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TO WHOM I T MAY ,OONC~N I '

It is the reasoned oon'Olusi.on 6~ the

an amount of wor~ can be treated adequately in small (jompa~s.

2) The writing has been Who,"ly OOlnpaoted with no "padding" whatever

and is derigne'd to appeal bot-h to praot~oal oystermen and 'b.o :,biologists.

3) The figures are all essenti~l to (a) looat~ geographical points,

(b) give oystermen an immedi~'te, ,vi sual portrayal of the per,foril1~noe of

their bays, and (0) demopstrave the ~orrela~ions,arrive~ at.

4) The seoond section and all the tal:1es constitute the essential

soien~ifio·proof and argument 8uppo:ti~.the oonolusions advanded. Without

them the statements o£fered wou~d beoome mere opinions., \

5) The Laboratory has followe,d a policy of eew but substantial

publioations ra~her th~n frequent and minor notes and observations.

6) TiU,s is suoh a publioation, for, as 8t~ted above, it brings

together th? work of ten years and presents th~ finest method of predictipg

oyster sets that has been developed in any part of the world, procedures

whioh will in time be applicable to other oysters in other areas.
~~ ~

Henoe it may be asserted that every part of the paper is essential

and valuable, and that only its publioatlaq in entirety will oomplete
,

the publio return on the funds expended in pursuit ot the Olympia oyster

projeot.

Cordially yours,

u~~~
Vance Tartar
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~) PRACTICAL BIOLOGY OF T~E OLnPIA OYSTER J £&"tJ~ \1MjJ~ )
IN PUGET SOU11D

VANCE TARTAR

STATE SHELLFISh LABORATORY

Gig Harbor, Washington

Tnis paper is a result of our wanting to know more about coastal

fisheries in order that we may increase the productivity of the seas
~ . ~ / .. '' I i , ' .» , ) • ~

.~ t l-;.L ,:J',1: U # , J . . : #' . .. .J If' F ~;- .1 J

for human needs. In the bays of lower Puget Soundj\the Olympia oyster

is the subject of the principal fishery. For many deoades the State

Department of Fisheries has promoted investigations concerning the

problems of the Olympia oyster grower and since 1942 has issued a

weekl~ series of Puget Sound Oyster Bulletins during the spring and

summer months in order to supply oystermen promptly with information

ooncerning the time and prospects of a oaton of' seed oysters and

other matters of importanoe to them. These bulletins oonstitute the

running acoount of whioh this paper is the summing-up.

Largely because he was connected with the Olympia oyster

investigation for the longest period of years, it has fallen to the lot

of the writer to tie these studies together in the present report of work

in progress. As su ch he takes responsibility for the conclusions and

speculations drawn therefrom; but it is not forgotten that we worked as

a team and that the wealth of data herein summarized and interpreted

could only have been the product of many contientious hands and heads

supported by able and sagacious supervisors during the years involved.

( ~ r , t J
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Dr. A. H. Banner and his assistant Mr. Charles E. Woelke contributed

the data for the years 1942 and 1943. :Many interesting and signifioant

speoial studies were oonoeived and exeouted by Mr. Roger Tollefson and

are so designated in the text. Mr. John B. Glud was for several years

head of the laboratory and responded nobly beyond the o£11 of duty to

assure the sucoess and oontinuity of this work. During the years of his
CC»tcer""~
s~~8¥¥ilieB et the 'pr oj eot ~r. David C. McMillin contributed much toward

the gathering of data and, increasing the preoision of oyster set prediotions.

The able and enthusiastic assistanoe of Mr. Harold Wioksten, Mr. Charles

Woelke and Mr. frank Henry is gratefully acknowledged.

We owe a speoial debt to Mr. Donald L. McKernan who made the

objeotives of this study his own and in 1944 set up the Olympia oyster

investigation in essentially its present form. MUoh of the completeness

of our data was due to his tireless energy and unflag~ing zeal. McKernan

also saw through to completion the first experiments on the effects upon

oysters of minimal oonoentrations of sulfite waste liquor from wood-pulp

mills, the results of which have already been published (MoKernan, ' Tar t ar ,

and Tollefson, 1942).

