrate I i om withiri the s:<mple plot was
removed hy shoiel. I:;ich s;imple was about 36
cm deep.:i 1 I removed clams were ident> fi rd
and counted.

Surveys star ted at the lcwer reaches of
eac!i estuary and exter<dcd up-bay until all
m;ijor clam he<i» had 0< en sur veyed.

1!sing <i well-defii«d geographical land-
mark as;r starting pc>int, 610 m sections cf
tlie bay were plotted on a map for survey.
Wi thin r hc se sect iona, tr;uisects were estab-
lished par;iilcl to sh: rc, generally at 45. 7
m interv;its. '1'he transect lirie was a 610 m
polypropylene rope weighted at 3 m intervals
wi.th 142 gm gi1 1-net lead weights and with
sampling st;iti on mark rs every 30. 5 m.

At each sampl ing s trit io» two SCUBA divers
recor<ied information =n water depth, max imtriil
number ot' clams per s I»are foot, vegetation
and substrate.

Clams were io«ated visu,<lly and by pound-
ing, r'aking or digging, The tips of gaper
and paddock cl;im siphons were usually easily
seen. On h =avy shell bottom, pounding the
surface gen r;illy exposed the presence of
gaper clams.  :ock!e and I ittleneck clams
werc usu;illy found on top of t.he substrate
or by r;<kin > the surf;ice. Digging 1ocatcd
littleneck and butter clams. Vegetation and
slirimp conc =ntrations were s<rbj ectivcly
en<imeratcd. For this repor't, shrimp and
vegetation distributions werc classified as
sparse or d nse,

Surveys an the dis ribution and abund;incr
of <.-Iams, s.'>r imps an<1 veget:ation were com-
pleted in '1'illamook, 1;ctarts, Iiestucca,
Salmon, Sil.t=, Yaquiria and Alsea hays
 'I'able I I. A. 2. -2! . Surveys werc conducted
but not completed in 'e'.ialem, Sius law and
Coos hays.

l!uring o ir surveys we examined more than
518,160 m of transect linc and collected
biological anri piiysic,il data from 9,216
sample stations. A total of 17 species o"
biva.Ives, two species of shrimps and four

genera of vegetation were recorded during
the surveys  Table II.A.2.-1!.

Orily suhtidal surveys were completed in
Ncha I cm Bay. A total of 4,877 m of t.ransect
line was surveyed and 160 ohservations made.
s<rbst rate material was generally sand, and
sand m.ixed with shc11 �>igure II.A.2.� 1! .
Several areas at the mouth of thc hay con-
tained massive outcroppings of rock; exten-
sr.ve areas of unstable sand bordered the
we>st side of thc main 1ower bay channel.

The principal clam species observed in
the bay were gaper and littleneck. The
distrihiitions of gaper, littleneck, cockle
;ind but.ter clams are shown in Figures
11,A.2,-2 to II,A.2.-3. No shrimps were
observed in the subtidal survey.

L'eigriiss  gaa~<! m rr~r!n«! was the princi-
oal species of vegetation observed in thc
hay  I:igure II.A.2.-4!, Several uriidenti-
fied species of green, brown and red alg;re
wer'e iioted in the channel near thc mouth
 I:igures I I.A.2. �.> to II.A ' -7!

Intertidal and subtidal surveys for
'1'illamook Bay were completed in 19�. A
total of 118,140 m of. transect line werc
srirveycd and 2,096 observatioris recorded.

,'!u<'h of the substrate i» the Garibaldi
area of Til I;imook Bay consisted of gr;iveI
;<nd rock with some shell and sand. This
:irca . upports some of the Iieaviest concen-
t rations of intertidal and subtidal bay
«lams in Oregon's estuaries. The mid- and
»p-hay portions of the estuary were primar-
.ly of mud or combinations of mud and sand
 I> i gore 11. A. 2. -8! .

I'.leven species of clams were observed.
Of the recreationally or commercial.ly impor-
t.ant clams, gapers and cockles were the
principal species observed in the lower bay
while the softshell was the most prevalent
<:larrt species in thc upper bay. Thc distrib-
utionss of gaper, butter, cockle, native
littleneck, irus, soft.shel!, Baltic, bcnt-
<iose, California softshell and piddock clams
were charted  I igures IIA, 2.-9 to ll. A. 2.�
1.!, Ghost and mud shrimps also inhabited
much of the tideflats  f!igiire I I.A, 2.-18! .

Belgrass and species of green and brown
iilgac covered extensive areas of thc tidc-
ti.ats and channels of Tillamook Bay  Figures
11.A.".-19 to II.A.2,-22!. A numbr.r of the
m;ijor clam-producing areas occurred in the



es Name Common Name Other Local Ilames

basket cockle, cockerel
false softshell

mud clam, bay clam

butter clam beefsteak, Coney Island,
giant Oregon clam,
quahog, llashington clam

jackknife clam
Bodega tellin clam
gaper clam

tianila 1 ittlenei:k clattt
native littleneck clam
piddock clam

ghost shrimp
mud shrimp

sand shrimp

green algae
rockweed
sea lettuce
eelgrass

iltc s p,
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pea pod borer
cockle clam
Californi~ soft" hell
Baltic clam
irus clam
bentnose clam
sand clam
softshell clam
native oyster

Table II,A,2,-1, Taxonomic list of species observed,

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



N
!-!
CD

!C!
Ct!

cC

!/ ~c'
G!Q!

n

Cor!piete
I r! co!ip I e te
Total Observations

X X
X

160 2096 1336 '!IG

X
X X

:.'27 46'I 579I 51 372 2906

476 113
1308 ""8

90 '8
?09 3
102 '9

9

32 742
160 2034

60 411
61 608
55 191

3 78

' lu d
Sand
Gvav 1
Shel 1
Rock
Bedrock

349 11 3 55
78 7 318 746

56 24 33
16I 37 294

30 8 20
1? 11 34

69
l26

18
0
6
2

201 1489
366 2369

21 299
2 765

l9 187
2 68

0 63 96 32
0 83 5 �

13 308 109;6
16 580 461 r! 7

0 7 15 0
40 98 136 I

6 19 14 0

135 74 0
3 3 0

23 41 45
308 99 54

0 1
l9 4 115
 I 0

41 l5 38
3 6 209

31 31 6
3? 1?9 464.

0 0 0
0 0 107
0 0 0

Eel grass
Green algae
Brown algae
Red algae

Table I I.A. 2.-Z. Ilu!rber of transect points wherr. ob er ved sediment type and bivalve and
ve!Ietation species occurred.
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l3ut,t=r clam
 :oc kl e c 1 am
Gaper clam
 I. littleneck
ll, littleneck
Softshe11 clam
IruS ClaI!I
Baltic clam
Bentnose clam
Bode~a tellin
Jackknife clam
Piddock clam
Sand claIn
Ca I i f. softshe11
Pea nod borer
fl. oyster
S h!" 'I 'll p s

1 17 35 0
1 476 449 0

24 486 165 0
17 98 61 0

0 0 18 0
0 6I9 55 125
0 146 4 8
0 425 '33 I �
0 139 52 0
0 0 4 0
0 0 0 0
0 5 30 0
0 1 0 0
0 132 25 '7
0 0 O 0
0 18 0 0
0 771 512 I i'9

0
C 0 442

0 739
0 0 38
0 0 0

?7 197 256
0 0 42

4? 155 4
0 4 96
0 0 27
0 0 0
0 0 64
0 0 0
1 0
0 0 3
0 0 18

'33 284 480

0 0 30
12 0 171

l4 229
5 3 78
0 0 0

23� 107 3
I3 62 90

10? 101 0
58! 0 40

U 0 4
0 0 1

5 15
0 0 0
0 1 3
 I 0 0
0 0 0

399 109 0
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eelgrass beds. Thi s w;i- espec! al ly evident
an the Bay Oc<!an sand spit and on the tide-
f1ats adjacenf to the mouth of Kilchis
River.

Subtidal surveys of Netarts Bay were
completed in . '975; intertidal surveys werc
finished in 1977. The surveys included 1336
observations ;<long 79,120 m of transect
line. Many o. the tideflats s»rveyed con-
sisted of a combination of sand and mud.
The down-bay i hannel areas were primarily
rock, gravel and sand; the up-bay channels
were cove~ed with sand and shell sediments
 Fig»re 11.A. 2.-23!. Sand and sand mixed
with mud covered inast of' the t idcf Tats.

Gaper, but er, cockle, native littleneck,
Mani la littleneck, softshcl 1, i.rus, Baltic,
bentnose, Bod»ga tellin, California soft-
shell, and piddock clams werc widely scat-
tered aver mu< h of thc I!ay  Figures 11.A. 2.-
24 to I I. A, 2 . - 34! . Ifud and ghost shrimps
were also wi d<.ly distributed over thc tidc-
flats  Figure I I.A. 2. -35! .

Vegetation, predominantly eclgrass,
covered cxtenrive areas of the channels and
tidef]at  I'ig!!res TI.A. 2.-36 ta I I.A, 2. -40!
Fcw clams weri. observed fn the veget; tion
clue to the de!iseness of the pl;nits arid th«
<lifficulty of loc;iting clams in this type of
environment.

Subtfd;<I and intertidal surveys of Ncs-
tucca Bay wer . completed in 197 . We made
330 ohscrvati!ns along 44,02 ' m of transect
line. '1'he tideflats consisted primarily af
sand;ind s;ind mixed with mud  Figurc II,A.2.�
11! . S«bti dally, mass< ve bo»1 ders arid ro.-k
outcroppings "ere pzedonin;int at the mouth
of the bay, grading into a substrate of
gravel and sand up-bay. The western side of
thc charm»i wis primarily con!posed ot soft
shif'ting sand

I<igurcs II.A.2.-42 ta TI,A.2,-43 indicate
the distribiitia» of softshel!, Baltic and
frus clams in the bay. 'I'he softshel i clam
was the principal species observed. Vo
clams were observe<1 in the siibtidal survey
although there appeared to bc suitable
habitat in the channel near the mouth of thc
bay. 1 rid»nd ghost shrimps were also widely
scattered over t.he tidetlats  Figurc 11.A, 2.�
44! .

lelgrass was the most corns!on vegetation
abscrvcd and occurred over much of the
tidefiat of the Little Nestu«ca 1:.stuary

 I' i giires I I.A. Z. -45 to I l. A, 2. -47! . I'atches
of cclgrass and sea lettuce occurred in the
subtidal «hannels.

Intert idal siirveys of the 9;ilmon River
estuary were completed in 1976. One hundred
fif'ty-ane observations were m;ide along
10, 187 m of transect. Host of the substrate
consisted of mud, sand, or mud mixed with
sand  Fig»re 1!.A.2.-48!. Rock and gravel
coicred much of thc northern tideflat near
the mouth of the bay.

Soarse populations of softshell ariii
Balti« ci;ims were observed throughout thc
survey area  Figures II.A.2.-49 and IT,A,2.�
50!, if<!<i and ghost shrimps were widely
distribut»d over much of the interidal areas
of t he hay  Figure 11. A. 2. -51! .

Sparse vegetation was scattered through-
<»if most of the survey area  I'igures II.A. 2.�
52»nd 1 1. A. 2. -53! . Eelgrass was especi»1 ly
pr < v;i]crit along the north shore of th» bay.

! »tert id» 1 and subti da1 surveys were
completed for the Siletz Estuary. A I otal
of 572 observations werc made along 38,717 m
of t rarisect. Tideflats of thc upper bay
«or!sist<;<i mainly of soft mud and mud mixed
wii.h sand. The lower bav tideflats cans!s-
t e<l pi- i ma ri ly of' sand  F i g«re TI. A. 2. � 54! .
i a«L, gra> el and sand were priv»lent iri the
ch;ir!ne!. This materi»l appeared to he
s«< t »h ! e < 1;im hah i t at hut strong currents
might preclude clam larvae from sett l ing on
or s<irviv ing in this area.

'I'1ie saf'tshel I clam w;is the m;iin spc«ics
aL! crved  Figure I I.A. 2. -55!, Baltic clams
;<Isa iiihabited the intertidal tideflats
� igurc 1 I. A. 2. -56! . No clams werc observed

the subtid<il survey, Ghost and mud
si.!"imp» were extremeiy dense thraugho<it much
of thc intertidal area  Figure 11. A. 2. -57! .

" hc «p-bay tideflats were imiformiy
«t<>»red with eeigrass  Figure II.A.2.-58!.
Green anil brown algae occurred in lesser
densities in the mid-»nd down-bay portions
of the estuary  Figure» IT.A,2.-59 to II.A. 2.
-<!I ! .

Dist i ibution surveys 1'or Yt<quin;r B»y were
completed in 1975. During thcsc surveys we
m;i<le 2, 906 observations »Iong 11,, 56 l m of
't 1 'lilscc t I inc
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Sarid mix d with gr;rve] «nd shell was
predominant in the lo«cr bay channe]  Figure
11. A. 2, -62!, T]!is mar eriril gradually changed
to a pure s,ind or san<] mixed with mud up-
bay. The t idcflats werc of a sand, mud or
mud-sand composition.

Ten species of biv;<Ives werc identified
in the hay ',Figures IT,A,2.-53 to TI.A.2.�
71! , 'cockle, gaper and softshell clams heing
prevalent. The intert idal areas gcncra1]y
contained clams in densit.ies of less than
10.8/m . Subtidally, clams werc consider-
ably more d<.nse with extensive areas con-
taining clans in exce s of 5 1.0/m . Several
areas had c<rncerrtrations of !nore than 108.0/
<I!

Ghost an<i mud shrirrrps were obser.ved on
all thc tideflats surveyed f"om below the
] 01 highway bridge up- river to just below
the town of 'l'olcdo  Figurc II'.A,2,-72!.

]<eigrass was scattered ov«r most af the
tideflats from the mouth of the bay up ta
near Toledo ' ]'igure 1T.A.2.-73!. Densities
were greatc t on thc dawn-ba] tideflats.
Err 0<sr orrr r;-,/r: sp. and brown a'.g;<e including
Fu<=us sp. werc widely scattered over most of
the tidef]ats  Figures TI.A.2.-74 to II,A.Z.�
75].

Tnt crt id«I and subt ' dal di stribut ion
surveys wc r c comp let c<l on Al = ea Bay in ] 9, '.
Surveys were ma0e along 36,3:2 m of transc:<.:t.
linc and in«luded 827 observ=tians. ]']uch of
the substrate af the lower bay consisted of'
unstab le, shifting sand  Figurc I I. A.2.-76! .
Sarrd with sc;rttcrc'd sh<.11 w<is common in the
mid-bay suhtidal area while mud :md sand
werc predorxinant in the up-b;ry intcrtida]
area.

I'igurcs ] I.A. 2. -77 to TT.A.. � 79 show thc
distrihut ion of gaper, cockle and ] ittleneck
clams. 'l'hc sof'tshe]1 hand C;<li f'amia soft-
shell clams were the principal species found
and are combined in Figure II.A,2.-80. In
thc intertid:!1 areas densities of smal]
c];rms { less Than 25.4 rr!rtr lorrg! were greater
than 108.0/m- in many af' the samp]es,' den-
sit i« s werc genera]ly less than 21.6/m~ for
larger clams. Mud an<i ghost shrimps were
widely sc;rtt =red over most af thc t idefl ats
 Figurc ]I.A,2.-81!. I'tost sample stations
«ant«ined dense shrimp populations.

Felgrass «as the pri.ncipal species af
vegetat ion o iserved in the channel.s «nd
t ide flat s t F i g«re I I, A. 2. -82! . Green and
brown algae !vcrc widely scattered throughout
the bay  Fig!!res I I.A. 2. -83 aad I 1.A. 2. -84!,

Subtidal and intertidal srrrvcys af Sius-
];rw Bay rre incomplete. To date, we have
!aide 4ril observations;<long 30,126 m of
rranscct linc.

f]rrch af' the substrate material af the
lower bay channel consisted of sand with
l;<tches of rock, gravel and shell. The up-
I;ay tideflats werc primarily of' combinations
of sand and mud  Figure II.A.2.-85!.

Small parrulations of gaper, native little-
r!eck arid piddock clams inhabited the lower
h;!y ch;<nnel; softshell, Baltic and irus
clams were recorded for the up-bay tidcflats
,]'igures II.A.2.-86 to TT,A.2,-90!. Mud and
ghost shrimps were observed at mast of the
!ntcrtidal sampling stations {Figure II,A.2.�
'.!] ! .

Vegetation covered much of the up-]>ay
t.idcflats  Figures II.A.2.-92 to Il.A.2.-
93!. l elgrass was the arin<-ip«l spc«.ies
abscl'vc'd.

<.era«r',",n< s Tier,/ rue:>ecru h SInu<7h

To date, only the s<rbtid«1 c]am beds of
Suuth .'lough have been camp]ctcly surveyed.
lr!t<irtidal and subti dal surveys on the
!<main<]cr of the bay «re only parti;r]ly
< ampletcd. Sand and a combination of sand
a!ixed «r t]r shell compri sed much of the
. r!hst rate materi a] thr<rugho«t the «hanne]
areas  I'igure I ] . A. 2. -94 l A r ock shelf
<.-avcre<l much of the bott.om across and immed-
i;!tcly dawn-bay from thc Gharlcston boat
basin.

During the surveys we made 579 obscrva-
r ions;<long 17,648 m of trarrsc<.t lirie.
Figures ll,A,Z,-95 to I I.A.2.-99 show the
subtid«1 distributions of gaper, butter,
cock]c, littleneck and piddock clams, l' he
«uncentrat ions of cockle and gaper clams
throughout the Charlesf ori strip channel were

par t i c! ! 1 ar interest, s inca we ha d pr ev-
!ausly thought that «lama had been removed
hy maintenance dredging, Na mud or ghost
shrim]r~ were observed in the surveyed sub-
ridal;ircas.

Vegetation in the South S]oirgh channel
consisted of' ca]grass, and green, brown and
rcd algae  Figures 1I.A.2.-100 to II.A.2.�
I !2!. Sparse vegetation was recorded in the
«]<annal «cross and down-bay from Empire.



Figure II.A.2.-l. distr iLutiun vf sui'strate nraierials in llehaleri> I'ay ."oregon,
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Figurc Ii.n.d.-Z. distt ibution of gaper clara.  ; <.-..=..:,. «~! in,"lenaieu "ay, Oregon,
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Figure II.A.2.-3. Distribucion of cockle clams  ,';:,:!;, .'ur»,!~t.,:, .!'.!''.! arid blotter clams
 Sc.;:="'arr,.r.:: i,"-.a!i.'u.:! in i,ebaleni Cay, Oregon.  See Fig. II.A.2.-1. for
areas not surveyed,!
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Figure I I.A.2.-4. Oistr ibution of ee1gras".  ;:,:, -�~-:nn .;i;;n-'.»z! in Nehaiem Bay, Oregon.
 See Fig. I<.A.2.-1 for areas not surveyed.!

3s



Figure II.S,.2.-~. distribution of sea lettuce �'.6. sp., 'io '!ehaleni foray, Oregon.
 See Fig. II.A.2.-1 for areas not surveyell.!
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Figure II.A.2.-6. Distribution of unidentified broi;n algae in Ilehalem Ray, 'Jregon.
 hee Fig. II.A.2.-1 for areas not surveyed.!
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Figure [l �'h,2,-7, l1istribution of unidentified red algae in hlehalem r~ay, Oregon.
 See Fig. II,/<,2.-1 for areas iot surveyed.!



Figuve II.A.2.-8, Oistvibution of substrate iiater al s in Ti1lall>ook Bay, Oregon.



Figure II.A.2.-9. Distribution of gaper clams  ; �. -, ~, ": <,! in Til lamook Bay, Oregon.
 See Fig. II.A.2.-B for areas not surv yed,!
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Figure II.A.2.-1!. Distribution of butter c .ii1s <.",.~!'<,'o!»~e;,'.r;.»Leuc! in Tilla»iook 3ay,
Oregon. ISee Fig. II.A,P.-8 for areas not surveyed.!
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Figure I I.A.2.-11. Distribution of cockle clans  ~ . u.car=.'.u. nut+«,'.L .~'.! in Tillanook
Day, Oregon.  See Fig. II.A.Z.-R for areas not. surveyed.!



Figure [I.A.2.-l2. Oisin> il.ution of na.ive littleneck clams �,:>« -u i,;::.'rr.'a! in
Till ~mook !3ay, Oregon. �<' Fig. II.A.2,-d for areas not surveyed.!



Figure II A.2.-'l3. Oistrihution of irus clans   '; .:r ~ .'~.! in Tillamook Bay, Oregon.
',See Flg. II.A.2.-8 for areas not surveyed,!



Figure -I.A.2.-14. Oistl ibution of softshel1 clams  '~u u~ -.~is,:;:! in Til 1amook I3ay,
Oregon.  See Fig. I..A.2.-=> for areas not surveyed.!
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Figure II.A.2.-15. Distribution of Baltic el<vis  ,.'n,;oi;u baal;i-,=' a! in Til Iamook Bay,
Oregon.  See Fig. II.A.2,-U for areas not surveyed.!
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Figure II.A.2.-16. Distribution of bentnose c1ams  ",==a~a nasa'rx! in Tiilamook 13ay,
Oregon.  See Fig. II.A.2.-8 for areas not surveyed.!



Figure II.A,2,-17, Oistribution of California softshell clams  ,'"..pntom..,.z:.~li�~or':..cu!
and piddock clams  c' �"u:, .'i;... ''q ! in Til lamook Bay, Oregon.
 See Fig. II.A.2.-8 for areas nct surveyed.!



Figure I I.A,2.-18. distribution of ghost and ruuc shrimps  c';illiuna"a~a >i l~'arisen-is
and;.';r,.-.-:b.'. i;:~.;.t:=',;.'a! in Ti11amook Bay, Oregon.  See Fig.
IE.A.2.-8 for areas not surveyed. !



Figure II.A.2.-19. Distribution of eelgrass  > >" t< -u .~.z'-'~'a! in Tiliamook Bay, Oregon.
 See Fig. II.A,2,-8 for areas not surveyed.!



Figure II.A.2.-20, Distribution of sea lettuce   <i.;r; sp,! in Til'Jamook Say, Oregon.
 See Fig. II.A.2,-8 for areas not surveyed.!
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Figure 1I.A.Z.-ZI. Distribution of the green alga;.~.. aromor,ha sp, in Tillamook
Bay, Oregon.  See Fig. II.A.2.-8 for areas not surveyed.!
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Figure II.A.2.-22. Distribution of the rockweed  ;.;.�- sp.! in Tillamook Bay,
Oregon,  See Fig. II.A.2.-8 for areas not surveyed,!
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Figure II.A.2.-23. Distribution of substrate materials in Netarts Bay, Oregon.