Finally, the present account of the practioal biology of the

Olympia oyster appears under the auspices of Mr. Cedric E. Lindsay,

Supervisor of Shellfish Researches of the State Department of Fisheries,

who himself collected valuable data ,on the Olympia oyster at the Gig

Harbor laboratory besides generously placing all information at our

disposal and fostering and supporting the project with abundant helpfulness

in every way•

. The State Department of Fisheries and the U. S. Fish and Wildlife

Service have on many oooasions cooperated in Olympia oyster studie., and

during several years of our investigation the Service provided a boat

for our use.

.
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To the oystermen the~elves we express our gr at i t ude for their

indulgence and their help and enc our-agemerrc , Only if our work has

resulted in useful contributions to their fishery will it have justified

itself.

The plan of this paper will be to present a continuous and

oompacted aocount of our findings on the Olympia oyster and the conclusions

tentative or otherwise which can 1:e deduced from them. In bold-faced

type within this account are given page references to later portions

of the pUblioation lvherein tables of data and further disoussion and

substantiation of the points of the main story are to be found. This

will relieve the reader of groping around among tedious aft! L il

tabulations and, we trust, contrFute something to reme.dy the situation

whereby in their scientifio papers oyster biologists often argue with

eaoh other while the praotical oysterman can only stand by and hope

that smne usef~l ~o rse l s of information may chanoe to shake out of

the disoussion.

The great predeoessor of this paper was the study of the Olympia

1 oyster by Dr. A. E. Hopkins during the period of 1931 through 1935,

pUblished in 1937. Hopkins' paper may be consulted for referenoes to

earlier researohes and observations on Ostrea lurida. Although we have

taken exception to several of Ho~kins' suggestions we realize that they

were ?ut forth provisionally, 8s befits the scientist, and requir,

emendation largely because he did not have time in his extensive and

under-staffed investigations to make quantitative studies on the larval

stage of the oyster and because he did not employ over-all seasonal

oultch. And we appreciate also how much we are indebtec. to 'this 'bf ol o'gh t

for his pioneer work on lower Puget Sound. To Hopkins the industry

c,
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owes the demonstration of the importance of angle of cultoh surface .f or

efficiency of spatting and the possibility of floating cultch, with all

the vast practical ga i ns that have followed t herefrom.

Important contributions of more distant source stem from Dr. H. F.

Prytheroh's introduction of the oemented cardboard egg-oase filler

cultoh (1924?) whioh is the best that 'we know for 'Olympia oysters; and

his observations on the actual process of setting of Eastern oyster

larvae in the laboratory are of importance and great potentiality in

visualizing the rele1~nt factors in spatfall. Cole and Knight ·Jones
S

(19~9) also oontributed to our knowledge of the setting of oyster

larvae in vitro.

We are indebted to Dr. P. Korringa for a reoent, comprehensive,

logioally comparative and intelligently critical review of the oyster

literature of eight languages. His publication (1940) has as its central

theme a thorough study of the reproductive cycle of the European

flat oyster in Holland from which he and his co-workers are able to

predict time and intensity of oyster setting on short notioe and to locate

the most favorable areas for cul~ching. Conditions in the Oostershelde

are however quite different from those in the Olympia oyster bays

of lower Puget Sound. In this work we miss an investigation of over-winter

mortality in re1at~on to time of setting an~ a quantitative study of
(seastM4L cJ&.)

surviving spatfallAwhich is most relevant to the actual, praotical

recruitment of seed oysters from year to year.

r ,
I . ',
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For the benefit of distant readers who may not be familiar with the

Olympia oyster, a few or~enting remar~8 are made in passing. Ostrea lurida

is the oyster native to the northwest coast of North America and is

similar to O. edulis of the northwest coast of Europe, being a small,

larviparous oyster subject to intensive cultivation as a ,hi gh- val ued food

item. Once abundant in all our deep bays from San Francisco to British

Columbia, its distribution ha~ now. been markedly ourtailed by depletion

of natural beds and oompetition of the introduced Japanese speoies,

£. gigas, with the result that now the only really extensive area of

native oyster culture is in the bays of southern Puget Sound near the city

of Olympia. ~hese long inlets ( rig. 1 ) radiating out like the fingers

of a hand are ideal locations for oysters since their upper reaches flatten

into wide tidelands and each bay is suffioiently attenuated so that it

confines and retains its own spawn. It results tfta~ each bay is to a large

extent an independent oystering unit and has been treated as suoh in the

present work.