Figure II.A.Z.-ZA. Distribution of gaper clams �r;-..;mr, capax! in Netarts Bay,
Oregon.  See Fig. II.A.2.-23 for areas not surveyed.!
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Figure II.A.2.-25. Distribution of butter claims �~ darned" giranteus! in Netarts Bay,
Oregon,  See Fig. II.A.2.-23 for areas not surveyed.!
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Figur II,A,2,-26. Distribution of cockle clams  <.".inoc~~uium nuttaZTii! in I'letarts
Hay, Oregon.  See Fig. II.A.2.-23 for areas not surveyed,!
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LITTLENECK

LITTLENECK

2. 0 0 g<vo eoOO tfET

Figure II.A.2.-27. Distribution of Manila littleneck clams  :,'cne~u;»'s pr~'.7ippin=~um!
and native littleneck clam,  l'.;.'apnea! in Pletarts Bay, Oregon,
 See Fig. II,A.Z.-23 for areas not surveyed.!
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Figure 1I,A.2,-28, Distribution of irus clam' ,'.".,�:.~:ru=! in Hetarts Bay, Oregon.
 See Fig. II.A.2.-23 for ai eas not surveyed,!



Figure II,A,2.-29. Distribution of softshell c'lams  .'.«,~~en~~ia! in hetarts Ray,
Oregon.  See Fig. II.A.2.-23 for areas not surveyed.!



Figure II.A.2.-30. Distribution of Baltic clams  !."a.- >"a bzLtl:::,ca! in Netarts Bay,
Oregon.  See Fig, II.A.2,-23 for areas not surveyed.!



Figure Il,A,2.-31. l3istribution of bentnose clams  ,"a'.orna na ~ha! in Neatarts 6ay,
Oregon.  See Fig. II.A.2.-23 for areas not surveyed.!
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Figure II.A.2.-32. Distribution of Bodega tellin clans �cl~ira baze.;=~. i.-.:! in Netarts
Bay, Oregon.  Se Fig. II,C,.2.-23 for areas not surveyed.!



Figure 'I.A.2.-33. Distribution of California softshell clams  crqp~omya ~ai~fo~.'<a!
in Netarts Bay, Oregon.  See Fig. II.A.2,-23 for areas not surveyed.!



Figure I':.A.2.-34, Distribution of piddock cia<>s  Z.. r'f'aca p i..",iizz~! in Netarts Bay,
Oregon.  See Fig. II.A,2.-23 for areas not surveyed.!



Figure II.A.2.-35. Distribution of ghost and mud shrimps  C'~ le~~~=-:a <cc.'.".'f'osmi~ne~.."
and '!;,oge!. ~ puge~+cnsi,! in Netarts Bay, Oregon.  See Fig.
II.A.2.-23 for areas not surveyed.!
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Figure II.A.2,-36. Distribution of eelgrass  :,~~.',.r': r"cn ~~a! in Netarts Bay, Oregon.
 See Fig. II.A.2.-23 for areas not surveyed.!



Figure IT.A,2.-37. Distribution of sea lettuce  iJ L' ' sp,! and other green algae n
Netarts Bay, Oregon.  See I=i g, II.A,2,-23 for areas not surveyed.!
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Figure",I.A,2.-38. Oistribution of green alga =nc,. =,.amp~a sp. in Netarts Bay,
Oregon.  See Fig. II,A.2,-23 for areas not surveyed.!



Figure II.A.2.-39. Distribution of unidentified brown algae in Netarts Bay, Oregon.
 See Fig. II.A.2,-23 for areas not surveyed. !
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Figure II.A.2.-40 Distribution of unidentified red algae in Netarts Bay, Oregon.
 See Fig. II.A.2.-23 for areas not surveyed.!
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Figure II.A.2.-41. Distribution of substrate materials in Nestucca Bay, Oregon,
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Figure II.A.Z,-42. Distribution of softshe11 c,anjs   ',v~7 ~ena7-.'a! in Nestucca Bay,
Oregon.  See Fig. II.A.2,-41 for areas not surveyed.!
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Figure II.A.2.-43. Distribution of Baltic clams  ,'!.;..ox~ raktr~i c! and irus clams
 N.;~a! in Nestucca Bay, Oregon.  See Fig. II.A.2.-41 for
areas not surveyed.!74



Figure [I.A.2.-44. Distribution of ghost and mud shrimps  Cal Zizna."s~z ocli,'o~i7'evens
and >lpozebi-. pugetten~-.'.s! in Nestscca Bay, Oregon.  See Fig.
I I.A.2. -41 for areas not sur veyed. !
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Figure II.A.2.-45, Distribution of eelgrass   , 'etc>.r i.;a~in�! in Nestucca Bay, Oregon.
 See Fig, II.A.2.-41 for areas not surveyed.!



Figure II,A.2.-46. Oistribution of sea lettuce  '.<-.a sp.! and s'nte~orpAu in Nestucca
Bay, Oregon.  See Fig. 11.A,2,-41 for areas not surveyed,!
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Figun II.A.2.-47. Oistribution of rockweed �'ac~�sp.! in Nestucca Bay, Oregon.
 See Fig. II.A.2.-41 for areas not surveyed.!
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Figure II.A.2,-54. Distribution of substrate aiaterials in Siletz Ray, Oregon.



Figure [I.A,2.-55, Distribution of softshe11 clams   fq~ av<na~ia! in Biletz Bay,
Oregon.  See Fig, II,A.2,-54 for areas not surveyed.!



Figure I [.A.2.-56. Distribution of 13altio clair's  ~~a nm 6a7ah-'ca! in Siletz Bay,
Oregon.  See Fig. II,A.2.-54 for areas not surveyed.!
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Figure lI,A,2,-57, l3istribution of ghost and mud shrimps  ,"aLLzznas8a calif'ormzeu:is
and ipo~ceb~:a pu�eteen.,ia! in Siletz Bay, Oregon.  See Fig.

88 II.A.2.-50 for areas not surveyed.!



Figure II.A,2,-58, Distribution of eelgrass  , �ter nurina! in Siletz Bay, Oregon.
 See Fig, II,A.2.-54 for areas not surveyed.!



Figure [I.A.2.-59. Distribution of sea lettuce �,:l~. sp.! in Siletz Bay, Oregon.
 See Fig. II.A.2,-54 for areas not surveyed.!



Figure ..I.A.2.-60, Distribution of the green alga:;uter or;.~rvhix sp. in Siletz Bay,
Oregon.  See Fig. II,A,2,-.'>4 for areas not surveyed.!



Figure II,A,2.-61. Distribution of rockweed   .~,.u- ..p, j in Siletz Bay, Oregon.
 See Fig. II.A.2.-54 for areas not surveyed.!
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Figure II.A.2.-76. Distribution of substrate materials in Alsea Bay, Oregon.
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Figure II.A.2.-77. Distribution of' gaper clams  '» ::~.: oa~ ~! in Alsea i3ay, Oregon.
  See Fig. II.A. 2. -76 for a reas not surveyed. !



Alsea 73ay

j-5/fi

+5/ft

Figure .lI.A.Z.-78, Distribution of cockle clams  ""inoea~Chum nuteaZIhh! in Alsea
Bay, Oregon.  See Fig. II.A.2.-76 for areas not surveyed,!
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Figure II.A.2.-79. Oistribution of native littleneck clams  vanemp~e atam~~ea! in
Alsea Bay, Oregon,  See fig. II.A,2.-76 for areas not surveyed,!
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Figur I I,A,2,-80, Distribution of softshel 1 clams  ~'g~a ",revasfa! and california
softshel ls  Cr!:1;torrpa c .'!:'.gc.ri.-,'ca! in Alsea Bay, Oregon.  See Fig.
II.A.2.-76 for areas not surveyed,!



Figure II,A.2.-81. Distribution of ghost and viud shrimps  i.uiiiaruz'ace ~;a!'.forni~n"is
and;.a~aii~ L-,~putt~~;is! in Alsea Bay, Oregon.  See Fig,
I I, A, 2, -76 for areas not .; urveyed. !



Figurc. 1I.A.2.-82. Oi. tribution of eelgrass  ;,:'v~ i i'~>~ra! in Alsea Bay, Oregon,
 See Fig. II.A.2.-76 tor areas not surveyed.!



Figure II.A.2.-83. Distribution of sea lettuce   . ~;; sp.! in Alsea Bay, Oregon.
 See Fig. II.A.2.-76 for areas not surveyed,!



Figure II,A.2,-84. Distribution of unidentif-cd brown algae in Alsea Bay, Oregon.
 See Fig. II.A.2.-76 for areas not surveyed.!



Figure II.A.2.-85. Distribution of substrate isaterials in the Siuslaw River, Oregon.



Figure tI.A.2.-86, Distribution of gaper c]ass  ~ic.";~~ culpa"! in the SiusIaw River,
Oregon.  See Fig, II.A,2.-86 for areas not surveyed.!
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Figure II.A.2.-87. Distribution of native littleneck clams �', >«».:<,.,'�=;:,�;.�>,".!
the Siuslaw River, Oregon. ISee Fig. II.A.2.-85 for areas nor.
surveyed. !



Figure II,A.2,-GF�L'istribuiion of sof,'snel1::lan»  .', <, -.'»;", ! in the Siuslaw
River, Oregon.  See Fig. ',.I.A,2.-35 for areas not surveyeci.!



Figure II.A.2.-8g.

1"0

bistribution of' Baltic arri irus c ams  ::anom~ .'~.-hie. and ~.'. us!
in the Siuslaw River, Oregon.  See Fig. II.A.2.-25 for areas not
surveyed,!



Figure II.A.2,-90. Distribution of piddock clemens   ~ ir far'a �"ii 'rr"i! in the Siuslaw
River, Oregon,  See Fig, j I.A.2.-89 for areas not surveyed. !
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Figure II.A.2.-91. Distribution of ghost and mud shrimps  c'al.lia~zs.-a calif'oznicns~'.~
and VI.;a<ye'~a pwae'tens~a! in the Siusla>v River, Oregon.  See Fig.
II.A.2.-85 for areas not surveyed. !



Figure [I.A,2.-92. Distrihution of eelgrass  ;i.::1:,, n;uinu! in the SiusIaw River,
Oregon.  See Fig. I I.A.2.-89 for. areas not surveyed.!
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Figure 1I.A.2.-93. Oistribution of the green a lga i, .'--rimorpi~ sp, in the Siuslaw
River, Oregon.  See Fig. Il,A,2,-85 for areas not surveyed.!
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Figure II.A.2.-94. Distribution of substrate riiaterial s in lower Coos Bay and South
S1ough, Oregon,
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n isa ~oaa ~ boa wsao Feed

Figure II.A.2.-95. Distribution of gaper clanis  "r,:;:u= e~Ic~! in lower Coos Bay and
South Slough, Oregon.  See < ig. II.A.2,-94 for areas not surveyed.!
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P RE-

Figure II.A,2,-96. Distribution of butter clans  .".u:..dc~.; 'i1'.;antau.",! in lower Coos
Bay and South Slough, Oregon.  See Fig. II.A.2.-94 for areas
not surveyed.!
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Figure II.A.2,-97. Distribution of cockle clams  Ci.~ io~~dium nuttall~;:! in lower
Coos Bay and South Slough, Dregon.  See Fig. II.A.2.-94 for

128 areas not surveyed,!



Figure I I.A.2.-98. Oistribution of native Ii tleneck clams  t'-ne~~p.e "umpteen! in
louver Coos Bay and South >lough, Oregon.  See Fig. II.A.Z.-90 for
areas not surveyed.! l29



Figure lI,A,2.-99, Distribution of piddock c1ams  ;,= g'amex p-'E=.br~~! in lower Coos Bay
and South Slough, Oregon,  See Fig. II.A.2.-94 for areas

130 not surveyed,!



Figure I.A.2,-10O. Distribution of eelqrass  ~~..-t~,~c: mar~'~.n! in lower Coos Bay and
South Slough, Oregon.  See Fig. II.A.2,-94 for areas not surveyed,!
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Figure I I.A.2.-101. Distribution of unidentified green and red algae in lower Coos Bay
and South Slough, Oregon  See Fig. II.A.2.-94 for areas

132 not surveyed,!



Figure II.A.2.-102. Distribution of unidentified brown algae in lower Coos Bay and
South Slough, Dregon.  See Fig, Ii.A.2,-94 for areas not
surveyed.!



I I, A. 3. F>ISCUSSI ON

II. B.l. INTRODUCTION

I I. B. 2 ..'!B t'NODS
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Our survey, rcvcale<l scvcral intcrcsting
facts about ti>e dist.ribution and abundance
of clams, shrimp. and <cgctation in Oregon's
estuaries. '11>c subtidai surveys produced
new inform;<t:i<>n on the location of clq<m teds
having commcricai harv«st potential in
Ti llamook, Yaquina and Coos bays. Stock ' of
clat<is in tii>.. <>ther surveyed estuaries were
either too scattered or sparsely populated
to support a <:ommerci<ii fishery.

Vcstucca ar>d Silctz estuaries contained
no subtidal clams although suitable clam
habitat appeared to occur in each bay.
Strong wat« c <:urrents, 1;<ck of adequate
spawning stock or other unmeasured environ-
mental para>«et.crs have apparently prec luced
successful sp;<wning or surv.ival of set iri
these bays.

Rvidcncc ti<at vegetation, especialiy
eelgrass, .is imp<>rtant to the occurrence of
clams was ohs«rvcd in several estuaries.
Gaper clams were frequently encountered
among the «eli!rass iieds whereas adjacent
non-vegetated areas contained few or no
gapers.

Gtiost and mud shrimps had a negative
relationshi i with thc abundance of b;<y
clams. Fciv clams werc observed among dense
concentrations of stir<rap». Unstable sub-
str;<te c<nni i t i ons c;«is«<i hy the burrowing
shrimps may' pre<iude establishment of clams
in thcsc area;.

II. B. Gaper clam aging studies
THOltAS F . GAUF%:,R
GREGORY P. ROBART

One of th« basic requirements for manag-
ing clam resoiirces is;iii understanding of
the age structuic foi each species. Aging
techniques used in this study depended on
the f'act that growth ot thc gaper clam i.
usually greatly reduced during ~inter months
when an annui ar i ing i 9 formc<i  Orton, 1923;
Stevenson and Oickic, 1954; Wilbur and Owen,
1964!,

Gaper clam were collected subtidally
adj acent to Pigeon Point in Coos Bay dur ng
October 1976. A total of 135 clams were
used to test f'ive methods of determining the
ages of gaper clams. The right and left

vi ives of each clam were also mcasurcd
s parately to determine differences in si ze
a:id age. After aging, an;>lysis of v'>riancc
tci-.ts werc performed to determine signifi-
ca>it di t'ferences, if any, between aging
techniq.ies. '1'he five methods used to age
the gap«i' clams were as follows:

tl »! ng ' ':r.hnt.quc 1 < Shel ~ 1tnnu7i

Thc annular rings on the exterior surface
of the valves were identified and counted
 F i.gur« II. B 2.-I! .

>tg >'ng ~:< hnt'.que 2. C<zr tz 7.<:.S>e A.nnul-i

'1'he two valves were separated and thc
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
cartilage where: �! the cartilage attaches
to the chondrophore; or �! the left. <ind
right se<tions of the cartilage separate.
For the smaller clams, it was ncccssarv to
use a lox magnifying glass to accurately
count the annuli.

A!,<>,';. "- < hni;,>g<-;,I.'  'hon ~r<ipt:,>re An><ur!>'.

The valves were separated;<nd thc car-
ti iage removed from the chondrophorc. '1'he
annula> rings in the chondrophore, appearing

light purplish bands b<twecn the cream
colored liackground of the chondrophorc, werc
c<>un t e<i .

F iq. II.B.2.-1. Exterior annual rings on
the shell of the gaper clam
�+<>au" e,op~!
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100.49 904.5 1,00
0. 65 5.85 1.94
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Table II.!3,3.-1. Two-way analysis of variance of clam aging techniques.

I 1. B. t, L!ISCUSSIOV

I< ;'.n,> .'«cnnz<>uc-; > i  ne< i- A'!nul>.

11. B. 5. Rl:.' ill.TS

n, < hni quc. �. < art!,><i rc Ann u

135

>Inzrug >»<.f>n qua 4:, »<>i.dr<>I>frcr'r> rInnuZz:vztn
Ilzgh nfr n.", '. u .',=grht

'Ihc <.:honiropliorc was removed intact from
the s»parat .d valve. Once removed, a high
intensity light was held oi mounted behind
the chondrophore exposing the annular rings
as bright wliite lines against a darker
background.

>'ILr>.ng '."c'r.'nn>.p<e 4 c  ,';<>n t'r<,1>it<»'e "> c «a-

Lach vali» wa» cross-sect >oned f'rom .hc
<imbo to the o»ter marg>in of the shell with
either a hack»aw or a >iiir of wire cutters.
I'o 1 lowing rc mo vol of the cart i I age, the
annular ri>if » of eitlic. the chondr<>phot» or
the valve wc.c them counted.

'I'hc r'cs>« I t» of thc i ive ay i ng t cchniques
werc mot identical�. ':he n«11 hypothesi.'
th;<t the five techniques would yield identi-
cal results was rciected at the: 9'. sign;f i-
c<ince levc1;Table 11. B. 3. -1, '.

Aging tcchniq»c Vo. 1, count.ing the
an>molar r i>ig» on the»xterio> <>f the valve,
accounted fcr the gre;<test variance in
ident if'ying growth ch<«cks with 29"; di sagree-
ment betwe»c readi.ngs: the cart.i lagc annuli
method had I t>" disagrc< ment; chondrophore
method, I II"n, <'ross-section technique, lt>"';
while ncthoc No. 4 ac<-ountcd for the least
disagreement, 11"o, Comparison of' our aping
techniq«e» ag<a inst. kn<>wn age<1 clam» was not
made,

Ana lysi!. of diff'cr< nces im apparent;ige
between the left and right valves showed the
grcatcst v;iriance �4< with the chondro-
ohore cross-' .ection tcchinquc . Counting the
exterior uimiilar rings had almost the sc>mc

ount of variance, t.'>', as the cross-
scctioning technique, The aging tcchniquc
uti I izimg th» chondrophre;incl the high

intensity light varied B-' bc.tween ,ight and
1»ft i;!Ives. There was only 24 variance
hctwcc>n the left and right chondrot>hore
;!ging technique without the high intensity
'>ack-«p light.

I.:ach te<.hmiquc had certain advantages and
d i »aclv an t ages:

'I'h» annul<ir rings on the exterior of the
v;<lies were morc pronounced along 'hc pos-
t crier. edge and easier to identify. The
i<mmulac rings im tlie midd1<. portion of the
. «Ive showed better on the more re<:ently
lh>rme< p;>rt of the valve, It was often
<ec<.s<;!rv to scrape off the periostracum to
Ioc;<tc tlie annular ring. 'Iwo <list.nct
;i<ivamt ages of this method over the others
i.< rc:  I! examination for,ige w;i» rapid;
»md I '! the clams did not have to L>e sacri-
- iccd to determine agc, This method is
<.umph i cated by the occasion;>I presence of
:al»e c:hecks re»embl ing annular rings but
<;>used by circumstances other than the
rcdu<-cd growth in winter. Such complica-
I ion» are refiected in thc high variance
I.'~3'.! . Further compl ications are c.aused by
the abrasion of thc older part ot the shell
inc.1<i<ling the first fc«annular ring». It
was often necessary to compare known zcro-
age shells to the sheII in question to help
cletermime where the first annulus occurred.
Reduced growth in older clams made it diffi-
cult t<> identify the Iater annuli because
they are spaced too closely for rc I i able
Jetermination of age,

Remov;il of intact cartilage was difficult
speci;illy in the larger cl;ims, Determina-

-ion ol' the first annulus was also <iifficult
thc. older portion of the cart i lag>e was

,il<'ays compressed and folded over. Only on



a fcw occ;is! on:- w;is ! t possible to COirr t thc
anrlular I ings on the «artilag«at the sep;ir-
;it ion hetwe<>n thc lcf'1 and right secticns,
Cienerally, 1 hc carti I;ige wa, cracked ard had
an irr«gir I;ir»r,r 1; «e whiCh dam;lgCd the
r<1!Tlu1;11 1 in< s.

/111" rn ! '' r'1'>	; . ' 'r >: . 1 r >rc 2' T 12< rr .r-. 2>2rl!. r

I.o«;it ng thc 2'irst;innillir ring of tile
chondrophorc was difficult esp<'cially
O Icier « I;Ii!i», b< «Il<i»e 1 he f ! r»t 1'ing wa
often ov«!. <r�»n hy I;!ter portion» of thc
»hei 1. 'I'he d i turbarlce chocks orr the «hond-
rof!hore w< ri gene!;111y much e i»i«i' 1 o r «cog-
n! e than thc: disturt!an«c «hc«ks <!n thc
exterior of t
<- v<llves. L!isturbarr«c < hc«ks
in th« r, li<nrrtrophor.C r!ppeare f;I» a I'ine
i»distinct ban<1 ivherca» an annulus ivas
«onsidcr;11>ly rn  i e pr !mi»e»t, 'I'hi » techni iue
w;i» mil«h ma!-c:i««lrr;Itc u»iT!g dry samples
r;rth«r' T.li;in fr«»ll, Wr t »ample».

I I, C. "..<IETHC!DS

2 72>2' .' .. 12>" >  ., ra-' f: 1 rr 2>;<X!» ''Clr''n« I >',g,, ' I''. n '

f the f ve
little
;inn» I <r.
c<iucl! t I v
C I' c . 1!.nl!'I
II T! t 'll'1'

r > C>r.

II. C. Surveys of clam beds with
commercial potential

'I'HOi'IAS E f>AEI'>IEIE
1;I!EfiOR'I' P. I! !I<AIL'I'

11. C, 1, I i! I IEOIILIC'I'TC!'.>

During the «1am <t istribut ion»1 rvey.',
suht id;1! «I;Im hed» «ont;iining pl<>»p«ct ivc

136

1 hi s ale I !l<! I »ii» Ill!i» I Il««rlrrr't e  '
methods:!n: '.y=cd. I'I.crc»as < cry
doubt r<s Ii> whet tier;I r ing w;is an
ring or I  I i »turti:»!«< «ITe«k. I:on'
»c used thi mct.hod t > ag«;<11 g;<p
dill'ing t 11.' .tiidy. I" <' nlriin d i » < I<
the a»i mi 1 . hail to bc kill«<I.

The grc;itcs prob I urn» i th I.hi!,
obta!.ning a url..fOrm, sn<ooth br «ak
vi Ex c at t!lc innbo. I'. the»ep;Irit
n >t E>eg>in c t;i<.t I y at th« irmh<>, t!rc
rlilnul ar' I' I » ' WI< S n!2»»« f rir'!d I.!l .'
timated hy >»C ye;lr. 'I'hCref'or.C,
casicr to coun: the;;!lnuli i.n the
nhore T brin >ho!.e in tire v»1 vr itsc
annular rin>s in thc -z.o»s-»e«t.ion
valve '<ve re vcrv 2nd I t ln« t an� n !I
!denti t i ah'. ';i. thos« in the «hon '
Cro»s-sc«t.i aning dial rrol' <>O!'k we	
sm;< I 1 c I or yoi!nger « l,ims»hi ch h;<!
cli»tin«t arrnular rin:s than o1der

rnCth<>c!
a lol1!r 'I I<-
1 on rt I>.

fir»1
«.' 111�0! r-~.
T W<1 '.
«ho11�1' !
] f. 'Ih!
of ..hc
T1  '11 " I l S r r

roph >r< .
fol

fess
C 1>11"i.

:ommcr< i i 1 Ciuant itics of «I;ims wer . !oc ited
iri Ti 1..;imook, Ya<luina a!let C:oos bays. To
!sse» the magnitude and extent of these
ubt 1 J:II stocks of' c I;im», i sampli »g program

dei eloped. A sirctiorl T!urn» patterned
.if>tCI. <>ne develOped by the I' 'aShingtOn De-
!artn!cnt of I'i sheri es  I'oodwin, 19; 3! was
n!pl oyeil to evaluate similar clam sl.o«ks.

I hos<;ircas hav ing clams in ilen»i t i es great-
th;ir! '>l.l> m' werc catcgo! ized a» having

C >mme r  i.:11 «I;lrn h;ir Ve»t ing t>Otent i;11.

Tl«< c arc;ls in Ti I lrrmook 13ay, four are<1»
ir! Y;Irl«ir!a Ilay and a single irca in 1:oos I3ay
I F i girr < s 1 1. C. '. -1, Il. C. Z. -' and I I.C. 2. � 3!
»«rc .< I««ted for»t<idy. S;imp ling>»«berne»
>werc - < ncral ly»im! 1;ir for each ar  a �>aumer
.ii!d I, rk;I», E<!TS; Gaumer ariel Hal»t«;rd,  976!,

San!!> ing gr id W;iS dC»igni d fOT- C;i<h area
iitli ~;imp ling iriten» i ty Irrupurt iO»;il tu thc
I;imh«r ot' c 1 am» oh»erved in the are;I dr<ring
the di tribution study. Samples were col-
1 '<'t .I hy SCI!I3A drvers irs ing;1 »<i«t i 	1 pllrnp
poivcl" <i hy;1 9 h, r!, g;lso I iTI« engine capable
rf di   h;irging Water <I,.!, 9-C> kg»/nl . 'I'he
»rt I < I hose, ivh !n «onne«tcd To;1 l.'>. cm
lian!« 1.1.. r Suctiun t�bC, «rC;it Cd a T «nturi

w;it«I i ft,

E;r«11 S<iniplC»tat tOn»n!S «XC»Val  <1 tO
.!epf 11 <>f;ippT.oxirri;lte ly > I.:i t<'. 3S. ' cms or
!riti: !hc drcdgc operator v as =onf i dent;111
. I;Irn» h;«I he«n r crnovCd. Srmpl . St.rt i On are I
',i:is; <1..'/n!' of siirt;lcc. 'I'hc dred,e w;i»
t i tt ,1» i th 1 «<>11 cot ion b iskcl. co'r ere<I » i th

r !, m!'»h vinv I «ovc rccl h:irdwrrc:loth.
Ihc 1.!;!incd dTcdg>c matc! ia' was» >2 ted i»

Ir;r 1 . I n the I;lhc>1'>ll ol'v> 1 'ng til n«'a-
»i».«r!nr!t!. �<> rho n«arCSt 1OWer mm,' wCrC
; t«! .. r J frOn!;111 «1am» <!X«<'pt thi' COCkl«
.her< height Irih length wis u»cd, I,iv<'

t I .' ght I to  h ' rl 'are"St gr<1 n! w.. I' ' 'Ol'2�
« I, 'r I I hirttc r, c o«k lc, g;ipcr and little-
I!cc k ' I a<as 'ivcrc aged when 1!o»» th I  '. Ag1r!g
t '«hi! i<p!r>s ill<.! ildcd coirnting exterior growth
I:;!r'"  u! th« f!<it t<'I', < ockle and I I tt 1 oncet
r' 1;!n',»,;11!d innul i i n the chondrophorc of thc
g;Ip«r r I;<in». E3iorn;I»» e»T»n;iles w< i ««;<I«ir-
I;rt< I I'or c;1«h;irc;< hy <.'ctcrmining thc. me:in
iv«igl t ~ f' the c I;irn» hy; ge arid «xl!,<I!ding by
th< 111>pi!I;It ion cstimite. f' or e;1«h igc,

S«lr .t r;ite ni;rt or.i;i! »» 'r .' asst»»od and
r««> rt d at cich simple >tu!tion hy th«pump
< I>c I 11 ir. s«<llnrent «;-it«I!ol ie»»er  hedrocl,
r oc I,;rive I, s;ind, mild, shell or .Iebri».

'Ihc «I;im hcd in 'I'i llainook 13ay wis clividcd
i»to 1 iree urr! 1» with Area I-A  off Hobson-
< i I I ' 'oint!»irrveyed in 19i4, Ar<;I 1-13  off
I ar»ori Cove! in 1 97S anil 1-C  off C>arzhal di!
in 19'fi  I:igurc I I.C:,2.-1!. Area 4 of



a<r'Uz ic' Pap
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Yaquina Biiy was surve>ed in 1974 and Areas
1, 2 «nd 3 .in I!!75  I'i g>ure IT.C.2. -2! . A
portion of Area 2 in 'i'aquiria Bay w;is resur-
veyed in 19'6 and 197. to obtain. information
on recruitm<.nt and na  ural mortality. The
Pigeon Poin' area of  '.oos Bay was surveyed
in 1975  Figure II.C. '.-3!,

I I, C, 3. RF!!1LIL1'8 AND l! ISCUSS ION

A total of 159. 8 h;i of clam hed» having
commercial < 1am potential werc surveyed
during the »tudy. 1<Ie stiniated that 214. 7
million claris inhabited the eight circa»
 Table II.C.3 -1!. Gaper and irus clams
 Hzcama i nz,'I were th» principal species,
comprising 83.3', of the total cstim«ted
clams. Tot;i I clam dei',sitics ranged from
627.4 clarnsr'rnz in Are r 2 of Yaquina Bay to
16, 5 clams/m- iri Area.   of Yaquin«. Bay
 Table I I. ,. 3,-2!. I'I ixtmurn <Iensitics en-
countered iri Tillamook and Coos bays exceed-
ed 135 clams/m2. Bioinass estimates showed
that approximately 9,.335. 8 mt of gaper,
cock le, I i t t leneck and butter «lams occurred
in Til lamooi, Yaquina and Coos bays  Tal>le
II.C.3.-3! . Of this total,;ipproximatcly
7,367.3 r wc rc of ;i «!mmercially de»i rablc
size. Thc <.onfidence limits at the 95'i
confiden«c level were � 13.3'. for the biomass
of these c l«m».

Our survs vs»bowed that tire subtidal clam
re»ource» ir 'I'iIlamook Bay h«v< a defin' te
potential fcr the dove opment of a commerci-
al clam fl»I'<iry. I'opiilation cstimites
rove«lcd that approxirii;itely 39. 6 mi I I ion
cl;ini» inhabii.ed thc 4 >.1 ha:irea between
Garibaldi;ir<I I.ar»on  ;<>vc  T;ih le I I. C. 3. -I; .
Gaper, cockle, littleneck, butter and irus
clams were tlie in;iin sl>ecies iecorded, pro-
viding 7. ', 8.3 and I !,6 mi i!ion clams,
re»pect i vely, of the i otal. Figures IT.C. 3..
I to 1I.C.3.� 5 show th< distribution and
abundance <>f the commercial I> important
specie» in 1'illamook Bay. Figurc II.C. 3.-6
shows the ir<.i dental <. !«m speci es.

Nean density of «1;mi» in Tillamook Biiy
ranged from 135.7 clams/m in Area 1-C to
5>7,4 clams/n" irr Are;i,-A  Table 11. C. 3. -2!.
All comrnerci;ii ly imper 1 ant clams  gaper,
cockle, littleneck, butter, irus and soft-
shel I ! occur r ed i n ex«< s» of 4. 8 clams/m
and averaged 15. I/m

Biomass c timates showed thiit 2,596.9  
of gaper, cockle, littleneck and butter
clams occurred in the survey area  Table
II.C. 3.-3!. Of this total, approximately
2,411.5 t  9 .9'.! wer<. of <i commercially
desirablc si =e.  tiin imum desirable comnier-

, i;>I .; izcs werc arhitrir ily est«hi i»bed for
thc gaper, cockle, littlcncck and butter
. I«ms at 100 mm, 50 rnm, 40 !rim and f>5 mrn,
i csT>c< t ively. ! Oi' the 2,596. 9 t, I, 109. 5 t
 '12. 7t>! were gaper clams and 796.6 t �0,7o!
>~< re <oc.kle clams, The confidence limits at
the <j' ' confidcncc level ranged from + 1 7. 2".
Ior c<>«kles to +29.2"o for butter clams
i 'I'ah I c I I . C. 3. �:3! .

Year-class composition data indicated
that g;<per clams adjacent to Hobsonvil le
Point  Area I-A! were primarily of the 1967
I car-< 1;iss  Figure II.C. 3. � !, whereas
gapers upstream and adjacent to Larson Cove
 Area 1-B! were mainly of the 1970 and 1971
y'ear-cla»ses  Figure II.C,3.-8!. Our sur-
veys off Garibaldi  Area I- .'! showed an
excepti.onally strong recrui tment from the
I'175 y'ear-class  Figurc II.  .3,-9!. The
l966 y ear-class was also prominent in thc
.Iianne I adjacent to Garibaldi, No 1969 or
I971 year-class gaper clams were ohserved
<;ff G«ribaldi indicating sporadic survival
<:f gaper set. 'I'otal year-class failures
!wive been also observed for Proto />aca
r.'a>;r.> .'<r  Paul and Feder, 1973; P«iil et al.,
1976'!, and Sari.aomr<., ai'.5>antar<  Qu«yle and
Bour'ne, 1972! .

 'ockle and littleneck clams exhibited
strong recruitment from thc 1969 through
I973 year-classes in Areas I-A and I-B
I Figures Ii . C. 3, -7 and TT, C. 3. -8! . the 1974
' car-class was prominent in Area I- '.  Figure
1 .C,3,-9!.

Thc 1966 year-class was the principal age
».oiq> of but tcr «I ams in Area I-C < I. igurc
1 ,C, 3.-9!. Indistinct annular growth rings
i;recludcd aging butter clams in Areas 1-A
and 1-B.

!Ic;in lengths for cockle, gaper, little-
r><ick ;md butter clams < ollected in Area 1-A
»»rc 56.3, 96.6, 36.5 and 7.'3.7 mm, respec-
,ively  Figure II.C. 3.-10!. 11ean lengths
nr these same species from Area I-B were

59. I, 98.5, 38.4 and 90,1 mm, respectively
, I igure II.C.3.-11!, and 59.2, 65.0, 36.5
;ind 68.8 nrm, respectively, from Area I-C
,' I- i gut« I I . C ..3. - 12 ! .

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 I, 2, 3 and 4, respect.ivcly  Table
II.C.3.-1!, Gaper and irus clams were the
m;iin species observed and contributed 139.4
million clams  93. 7'n! to the total. Figures
11.C..3.-13 to TI,C. 3.-17 show the relative
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for Area 4 reflects
area,

t = time in
years

138

distribution and abundance of thc «ommerci-
ally importarrt species of clams in the four
survey areas. Figure II.  . 3. � 18 shows the
same information for the incidental clam.. in
the bay.

Mean clam densities ranged from 16  5
clams/mz in Area 4 to 627,4 clams/ma in Area
2  Table IE.C,3.-2!. The exceptionally high
values of clam dcnsitics in Yaquina Bay are
partially the res~It of extremely strong
recruitment from the 1975 year-class of
gaper clams. Several of our . amples had
more than 2,1 33/mz gaper set.

Biomass estimates revealed that approxi-
mately 5,889 t of gaper, cockle, littleneck
and butter clams occupied the s rrvey area
 Table EI..C.3.-3!, Of this total, approxi-
mately 4, 188,2 t. �1.1 "~! were ot' a commerci-
ally desirable size; 5,660.5 t  96.1'.! were
gaper clams. Due to thc small number of
cockle, 1ittl cneck and butter clams encount-
ered in Areas I, 2 and 3, we combined their
totals for biomass estimation, The conf.'-
dence limits at the 95'. confidence level
ranged from +?4.4"-. for gapers to +41.7'o for
cockle clams  Table II.C.3.-3!.

Year-clas, composition data I'or gaper
clams for Areas 1, 2, 3 and 4 are shown 'n
Figure 11. C. 3.-]9. Strong recruitment for
the 1975 year-class is indicated for Areas
1, 2 and 3. Area 4 was surveyed in 1974
prior to thc spawning ;ind setting of thc
1975 year-class. Mean age of gaper clam.'
increased up-bay, ranging from 0.9 years in
Area I to 7.' years in Area 4.

Ilue to the scarcity of butter, cockle an«l
littleneck «.Earns sampled in Areas I, 2 and
3, we combined these clams, by species, to
show their age composition  Figurc II.C.3.-
20!. Figure II.C.3.-2� 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 predominant for butter and
littleneck clams. Figurc II.C 3.-21 shows
the year-class composition for cockle, gaper
and littleneck clams in Area 4 Wc werc
unable to age butter clams from Are;r 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 clams being predomin-
ant up-bay.

data showed that gaper
and 4 had a mean size

and 109 7 mm, rcspec-
3,-22!. The high value
thc lack of sct in that

Lcngtli-frequencies for cockle, gaper,
lit tier «i k and butter «lams from areas I, 2
and 3 were combined and are  .hown in Figure
I I. C. 3. -23. >lean sizes for these four
species were 19.6, 39. 2, 24,7 and 29.5 mm,
respecti'clyi these same species averaged
5!r. 7, 109. 2, 53.8 and 86, 8 mm in size,
rcspe«ti;ely, in Area 4  Figure II.C.3.-24!.

Year-«lass composition of gaper clams in
Area 2 during 1975, 1976 and 1977 is shown
ir  Fig r r - TI. C, 3. -25, Gaper clams of the
19,5 year-class werc prominent each year and
survival continued high through 1977. In
1976, t:hc oldest gaper clams collected were
of the 1963 year-class. Thc oldest gapers
sampled i.n 1975 and 1977 were of the 1966
year-class,

Figure II.C.3. -26 shows the size compos-
it ion of gaper clams in Area 2 for 1975,
1976 arrd 1977. Size composition was slight-
I> bimodal, rcflccting thc abundance of 1975
year-class clams and clams of older age
g r'cups,

Natur,- l mortality was est imated ~sing a
tcchniquc utilized by Gruffydd �974!. A
catch curve of ages was plotted against the
natura  logarithm of mean abundance of age-
classcs from samples taken in Yaquina Bay
each year from 1975-1 978. S ince abundance
ot age-«.lass varies from year to year in a
given lu«ation, the effect ot uneven re-
cruitmcnt can bc largely avoided by plotting
the natural log of abundance of age-class
against age.

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

Thc regression line in Figure I I. C. 3. -27
was fitted mathematically and assumes that
g;rper «Earns are fully recruited into the
cat.chablc population at age 0 and that the
age-spccific natural moitality rate is
cr>nstant on sampled years. 'I'he total mor-
tality coefficient was calculated from the
expression;

No clams were found in thc samples greater
than 13 years old, A mean annual mortality



rate of 0, 4 ~8, corrcspondi»g to the slope of
the regression line, was caiciilated for
gaper clams in Area 2 of Yaquina Bay by this
p roc edure.

Coo Pa i!

A 19.4 ha section of Coos Bay, proposed
by the U.S. Army Corp» of Engineers as
dumninp sit>. for dredge spoils, was surveyed
between Fig> on 1'oint and Empire, We esti-
mated that 26.4 mi!lion clams inhabited the
area. Of th i» total, 16.0 millio~ �0. 0'.!
werc irus c!ams and 5.6 million �1.4"j were
gaper clams  Table II.C. 3.- I!. Figures
II.C.3.-28 to II,C,3,-32 show the relative
distributioii and abundance of the commerci-
ally import int. »pecic' of clams in the area.
Figurc I 1. C, 3.-33 shows the distrii>ution and
abundance or the incidental clams in the
survey area.

Total cliim densities averaged 136. 0/m in
the surveyed area  Table II.C. 3.-2!. I zus
and g;>per clams average 82.5/m~ and 29. 1/m-,
respective ly.

We cstim;it.cd t.hat over 849 9 t of gaper,
cockle, I itt ieneck and. butter clams populat-
ed the surv<iycd area. Of thrs tot;i 1,
approximate] v 767.6 t  90.3~~1 werc of a
commercial!> desirable size  '!'able II,C,3.�
3!. Thc corifidence limits at the 95' confi-
dence level ranged from +44,8'o for gapers to
+99.0'. for cockle clains.

Year-cia..» composit ions of cockle, gaper,
littleneck :-nd butter clams are shown in
Figurc II.C.3.-34. As in Yailuina Bay, gaper
clam recruitmcnt was c. pecially strong =or
the 1975 year-class, indicating excellent
coastwide rccruitmcnt in 1975, Unlike
Yaquina Bay, litt.leneck and butter clams
were primarily of the older «ge ilrouns.

!dean 1engths of cockle, gaper, littleneck
and butter <:Lams were 33,4, 65.7, 56,3 and
89. 6 mm, respectively  Figurc II. C. 3-35!,
scan sizes were nearly twice as large foz
each specie as those found for Yaquina Bay
clams,



Figure II.C.2.-1. Location of Areas 1A. 1B. and 1C surveved for commercial
potential in TH lamook Bay, oregon.
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Figure IL,C,2.-3, Location of a study area surveyed for commercial potential in
lower Coos Bay, Oregon,
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95 . Confidence
Pounds of Clams Interval I or Bien!ass

Co!nmer c i a 1 5 i ze  + j
Area
I,'o,

Bi omass
Pounds

'. tin!a e
,'iet r i c,'un sClari Type

1-8
I -I;

374.3
173 ..!
56!

1,109

1-A
1-B

22.8
3/'. 4
Zq. 2
1/,2

1-8
1-C

3/.3
4/'. 930 '!

62
158. !

69. 3
2f.. 5

1-A
1-8
1-C

281. '!
155. '!

95 c!

41.6
4/.4
72.8

532. 'I

Grand Tota'I
 Tillamook Bays 2, 596.:!5,726,400 +c 5"5,317,400

Yaquina Bay
1,070. I

747
353
089. -'

5,660, 5

1,2,3
4

10. '!
35. -'.
45

$!9 0
46.8
4l. 7

Cockle
Cockle

Total

1,2,3
4

Littleneck
Littleneck

otal

20,200
?4,600
94,800

63.8
3t,2
3 3

9 '!

33. -!
43. '

28. !
111.
140, '!

1,2,3
4

75. 8
40.7
36. 6

Butter
Butter

To ta'I

Grand Total
 Yaquina Bay! +24.19,235,0005,889. !12,984,700

694, 2
10,5
32. 6

112, 6
849, 9

Grand Total
 Coos BayI +3/' 71,8/'3, 600 1,692. 500849. 9

of con!mercially imporatant clamsTable II,C.3.-3, '.u!!!!ary of biomass estin!ates
Yaquina and Coos bays.

Tillamook,ln

Tillamook Bay
Gaper
Gaper
Gaper

. ot«1

Coc I. 1 e
Cockle
Cocl. le

Total

Littleneck
Li tt. Iene/,:k
I i tt1 eneck

Total

Butter
Butter
I!utter

Total

Gap r
Gaper
Gap.r
Gap-r

,otal

Coos 3~a
Gap r
Cockle
Littleneck
Butter

Total

826,3CO
331,900

1,238,900
2,447,100

527 500
357, 500
'/71,100

1,756,100

l43,000
68,IOO

1 37,300
3 >8,400

619,500
3 >3,800
211,500

,174,800

2,359,600
6,058,300
Z,O58,500
1,078,800

12,4BI,200

2?,100
78,200

100,300

62,100
246,300
308,400

Pigeon Pt. 1,530,800
23,000
71,600

248,200
1,8?3,600

2:39
162
395
796

785,?00
347,900

1,122,900
?,?56,500

507,300
349,500
789,000

1,645,F300

11 9,600
59,900

126,900
306,400

584,600
324,500
199,600

1,108,700

545,700
4,270,8/00
2,921,400
1,049,800
8,787,700

20,100
76,000
96,100

17,500
70,500
88,000

41,500
221,700
263,200

1,355,700
19,300
69,800

247,700
1,692,500

3;.2',
3I',, 9
3P, 7
20.8

66.1
48.1
40.7
2/.0
2<.4

44.8
99.0
49 7
58.2
34. 7



Es timates
Metric Tons

Pounds
of CommClam Type

Table II.C.3.-3. continued.
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Grand Total  A11
Gaper
Cockle
Littleneck
Butter

iota

Area Biomass
fio. Pounds

Bays ombined!
16,459,100

1,879,400
514,800

1,731,400
20,584,700

7,464.2
852.5
233. 7
785. 4

9,335.8

12,3
1,7

4
1,6

16,2



Figure I:.C.3.-l, Distribution and density of gaper clams  . r':::n~ ~'~;-.":;! in Areas
lA-C, ".-i llamook Bay, Oregon.
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Figure II.C.3.-Z, Distribution and density of cackle c1ams  c!~i~.~ ~-.'.u: nu ~7.7-.:- !
in Areas 1A-', Ti11amock Ilay, Oregon.



Figur< I i,C.:3, �:l. Bistribut'ion and density =F butter clams  ;..;; r, .,; �;''.;:.-;.< ., !
in, 0reas 1A-C, Ti11araool; 3ay, O-egon.
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Figure 1 I.C.3.-4. Distribution and density of native littleneck clams  ,'r.ri'~~; .'"
st~~irie~I in Areas lA-C, Tillamonk Hay, Cregon,
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Figur=" I I.C.3,-5. Distribution and density of irus c'fats  ; a~" ~!<c .i~<~! in Areas
lA-C, Tillariook l3ay, "regon.
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Fiqar e I I.C.3.-6. Distr ibution and density ct bentnose clams  ::n -,~ rc -.,;.;";+a! and
California softshe11 c Ianis i 'i-"::-.a;., '.;-','=ra;c-,! in Areas
IA-C, Tillanool: Bay, Dresden.
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C9

O 0 I P. 5 4 5 6 7 8 9 I 0 I I 12 I5 l4
AGE � CLASS  yr!

Figure II.C.3.-27. Abundance of age-class vs. age of gaper clams from Area 2, Yaquina Bay,
Oregon, 1975-1978.
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Figure I I.C.3-28.:istribution and density of subtida1 gaper clams I re;u;: . usa~!
:ollected from the Pigeon Point survey area, Coos Bay, Oregon.
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Figure I I,C.3.-P9. Distribution and density of butter clams  '-'u',-~' i�':c.'. ~ Ll Y'". 6 !
collected from the Pigeon Point survey area, Coos Bay, Oregon.