The area of oyster land has been greatly increased by the building

of dikes which have the twofold purpose of retaining 6 or more inches

of water over the oysters at low tide in order to protect them from

freezing and over-heating, and to extend the area of usable tideland

by providing appropriate gravel substrate in places where only soft

mud was encountered before. In many plaoes the dike wall facing the

incoming tidal ourrent is made lower than that of the remaining sides

with the result that the dike is filled after low tide seepage ~ by

water flowing in one direction. In such "cur-rent dikes ll the directed

inflow efficiently cleans oysters and cultch and washes away the silt.

1..
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At the proper time cultch in the for.m usually of clean oyster shells

or cemented egg-case fillers is placed in the dikes end seed is caught.

Here the dikes may be said to have the adJitional function of ke~ping the

cultch submerged, for exposure is inimical to permanent attachment of the

seed oysters. After the spatting season the seed are scattered and allowed

to grow until 4 or 5 years old when they are large enough for marketing.

One or more periods of take~up and oulling may intervene between these

terminal operations.

The publications of Galtsoff (1929) and of Hopkins (1937) may be

consulted for disoussions of proo~dures of the Olympia oyster industry.

~arketing of oysters and care of the beds involve well-established

operations wherein improvement depends largely on the industry and cost-

accounting of the grower; and simple methods for the control of oyster

pests have not been forthooming due to the extreme difficulty of this

type of problem. For the growth and fattening of oysters we are still

largely at the meroy of the provender of the seas. Henoe the most

immediately effective point at whioh one can aid the fishery is by helping

in every way possible to a8sure a oontinued abundant supply of seed

oysters through attention to the reproductive oycle of the oyster.

The Olympia oyster l:'egins spawning usually some ti"Tle during the month

of N~y. Sexually mature after one year, the oyster spawns first as a male

and later as a female. alternating thereafter even within a given year

(Cae, 1931,~ 1932); and the developing eggs are retained within the

mantle cavity for atout 10 days until the larvae are shelled. Liberated

larvae spend a pelagic life of around 30 days and then metamorphose into

r •
J

' )

oysters on attaohing to suitable surfaoes. The reproductive oycle

through the spring and summer season ~ay therefore be followed by oontaot

at these pointsJ (1) time, number and proportion of spawning oysters,

(2) abundance and size of pelagio larvae, (3) time and rate of spatfall,
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,
and. (4) magnitude of effective~ surviving ~et~for eaoh year and each bay.

i ,. ' ,!.

Season after season we obtained frequent spawning and plankton

samples and put out weekly. bi-weekly and seasonal test cultch in as many

as 5 separate breeding populations of oysters. Ri t hin this coverage we

tried of course to have our data be as accurate and as representative as

possible. A desoription of the methods employed together with an assessment

of their aocuraoy and representative oharacter are given in detail ~~~

). The result was that we now have a

quantitative picture. usually quite oomplete. of the reproductive season

in eaoh bay for each year during ~n8 past nine oonsecutive years. Since

these ··representations are the su bstance of our field observations, we turn

to them now for a view of what occurs bay-wise during the reproductive

cyole of our Olympia oyster.
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TEE BAY - YEARS

We want first of all to say wh~t needs to be said about how the bay

year graphs were set up, referring to a typical example like Figure 14. The

graphs show suocessive waves of spa~~n~ leading to blooms of oyster la~Tae

eve:-.tuating in waves of spatfan. The temporal sequence of s pawni ng , larvae

prQd~ction and setting are evident from the uniform date line at the top of

1 the graph, while at the bottom are shown the periods of spring tides ~~th the
"-, 11I41f~