Figure II.C.3.-30. 9'istribut ion and density cif cockle clans  C'7:.uuca. ii ..:
«,.»i >;: i;:='! collected froni the Pigeon Point survey area, Coos
Bay, Oregon.
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Figure II.C.3.-31. Oistributior and densi y of native littleneck clanis  ,'~;:.-
'.>.-.;! collected frost the- Pigeon Point survey area, Coos

Hay, Oregon,
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Fi<.ure I I.C.3.� 32. Di stribu ion and density <if «us clams  .' <:c<-a r«, ! co'llected
from F'i<l< on Point survey area, Coos Bay, Oregon.
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Figurc II.C.3.-33. Distribution and density of "...; '. ~ ~a sp., bentnose  .".canona
~'-.-u'..!, Bodega te Ilin  ,:' ' i:  :. '~.;~i�~'.:!, and  'alifornia
softshel1  Cr l,;.;nrem cu'';"!.:-~', o! in the Pigeon Point survey
area, lower 4oos Bay, Oregon.
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III. D. Commercial bay clam fisheries
'I I I !hfA.'i I .   AllhtI:.I 
< VEC�RY P . I OFfAllT

I I . Ii ' . I N'I'l  >I>II "I I  IN

I tr', Ill>>I>i<>'y i'<'i<<its of t i<' sribt. i dr<1 t I;im
.. rr>c" ii>d><-.:>t«I a potcrti;il f'<>r;i comm«r

i I i I . i !'i ilit r'< I ll >i><i<,.<11:i 8;ly. i «1:<Ill
.'<. ri.'.i ', et ' I .  >/r<; w;is nrlii > r»ir i Iv <' I «''t < ~I
I o i ~ ' I i rl ei> t i rig I'<>1 crit 1a 1 « I:irri ll;irv!>st I Ilg
; i t:!, >oi < xpcl'im< rit i I < I;Ill I i iliei y w;ii
C<. ~ ieii«!1 Lo st>idi The cffc«':; <>f' mc«h:in i ci> 1
i I;»� li ii t. st »ig! «Ii»1»<crit ori the «1,>»r
.'t iir«;>n<l h<nthi c cnv ir<>rrrrr< nt. 'I wo typ< i
, I h;r i «ir cquipr»crit <<ere permitted; a !>igh

h;>nd-hrlii w;<tcr jt r;ind;i;««t i ori
: i ii<1<> .

In I'.!! > 'i pcr'Il>1  w;>5 i sari«'i hy t>ie  !r'eg<ir>
I «I>;ir'', i! ri  <>f I' iih;ind !<,'i ldlifc t o .>ne c I;>m
h; >'«r t < r t o i cmovc siilit i d;i I « I;i»ii w i th
hi gh 1>i < ssurc w;<>.er jet. from Yaquin i Bay.
. 'i!. < ! !»i>»er« i;il i 1am 1>art est r. >'i r'c««r vt «I
p<.r: i;. l permi ti to meehan c:i I ly hai < cst

~ I i!!is ir; IU 6  I iio in Y iuriii> i B ry:ind thre«
i ~   c<i ~ 8;>y! . I rl 1977 iix pi>»'» its wc'rc
i. sue<1   f ivc. in ! a<i«in<i B;iy;ind one in Coos
I »i'I .

. Ia' If<.<II>1 a<<st>i i ll;ih I <' y re 1 <1 <.Inta w, re riot
;.t ail;ihi e to det< rmine harv«.' t rates prior

iml! I<.rrier>tat iori of' th« 1'i rit: year' i f iih-
, onsequrnt ly, a quot;i <>f appr >ximateli

1 i" of .hc «xiii I;ih le g!aper «1.<ms w<rri,>rh>..
trar.> Ii sc le< t< d f' or harveit <int i I -»c}> diit;i
w<.re i.o.llccted.

11. Li. '..'IETII iFIB ANF> MAI'I.F ii'<I.B

<:.>! .' r irr

lii I!>75 a 6, I h;i site wai ipprov. <I for
tl.e u,e of a hi gh prcssure w;>ter j ci.. in Arcs

of Y;>quina 8;<y il:igiire TT. I>. 2.-1A . Thc
harvest:er was limited to a r»;ximum h;irveit
of 45. I metri « toiis of <.lama.

Iri 1976 two adjacent 0.8 ha plot-, A and
wei e selected i n Area ',. i>f Yaqui ii i Bay

f or tlic commcric;il h;irvest of clams  I'igurc
I I, I>,,'., -I>><! . Ilarvest in pIot A was rcs tri«-
ted to thc usc of a high prcssure water jct;

suction pump va» required .in plot B.
Ihcsc plots in are;i 2 were located immedi-
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PUMP

Figure II.D.2.-LB. Detail of permit Area 2, showing subsections of plots ZA and 2B,
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atcty north  <ip-b;iy! t thc I:.S. hig<hway 101
hrf<tgc, I;i<!i 1	 it wa-' deli»<»itcd with a
pu lyprop! 1 en<. rope s> < <it chvd ir'our> I 1t i
pe'rin>et <.'1 . E i<cti 0 f lee sc <!iota wii' f il r't her
sirhdfv><t< 0 Iiy poIyrirc yicr«. rope 7»to 50.5
50. 5 ir> sul .. C<.t inns. Fi ve' dr< dge 'amp 1vi

  aker>   rum e»<ch cf thc iub-scut.i oui In
p>OX 1JC <'st >mat i OI ".peer < S en<'>pun <tier>,
;>ye, bioni is.-;ind si =< . I<a< h »amp I v st'!tin>'>
w><i cx<. i>v;It v<1 I <i ii de'pit> i!> at!pi'nx >matc 1!' 4 <
ci>i. Surf»»;irca was  !. 2/>i>'. A11 Iii »»;iis
e it 1 m it e i i.;i.'e eaI cut <>lcd by deter>»i»i>ig th<
mca>7 >vc ight nf' the cl;>ms h!',>ge;»>0 vxparid-
ilig bi' t il>c !op»1<>ti on est ir>i;itci fn< e;> eh
;ige. Al 1 c!;inis were w< igh«'. niiv< Lo t!>c
>ieareit gr<»>'. »n;> ".Ct > I cr; rialyt i «; I tint; r!i e.
Age or. yvar'-cl;iii for e;ich spc iei of ct;im
w;is assigi>elf t o th< c:i tend;ir ye;ir > I>;it tl>e
p;ir< nf C I;i»i spawned b! vourit ing ann»al
grow th ri ngs,

In I<!?0; wn per»iiti werc isiued to hir-
vest clams .n Y>quin> Bay; o>ie cart. for th<
j ct;<rid p<imli pt <it s. I > 1977 tiio cnmmeric;>I
clam har> citing permi t s wci e i »sue< for tl>c
i ct �;ipprovcd p I »t and I hrec .or' thr siie- in>>
piimp i i tv� ..'5»b-sect >»s 2-A-4 and 2-A-'?
werc»jet';<re;is and '-B- I, 2-l3-5 and 2-H-AI
werc "p»r<i !" arc;is  Fi,ure I T . 1!. 2. � I13! . '1'he
w'i>tci jet al>prn> cd to i. sub- sect I on 2-A- I w is
a t>arid-held discharge tube lb. ' vm in J >;>m-
eterr   I'I gii i'< l I . D. 2. -2A! . W«t < r v c loci t!
was rcg»1;it< J I» the <!iver. '1'hc pump
powe> ed by; 9 h. p. v»�ine c;ip;ihle of d
ch;irging ~ B? If ter's/mi i>rite. Ttie jet was
most ef I eeti <vt!' used ir> blowing the siit>-
str;ite mat<>i >;i I I !' on» Iie clams, exi!osing
them foi. h;>r J-pi <.king. I'hc w»itei let
proved for =iib-iectio» -A-7 w.is 1,9 cm iri
di«meter �'igi<rc 11,1>. 2. -28!. Thii sn> t tv>.
jet iir>if w»<e powered b' <i 8 h.p. crigine
capable of is»1»>rgini,,57 1pm, Thi» jet

uied tu di iloetge n>. 1oos< n the sur-
ro»»ding si>t it rate, eii;ibling the Jiicr in
reach > nito t tie loosenv<l miiteri,. I t o ret >qei e

e I Hn>i.

sr>et iun punip witt> a 1 .7 cm dischaigc
 F I guvc I! . L'. 2, -3Aj w'is I n > t i al ly <pprovcd
for sub-scot >on 2" B-l. 'I'his equipment
pro!,ed to he  no smi11 to effectively pump
C1:>mi and w;>s event»at ty repI;iced with
20,,3 ci>i 0 i i charge tube . Thc suet ior> pu>rp
w>s powci e 0 ti!' 1 wi r> 1 i 11. p. eng'> ncs  'i>ch
capable o> discharging 2,0B2 1pm. AI I
p»nped m;it vr i ai w;ii sur face-discharged onto
a icrecning  fcvi ce at!n;.rd;> hai'ge.  .lairs
were re>no>'«' I from ttie -creen Ery hand and
sorted hy si-c;in<I spe< ivs, A 15. 2 cin
suction p<uiip  Ff gure 11,1!.2,-3I3! w;>s ap-
prnveJ f»i siit!-section 2-B--1. Thi s pump w >i
powered Iiy;i, h.p. engir!e cap'lble of dii-
ch;irg ing !!-1 > 117>n. AI ] c lami were hand-
pi<-ked on th<. bottom. Al I .ipoi Is were

 is h; <.It« I on the bott<im t!etiind tti< iuction
' t > iliii! .

1.;« ti permi t tee was «iiigiied a s b-iectior>
m<.a' ui ing 50. 5 x 50. 5 m;ind 'ivan r ent r1 et e I

1 hi ~ ipccit'i c sub-sect ion within thc
i e rmi ' a>'c > unti 1 1>ep irtmcnt biologist i
,it!pi'n. Cd n>ovii>g to another iub-section.
 ,'iint:i- »f 181.-1 >n.t. werc est;<blishcd for
I'< th rl>e 1<J?6;<nd 19, ", se;>ious; l!H. 7 m, t.
7 <» 1 h< j e t -ai!proved pint.;ind a simi I;>r
:in;ou>it > or thc pi>mp s 1 f v. ach pc<»>tit tee
w; s i>e<I«ired to fi1c monthly harvest rc»orts
> i st!,i< i<ih-sv< t  O» wOrkcJ, »u>rbcri;>nd
I~on>«I ~ Iiarvestcd hv spcciei, and d i . <»g
time, ivr period 1 cally s;>rnpled cacti permit-
 cc'. <»itch to obt;iin;ige, s i zc <in<I wei glit
i <'nip«' I   1 O>1 di< t. ii,

>ur i '>g Oc t nber 1977, it t! ec;ime app 1 r'ent
7 hat;i recent!y comple teel i ock jet tv iur-
r our!< i i> thc South 13c;>ch !Iarina w;ii ca»sing
7 7 da I < >irrent s wti ich niovcd i<ind tow:>rd

ever;i I of thc comme rcii>1 c lain sllh � sect >eris.
mucl>;<i 50.5 <rri of rccvntly deposited

.;<nd < n. c red;<pproxim;>tel v I, r
 /m- of clan>
bc<Is;iii event to thc comm<>i vi a1 plot
I i i de>i< e of e1ani mortal i tv w;<s imme li ately
.. Ccn. As a res»lt,;	1 t!er>» I t hotd,. > i were
>1 owc.t to move into the sand-encro»chmci>t
;;rca 7 n s>1vigc the rem<i»ing 1ivc I;imi.
AI'tcr 11 days, thc harvesters ret»7"!v<t to
t hei r i espect 1< e per>nit ar'v;<s to rc;u»>e
1 i'. !ling.

lr»<fditfon to the L!t!FI'I i!ermiti, ca»I>
L 1 im h >rvcstci wai rcqiiired to have;i spc-

< !iidi t tonal <is<'. per»ii t issued 1>y the
Urvgoii State Board of' Hen It ti hee;>us< hnth
'>,i> ves L p tot i existed with fr> a rest r'ict ed
;ommei...>ai ihc11fish harvest;ire;i.  o>i<ti-
tion;<'. h»rvest restrictions ivere til'ted by
th< St >I c 13oard of'  feat th P>'ovid lng th<t
n !r>thl r s;<rnpie» of the commercial h;ir>'<"it he
.Cnt t ! tl>em foi l!aeterioiogi«al ex»i>>ill'>>.in<1.

:.1>e <onq!let ion of the 19,? corirncrci.at
>'i shin: se:iion, those. portions nf ii>h-
'ee ti<;i, 2-A � 4;<i>d 2-B- 1 tha>. were  .ommer-
: I;ili!. v nrke<1 we i e resur veye J to ei» Iu>tc
Lite cf f ects of harvest on the C I;>m <tocl s
ind suliit rite. Sub-section! 2-A-?, 2-13-1
,>nd - B- 5 >Werc not rcs»rveyc J di>c tn the
1 I > tie- ti;ii'veit effort cape»<!cd in those

cas.

l

I>>  9? i thc 01!FI>' issued a cor»incr< i a 1 clam
h;ir vcs- ing permit f'nr the tahirig of' s<ibt idai
. Ia>ni =runi a 19,4 ha site which, at th;if
"ime, >'as heing consider cd b! tt>e U. S. Ainiy
< nrps nf' I nginccrs;is;i dredge spoi! site
,'Figiir< I t,i!,2.-1!. This pcirnit w;i. norire-
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Figure I I.D.Z,-4. ,'1ap of lower Coos Bay, showing that area approved for
cosine rc i a 1 c 1 am ha r ves t i n g,
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.tri«ti,i ro" n»mher; or weig!tt o!
ha> vi>st «<!, » < 7>«« th<' 11!t<.'r>t »>is to s;l ilvagc
; s m;iny c I ims f rorit 11! i s at'ea as possih ! c
I«fore drc! gc poi I i]epos t t i c n,

The thii.d p< rmit 7 .stri«ted h«rvcst to
t he main .?iann«1 are a downst:r< am f rom
I.mpire;ind the permit:ee»as <illo»cd to it. c
a boat-tow< i h! drau] 7: <fredge to harvest
c];ims, 'II!< !tydr iuli.i' dredge was «1 I owed in
the channc], since rhe 'trca w«s siheduicd
for ileepeni rig by the <'orp» of !!nginecrs
19, 7. Xo r< st'i.!etio<is were pla«e<I on f.he
n>imbed» or !!pci ies t;iken, a! thoug!t the
cock le « I ii;ii was the ]>i imary spec i «s of'
ir!tcrest.

In 19 ', one
issued Fo" i!oos
the use or',< w<it
from within the
approved Fot the
quota of 4:>.4 m.
As< with Yc<qc>inn
permittee w is re
summaries or' his
ODFW.

harv< st !ng permit was
Bay. I'he pc rniit al]owe<i
«r jet to harvest clam
same ! 9. 4 h ]!eririit area

197! season. A harvest
t, was pl««cd on thc area.
13«y i Iani harv< ster», t]'e
quiric! to submit monthly

hari< st !.e«ords t.o thc

I 1. D. 3. RESULTS AND L ISCUSS] f!N

yc>gus >7% -i! >!

Thc comme rc i«] Fishery t'or «1am» in Area
4 of Yaquina Bay prod<;ced only 68.> kg of
clams in 19 5. The 1 w harvest was parti-
«11y th<-. result of poor m;irket conditions.
I-'i gure I I, D. 3. - I sho»s the yciir'-class
composition of' thc sairp]es of ganer «1am»
harvcsteil. The 1969 yc;ir-class»as prcv;i-
lent. «Ithough the 1968;in<I 19 '0 ye;ir-
classes wer nearly a . strong.

Length-Frequency distribution o: the
g;!pet clams sampled f om the commerical
harvest i s .hown in F' i gurc I I, D. 3. -2. 'lean
length for '.he harvested clams wa» 122. 7
Ittm,

FO1 I o»1 tg r he 197!'> Sea»On, the LSACF
dec i ded not to use t he propose<I s i te as
spoi ! i]i sp is;i] «rc'a. As a result, harvest.
quotas weri im!!osed i or t]ie 1976 season.
'Ihree iomin r«ia] perriits werc i ss»cd f or'
thc 19  > s;i»oti, T»o of the permi ts cover«I
9.7 ha each; e:ich arc>;i was within the 19.1
ha tr.>if <ii »!gried in 1975. Thc tvro harves-
ters assigned ro thence units ivere allowed
to iise oiil" a high prcssure jet of' wat 'r to
remove i. I;iris. No rc-.t<-ict ion» wci c pl,!ccif
on where they «oulc] t-ike i. I;ims wit hin 'heir
r<>spect ! ie uri,! 7 s. ];a h fisherman was
a] lo»'ed to harvest 4 '. 4 m. t <>f «1 am»,

I<J.6 the comme ri i;il i liirii fi»!!ery» i»
:!t; !'; < 0 t o plot» .A ar><'. 8 of Area ' of'

! aqtiina �;iv in which»e e»t !mated:i total
! iott»ss of 822..> m.t. nf gaper cl«iiis  Table
! I. >. '. � I ! . Apnroximatcly half oF this
!iiomtss was f rom clam» <ort=idered >y the
pt'o«css! rig industry to be too sma	   -100
r m! i o he pro«esseil  ,Io!!n �eckcr, i>ers.
i-onnn. ! . OF this rota I, .>33, 7 m, t, o«curred
i n j t plot A and 288. <> m. t. inihahi ted pump
i>]ot B. Sm«11 number» of <>«kle, butter

'. it tleneck c lama pre< ] iii]cd mak ing
! !oniis estim,items for these specie, for
!<lots L or 13.

A!t!iough two permit» tic;c issued For the
iort<mcr ial h:iri'cst of c!am' in Yaqutna B;iy
in I!i i>, n«irhei h>irvcstcr reporte.l a take
of' c];!ms. Both individ»:ils were pi iv>it.ely
amp l<iyi d in ot'lier' r!on-rc rated ful I -time
ciccu]i:!t ions and werc tin;<hie to in! I iati 7>
f i »�<' i'7

O;i>cr clam biomass was;igain estimated
iri 1.!!, � for plots A and 8 of Ar ea ' � able
?I.D. >.-I! and tota]cd 584. m.t,, a redu«-
tion >'. '37.6 nt.t. from thc 1976 e.timate.
Df' th= 1977 tot;!I, 385.9 m.r. o««u rred in
the i: t port ion of Area and 198, 8 m. t.
i nh ih > t cd the pump sect iori <>f' Area 2.

At the 95', «onfidcn«e le<el, no sigiiifi-
.ant 1' frercncc in h!otnass»as exhihi teil

hc tw< eit 1976 and 197.. 'I'he differ«nccs
obsct". cd bet»'een 1976 «ni! 19,; pro!iably
c«f]««f sampling error duc to sma]1 sample
<tzcs e;i«h ve«r,

I>c<!>» I <it ion and
indi!i.I»a I permit
8 ar« ;i?so shown
-ot;i] oF 1.6 mill
rn.t. inhabited th
<'st im;if es ranged
sect!ori 2-8-1 to

biomass estimates for the
;i! eas withir! plot.s A and

in Table ! I. D. 3. � I .
iot! «i«ms weighing 1 8.2
c five areas. Bf <>mass
from 11.1 m.t. in sub-

lil. t, it! l>i!lt 2-A-4 .

Ov<'r 1 �,000 clams weighing 31.3 m.t.
w<.rc taken in 1977  '!'able ]I.I!.3.-2!.
<',iper i i«ms compri»<'.d 30.9 m.t. or 98.6" of
', he total harvest. ']'he max !mum h;i! vest of'
gap«i' i lams «ame from sub- section '-A-4
> herc lb.7 m.t. were reporte<I 1:akcn  Table
' I.."..;!. -2!. ,'Iidway through thc se;i»on thc
!>crmir holders for suh-sect <on 2-A-4 were
iippre!iendcd whi le harvesting clams t!n]aw-
I'iil ]y out side theiras»igned permit area.
,tn estimated 6..> m.t. werc reporte<l taken
�] en � i lber, per». co>nm. ! . The total 16, 7
r>,t. incliidcd thc iin]awfiilly taker> clams,
T]te original estimate of gaper clam biomass
t or t!i i s suh-se«t ioi! w;is 36, 5 n!. t . avai 1-
;ihle to thc harvester. I'est -harvest sur-
i «y» sho»ed that approximately 20'; of the
l>crmi t;irca hail heen w<>rked. I'rod»i t ion
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Area Population 954 Conf
Size Estimates Bi onrass Estimates Interva
 m'!  N!  Pounds!  Metric Tons! Biomass

Pl ot
No.

Year
Sampled

1976 8361 5,051,300
1976 8361 1,203,800

1977 8361 4,545,000
1977 8361 3,I77,000

1,176,800 533, 7
636,400 288.6

851,000 385,9
438,400 198.8

49,
100.

68.
91.

Tata
A&B
A 8 B

1976
1977

1,813, 200 822, 3
1,289,400 584.7

6,255,1 00
7,722,000

41.
47.

Area Po
Size Es
 m~!

pul ati on
timates

95'/ Conf
Interva
Biomass

Sub-Section
No.

Biomass Estimates
 Pounds!  Metric Tons!

Year
Sampled

1977
1976
1976
1976
1977

929
929
929
929
929

98.
83.
65.

100.
100.

2-A-4  Jet!
2-A-7  Jet!
2-8-1  Pump!
2-8-3  Pump!
2-8-4  Purrrp!

362,400
100,900
135,000
465,100
540,000

36. 5
19. 7
11.1
28,3
32. 6

80,200
43,5i00
24 500
62,300
72,100

282,600 128,2 53.Total 1,603,400

Table II.D. 3.-1, Sumrrary of subtidal gaper clams in commercial clam harvesting plots and
sub-sections of 'faquina Bay, Oregon.

Thc length-freqrrencv of subtidai gaper
i lams sampled from each of the four main
i.ommcrcial clamming sub-sections is shown
in I' iy.ure I I. D. 3. -4. Ilean size before
l arvcst ranged from 62.5 mm in sub- ~ection
'.-B-4 to 86. 1 mm in sub-section 2-A- ?.

>iran size of harvested clams r;rnged from
LD7.0 mm in sub-section 2-B-4 to ] i7.7 mm
i» srri'-section 2-B-I  both were pump-
! arvcsted areas!.

ar'eas 2-A-7 anii 2-B-3 was low
rhc iow effort expended in 2-A-7
iility of:he h'rrvester to

boat in position in 2-8-3. Of
of clams taken, 6.8 m.t. came

ivage of clams heing covered hy
construction of. the South Beach

O;itch per effort values ranged from 45.4
kg/hr in purrp permit area 2-B-I to 142.4
kg/hr in je[ permit area 2-A-4  Table
Il.D,3.-2! . For all he permit areas
combined, t ie average 0/E was 103.9 kg/hr.

Figure II.D.3.-3 shows the year-class
composition ot subtidal gaper clams before
and harvest =d from thc commerci.a] fi.shery
in the four used perm it areas. The 1975
year-class was prominent iu each area prior
to the comm rical fishery. Year-c Lass
composition of the harvested clams showed
that thc strong 1975 year-class wa» gener-
ally igrrored except for sub-section 2-B-4.
'I'he tishery was selective of the older
clams with 32. 7's of the clams harvested
being five tears of age or older.