\~~ predioted~tidal run-out indioated by height of the black pyramids.
~ l. _~---- ._._- -

~ A telescoping soa1e is employed for the abundance of larvae and magnitude

of spatfall, the points where the scale "breaks" being olearly indicated by

horizontal 1i~es. This compromise arrangement is to be fully kept in mind

in studying the ! r a Phs because inorements within the telescoped bands are

greatly minimized in relation to increases within lower portions of the

curves. The use of broken - line histo~rams would h~ve been more legitimate;

but data points hsve been joined to form curves and no broken lines are

used in passing from one scale to another in order to eliminate confusion,

to compact all the data for one bay-year in a single fi ~ure, and to enable

oystermen to make irr~ediate, visual comparisons of the performance of the

' bays from year to year. Furthermore, the telescoping scale permits all

graphs to be of identical scale and emphasizes mini~al, critical values of

spawning, larvae abundance, and spatting intensity essential to a suocessful

catch of seed oysters. Excesses a~ove these thresholds may be ~enerally

discounted for practical purposes as contributing little to an already

saturated cultch (see ? 41).
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The only exoe?tion to t ~is uniforrrity of presentation is that the s ~atfall

of 1942 and 194! is expressed in dif~'erent terms since an entirely different

type of test oultch was used during these years.

It is to ~e emphasized that the graphs do not necessarily represent

What aotually occured in the bays, but rather are to be viewed as the best

approximations to these real events which we were able to obtain with the

time and means at our disposal.
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SPAWNING

Points on the spawning curves repr~sent percentages of mature female-

less rapidly to a peak and then falls off.

Intensity of spawning &t a ~i.eft ~ime rises more orof the whole bay.

·\

)\ ~)' functioning oysters found to be

;r :~ in one patoh of oysters in eaoh. -{ .J!

" t~ .:
~

l'-..

"inoubating" larvae, on suooessive days

bay which was thought to be representative

Steepness of the ourve may

depend upon the prevailing temperature of the water at the time of spawning.

Since the larvae are retained by the parent for about 9 1/2 days

it oan be assumed that at lO-day intervals throughout the curve the
~

spawners encountered will contain none of those found previously and that

after the peak_of spawning the individuals not gravid will contain both

those whioh have not yet spawned and those which have already oompleted

spawning. Hence cumulative percentages at lO-day intervals will give

a measure of the total proportion of the sampled oysters Which have spawned

as females. This value may vary from 35% to 121%, the higher figure

demonstrating that individuals whioh spawned as males may later spawn

as females during the same season. But the spawning ourve is ohiefly

of importanoe in indicating the time of commencement of the reproductive

cyole. Being a matter of peroentage, its magnitude has little to do with

the aotual abundance of larvae produced since this depends on other

factors as well, such as the si,e of the broods, early survival of

larvae, and, chiefly, the number of mature oysters in the bay. When the

aggregate peroentage of female spawners was unusually high during the

first wave of spawning (83% and 80% r"9r Oyster and Mud Bays, respeotively,

in 1945) the abundanoe of larvae produoed was phenominal; but at lower values

no signif.icant correlation appears between the aggregate peroentage and

size ot the larval mass. Henoe we have not oharted these oumulative

peroentages but p~otted only the week-to-week proportion of ~rav1d oysters.
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LARVAE

Points on the larvae ourves reprewent maximum numbers of pelagic,

swimmdng larvae found on anyone day by filtering 20 gallons of bay water.

The reasons for using the maximum number will t e discussed more fully later

(P. 61 ), but for the present it suffices to say that ma.~m oounts

are the best substitute for suoh a valid average density of larvae as

could be obtained only in more time than was at our disposal.

Seoondary spawning ourves are also refleoted itl aeoond peaks":bf

larval abundance.

Sinoe a wave of spawning ocours over a 20 to 30-day period, a variety

of sizes of larvae is present at most times. In addition to oounting the

number of larvae per 20 gallon water sample, we noted the peroentage of

those which were near setting, or roughly 270 to 330 miorons in diameter

(see also p. , 67 ). ~he percentages from all samples measured on a

given bay-day were averaged and multiplied by the maximum oount to give the
tlen.rify ,
IX ww.r of large larvae near setting. These values are plotted within

the over-all iarvae curves and show the 'et rJ number of larvae

oontributing to the set at a given time.

SETTING

Points on the setting curve represent the number of spat oaught on

100 Pacific oyster (~. gigas) shell faoes per day averaged during a period

of from 3 to 7 cays , a value which we oal1 in our bulletins the Setting

Index. Test cultch was made by stringing a dozen flat Pacifio oyster

shell "lids" on a wire with faoe downward and in a horizontal position.

Hence the setting surface was maximal, being the underside of a horizontalsneU

surfaoe (Hopkins, 1937). The strings were placed in one or two areas

oonsidered to be typioal in each bay.
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Care was taken to. choose cultch shells which were clean and of

uniform size. The area of the face (smooth) side of 100 suoh shells was

careful;l:y ::neasured and found to average 11.6 square inches per shell. ' The

Setting Index is thus the numher of oyster spat attaching to 1160 square

inchss or slightly over 8 square 'eet of clean shell surface per day.

Parallel catching tests with shell and cemented fillers showed that the

catoh per day per single, ordinary, upright egg-case filler is roughly

45% of the Setting Index 8i Es:t1f1e 6:l'I!I~ep ....all a*ri "8' in the same

location.

Again~ the secondary spawning and larvae peaks are refleoted in

late-summer spatfall. As will be shown h~Never, this later set is generally

subject to heavy mortality.and so is of only slight significance for the

final recruitment of seed oysters at the end of the season.

SEASONAL CATCH

During the setting seasons test oultch was put out periodically

with the weekly or biweekly strings but left until the end of the season

when the accumulated live spat was counted. The nu~ber of large spat

from the first wave of setting was usually distinguished, these being the

seed whict have a good start toward maturity and will most likely survive

over the winter. In gene~al, strings put out just before the first

setting peak accurulated the most large spat. The strings are "hung"
i""

from the date-line ~ the gr a ph s at the times they were placed out in

the bay, and the figures wiXkxKa given with each are the average number

of surviving large spats per Pacific oyster shell.

REVIEW OF RE~ODUCTIVE SEASOXS, BY BAYSAi'ID BY YE:ARS

Comparable, graphical presentatio~ of the reproductive events by

bay-ye~r8 enables o~e to compa~e them by inspection, whereby general
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features emerge and more precise distinctions Crol later be made. The first

point one notices is that there is great difference in performance from

bay to bay and from year to year. our quantitative data aID?ly cnnfirming

the general impression and experience of oystermen.

Oyster Bay is the largest center of production and shows consistently

the most vigorous surge of reproduction, with genereLl.y the highest

seasonal catches of seed oysters. North Bay may be ranked second, Vii th

consistently good catches ~ usually characterized by a brief and

Freoipitious ~eak of spatfall. possiblJ' because there is only one active

OIJ~pi& oyster farm in the · area so that the spawning and development of

the larvae is more nearly that of a homogeneous population. Kud Fay

comes third, having substantial sets but with the special oharacteristic

that in some years spatfall fails entirely. An eXflsnfltion for such

failures will be offered later. South Bay has had in the years of our

study only poor sets, and this we attribute to the combination of a small
an. Valet

spawning population of mature oysters in a JUj of such relatively

short length that tidal action Day often sweep out of the bay a high

percentage of such larvae as are produced. And finally Oakland Bay which.

tefore cultching operations were carried on generally in all bays, was the

very center of Olympia oyster seed production, is nmv out of the running

iue probably to industrial pollution as well as other factors.

:Hot only is there difference in spatting potentials of the bays.