Irr sub-section 2-A-4 the ODFW estimated
that an;rrea 6.i x 30.5 m or 20-'. h;id been
worked. Year-class composition of clams in
the harvested area revealed that only clams
of thc 1973, l975 and 1976 year-classes
remained  Figure II.D.3.-3!. All older
clams had been removed. Prior to ;he
harvest, gaper clam density averaged 391.0/
m', whereas post-harvest density w;rs 8.6/m

185

from permit
because of
arid the i ria
maintain hi
thc 31.3 r».
froai the .sa
sarrd during
Marina j crt

Be
of th

tock
I,trr 1 V
3�. 5
Only
appre
rrl. t .

sriits of the assessment of thr cf'fccts
commezcial clam harvest on the clam
;md surrounding habitat showed that
small portion of each ot thr. 30.5 x

iri sub-sections was actually h;irvested.
in sub-sections 2-A-4 and 2-8 4 were
ciable numbers of clams taken: 16.7
in 2-A-4 and 4.8 m.t. in 2-B-4.
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Criteria tested by Oregon State Health Division

Fecal
Col i form
Density Standard 35 C

 MPN! Plate Count

Total
Coliform

 MPN!

nunl al iowa bl e

ities for r]arket 230/'l00 gms 500,000/gm 	60,000/100 mls

Its of tests

3/27/77
1/18/77
]/15/77
!/21/77

68
130
<18
130

1]4,000
i8,500
5,600

800

460
460

2,200
460

Table II.D. 3.-3. Results of testing by Oregon State Health Division for
bacteriological contamination of commercially harvested
gaper clams, Yaquina Bay, 1977.

Coo« I]<z<y

187

An area simi]ar in size to 2-A-4 was
harvested i n 2-8-4. Year-class cc<mposition
of gaper c1«ms was gcnerallv simi]ar in
each area prior to harvest. Post-harvest
observatior<s revealed that younger clams
remained a] hough some older clams werc
missed by the suet lor, pump operat ion  Fig-
ure II. l]. 3. � 3! . Gaper clam densities in 2-
8-4 prioi' to harvest averaged 583. 2/m'
whereas po.t-harvest densities were 57.2/m2
indicating «nearly complet<. harvest fzom
the worked ;<rea,

Results «f the monthly Oregon State
Board of He;<1th testing for bacteriologic«l
contamination of commerically harvested
clams are shown in T«ble ]I,I]. 3.-3. The
m«ximum fee ii coliform counts observed
occurred i» c 1«ms test.ed during July and
September; both count' of 130 l!PN/100 gms
fell wc]I below the ]:I!A maximum allowable
density of '30 MPN/ 100 gms. Standard .'5 C
plate counts and tota] coliform counts also
fell below the maximum «llowab]e densities
for each s«mple period.

The ODF]<1 estimated in 1975 that 849, 9
m.t. of clams inhabited the commercial clam
plot in l:oos Bay  Table I I. 0, 3. -4! . Of
this total, 694.2 m.t.  81.7"o! were gaper
c]ams.

The commercial harvest from this area
from 1975 t «rough 19,7 produced 59.3 m.t.
of which 58.4 m.t.  98.5~1 were gaper clams
 Table I I . 0. 3 . -5!, Butter clams were the

only other species harvested. Pe«k year of
haivest was 1976, when 47 m.t. were taken.
The h«rvcst from this area was taken en-
tirelyy by hand-held water jet,

C«t.ch per effort ranged from 7].2 kg/hr
in ]977 to 102.4 kg/hr in 1976

Year-class compositions of samples of
the harvested subtidal clams for 1975, ]976
and 19,7 are shown in Figure Il.l].3.-5.
The l966 yeaz-class was prominent in the
]975 and 1976 harvest. In 1977, t.he har-
vest shifted to younger aged clams with the
]969-1972 year-classes all showing well in
the t.«ke. The change in age composition
possibly illustrates a change in harvest
loc«tion within the 19.4 ha permit area.

Thc length-frequency of samples of
commercially harvested gaper clams in Coos
Bay during 1975, 1976 and 1977 is shown in
Figure II.D.3.-6. llean sizes for each of
the three years were similar, ranging from
131.8 mm to 133.2 mm. The harvest was
entirely composed of ] 00- 160 mm size cIams.



Pooulation
Estimates IIIomass Estimates

 Pounds!  lletric Tons! N!Species

34. 7849. 97,503,100 1,873,600

Table II.D..3.-4. Summary of subtidal clams in comm rcial clam harvesting areas of Coo
Hay, Oregon, 1 975.

Pigeon Point
1976 1977 Total1975'oeci es

102,44214,467
20,991

I1,931 128,840
20,991

1,142 1,877735

11,931
',4'I 2

103,584
46,986

130,717
59,293
20,991

Table II.0.3.-5. Summary or subtidal clams harvested in the Coos Bay commercia]
fishery, 1975-1977.

 '.', < a»~'":!
 ::. oui ta. i -.'='!

eneck  P. sp. !
r  .'. g;.'-.van .,;,;: !

eapax!
Pounds

N

Pounds
Ki lograms

N

hours of Effort
C/E  pounds/hr.!
C/E  ko/hr. !

5,648,700
202,200
843,000
809,200

15,202
6,895

20,991

75.0
202.7

91.9

1,53t3,800
23,000
71,600

24'3, 200

459,2
225.7
102,3

76. 0
157.0

71.2

694. 2
10,5
32. 6

112. 6

610. 2
214. 2

97,2

957,. Conf i der
Interval of
Biomass  +'

44.8
100.0
49.7
58. 2
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ct gap r c lama in Coos «nd Y;>quina hays.

I I, E. I  :OOS I AY

ll. E. Economics � market conditions
from harvest of gaper clams

TIIONIAS F. GAUMEI',
GREGORY P. ROBART

. umber
of clams

Pounds
of clams

Po
pf rDa te

Jan. ! 9, 1976
Feb, 0, 1976
Feb. 6, 1976
'.far. 6, 1976

100
100
100

20

87. 00
105.75

99. 00
23. 25

23
19

Table 1I,E.-1. Summary of meat yield data for gaper clams harvested in commercial
clam fishery in Coos Bay.

190

The market potential for g;<per clams from
Oregon has acier been fully investigated
Until recently, Fast Coast bay and offshcz.e
surf clams hai e Iiecn availablc to meet
market demand." across the country. I'his
availability Iias changed rapidly during the
past sevcra! years due primarily to the
substantial decline of the I nown stocks c f
East Coast s»> f clams re»ulting In failure
to meet the growing national and world-wide
demands for c 1am products. Consequently,
market demand has increased for clam stocks
from the We»t Coast of the United States,
with the center of acti< ity in the I'uget
Sound area of Washingtor>. In 1976, clam
processors fr<>m Washing on state, with
markets in thc Orient, inquired about
possible sunp I ie» of O> egon hay clams to
supplement st<>cks heing taken ir I«'ashington.
One out-of-st ite processor was seeking a
source in excess of 30,000 pounds �3.6
m.t.! pcr week. Since that initial request,
several other out-of-slate clam orocessois
have rcquestc<I information on the avai la-
bi1 i.ty of c lams for export.

The follow ' ng is a»ummary of the recent
development c! the pro< essing and marketing

In recent years nearly all the gaper clam
b;<rvest from Coos Bay has been taken »uhtid-
aiiy by one harvester under special permit,
i».ng < Iiand-held water jet.

Ha> i cst takes place in the fall, usual ly
in Voi ember and December, fol lowing the
;i!mon season. Pz.oduction has been variable

ceper><ling on the outcome of the sal»>on
. cason anci on prevailing weather conditions,
..i>ce:>.uddy water precludes the eff lie ient

of a diver-held water jet.

Ii> 197,, 5.4 m. t. of gape>' clams were
harvested in Coos Bay. Fishermen received
.'".-r/po»nd  live weight!. Vearly all the
cl;im production was processed by onc company
ir Ore:on. Processed clams were marketed as
I'o e>I < 1am steak» at re»taurants in Eureka,
C; !.itornia.

ln 19' i thc ODFW moni tore I the changes in
meiit recovery during> a»pecia1 extension of
t h< c o»>merciaI cl am»ea»oii to al low»al vage
of cl;ims at an Army Corps of Engineers spoil
di»po»;-.I »ite. Results of the survey showed
1 I.;it p> occsscd meat yield dropped from 22'.
in Feh>uary to 19. 4"0 in IIarch  Table II.E.�
]!,I c fishery wa» terminated in April due
to the poor meat yield !reported at 17".!
I <> I low i >lg I he c 1am spawning»ca»on�.
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The commercial sui::idal gaper clam fish-
ery in Yaqr! ina Bay h;>.' been slow in de relop-
ing due to poor mark<. ting conditions p.ior
to the 1971 season. In 197 , a restaurant
chain contr:-rctcd to >rse Yaqrrirra Bay gaper
c lams in ti ei r chowdc" base. The following
was provided bJ John Becker, Vlant Manager
o F !Io' s Newport Seafoods:

Althorrgi. the mark< - poterrtial for Ore-
gon's bav clam industry appears unlimited,
present s>r>;i>ly is orriy adcq«a .e to meet
local testa>>rant demand. ~I«' s Seafood
r<!staurr>rr  chain annu<rliy requires in excess
of 11. 3 m,t. of proce»sed c] arr> meats  equiv-
aient to ai:<>ut 125,0 � pounds of whole clams!
for their ci<owder. Nearly all the produc-
tion of gaper clams trom Yaquina Bay w;>s
purchased 1:y ! Io's Sc:<I.ood at 19<!/pound in
*he round. Sma! I, unproccs»ed gaper clam»
not used by !Io's Scatood were sold to hai 
sirops and ret<rrned $ I . 00/pound to the har-
vester. Approximate I y  J. 5 m. t, �.~! oi t?>e
total 30, 9 !!r. t. gaper harve 't was sold as
b;>it. A sm><J I incid<ntal "»a?k in" retai1
trade at Ilo's Seafood provided fresh ci am
meat to I!re g!eneral public at $1, 75/pound.
Arr additional market I'or clam waste for
either commercial crab bait or as a source
of' glycogen i » potent i ally available a
product i on i nc rca» cs,

!Io'» pro=easing f >cilit ies required a.
minimum ot' l.4 m.t. ot live clams per day to
meet operating expenses. Thi' produrtion
required a . rcw of nine working an cight-
hour shift. Optimum production would re-
quire 1,8 m.t. of live clams pcr day.
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PART lli Ecofagical
Studies of the
Gaper Clam,
Tresus capax





III. A. Growth and reproduction
DANIL R. HANCOCK
GAI1.  BRF.l'.0!  YILLL'KB

1  T. A. 1 IN'1'ROOUC'1' ON

1» order to initiate an effectively
managed gaper clam fishery in Yaquina Bay,
»crt i»ent ecological information should be
:ompi lcd. Swan and Finucane �952! compared

es~ u  =S'chiaothaerus! caspar to l". nattaF'Lz'.
on the basis of gross observations and
suggc ted that ". cap"m is a winter spawner.
Pohlo �964! described the relationship of
agc tn changes in burrowing behavior and in
«uitogcnetic form in . nutta7Lt.. t'ne us
'. ipza and l'. nuttaf.lz were again differenti-
ated hy Pearcc �965!, but on the basis of
distribution, positional orientation, the
i>rese»ce or absence of a symbiotic pinnixid
crab, and the prcscnce or absence of a
visceral skirt. The autecology of the two
species from Humboldt Bay, Califor»ia, was
described by Stout �967!, who concluded
that, although no significant difference
existed between thc distributional patterns
ul the two, density of both increased with
i»creasing sediment size anil/or decreasing
orga»i c content of the sediment . Rcid
 '.969'. related type and amount of food
toragc of T. capaa to season, giving cvi-

'lcnce that it spawned during the wi»tcr.
 'lore recently, thorough examinations of the
reproiluctive cycle werc made at Humboldt Bay
 Mach«.ll and Oe.'lartini, 1971!, and near
i'ancouver island, British Columbia  Bourne
~»d Smith, 1972a!, reflecting only slight
iiariat io»s in thc cycle at the two areas.

 'rowth in commercial clams lias been
extensively studied. but less consi< eration
has been given the gaper clam or other
aicmbcrs of the family Mactridae. Bourne and
Smith �972a! are the only researchers to
have considered the growth rate of T. c'apex,
finding it to be more rapid, over 100 mm/5
vr, than that of other commercial clams, and
yielding generally 30'~ usable meat. They
also studied the effects of temperatures
and salinities on larval growth and survival
�972b!. Other studies on mactrid clams
have been about reproductive cycles only
 Ropes, 1968; Calabrcsc, 1970!,

19'
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Owen �964! stated that al lo-
relationships, i.e., those of
one body part relative to
the whole, can bc expressed by

which can be transformed to the linear
equation

loi, y = log « i  b! log x,

where x «nd y are body dimensions and a and
b are constants, Comparisons of growth
rates among populations may then bc made by
determining the values of the constants ,i
and b. Using this approach, signi ficant
differences between growth rates of inter-
and subtidal bivalves were found  Dame,
1972; Brown, Seed and O' Connor, 1976!. Rao
�953! found that mussels of a lower tidal
height had greater shell weight for a given
soft body weight than did higher level
mussels. Weymouth,:fcMillin and Rich �931!
described hoiv relative and absolute growth
rates of razor clams differed with latitude,

During this phase of the study, a concer-
ted effort w;is m«de by the Oregon State
University School of Oceanography to provide
information «bout growth rates «nd reproduc-
tive cycles of T. ccpaa: populations in
Yaquina Bay to be used in management-planning
decisions.

III.A.2. !fATERIALS AND METHODS

Gaper claris   x'eau« caper! for a repro-
ductive cycle study were collected from
April 1975, i:hrough February l977, from tour
areas in Yaquina Bay, Oregon  Figure III.A.2.
-I!, Stations 1, 2 and 4 were subtidal,
Substrate was removed with a suction dredge
manipulated by SCUBA divers  Gaumcr 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. I, z, 6 and
11.0 m! respectively. Station 3 was located
on a tidal mudflat; samples werc taken at
low tide by digging with clam shovels.
Occasionally unfavorable tidal, weather, and
sea conditioiis made uniform sampling diffi-
cult; nonetheless, most samples contained 10
clams from each station and the period
between samples was approximately two weeks
in November through February and one month
during the remainder of the year.

Measurements of temperature «nd salinity
were taken with an Industrial Instruments
electrodclcss induction salinometer  Model

RSS-3! from each subtidal st;ition every time
a collection w«s made. Core samples of the
substr«tc and its infauna were taken with a
corer from all stations at the time of each
collect.ion. In an attempt to retain juven-
ile cl«ms, the surface sediments were sampled
with a 12.7 mm sieve; sediments below the
surface were sieved through 25.4 mm screen.

Clams were transported immediately to the
Oregon State University School of Oce«nog-
raphy where examination took place. l.ength,
height and width were measured with vernier
calipers to the nearest 0. 1 mm  Figure
III,A.2.-2!. Age was determined by counting
annual growth check rings of both valves and
by counting thc annuli in the chondrophore
of eitlier valve. The presence or absence of
haplosporidan cysts was also observed.

A sample of gonadal tissue was taken from
the middle of the foot of each clam. Thc
tissue w«s fixed in Bouin's solution, embed-
ded in paraplast, sectioned at 7 pm ,ind
stained with Harris' hematoxylin and eosin.
Based on examinations of the slide prepara-
tions, the scx of each clam was identified
and thc stage of the reproductive cycle was
assigned according to thc criteria set hy
Ropes and Stickney �965! and Machcll and
Del'iartini �971!, 'i' he five phases of the
cycle were 1! inactive, 2! active, 3! ripe,
4! partially spawned, and 5! spe~t. Oocyte
and oocyte nucleus diameters from each ri.pe
and partially spawned clam from stations 2
and 3 were measured with an ocular mLcrom-
eter. %t least 15 oocytes 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 a veoii
and with nucle~ were included

Additional gaper clams were collected for
a volumetric 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 i.mmediately upon return to the labora-
tory. Diy body weight was measured atter
drying in a constant temperature oven �10 C!
for 48-72 hr, 'I'wo methods werc employed to
measure shell volume: I! one clean valve of
each clam was filled with water and the
volume of water was measured in a graduated
cylinder, 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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I I I . A. 3, S I'ATT STT CAD ANALYSES

'l'he statistical procedures used during
this study l'olio» the methods outlined hy
Steel and Torrie �960! and Snedecor and
Cochran !19'~7!.

Absolute growth was determined hy finding
the mean 1 c»gth and its 95". confidence
interval of thc clams at each age, Stu-
dent's t-tc: t was used to compare all mean
lengths. G<.ncrally, when the confidence
interval of one mean length did not overlap
another mean value, the me;<nL- werc signifi-
cantly different.

Al ]ometr! c relationships werc c;ilculated
in concorda«ce with the methods described by
Steel and 'iorrie �9601 and Snedecor and
Coch ran �9<i 7!; compu 1. at ions werc executed
on;i comp<!t< r.

!i'et!ror!»<. t!, 7< Ph<cse S« "< 'hr on<7ust<ess

To test the synchronousncss of the repro-
ductive pha; es among gaper clams at eac'n
sampling site, a mean day  MD! for each
phase at each site waL calculated:

D = da! number when clam observed .o be
in respective phase, numbered
corisecutivcly from day !11 = dav
wh<!n phase fi rst observed in Yaquina
!3;<y;

N = tot al number of clams in respective
ph;isc trom respective site.

The 95" conf <dence interval  CT! for each 1!D
was also caiculated using:

>S  s!
 .I =,"!D +, where

vN

t = St<.dcnt<s t-value at 0,05 probabil-
it> level for  n-]! degrccs of
freedom;

s = Ms' = standard deviation of sample;

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

Significant differences between 1'lD's were
tested with the Students' t-test, The
normal F-distribution was used to test the
difference ct the population variances, a.~,
where

s heing a statistical
lar er s'
smaller s 2estimate of o-,

;<nd»;<L compared to an F-di stributi on tab 1 c
l«r the corresponding degrees of freedom and
!!.OS prohahility level.

I<'hen v! - = o2, a Student.'s t-test was
uLcd to test. the significance of d < f ference
between the mean days of the rcpro<iuctive
phases;<mong the sampling a reas:

MD � 1!D
t =, at  n � 1! +  n - 1! df where

2

2 7
 N -1! s +  N -1! s�

1 1

2 2
'When ~1 j a2, a modified test was used:

 t' indicating the criterion
not distrihuted as t! where

 sample varianccs were not
pooled as above!.

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

1 1 2 2
t' where

wl + w

t = t -value at N -1 degrees of
freedom;

t2 = t 0>-value at N2-1 degrees of
freedom.

To further compare synchronousness of repro-
ductive phases, the X2 test criterion was
used to test independence of the distribu-
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tion of the freqiiency uf clam» in each phase
at each site

2 <ebeevv~ed - ex .eed> 2
X = 1  r-l!{c-l!df.

expected

Nearly 2000 clams were examined during
the growth and reproduc.tive studies. Both
techniques for determining the ;»gc of the
clams, count..ng either the annual growth
checks  ring> ! on the valves or the annuli
on the chondrophorc, g, vc simil;ir rcsu!t;,
indicating that either method may be used
confidently. Both methods were used through-
out the studiv to ensure accuracy. 'I'he only
reliable volume measurement teel>n lq»ie proved
to be the sand method [see Materials and
IIethods! . Volume measurements i»sing water
could not be duplicated.

The mean lengths of =ach age cl«»s from
each station arc shown in Tabtc II.I.A.4. -1
and Figure I-I.A.4.-1. The yearly mean
lengths of subtidal cl:»ms  from stati ons I,
2, 4! over 4 yr old were significantly
larger tlian r hose of intertidal clavis.
Intertidal cl.ams 4 yr and younger werc not
signific«ntlx> different in size than sub-
tidal clams of a simil«r age.

Linear growth rate, shown in Figurc
I I I. A. 4. -24, was rapid, 22 mm/yr during -he
first three <>ears, «nd decrea»ed quickly
with little growth occurring after -B y "s.
A comparison of subtidal clam growth rate
 pooled data l to thc intertidil clam growth
rate  Figure III.A.4.� 2B! showed that the
initial and =in«l growt>i rates of tt>e two
groups werc similar. dowcver, thc >.atc of
growth of the intertidal clams decreased
more rapidly between thc ages 4-7 yi  incl«-
sive! than i: did for subtidal clams.

The mean volumes of each age class from
each station are shown in Table III.A.4.-2
and Figure III.A.4.-3A. In Figure III.A.4.-
3B, the data f'rom the subtida1 stations were
pooled for. a larger sample size, C]ams
under 3 yr oF age were not available for
this portion of the study. The volume of
clams from subt id«i stations was consistent-
ly larger than that for. intertidal clams of
similar agc.

The oldest clams collected from subtidal
sites were 10-12 yr of age; those collected
from the int rtidal site reached an age of 9
yr,

Alii>nctric growth iel«tionships were
ccmpar< d using the linear equation,

l<>g y = log a ~ {b! log x, which was
transformed from the exponential growth
equa t » oil,

 sec l'lethods «nd l'«terials
above,!

The valiic b is the ratio of specific growth
rates of y and x, i.e., the F;»ctor ol' dif-
ferential growth and thc slope of th log
rcgres»ion line, 'l'he value a is equivalent
tc y, when x = l.

Resiilts of thc regression;»nalysi» of
ea!lometric growth arc shown in Table III.A.4.

and are described be1ow, The allometric
coefficients given for the various morpho-
logical relationships are those whie.i best
fit the data collected, 'lhc regress»ons
werc applied only within the range ol the
0;it;» {I'l i I bi>r and Owen, 1964!  Figure
111. A. 4. -4 to 1 I 1. A.4. -14! . 'Signifi ant
dl ffereiiccs of a pair were indic«ted when
thc 95'e confidence intervals of tho»e coef-
ficient» were non-overlapping.

The width/length and height/lengt'.i rel«-
tiorishi 0» for suht idaI and intertidal clams
h;id signficantly different h value» ind were
greater for the»ubtid«l clams in both
inst«n<..c.".'. 'l'he coefficients of dctcrmin-
«tion ,''R'! were, in all but one case, highei
than 9:e . No signific;irlt difterence was
found in the volume/length relationship
bet wccii the «or b v«lues for the»«l>t i.d«l
and intertidal clams. 'I'hose ;»llomctric
ratios »iidic«te that «lthough shell height
and width growth r«tios were higher,»nd
inure« ed more rapidly per unit length in
suhtidal clams than they did in int.eitid«l
cl;ims, the volume/length ratiii did not
differ s »gnificantly between those clams.

l'he growth rate of total wct weight
r<]«tive to length was higher in the inter-
tidal clams than in the suhtidal clams, but
w«s not significantly different between the
ripe and inactive clams. Thc rate of
inure«sc {the value b! wa» also greater in
ir>rertidal than subtidal clams, but not
different between clams of different repro-
du< tive phases.

Because the R2 values for the relation-
sh»ps of wet body weight/length and dry body
weight/length were fairly high �3-86'!
amo~g the inactive and ripe clams and were
very low �6-75'o! among subtidal and inter-
tidal clams, it appears that reproductive
phase, not height in the littoral zone, had
ari influence on wet or dry body weight
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Figure III.A.4.-1. Absolute linear growth of Tres>.. czpax from four sampling stations in
Yaquina Bay, Oregon.
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Figure III,A.4.-2. Linear growth rate of 2'resu8 cups from four sampling stations in Yaquina
Bay, Oregon, A. Data from four sampling stations. B. Combined data for
subtidal and intertidal -'"r e8us capaz,
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Figure III.A.4.-3. Absolute volumetric growth of Tresses capax from four sampling stations in
Yaquina Bay, Oregon, A, Data from four sampling stations. B. Combined
data for subtidal and intertidal T»caus capcu.
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 95;l !

Table III.A.4.-2. iiean volumes af res~,; cap~ of different ages from four sampling sites
in Yaquina Bay, Oregon.
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t  95,!

i NO, II

t  95;.!

I NO. III

 95',-'!

i NO, IV

67.2 136.2 121.
1 2 13
0 3.11 5.

27,94 3,

70.8 87.7 139.
2 3 14
4. 35 2. 91 6.

39,11 7.23 3.

54.4 75.0 110.
11 15 17

3.97 3.9'I 4.
2.67 2.17 2.

86, 2 140.
3 6
4. 74 6.

11. 78 6.

69.6 99.3 132.
3 8 33
2, 05 5.14 6.
5. 17 4. 30 2.



Rel a ti onshi p
y/x

Clam
Population Ra +95;o C.I.! b +95K C.I. !Log

He i~ht
Length -0,409�.010!

-0.300�.058!
-0,406 Q.GOB!

.149�.006!
1.092�,030!
1.147�.005!

Subtida'l
Intertidal
To ta'I

653
212
865

0. 9957
O,9608
0.9960

Width
Length -0.716 O.G94!

-O. 563 O . 01 2 !
-0. 722�. 01 1 !

1.212�.007!
1.137�.048!
1.216�.006!

Subtidal
Interti da1
Total

0.9941
0,8968
0.9939

603
188
791

Volume
Length -3.488�.329!

-3.406�. 774!
-3 . 71 4 O . 240 !

2. 766�.1 59!
2,711�.396!
2,874�,117!

Subtidal
Intertidal
Total

146
47

193

0. 8763
0. 8085
'3. 9165

Totei ~tJet Ilei ht
Length Subtidal

Intertidal
Ripe
Inactive

0. 6958
O. 8773
0,8629
0.8050

162
47
57
33

Wet Bo~d ~dei ht
Liwngth Subti da1

Intertidal
Ri pe
Inactive

162
48
58
33

O. 5881
0.7503
0.7590
0.8644

Doy Bo~d Wei ht
LIDngth

Ilet Be~deci ht
Tota1 !let Weight

-0.074�.2Z7! 0.924�.097! 25 0, 9061

~Dt. Body We ic ht
Wet Body Weight

-0.878�. 376! 1.055�. 103} 25 0.9511

Table I I I, A, 4, -3. Al lometri c arowth coefficients for vari ous morphological
of populations of Tresses capax,

relationships
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Subti da 1
Intertidal
Ripe
Inacti ve
Total

Subtidal
Intertidal
Ripe
Inactive
Subtidal ll
Ripe
Subtidal ll
Inactive

Subtidal
Intertidal
Ripe
Inactive
Subtidal
Ri pe
Subtidal
Inactive

-2.972�,!>45!
-3,922�.654!
-3.689�.668!
-4.319�.300!

-2.648�.618!
-3 432�.89I!
-3,176�.060!
-3.615�.818!

-4. 077�. 890!
-3.683� 021!
-4.670�. 302!
-4.903�.106!
-4. 691�. 550 !

-0.192�. 097!
-0.076�.107!
-0.021�,111!

0. 012�. 138!
0. 027�. 183!

� l. 143�. 156!
-0.655�.l47!
-1.002�.190!
-0.979�. 136!
-1.547�.303!

2.586�.264!
3.014�.106!
2.944�.327!
3.208�.570!

2,307�.300!
2.662�.456!
2.581�.390!
2.753�.399!

2. 627�. 432!
2.386�.520!
2.938�.478!
3. 001�. 540!
2.919�.270!

0.974�.041!
0.937�.054!
0.911�,048!
0.888�,060!
0,891�.078!

1,] 77�, 074!
0.923�.082!
1.114�.091!
1,100�.066!
1.364�. 117!

l62
48
59
34
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162
48
59
33
53

162
48
59
33
53

0.4691
0.6492
0,7301
0,8010
0.6830

O. 9258
O. 9639
0.9623
0.9604
0, 9114

0. 8601
0, 9178
0.9141
0.9738
0.8953



Relationship
y/x

Cl am
Population Log a +95': C. I.',' b +95;l C. I. ! R

Ilet ted~hei ht
Dry Body Weight

Shell height
I ength

She	 lleirlht
Dry Body i eight
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Subtidal
Intert,idal
Ripe
Inactive

Subtidal
Intertidal
Total

Subtida!
Intertidal
Ripe
Inactive

Table III.A.$.-3- continued.

1.130�.06I!
0.798�.089!
1 002�. 090 !
0.921�,067!

-4.038�,491!
-5.496�.427!
-5.609�,350!

1.120�,223!
0.554�.116!
0.641�,232!
0,628�.170!

0. 731 �. 045 ! 162 0. 8601
0. 994 �, 088 ! 48 0. 91 78
0.821�.067! 59 0,9141
0.885�.052! 33 0,9738

2, 930 g. 238! 162 0. 7839
3. 594�. 218! 48 0, 9598
3. 683�.172! 210 0. 8947

0.660�.086! 163 0. 5857
1, 001�. 216! 48 0. 6532
0.967�.126! 59 0.8061
1.020�.203! 34 D. 7670
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Figure III.A,4,-6. The fitted allometric curves for the volume/length relationships for
intertidal and subtidal Truants zapata.

210



IOO

X

C9

UJ

O I�

Figure III.A.4.-7. The fitted allometric curves for the total wet weight/length relationships
for intertidal, subtidal, ripe and inactive bureaus capcu.
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Figure III.A.4.-8. The fitted allometric curves for the wet body weight/length relationships
for intertidal, subtidal, ripe and inactive 2'~caus eapax.
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Figure III. .4,-9. The fitted allometric curves for the dry body weight/length relationships
for ripe and inactive T~esus <..ipuz.
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Figure III.P.4.-10. The fitted allometric curves for the wet body weight/ total wet weight re-
lationships for intertidal, subtidal, ripe and inactive 7. esus crrpax,
A. Curves from intertidal, subtida, ripe and inactive populations of

~ap~z:. u. Curves from subtidal ripe and subtidal inactive T. c~paz.

21rI





E
500

I-

z

UJ

100

CI

0 50

10

Figure III.P,.4.-12. The fitted allometric curves for the wet body weight/dry body weight
relationships for intertidal, subtida1, ripe and inactive. Tresus capaz.
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Figure III.f~.4.-13. 1he fitted allometric curves for the shell «eight/length relationships
for intertida1 and subtidal 1'..=su." c..apaz.
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growth. Voncthcless, th«rat ios of wet boify
weigfit/Iingt]i, dry body w ight/Icngth and
wet body w: ight/tota1 wet weight werc simi-
Iar;imong 11 groups of c I!im

'I'hc re 1 iti on»hip» of di'y E ody weight/wet.
body weight arid its reciprocal indi cate the
percent: cf moi»ture i.n the borfy t.issues:

in »ubtidai clams  V = 163!,
in int«rt idal clam»  iV = 481,
iri ripe c'ams �' = 59!,
in inactive clam» � = 33!.

84. O';
82. I"
83. I;

SheII w< ight/ length was »light!y higher,
for the mo.'t p;irt, iri subtida1 clams than in
intcrtidaf, Iams. 'I'hc rate of increase was
faster in iiiter.ti fai clams, so th;it thc
growth of thc she11  rvcntually overtook that
oF the sulrt.dal ciam».

Due to tfic low R i'alucs, the i clat! on-
ship of»hc I I weight 'dry body weight ap-
peared to h;ive litt Ii corrciat.ion relative
to tide Iieight. Thci-c was a hetter coi'rela-
tion rcl;if iie to reproductive phase, aJ-
tiiougfi no s i gni1 i cant di tfcren«es bet wc cn
the irurcriv»:i!id rip» clams werc indicated.

.ru,'pr o..!ii:, ' ' r .'wc.' .e

CaIeiiiiar» of thc five reproductive phases
for thc   lair;s from tf'. ' I'our collection sites
;ir'e showr'. in Irigurcs 111, A. 4. - I.'>A-D, Ee-
c;ruse the histological characteristics of
thc phases of "n.'aus -VJim' from Yirquina Bay
were esseritialiy the same as those of '..
capo" f'rom lumhoIdt Bay, CaIifornia, repor-
ted previously  Machc1 I anii Dehfart ini,
1971!, they wilI not bc redescribed here.
'I'hc scx ratio was I:I for the phases in
which sex wis discern;ibie,

'I'he statisticaI mc;in day  hID! for each
reprodu«tiv phase at each station is
graphed, wi-,h 'it» 95" confidence interval,
in Figure Ifl.A.4.-16. GeneraIIy, the 'ID's
of one ph;i»e were distinct from thc hfD's of
another pha»c; howcvei., an overIap of confid-
encee intervals was observed between the
partially spawn cd and spent phases at s t a-
tions 2, 3 ind

Ifiithin each phase, significant ififfer-
cncc» among the hID'» For cia!!is from each
station weri. calculated anif are shown i,i
Table IJI.A.4.-4.

The pere»!i' of moisture appeared to be
»igni fic;in! Iv higher with a faster rate of
incrc".ise in the intertidal «Iam» than in the
subtidal i .ams. The significance of the
intersection of the I ines for the ripe and
inactive «.ams  Figurc III .A.4.-11! is
di»cu»»ed I 'Iow.

'I Iie stat I »ticaI va" iat ion»;!mong EID ' s
ob»ci red for the inactive, active, and spent
I h;ir  » appeared to bc random, foi owing no
Ii;itti ri! from ptiasc to phase oi from station
: o 't a ~ ion.

I c X' test for irulepcndeni e of di»tri-
I ut 'in» of frccfuencics of « I;iri» throrrghout a
. cpi' »Iiii-t ive phas«al»o resulted in di ffcr-
»ncc!- among station» c'x«epi diiring the ripe
:.Ii l P;ir'1 i ally»pawned Phases ITab!c II I.A.4.-
'! . I'he variations iiidicatcd by this test

;:lso;if!peared to bc random. Re»tilts of the
f «sts did riot aIways agree witf- those of

!he t-tcsts for ':fD di f fcrences, tf cre being
f'ewei' ififferenccs between distrihi;tions of
numbers of c Earns of a particular rha»e than
between hfD's calculated at the foi,r stations.
'Ihe m;rj ority of' this di»narity cari bc
explained by the difference in length of
time interval used in thc tests: one day
for fhe t-test» and two weeks in the X
test.- .

'II!e onset of the inacti ve or undifferen-
tiated phase was rapid, first beginning in
'Iay a id lasting through Viov ember. A11 gaper
=Earns f rom station I had inactive gonads in
Augu»I; from stations 2 and 3, in Iiily; and
From station 4 in, June and .Juiy.

'I'hi iictive phase, a per iod of »permato-
gcncsis in the male anil oocyte enl;irgement
in th« femiile, was first recorded in,fuIy
iuid I,i»ted, at one site, into hfarch of the
Follor~ing year..'lost or af I of the i'lams
«o11c t ed werc I n this phase in Sentcmbcr
through Vovcmber.

Ripe gonad», characteri'ed by mare de-
!,iched than attached ooc> tc.» in th» ovaries,
or a riaj ority of radiaIIy;irrangcd permato-
zoa iri the testes, were fii st obsei veil in
i!«tober, peaked in occurrence in Dccembcr-
,I;muar'y, and continued into April  Figure
III,A,4.-15C!. Of the five phase», this one
rontiiiried for the longest period of time.
.':o significant di fferences in the i ipc phase
wc.r» found among the four stations, Oocyte»
of this phase had a mean diameter of 49 r m,
:ind a mean nucleus diameter of 27 ..m  Table
I [I.A. 4.-5!.

Gonads partia11y emptied of rip» gametes
; nd wi th disorganized fo 1 I I cular ti ssue,
indicating spawning  termed "part.i;illy
»pawned"!, were found in most »ampics from
F'cbruary through 'I;iy or .June. Peak occur-
!»nce wa» observed in April for st;itions I
and 2, ffarch for stat ion 3, anil F»E>ruary for
»tation 4. Despite these observed diff'er-
ence», no statisticalIy significant differ-
»i!«e» were found in thc partia!ly spawned
phase ;it the four stations, Oocyt«s from
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VE PHASE

S TATION NO.
1 2 3 4

PHASE

STATION NO.

w' E

d1

Table III.A,4,-4, Comparison of the results* of the Student's t-test and X tests**
for differences between reproductive cycles of '"re.:u.: clapper, from
the four sampling sites in Yaquina Bay, Oregon.

Station 42  subtidal

alleyS awned Clams

Table III.A.4.-5. liean diameters of oocytes and oocyte nuclei from subtidal and
intertidal gaper clams of different reproductive phases.
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Clams
e Diameter
N
s

us Diameter
hl
s

e Diameter
N
s

us Diameter
N
s

48,18 um
885

5.28

27.49 um

885 3. 07

48.90 cm
255

4,41

27,92 IJm

255 3.73

,'r
p<
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clams in this phase ha, a me;in cel I diameter
of 49 um,;ini mean nui:leus diameter of 2, nm
 Table T11. A. 4, -Si .

Sperit «] ai:is, those lanis with gonads
having thici'-w;ilicd, s' tiinketi 'ilvecili. «on-
taining dcbr is or a few rcm;iinf ng garnetes
undergoing c> tulysis, were Eirst observed in
February at .t;itian 2, later ar t' he others,
and were ptescnt through» ay or Junc. ?!ost
c];ims werc in t his phase of the reproductive
cycle in May  stations I and B!, l a r-,! inc
 station 2!, and April  st«tion 4!, «fter
which a r;ipi.f ilrop in trequency of thf s
stage occurred.

In almost every instance, the >!D of
reproduct i ve phase for the female « l«ms from
a collection site preceded, a]though not
alw«ys significantly, that of the rn;ilc clams
from that sire, the greatest di fferen«e
occurring during the active phase  Figure
III,A,4.-1 i!.

Tenpera t.«r c: r ncl,7ar.'In'','. I

Temper«ture and salinity data recordeD
throughout tais study at the three subtid«l
sampling stations are shown in Figiii e
III.A.4.-1 7.

Growth rates of r"r na«." cc:.r,zr from Yaquina
Bay, Oregori vere comparable to those re-
ported for i it crt i da I gaper c I arns f i.om
British Columbia  Bourne an<i Smith, 19 2a!,
although subt id«I clams were not included in
thc latter study. >iari lage �964! i.eported
that gaper clanis from Yaquina Bay gn-ew 127
mm/5 yr, a rate f;ister than was «alr»lated
in the preseint study. However ?!arri.agc' s
rcport could not be evaluated, «s no data
were included in his study.

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

I, the external factors af the envi-
ronment;

2.. the reproductive cycle;
3. intrinsic interrelationships of

growth rates among the clam's
component parts.

1! Tr~su- capa " from intertidal� ;ireas of
Yaquina Bay 1o not grow as rapidly as those
clams from sirbtidal areas, Such dii'ferences
in bivalve growth rates can be partially
attributed to several environmental factors.

The ol«lest «.1«ms collected �0-1 ' yr!
inure fram thc suht 1 d'i 1 sampl ing st«t 'ioris;
i n tert d«1 clams col lcctcd reached;. maximiim
nge of 9 yr . 1n a study of the dist ribution
oi "'.,'.,anc f rom intertidal,ire;is ai c:oastal
 c;tshingtorr, Pe«roc �969!, observing that
1!:ilier «lains from one area gr ew is much as 40
rnn lari;er than gaper «i«ms from another
;ii'ea, i on«luded that substrate type and
i onipos . ti an samehcrw;r f fectcd the 1 i iiear
.'!re? 1 groicth anil maximum si i c of thc c I;ims.
: f wc;iss»me that the 1;irger si=c i. corre-
atcd with «n older agc, it is possrhle that

rli  'fere it«es in substr«te type, in acciition
tcr environmental stress, effect diff'erences
.ii maximum «ge reached by . ac par in Yaquina
i ay. >w;in �952! also described dif fercn«cs

growth rate of ilva at'crinar r.a relative to
'rrhstr ate type. He fourid that cl«ni in
,;ind-domin«ted substrate grew faster  line-
'ii'ly! th;rri did clams in a. predominantly mud-
gr«vel-shell substrate,

Kii 1 iii   1965! comp 1 et ed «n extens i ~ e quan-
tr'tatiie;in«lysis of the substrate sediment
iri Yaqiiiria Bay; the surveys niade during the
prcscnt study were morc qii;rlitative, '1'he
r'< suit from both studies as they rci«te to
aiir s;iiiip ling sites;ire shown in Table
] l l.A. = . "1 below.

Llnfc~rtrrnately, nef ther sct of results
:ilonc is completely reliable, due to the
srrbjc«t ive nature of our s«mpling and to thc
t ime elapsed since the Ku1m study; annual
c cedgirg ot' the bay and intervening con-
st riict ion coulcl cas 1 ly h;ive effected changes
f rr substrate type. Konrthcless, despite
c i t fcrcn«es in the terminologies, the studies
clo shor that the substrate of' the suhti.dai
si;itiaiis is largely «omposed of sand; th«t
ot the intertidal station is of finer grain
'i e.

Seeci �967! found that animal density h;id
;i marked effect on the shape of m»ssel
,hells, «nimals of dense populations being
ioiiger;ind narrower as opposed to rounder
indivicluals of more sparse populations. Two
c ottditi ons exist which suggest that the same
m«> be true of T. capa«;:

subtidal clam populations were
dcnscr than intertidal populations;

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

ltccausc shell shape may be influenced by
dcnsit>, we suggest that thc measurement of
volume be considered as a mare reliable
indicator of size than is length, 1n the
case of T. capax, shell volume was strongly
«or related to shell length, despite di ffer-
ences in shell shape, Subtidal clams were



!>t<bstrate Type

..' Site  Fl<!ure 2l Kulm, 1965* This study, 1975"*

 subt ida 1 !
 subtidal!
 intertidal!

f 1 ne I» medi um sa nd
fine I» medium sand
fine, medium sand o

silty sand
fine P» medium sarid

sand-shell
sand
mud

 subt.idail sand-shell

om categol"ies of:
ridy silt, sand-si

fine sand, medium sand, silty sand, clayey sand,
lt-clay  see Wentworth, 1922!.

bedrock, rock, gravel, sand, mud, shell, debris.om categor ies of

Ta b1e III.A.5.-1. Sediment types in Yaquina Bay, Oregon.
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not only lorgcr, but '<iso liad greater vol<>me
tli«n siisi I;ii ly aged iritcrt i.d«l clams.

Bourne a«d. Smith I I <972« I studied the
growth of two int.ertl ual populatio«s of'
e"pr:.r «nd f<>un<i differences bctwccn the
absolute growth i«te. of the two popul«tions.
They shoi<'c<1 tliat ". >-uu<ru: experienced spurts
of' g>rowtli i« the sum«or and growth checks in
the wint< r, coincidcrit respectively with
sc;isonal liigh and lov temper«1 urcs, «nd
suggcste<l t liat, water temperature and food
ar «i i«bi I it y were grcwt'h- c<>nt rolling factors.
There may b:;i sirni1«r rcl;»tionship in thi s
b«y, whi <.l.,;is a simi 1 ac temperature regime
to the o«c in British Columbia  Figure
I I I.A. 4. -1, ! . Paul, Paul .ind I'eder �97t>1
suggested rn«t tcmpcr;>tore also controlled
the growth rate of littleneck clams in
Alask;i. No'Iiu and Chew �9>2! found that
substrate h id little effect on settlement or
gro»th of' n<ruI. > ";,.»I>'n-.<.a spat, tcmpera-
turc, sa! i n i ty, f'ood;i vail;ibi I ity, and tide
level bcirrg probable rrit ical fac.ters of
growth.

Growth r.ites have been directly correlat-
ed to foo»l avai labi lity and jar length of
feeding periods by Smith �928!, Coe �947!,
Coe and l<i t rh �950!, Fitcli �950!, Stickney
�964!, among others. Intertidal <. I«ms, as
such, would experience limited periods of
exposure to sea water «nd therefor» of
feeding, periods that arc defined by the
clams' height in the intertidal zone. 1n
addition, intertidal clams in Yaqurna Bay
are siibjectcd to various conditions of
environment;il stress ca~sed hy heavy fresh-
water run-o> f, freezing temperatures, arid
insolation i hat are otherwise not confronted
or are not ;is extreme in the subtiilal
regions.

2! I'eriods of' 'l're«us ria»;r«: growtli alter-
<i.itc ivitli periods of gon«d:ictivity and
spawri ing, a phenomenon not unusual in pelecy-
pods. Roid  l91>9!, in «study of the dict-
:<;v der>>arrds of .". i'rrp<m rioticed an <rlter-
rrat ior> of depletion and «cciimu1at i on of
i>lycogen, the major storage product, in thc
gonad coincide~1 respectively with periods
of food scarcity «nd abundance «nd with
perio<ls of gonad activity;irid quiescence.
Hc suggested that, "the acciimutati on of'
i,onad;il I ipid probably occurs at the expense
of both gonadal glycogen and divert icular
1ipid,';ind that "the rc-accumulat ron of
i> lycol>en lags about one morith behind the re-
«vail;ihility of phytoplankton,' the l«g
'.>re!uiiably reflects the i«ore«sed =ncrgy
r<>quirements of the animals for growth." It

s prohablc that stored and acquir,d ener-
1>ie! in <". cr.<".<u.' are being alternately
<lcvot< d to growth «nd reproduction, each or
both triggered by seasonal changes of thc
r',iiv i r<>nment. Poss ible intern«1 mechanisms
ot energy regulation were not inve>.tigated

th i s study.

I.ar»»ens 11967! reported that Mg<rr>m<
r,ri..>.i ci growth started at the en»I of spawn-
ing,;ind conversely that gonad act i vity
cormncrrced when growth slowed. Coe �947!
«nd F tch �9S0! observed;i reluct ion in
gi'owtli rate of the P i smo clam coincident
wit'h gonad activity and spawning. The same
was true of Venr»" otzirrt~Ic  Ansel l, 1961!,
Fiil ly developed gonads of the American
oyster were reported to inhibit shel 1 depos-
ition  Galtsoff, 1964!, possibly a mechanism
for the regulation or distribution of energy,

:f! It is not only likely that energy is
budgeted between growth and reproduct ion,
l>iit that growth requires an energy budget of
i.ts cwn. Growth, whether linear or. by



weight, is the re»ult f « .ulmin«t ian of
Interact iar>» oi t lie rc I«tive gr awth of e«ch
individual ' s camp<>nant p«rt ». I!ccbanisms at'
tile l'c'gil I <<I .< < <1 of crier'<: v die't rl but I irl wel e
nor i.nc ludo I i» tire sc;pe at' thi »».udy,
howev er .

Rel«tive growth;rmorg the body parts
appears ta be dependent upori 1>ath t.iie amount
of exposure> to sc«wat r, I .e., the height
in thc I itt <» «1 zone, and o» thc degree of
gorr«1 devc in!>ment. Th= re»<>it» ot thc
regression «na.1 yses i r. i cat cd that i»tert i d-
al c1ams grc»' I>ca< icr -er unit length t!ian
did the sui>t! d;>I el;<ms. Cl«m weight, how-
ever, can bc broke» do»rr inta component
parts:

Dry Body
Weight

Wet Body
Weight

Total Cl«m
Wct Weight Water

SI1  11
itic i ght

It was also »hawn that, of the wct Iiody
weight, intertidal cl«a>s h«d a higher mois-
ture content th;rn did the subtid«l lams.
Dame �972!, in a simi!ar campar«tive study
on oysters, .uggested that the higher reten-
tion of warcr in tI>c i »tert ad«I;<nim«ls
resulted frorr> a physio!ogic«l «dapt«tion to
the i»tert!d«1 cnvironn<e»t. In addition,
intertidal clam shells, although not as
he«vy «s subt id«l cl«r>i shells, show d a
significanrll greater growth r«tc i.«crease.
Therefore, were these «l«ms to live longer,
it is po»»ihie that shell growth of thc
intcrtida! clams would eventually overtake
that of' t!r» .uhtidal clams. Perhaps, be-
cause ot Ir>r.rtcd expo». rc t.o sea water,
intertidal «lams have become morc efficient
in the absorption ;md met«bali»m of calcium
from the water. Intr«specific studies of
c«lcium upt;>ke ;>nd sh«11 secretion would be
valuable ta <:ompare intertidal and subtidal
clam sheli growth.

Other stuciics comparing relative gro»th
rate» of s<rbtid«l «nd intertid«1 bivalves
are few. Bao �9SR! compared vates of shell
growth amo»g populations of inter- and
subtid«l mussels «nd c.oncluded that shell
secretion occurs «t a rate directly propor-
tional to »LI>mersio» time, se« water being
the calcium source. Subtidal mussels nct
only had heavier shel' >», but had more rapid
secretion rates. A comparison between shell
growth rates of inter- and subt idal oysters
showed that .' ubtid«1 «nimals had heavier
shells, but I.here was no significant differ-
ence betweer rates of cleposition  Dame,
1972! .

It s apparent, ther>, that. ttie higher
wet w<.ight/le»gtlr ratio af the int.er-

' >,I;>I < 1«m» I» a result of:

Iiigher rrroistu< e conte»t,
highcz rate of increase of wct body
»eight/length,
higher r«te of incre;>»e of »hel I
ice i gh t/ 1 eng th.

1 would be expected, as was show>, that
' I I> e c !;»>1 »  lave « Ill gila> drv hoclv w« l gilt /'Piet.
hady»eight ratio th;<» do inactive c l«ms;
r.iris i, consistent with gonad development.
I i>rtheimare, thc inter»ectiari of the regres-
»i<>n Iines for dry body weight/wct I-ody
w<>ight of the ripe arrd inactive clams indi-
«;res I he;>ppraxim«te»i ze at which thc
cl;<ms become sexually m«ture, In this

rrst>rri< e, the i»ter»ect cori fell at 90 gm
wc>t body»eight which corresponded to >80 mm

e>»gth. Bourne and Smith �972a! reported
rh«t g:<pcr <-lams from British Colum! 1« of

>0 ntm had sexually dif fere»tiated gonads.
I is 1>ossiblc that Iat <tude-relate<' envi-

: u»men< a I conditions such as temperature,
pi><>t a!i  r iud, a»d tidal regime i»flu«ncc. the
.',.:.c at which sexual m<turity occurs  scc
«1 so -.  p roduct i ve Cycle below! . Hi to log-
:.;>I ..Iud!c» of juvenile,md young; dult
g;<I>er clams arc ncccss«ry before su< h «
g<>»e ra . 'i z;it ion c;<n be m;>de,

The reason for the h.i.gher tissue earitent
iir subt idal clams is not. cnt.irely c lear. It

o f course, a funct ion of water i.etention
ca»IJ bc rel;<ted ta feeding time,

B> uwn, S< cd and O' Con»or �97'>! stud!ed
' i>r ee species of bivalves: '.'e»c.s.'<>.'c ~r>cr

.~'.:, '=I»s . cr'»l; s, «nd .'c>cIzc>li~s macrf-
I he latter being the a»ly subt idal

.!>cci c». In thi.s study it w<» tarr»d that
', he tw<> intertidal species had heavier
»hells and faster rates of shell growth than
d'd tb<> subtidal species. Ihe «uthor»
. >g>gesr ed that when "moving f'rom ari inter-

<dal ra «subtid;>1 position there;<ppe«red
a be ;r progressive emphasis on tissue

r;<ther tiian on shell growth,' and th;<t the
intertidal species tend to he more unstable
i» the r habitat due to the instabi! ity of
r»rtrients, The lower .. values for morpho-
logic«1 relationships in the subtid'<1 clams

our study would indicate the oppc>site is
.rue. This phenomenon is not clearly under-
;tood,

Our results are not entirely inconsistent
with these findings. However, gonad devel-
opment was not considered as a factor of
growth In the Brown et ;rl. »tudy. 'Iheir
iritcrt rdal and subtid«l species were collec-
ted and processed at two different seasons
af the year; differences in body re1«tian-
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ship» fnctii>ling dvy 1 idy <
fore be;itt cibutcd t<: the
devel op>«e>rt irist cad > f to
Addition,it intr «»pc<- 1 -'ic
nece sary to describe the
hetween t i< il 1>eight and t

cig!it v< uld 'he<e-
st.agc of gon:id
t i d;rl height
ompilr. i s<'Iis ii i e
rcl;rtior>ship
i»»ue growth� .

??'<:pr">i;~c« ",':,c,!c

LOCATION Jan Feb ':far Apr tfay June

ical Island, B.C. �9 12'! XXXXXXXXXXXXX
 aqu ina Hay, Or. �4"37' ! XXXXXXXXXXXXX
fumboldt Hay, Ca 1. �0'52'! XXXXXXXXXXXXX

Table III.A.5,-2. Spawning seasons of 1're r< c<tp<;~ at different latitudes
on the west coast of North Amer~ca.
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Di t f e i.er oes in gr <:wth bet wceri the siib-
t id«1 and iiitcvt id«i gaper <.1;im populatioiis
m iy bc iit t r .but ed to environmcntalfactors
assoc i;it<..<1 with the <I > 1 feierit. h«b 1 tats,
Phys io logic;i I arlapt at i ons of the t wo popu i a-
t ion» h,ive 1>ossihly e: f'ectcc! <«ri«tions in
their re»pc<:tive <nevgy budgets reflect ed in
di f'1'ere«ac» in reiat'ic growth rates. Gonad
development and thc phase of the reproiluc-
t lve cycl<.;ilso influence rc lative growth.

'1'he re. <i I t» of th< gonad ex;rmi nations;md
plankton tiidy confirmed th«* thc fr"~in �,
c<ip<ic f com > aqui<ra Bay are late winter
spawner.s ani; fnl low;i reprod«ct i ve cycle
piit tern similar to th t of . crier>xz frcm
Hiimhol dt Bay, 1:ali for r.i«  vfachef 1 and f>eM«r-
tini, 19,1!. Oamctogcncsis wis initiated in
tlie late»uiiimer and «:>ntinued tlirough thc
autumn. 11ci c1 opment;.1' the giimetcs prc-
grcssed until ripe gov«ds predominated;
spawning 1>eg;iii in the- winter, Iieaking in
March and Aprf l. A ciscretc inactive peri oct
was observe 1 during tie summer. 'I"ic obser-
vation of gonads ff 1 le<1 with <Ieterior«ting
ripe gamete»»uggestcd that some c tams may
fail to»p«~n or may experience incomplete
spawn i rig .

Th e c «s t c rn P ac i f i c r ange of 2'. r<tr". mz
cztriids 1 roi> California to Alaska, yct few
studies of lt» reprodiictive activity at
different I:ititudcs c;in be found in the
literature. tlachc11 and DcM«r ti ni �971!
studied the reproductive cvclc of .ho gaper
clam in !lum >oldt Bay, on thc northern coast
of Californi;r, Bourne «nd Smith �972a!
completed « similar study in southern
British Cot»mhia, Table IIT,A,5.-2 below
shows the spawning seasons of thc gaper
clams at th three latitudes.

1'. «ppears that g>aper cl;im populations of
r ore . <>tithe in 1 at 1 tiides hai e »1igl.t ly earl i-
< r;,r:ri~'ning periods th«n do morc rorthern

the;ib<>ve three inst«nces, spawn-
.ng oc<.urrcd during the period of' se;i»on«i

temper«tures. Thc: 1'ismo clam 1.'.'.i!c?c
also sp;iwned slightly earlier at

i;ioie southern latitudes of its rargc in
t,>lifoinia, hut during the summer when
temper;iturcs werc high iCoe and Fitch,
1 <95f»

L,immens �96,!, having indicated that
;>mhi < nt temperature, or its change, serves

»t imulus for spawning in >'~>ac<.m<r .~a?-
"i:«, suggested that the critical spawning

temp<.raturc di f 1'ers among snecies and among
populations of thc same species. Other
."xamf>les of t emperature-dependent sp«wning
:irc .n the literature. Caddy �967! con-
1 irme.1 Lammens' finding that,',. Ba.' ht.ccr
spawnc<1 in the spring when temperiitures
begirr to rise.

Lr<titude-related differences of' reproduc-
t ive;yclcs have been ob»eaved and may
ref'lc;t those differences influenced by
t.-.mper<iturc. On thc Ve«T'.ngland co;i»t,
"opcs ind Stickney �965! found that popula-
t ron» of . <y<r;radar i<r nrogrcssive1 y north of
>:«pc ..od had only slightly earlier spawning
pevfo>ls, while those so<it:h of Cape Cod had
himod:i! peaks of spawning. Porter �974!
st udi ed,"L cr<er«rr"'c in Kashington .ind
ohscr;cd only one sp;rwnfng peak in July-

which occurred at ;rppror<imatcly the
»ame -ime as that of sof' t.-stiell clims of a
:>imil;ir latitude in eastern  ;anada, reported
tiy !lopes and Stickney. A similar 1;ititudin-
;it di;fcrcncc in reprodu«tive cycl s was
, uun ' with 1erc<vic<r <.< reerc<ui<n"~.a also on the
cist coa»t, l.oo»anoff �95?a and 1>! report-
<.d a single summer spawning peak for the
!iiird >.Tams from Long Tsland Sound ivhcn the
temper-ature reached its peak. Fur '. her
~ iouth, in iVorth Carolina, the hard clams
weve observed to have two ~pawning peaks
Iietwecn June and October when the tempera-
t iire was <<hove 20 C  Porter, 1964! .
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Bimodai spawning fcr thc gaper clams in
more southern areas w;is not indicated by
this study or by i<Iache I I and [!eMart ini
�971! . Howcvcr, T. c;p<zr is thc on iy
mactrid cl;-mi reported to spawn in the late
winter/early spring, ,'>'a! .a «<! « .aa.'mu
spawned at s<rrrrrr!er temperature peaks on thc
east coast  Ropes, 19BB!. Summer high
temperatiircs also cofncfdcd with sp;iwning of
<rim<i»r<! I ".er a'!.a  Caiabrese, 1<970! . Both
species experienced biirodal spawnirig.

Urilike what was found of T. c<~><r" in
Iiumboldt Bay  Machci I;ind I!< I!ar tlni, !971!,
female gaper clam» in Yaquina Bay were
histologic illy active before, ripe concur-
rently with, and spawned slightly b<.fore or
afr.er the male clams. Such observed di ffer-
ences in synchronousncss between sexes may
be: 1! actual differences in required
development time between males and t'emales,
2! ari artifa<.t of the subjectivity involved
in the identification of the five histolog-
ical phases of the reproductive eye ie, or l!
an art i.fact of the statistics used.

Females of the Manila clam ~':..»c~'<,.i."
.'.apo»~',ea were also found to become;i«tive
before these ma]e clams  Holland and Chew,
1974!. It was suggested th;it ripe females
contain an enzyme that inhibits oogenesis
unt.il spa«rring, after which eggs immediately
proiifer;ite. viales, I;icking such a mechan-
ism, became:ictivc later. it i s not known
whether t!!e gaper clams possess a. » imi lar
mechanism.

Spawning nf all cl;iirs was sy<ichronous at
the four sampling sites; no dii'ferences
bei.ng indicated between the spawning period
of sub- or intertidal popui;itions ..'Iultiple
spawnings of individual clams were not
concliisivcly indicateci by oiir data. None-
theless, the results of thc plankton study
of gaper claii larvae suggest a lunar period-
icity of spawning in the population. Be-
cause collection of the adults did not
necessarily coincide with the peaks of
spawning during the period of maximum tidal
range, indication of spawning perio<iicity
was not di'cernable from the histological
stiidy. Spawning at m;iximum tidal air!i>litudc
would he of ;idaptivc value, increasing the
probabilities of fertilizat.ion and distribu-
tion throughout the bay.

Our studies confirm that Tr'caus <r<rpa"
from Yaquina Bay are late winter spawners.
Furthermore, our results suggest that while
latitude affects the onset of spawning, the
lunar cycle influences its periodicity.
Other factors such as temperature may also
affect the reproductive cycle.

Ill. B. Abundance of gaper clam larvae
in lower Yaquina Bay, Oregon
from 12 January to 12 March, 1976

TOAN FLYNN
DA.'v IL Ir, HANCOCk

A s; mpifng program to study the gaper
< 1;im larvae in Yaquina Bay, Oregon was
< o!id<i< red over a nine week period I'rom 12
.;inuar> to 17 lfarch 197b. Samples were
< oi 1 eel cd by hydrauli c pump on high tide at
s< v en st;it fons  F igiirc I IT. B, 1. -I!, Six
<ubic. i«ctcrs of water were ff ltercd for each
»,�.!!!pic. Vive mid-bay statioris extcn<l across
rhc ch; nnel from Sally's Bend shore to Id;iho
I i,it shore, ¹I, "< 3, !<5, I! 7;<rid !<9, Two
stations, ¹10 and ¹11, are located jr<st
cawarcl of the Ya<iuina Bay Bridge. The two

<.<i<f-chainiel stations, ¹9 and r	0, were
'; mpIed for surface and near bottom depths.
I!ther -t<rt! ons were sampled ricar the bottom.

A tet,il of 74 quantit.ative samples were
<c»inted and numbers pcr ciihi< mctcr h;ive
been dr termined. Thc counting procedure
:riiolvrd diluting each sampl< to 10' ml and
!hen removing either S or 10 separate aii-
q«ot» willi a I ml stempel pipette. Larvae
v<crc srparatcd into young "straight-hinge"
;<rid eider "umbo" groups for counting and
; ength measuremcnts. I,;irvae were measiired

e;icb sample to establish the size range.
I..irvac of at least two «1am »pe«ies other
r h:in g;ipers were present in low varying,
rider!!rbe in thc samples and were included in
fiic, gaper larvae coiints. Positive fdentifi-
c;it ion has not been established. 'I'he num-
ber s of these species were too low to have
�.rifliienced the conc iiisions ahout gaper
< l;ims. Two types of very round larvae were
I nllnd in the samples which are defi n itely
not galiers. Both "straight-hinge" nd
"rrmbo« stages of this type were combined
irito eire separate category termed "round
!;i<vac.' Sixteen samples of the var ious
larval sizes and types have been separated
into vials for identification by specialists
;it thc i.niversity of British Columbia.

The densities of gaper cl;im larvae in the
. traight-hinge and umbo developmental stage
< lasses are summarized for all stations and
dates rn 'I'ables III.B.2.-1 and III.B. 2.-2.
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Statio

:5B ¹7¹3 ¹55

1an 3 0 293'
Idn 353 157 1130
lan 915 586 920
eb 38 73 205
eb 2 ' 133 197
eb 2555 1330 1193
lar 35 43 3
lar 7 3 57

10 2
397 1237

70 1407
77 87
30 113

430 1200
38 3

140

Table III.B.Z.-1. Number per cubic meter of "straight-hinge" larvae.

Station

¹I ¹3 ¹5S ¹5B ¹7 ¹9 ¹10S ¹108 ¹11

te

13 Jan
22 Jan
Z8 Jan
6 Feb
13 Feb
19 Feb
2 .",ar
1Z 11ar

2 0
353 237

45 293
5 7

87
65 90

0 0
17 380

0 120
27 130
90 153
23 17

227 403
77 180

0 0
10 217

3
53
55

7
118

17
3

0
287
183

0
617

77
0

1990

2 0
77 57

273 147
3 27
3 35

77 90
ZO 20

333 107

3
110
Z63

10
13
32

7
55

Table III.B.Z.-2. Number per cubic meter of "umbo" 1arvae.

Sam~lid Oate Sums of Ranks

12-13 Jan
20-22 Jan
Z7-28 Jan

3-6 Feb
11-13 Feb
18-19 Feb

1-2 'far
11-12 '1ar

67. 5
24
23. 5
43
47
12
55,5
51.5

Sp aanr'.n~
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Four hypotheses can bc formed from these
data: I! gaper clams,rre cyclic spawners
with maximum production of larvae during
periods of greatest tidal range; 2! they
develop in the field approximatciy according
to the schedule predicted from laboratory
rearing studies at comparable temperatures;
3! straight-hinge larvae are found in ap-
proximately <.onstant density over the samp-
ling area except for low densities at the
Idaho Flat siiore station, while umbo lari ae
tend to be m<>st abundant over the channeJ
 stations 4, 5, 6, 10 md ill; and 4! in
deeper water near-surface samples give
consistently higher estimates than near-
bottom samples. Each nt these hypotheses
will be discussed in detail.

The density estimate. for straight-hinge
larvae on ea< h date  T «hie I I I, B. 2. -I! w< re

r rnked <cparatcly at each stat.ion. The
ranks were then summed for each date, pro-
<1.reing the following sums of ranks:

concordance estimate, W, was calculated
from th«Se SumS, 1¹ = 12,.02/R2 Ca � t:!,
where D is the difference between each
observeii sum and the expected sum under the
null hypothesis that thc ranks are random,
8 i.s the number of rankings, and C i' the
number of items ranked in each rankitrg. The



Me;t»urement data presented in 'I';Lbfe
l:l.8.2.-1 can bc summarized for straight-
l:ingc larvae by mean shell lengths as Zoi-
I <DW»:

'iean Shell
~Leh th ~>+m

Numbers
JieasuredSa~ml ing 0ate

20-22 Jan
27-28 Jan

3-6 Feb
l1-13 Feb
1B- 19 Feb

1 2 riar
11- l2 '.iar

122
125
119
135
117
130
123

105
77
23
48
99
21
31

Almost all of the larvae on 18-19 Febru-
ary werc very close to 116 um  84 of 99
individuals!, and since this date is at the
st rongest maximum of the spawning cycle,
this is close to the size of the youngest
straight-hinge larvae. On dates like 11-13
f.ehru;iry, at maximum time af'ter a spawning
r eak but before the next pea k, the mean
1ength of straight-hinge larvae has in-
creas«d to 135 um, Smal lest umbo clams are
mach larger than this, 182 um, which implies
tnat, despite spawning peak», a large frac-
tionn oF straight-hinge clams are early in
that phase at all parts of the cycle,

ucm?c 2opm'.ci. '..?cr Zc

Ranki ng of 'I'ablcs I I I. 8. 2. - I and l I I . 8, 2.
� .' were performed for each date according to
the order of the abundance estimates at the
'.rrious stations. These ranks were then
'ummcd for each station, Dates with large
rruirrber.» of zeros were dropped, and surface
.;<fues were used for Stations S and 10. The
.'a Liras W ei e .

12-13 Jan
20-22 Jan
27-28 Jan

3-6 Feb
11-13 Feb
18-19 Feb

1-2 impar
11-12 lar

66. 51 67. 5
29. 5 24
21 23,5
55. 5 43
30. 5 47
32. 5 12
64. 5 55,5
24 51. 5 Sums of Ranks Sums of

St a ht hi eQ Rank~samboStation

1
3
5  surface!
7
9

;0  surface!
11

While the statistical significance of the
deviation of the sets of sums from acts that
night bc expected under the null hypothesis
 no agreement between dates about the rank-
i.ng of the stations! is only at the 20":o
level, the direction of the deviations is in
accord with a clear alternate hypothesis in
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result was ~' = 0. 73, whose probabi 1ity under
thc nrrl l hypothesis i» less than 0.0001  sec
Tate «nd Cl.l land, 195.! . '['hi s impli es that
the station.- <<re stre<!gly concordant about
which d it < s have high and which dar. es have
low dcrr»rt ra s.

'11ie date:> D ith highest densities  lowest
sums of rani's!,rre 27-28 Jr<nuary and 18-19
February. goth of the sampl ing periods
followed irmrediately after a period of
maximum tid;rl amplitu;le. It is well known
that populations of many intertidal inverte-
brates h;rve lunar peri.odicit ies in their
spawning intensity, ;end it i» impor'tant to
find this m;ry b» the ease for the gaper
clam. Confi rmat ion of this result wi 11
require dot; from at least o}le additional
year,

Thc existence' ot cvcles irr abundance of
thc early»t raight-hinge larval phase 1ead»
to thc expect:at ion of;r cycle in abundance
of later lard al phases that 1ag in time by
the perio<1» <reer ssary tor development.
Cyci es do cx r.st in the. abundance of the umbo
stage clams. 'l'he data.  Table fll.8.2. � .!!
werc ranke<l in the »air<et fashion a» the
straight-hinge stage d:rta. 'Ihc sums of
rank~ wer< .

Sums of Ranks
Sampling Sums of Ranks  Straight-hinge!

Date ~<Umhe  fo i s~on

The concordance value is W =- 0. 7 I  p <
0.00011. '1'h" peak periods  indicated by low
sums! werc 2, -28 January, I I- 13 February and
11-12 fiarch, A suggested development time
is indicated by the arrows. 'l'he 27-28
January peak probably derives I rom a spawn-
ing preceding thc sampling period. For the
27-28 Janaury peak in straight-hinge larvae
thc period to the 11-13 February peak in
umbo larvae is 15 to Ill days. For the 18 � 19
February striight-hinge peak the period to
the 11-12 <fa cch umbo peak is about 22 days.
Considering hat the actual peaks do not
necessarily :all on thc sampling dates, and
the uncertainty about temperature variations
in thc field, these intervals are consistent
with the 19 day period expected from labora-
tory rearing studies at 8-11 C  F. Duane

nlrilili», unpub] ished data! .

~:...'.r r. «".iotr eaj;,ar.!<re ir: the Bxv

28
27.5
19
20
41.5
31
29

W = 0,241
p = 0.20

30
29.5
17
18.5
31
17.5
24,5

W � 0.235
p=:020



Umbo
Sta-ion 10Station 5

Surface Bot tottSurface Bottom

2*

77
273

3
3

77
20*

333

0
237
293

7
87
90

0
380

3
53
55

7
118

17
3*

120
130
153

17
403
180

0
217

ypntzc'a |. ' ''.t.at r'zi arzoil

1   I . B. 3. DISCUSSION

Stati on

¹1 ¹3 ¹5S ¹58 ¹7 ¹9

Jan 2 0 257
Jan 290 93 227
Jan 90 113 163
Feb 8 20 27
Feb 2 50 52
Feb 22 127 180
liar 0 13 0
'la r 7 0 1 7

26 0 0
120 387 190
148 93 38
60 7 12

'I 17 87
23 100 85
10 0 0

137 137

Tab1e ! II.B.2,-3. Number per cubic meter of "round' 1arvae.
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each case, Younger larvae tend to be in
lowest abundance at St;ition 9, above the
tidal flats across thc bay trom thc princi-
pal gaper clam beds, Statiiin 9 is the only
sampling site deviating consi stentlv from
the others. Umbo stagE larvae are most
abundant at: stations o~er the channe 1 �
surface, , 10 surface, 11! and least abun-
dant at st ttion» over the flats �, 3 and
9!.

Surface and bottom samples were analyzed
for' Stations 5  mid-channel in mid-hay! and
10  mid-channei near the bt idge! . '1'he
results extracted from 'I'ables III.R,2.-1 and
III.B.2.-2 a e listed in the table above.

I f the date-station-stage combinations
with very low densities  indicateci by an *!
are el iminat ed, 24 of',!5 date-station-stage
combination' showed higher abundance at the
near-surface depth. Caper clam larvae ,ive
throughout t he water column, but are sorte-
what more abundant neir thc surface,

.~ua.; f Spcciaa o hc?' than 4'aper C,'.ar;:;

Density estimates of "roiind larvae" are
pi esenred in Table III, JJ.2. -3. The concord-
ance between the stations about whirh dates
had low and high densities was W = tt.49,
i hich . s lower than the values for gaper
'arvac, but still highly significant  p
ti . 001] . The dates with highest densitics at
most srat tons werc thc same �7-28 January
atid Ig- 19 February! as the dates oi' maximum
si>,iwnitig intensity of tlie gaiiers, The
single highest value, 4 3 per cubic meter at
.'t at ioti 'ill on 11-12 tiarch, did not occur in
agrecmcnt ivith this schedule. '1'he other
animals in that sample I Ca~an".~a mar'; hai lar.
F rest, t or example! were characteris tic. o f
the coastal ocean well offshore, so it is
.i.kely tiie sample represents spawning by
anothei species or populatiort located in the
ocean. Xo consistent spatial pattern is
< silent in the data for "round" lari,ae.

Analysis of, January to >larch saaip les of
gaper clam larvae from Yaquina tlay, Oregon



have estab I i shed foui hypo tlieses for further
testing: I gaper c! «ms have an approxi-
mately 1«t>ax cyclr. ol spawning intensity
with maximur>r prod >et sr>n of larvae at tlie
period» of gre;>test I idal «mp I itude; 2! the
time req»rr< d for der r lupi>rent from "straight-
hinge" to "«mho" stag  > s two to three
weeks; 3! voungcr larvae are about evenly
distrfbutcd throrrgh the lower estuary,
except th;it they ;>re less common over the
tid« I f'1st » of the south shore; and 4! gaper
clam larv«c are foun< throughout the water
columii Ir«t;irc consistent! v most abundant in
near surf'acc depths.

 :oi»c!«le»ce of max imum spawning with the
period of m«x imum tir!,i I range certainly has
adaptive»i gnificance. The larvae could
achieve a» improved retent.i.on within the bay
f'rom thf », providerl th;rt spawning i» coin-
«ident wi th return of the water after very
low tides. 'I'bc flood tide would then carry
thc larvae to the maximum distance upstream,
minimizing 'ubscquent losses from the bay to
the ocea». Est;rblishmcn* of thc t >ming of
spawning wi hin t!rc daily tidal cycle is
thus an obv.ious next step for this research.

'I'he appr.ox!matc agi eemerit between th"
observed t ime require.l in the fielrI for
transformat on of str«ight-hingc larvae to
the umbo st;rge and th: time required in the
laboratory ;uggests that the laboratory
rearing is ;i re;r!Istic way to evaluate
larval growt.h proces»a».

It is sur'prisi»g tc have found the mrxi-
mum densities ot both age groups of' larvae
to be near tire»urfacc. This should prodrrce
more flushirg of larv,rr' from the bay than
concentrati«» near th>' bottom, where nct
transport . K<>»ld be upstream The fact,
however, is quite strongly established.

III. C. Waplosporidan study
TI IQMAS F . GAUhfg R

111. C. 1. MITI'HODS

A microsporan para. site identified in the
literature irs a haplosporidan, occrrrs ia
gaper clams in Yaquina. Bay  Armstrong and
Armstrong, 974!. Gaumer and I,ukas �975!
reported ob. erving the haplosporida» infec-
tion in subt idal gaper. clams. To increase
our ktiowledge of the incidencc and dist ribu-
tion of this infectio», subsamples of gaper
clams collected during our surveys were
examined by Dr. Robert Ol»on, Oregon State
University, Department of azoology, unde a

,' c;r Gra»t funded study on microsporan dis-
c«sc» r>f shririlp a»d clams. Samples were
col lrctcd from 'I'i I l«mook, Y;rqriina, Netarts,
Sf is I rrw «nd  oo» bays. The par«st ti c
infect>r>» was most in ensively studied in
' a<!uin;i Bay where cl ams from f'ivc stat ions
~ I'i g .re 111. C. 1. -1! were ro«t inc 1 i sampled
for o»c year and «I«ms from two of' these
. ta . i»its were»tudicd for «n «ddi t i on«1
year Single s«mples were taken f rom c«ch
of t.he other bays. 'I'his se«tf on 1 riefly
review» thc results of Dr. Olson' studies
which hc wilI publish in more det«11.

111.  '. ', RESULTS

T!ie parasite was found to occur at. all
st«tf o»s in Yaquina Bay. Ifassivc infections
~etc observed at on!y onc station  Area 4!,
where the incidence of the parasitized clams
ranged from 5!.6 to 89. 0'o.

Approximately 30'. of thc clams from Area
contained infections that were classified
hr avy and were immediately evident upon

gros; cxami»«tion. Although infection
i.rc.irler>ces In clams from the other Yaquina
3;ry s«mpling areas were often over 50"'., the
i»fc>.t!orr intensities werc »sually so light
th«t -lose examination and dissection werc
cequircd for detection.

Examination of. gaper «lams from Coos,
Siusl«w, Netazts and '!'il lamook bays also
"cvcalerl haplosporidan infection. Clams for
these samples werc co!!ected from >ress
havi.»g known dense concentrations «f gaper
c!ams. 'I'he parasite occurred in a.ll of
:hesc areas, hut the infect.ion levels were
:o Ir>w that detection was difficult and
histnlogtcal confirmation w«s required.

11apl osporidan cysts were not observed in
any of the zero- agc gapers. Gapers also
appeared to be more heavily infected with
� .»cre;>sing age. The disease was not ob-
served in any other clam species.
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PART IV Applicatians





IV. A. Research Summary, Conclusions
and implications
DANIL R. HANCOCK
THOMAS F. GAUhIER

The purpose of the research on nardshcll
«1am 1>opulations is to provide information
on tbc natural history and ecology of' the
l>aper i; 1am, Tresws eapua, which can bc
'itilized by resource management in crests,

'I'h~ research scientist must be cognizant
oi tho tact that for a variety of >easons,
»>any of his research findings cannot or will
n«>t be utilized by resource interests .in the
aianagcment of a species. Our intent then is
1u su»>marize important. Findings, suggest how
s>ich findings may be applied or related to
the management of the hardshell bay clams
1iiit n<>t to provide a management program.

'1'his section will attempt to integrate
the findings of both the ODFW and the School
ot Oceanography at Oregon State University.
Every effort will be made to provide a
<.undid appraisal of ex.i.sting inforriat.ion,
the conditions of the data hase as well as
the shot tcomings of our studi es wi th an
«t.tempt to point out possible direc tions for
tuturc research,

IV.A.I. HISTORICAL PERSPEC'I'IVES 01'; COMMEIt-
CIAL BAY CLAMS

11xisting information on the history of
commercial clamming in Oregon suggests
s  voral things:

I, Accurate and consistent data on clam
landings by species and individual estuary
i' very rudimentary, not easily obtainable
or interpretable. Our analysis of these
data suggest the need for more pret ise
records. It would be most helpful if the
formatting and recording of these data from
year to year were consistent, Information
or! catch per unit effort for both the recre-
ational and commercial fishery would eluci-
date comments on the condition of the clam
st ocks. 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 >> en suggeste<t to he
related to nati<>nal politics such as night
digging res' ri«tion» .1.!ring NIHIL,;>oor
market cond tions and decl in<ng intertid;il
populatioi!s.

3. Data of the period from 194!-1975
show a gene: il <fowrrwarxl trend rrot!r the Iiigh
of 139 m.t. landed in 1945.

Approximately -''.!" of  !r<.gun'» to-.;<I
bay clam production c:>mes from  .oo Bay with
Ti 11«mook B;r! and Yaq<riria bays pro<'«cing 25>',
and 20'o, rcspectivcly, to thc .t«tt's arinu«l
commerci«l harvest. I':ic Ceo» Bay I!arve»t is
nearl> «11 gaper clam=;  'i I I;im<>ok i s primar-
ily co«1 les; while Yaquina is a mix of gaper
and cockles In spite of' sporadic »pat»ets,
gaper harve. ts have c:>itributcd as much «s
60"o to the ' otal bay ;1am production in
Oregon.

5. In 1961 a permit was issued f' or .he
taking of s«btidal clams from  ;oos Bay hy
mechanical methods. I>rior to this, all
commercial hay clam lruidings came f rom hc
intertidal;ircas.

6. The landings for recreational uses is
thought to ar exceed reported corn!!<eric«I
landings.

7. It «ppe;irs th;rr the r;it io of r'e< re-
ation«I to commerical landings will change
substantially if: subti.dal harvest hy me han-
ical method» becomes ;icceptable, and market
conditior!s -emain strung.

IV.A. 2. STkiDIFS OF TJIE DISTR?BUTTONS OF
IIARDSIIELL CLA'IS AXD OTkfER FCOI.<!C-
ICAL FEATURES

I, Intertidal and suhtidal Jistrih«tional
surveys werc conducted on 10 of' Oregon»
princip;il clam produc.ng estuaries,

2. Surveys of the distribution an<I abun-
dance of clams, shrimp and vegetat.on were
completed on the Till«mook, Vetarts, <Vcstuc-
ca, Salmon river, Siletz, 1«quinn;ind Alsea
estuaries. Surveys werc conducted but not
completed o:i the Nehalcm, Siuslaw and Coos
Bay estuari s.

The distribution«1 surveys were exten-
sive, examining over 518,000 r! of transect,
and included over 9,216 stations,

4. A total 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 thc location of clam beds having

co!!lmei. i a l harvest potential in Ti 1 I irplook,
'r iq«in:r;ind  :oo» 13«y e»tuari <.». Stock» of
;1«ms ir! the other surveyed «stuari s werc
. i r h<'. <';<1>sc'nt or tu<> s«;it t ei'ed to sripp<>rt
' '>mmerr >i al fishery.

  . 'th t<CStr>C«ir nnd Si let- C»t. iari 2» Con-
tained nu subtidal «lams, although .uitablc
hat>itrr r appc;!red ro occ!ir iii e««h h,ry.

U«p< r clams werc four!<I associat.d with
< =lgra . bc<is in many instances. Fc<> clams
~ere uoscrvcd in;ircas kiaviiig dense «oncen-
tr;iti on» ok»and and mud shi imp. I;iese
r csult tend to indicate thc importance of
».>1>st> rr e»t;rhf I i ty to the»et t I ing;<nd/or
s irvivil of bay clams.

I < . A. 3. t'< ~I>V ' OF  iAI'L'R  :I.AkfS

1. Tire knowledge of the <ige stru«ttirc of
the g«pcr clam population h«s extremely
in>port<trit management and»cientific implica-
tions.

I' «e aging techniques were studied
during thc course of this research. The
results of the five techni<kues were found be
signif i««ntly different. 'I'he method of
dclincating chondrophore annuli by ieans of
a high intensity light wa» the most «cc«rate
!!<cans uf;ma lysis .

1Y,A,4, CO%IVI'. .IAI. SUBTIDAL BAY CLYI
F T SHI >R I ES

]. Lsirig the value 21.6 «i«ms/m ii» «n2

indicator of commercial potential, rhrcc
;ireas in Tillamook Bay, four areas in Ya-
<!«in«B;ry;ind une;irea in Coos Bay were
simplcd. Over 9,000 m. t. of clams kr>rimar-
i I y g>;rpcrs and irus! were estimated to
inhabit these areas at dens ities of «p to
135 cia!as/m2 in Tillamook and Coos h«ys and
 >27 «Ia!r!s/m in Yaquina B«y. Over 7,00 !
m.t. of this total were deemed to he of
«r>mmer<-i«l!y desirable sizes.

An experimenta1 commercial fishery was
!niti.,!ted in 1975 in Yaquina Hay. Condi-
tions included gear restrictions  to study
tlie effects of' mechanical harvesting!, a
timitc<f harvest area, and a quota of 10'a of
tlie estimated available gaper clams. The
State Board of Ikealth moreover required
I>ronthly clam samples for bacteriological
examination,

Ir> 1975, one permittee !ising a high
nressuve water jet harvested 6S3 kg of clams
from > aquina Bay. In !976, two commercial
permits werc issued or Yaquina Bay, but no
harvest was reported.
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In I!!, t wn cor!trice«!',! I plots in Yaqir ir!a
Ba> werc approved fcr water- i et harv«st i ng,
and thr e< f' or diver-«I!crated suction Pump
devi«c». Ih i i ty-onr m. t. wei e 3'eport «d
taker!, brit only 0';, of' thc «rea»!is a«tua I ly
hal'v ate<<.  '.<! t«ii per cffur t ianged from
45. 5 I;g/hr in a punip perm t arc;i to 142
I'g/hi iii,i j t perrai t are<i.

5. 'I'Ii« I .i -lier y anpc;<red»elective of thc
ol<lcr «I;im- wit!i 82." of' the «la<<is harvest-
ed being five vears of agc or older. Year
cIass «nr<;n!s! t ion studies rcvcaled that only
«fam» of t.ic I!373, I!!,5 and I!37 ! year «la»-
ses ! emain d. Preha=vest gaper density was
3<11.0/m' and pnstharvcst der!»!tv was 8,6/m-'.

 i. B;i<.ter i al <;xamin;it ion of harve»ted «lams
from Yaquina B;iy ind' cated that p!;ite counts
and < nl i f o..:n counts I'el I below the maximum
allowable . or each s;impling period,

7, 'I'hc tn:il «ommer <-ial Iiarvcst in Coos B«y
from 1'.!,5 I:hrniigh I!3 7 prodiiced !!!.3 m.t.
of which «UII". »ere gaper clams. Catch Per
ef'foi't va liies i'anged f'rom 71. 2 kg/ hr t a
102.4 hg/h! an<i was entirely «ompnsed nf'
«lani» 100 min iii length.

I!. The:is'essmcnt of thc ctfccts of tire
«ommercia I iiirvest on the clam stocks showed
only a smi. I portion of each <if tire sul>-
sections w;i.' a«tu;iliy harvc»ted, and only in
two sub-sc<trons werc anpre«iable numbers of:
clams t akeri.

JV.A. 5. SU'.I!IARY OF '.CYRKE1 CONDT'I'ION P !R
<.'OIIIIERCTAL liARVEST OI' GAPER C,.W

] . 'Ihc m;ir'ket potent iiil for g«per clams
from Or«got has never been fully Invesr i-
g;!ted. Ui!t < I i.ecent I'!, the East  oast bay
and surf «I;ims were;!vailahle to meet market
demands a«ross the country. East coast clam
availahi I ity has rapidly declined during the
past several years and consequently market
demand h;i»' ,ncreascd =apidl>- for stocks from
other soirr«<!s.

2, In 1977 great in!crest in subtidal clam
harvesting was shown by local industries be-
cause of thc decliniiig East Coast sources
and the derronstration of the potential
supply of. Cregon's br<> clams to meet local
demands.

3 . I!eat recovery by seafood processor.,
averaged 21", of 1!ve wct weight for gaper
clams during the winter months, After
spawning h;i<! o«curred in April, meat yield
reportedly dropped to 17'4, wh.ich is not
criough to justify a fishery during that
season.

I. i. addition to thc interest ! 3 the use
! f t I<e j.'!per or the local seafood m;irket,
. Iic«:ippe irs to bc «. rea<Iy m'irke'I for
inde!' I cd <-Iams !n thc bait fishing market
rs»<'I I as a potcnti;il for the ut ili ation

am wastes as a sour«  of gly<.ogen.

IV.A  . RI=PRODUC'I'!ON AND OROI'iTII OF THE
 !APER CL<YI<

I' crt i ncnt cco I ng i «a I i r! format i nn <rn the
,-a<>ci «1«m»as obtained during th.is study
i'irh special cmpha» is on reprodu«r ion and
i;rnivth. 'I'hcsc data ar'c important to thc
ri;in;i.-eiiient of both the subtidiil arid ~nter-
ridal stocks of clams for several reasons.
',he»<: data a! provide information on the
.cl«tinnship of the siibtidal to tfie inter-
tidal populations, b] suggest opt mal har-
t e»r. » i =c of «lams based on growth curves
f' or thc different stocks, «! pr'ovi de infor-
i<at' <!ri on seasonal variations of meat qual-
itv, and d! provide information fnr estab-
Iishrricnt of harvest season» and cnr!parativc
<! i f f«i cri«es hetween subtidal iind intertidal
. tncf s.

' i'owth rates of . u<rp <r~ from both the
siiht idal and intertidal areas of Y;<quinri Bay
»erc comparable to those rates renorted for
t hc i n tert i Ja I f rom British Columbia.

Ihe mean length of subtidal clams over 4
!cars old was signifi antly larger than
I hos«<!f intertidal c];!ms.

These data suggest that gaper clams from
intertidaI areas do not grow as r;<pidly as
«lams from subtidal are<is.

I!iffcrcnces in sediment types as well as
<i<.nsity dependent factors and tidal exposure
;irc rrost like!y responsibi< for the observed
<fiffcr cnces in growth rates.

! elative growth among the body parts
seem to be dependent on the amount of expo-
.urc tn seawater and the degree of gonad
development.

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

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

Intertidal «,1am shells, while not as
high as subtidal shells, showed a greater
growth rate increase. The higher weight to
l ength ratio o. intertidal clams results
I rom the high moisture content, the high
rate of increase of wet body weight to
I enpt:h and the higher rate of increase of



shell weight to iength,

10. Latit<rdinai iy rel«ed erivironmental
condition~ su< h as temperature, pil, nhoto-
period or tidal regime influence the si c at
which sexu«1 maturity o«curs.

I.V.A. 7. THE REPRODUCTICN CYCLE OF TIDE GAPL'R
C LAII

1. Data from our histologic;rl examinations
«nd plankton»trrdics confirm th«t the gaper
is a late winter soawner but that the time
of spawning w«s found tc vary from that
previously reported.

2. Gamctogcncsis is initiated in I;r e
summer «nd continued through autumn. Devel-
opment ot g«metes progressed until ripe
gonads predominated; spawning began in late
winter, pc«king in Ifarc'.~ and Apr i 1,

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

4. I'.vidence suggests some clams fai I to
spawn or scawn incompletely.

S. Lati.tudin;il variations in spawning were
observed. Gapers in more southerly lati-
tudes spawn e«rlier, while those of more
iiorthcrly Iatitudes spawn ]«ter than clams
from Yaquina Bay.

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

7. Observed»ynchronousness between sexes
may be indicative <>f difference» in develop-
ment time between males and females.

8. Clams «t all four st«tions in Yaquina
Bay exhibited synchrounou» spawning.

9. Hultiple spawning of' individu<rl clams
was not con<..Iusively indicated by these
data.

10. These dat.a indicate that while latitud-
inal differen«es 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 TIkE GAPER CLAM IN
YA /UINA BAY

I, 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
greatest tidal amplitude,

'fhe time required for dcvclopmcnt irom
straight hinge stage to the umbo stage

1» .'-3 wc'cks.

Young larvae are approximately evenly
di 'tributed throughout thc estuary b<rt arc
Ie»» «<»<mon over the tidal Flats of the
»ruth shore .

G <Iie<' larvae are found throughout the
wan< r <olumn but ;rre consistently most
alsund<rnt at thc surface.

Ii . A. 9. HAP LOSPOI'I DAN I NFL'CTI ON

I. Th«microsporan para»ite identified in
tl c literature as haplosporidan occurs in
gap< r «fams in Yaquina B«y.

2. C<rn«urrent studies have been examining
haplospcridan infections in gaper clams from
Tiilamook, Yaquina, f',etart» and Coos Bay
estirarics.

The n;irasitc was found in samples from
«11 four »t«tions in Yaquina Bay, how«vcr,
m-»»iv» inf'ections were found at only one
station  Sally's Bend region!.

 I;<pl osporidan infections werc absent.
fr or« acro agc class gapers, the infections
in<i e;<»ing with increa»ing ag«.

IV.A.10. GENERAL CONSIDERATIONS AND
RI',SEARCIf Rl CONff:NDATI ONS

1. 'Iirc abundance of subtidal gaper
populations found in some of Oregon's estu-
ariess, coupled with the »ynchrony of spawn-
Ir<g, co«ld conccivcably make the gaper an
important food source for planktovorcs
du<ing a period when other zooplankton arc
much reduced. This consideration wa» not
a<ldr ess< d in the scope of this research.
D<ct;< on the utilization of gaper larvae,
j<rvcniles and gaper siphon» by other species
would also be benefici;rl.

2 Thc data on age, growth and «bund«neo
strongIy indicates thc requirement of the
g<rlier c',am for substrate stability. In
sh;<liow areas eelgrass appears to be related
to Iiott<>m stabilization, while in other
instances shell debris may armor the sub-
stratee. Since the settling gaper lar'vae
a < o require nrotected areas with hard
substrate for attachment, the returning of
the shel Is of harvested gapers may have
v« lue.

3. Growth data suggest that the optimum age
for harvest of the gaper clam in Yaquina Bay
is about S years,
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4. Althougl the gaper appears to spawn
cvci.y year in %equine f3ay, r  c~ uitment .nto
the year classes is ot'tcn sporadic. Careful
consider;iticn must be given i.o the allowable
acrcagc for subtida l lia rvest,

5, Hontoring the env,> onmenlal effects of
the mechanic;il harvesting of the gaper clam
are contin«iug, however much of. the informa-
tion from other regions such as Puget hound
and Alaska is availahi» and can bc utiliscd.

o. Larval sludics co«pled with the spawning
synchrony and other reproductive, growth,
distribution and abundance information are
extremely impor;int factors in assessing the
contribution of the subtidal gaper stocks to
the intcrt idal stocks.

7. lnl'ormat ion on the age of sexual matur-
ity and age snccific frcundity would be
net essary t o complete the determination of
thc contribution of th< subtidal gaper
populations to the intertidal populatiors.

8. Histological studies of juvenile and
young adu/t gaper clams arc necessary before
thc effect., of latitudinal variations can be
made.

9. Additional studies of calcium uptake
woulti he va.i«able to compare intertidal to
subtidal clam shell growth.
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