. r
hut tr.e whole reproductive cycle is shifted in time of oocu~enoe from

year to yea~ by as much as a morrbh, In CJrster Bay, which IDaJ, be taken

as the bellwether of the tays. inception of spawning may vary all the way

from the begi~ning to the end of ~ay. It may even start at the end of

April, as in the warm spring of 1934 according to the data of Hopkins (1937).

This of course is due to the relative warmth or coldness of the early season.

a topic whioh will be thoroughly considered..i.. cant.
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PREDICTIO~ OF Tnv~ OF SPATFALL

Sinoe the timing of the reproductive season varies so greatly from

ye ar to year and even from bay to bay it is of the utmost importance

in obtainiLg a good catch of seed oysters to know ~~thin a few days when the

first wave of' spatfall will begin in order that clean cultch may be ready

for the larvae to set upon. If cultch is put out too early it will

generally becone rapidly fouled with marine gr~~hs}since it remains

submerged within the dikes) and therefore lose much of its catching

efficiency. Hopkins found (1937, pp. 479-488) that even under favorable

circumstance cultch lost one-third of' its efficiency in 9 days • .

The reason why fouled and sliDly cultch is unfavorable for the setting

of spat is probably to be deduoed from the observations of Prytherch (1934)
j

and of Cole and Yillight Jones (19~9) who found that setting uyster larvae

secrets a drop of material from its byssus eland onto the cu1tch surface

and then actively places its shell onto t~~ "el ue - l i ke material. It is

therefore Like Ly that this cementing material will not adhere to a fouled

surface with sufficient tenacity to hold the shell of the newly-set

larva.

It is eque l Ly important that the Q11tch not be put out too late. l'he

experience of oystermen has been that the initial spatfall of the season

is the best and that spat caught later in the season have a poorer chance

of survival and so contribute little to the season's yield of seed oysters.

This poiht is amply confirmed by studies diseussed elsewhere ( P. 87 ).

Then, too, when there is but one wave of' spatf'all, tardy cultching naturally

could miss the spat entirely.

The importance of the proper timing of cultch~ng operations is

clearly demonstrated by the seas~nal cultch shown in the bay- year grapbb.

These test strings show ~ow much set,which has a good start in growth

and can be expected to survive the winter,~wasaccumulated

by cultch put out at various times throughout the spatting season.
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Hence a careful examination of this data is of great interest in determining

the optireum time of cultohing with reference to the cycle of spatfall.

A review of seasonal catch by dates of cultcbing is given elsewhere

(p 91 ). Suffice it to state here that maximum catches of potential

seed oysters are obtained only on cultch put out at the beginning of

spatfall when it is rising toward the first setting peak. Cultch placed

out a week or longer before tr.is time usually catches poorly, and

cultching shortly after the first setting peak or later also results at
optUriAL

least in sub-~l catches and often in complete failure.

The problem then was to determine ·how to predict with acouracy when

the first wave of spatfall of the season would begin in any bay during

any year and to be able to make this forec~st sufficiently in advance
a.-"II~t(1 i!,.;. _/

to permit scheduling the preparatianl\of Qultching matedals)l.and ..plac.ing..•them. :_.

·o!!....t.he-..be.d& ··in-·tltne·..f'or:1;he ·maxi.muILcatch. At first we did this by following
t

the abundance and growth of the planktonic larvae and predicting on

relatively short notioe, as is done elsewhere, both the time and intensity

of the set to be expected. The aooumulation, over many years, of

information on the timing of the reproductive cyole has now made it

possible to correlate this variable with climatio oonditions and to arrive

at an accurate method employing only easily obtained air temperatures,

for predicting at the end of April, as far as two months in advance,

the date on which setting will begin and o-ultoh should be ' i n place in any
durin!!

b~y end TIL any year.

The logic and development of this prediction method is presented

in a separ8~e supplementary section (P. 93

of the method will be set forth.

). Here onLy the substance

First of all, we know of course that the colder the year the later

the reproductive cycle oommences and vice versa. This is understandaole in

view of the fact that temperature undoubtedly determines the rate of
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development of oyster spawn. Humanly we judge the relative coldness or

warmth of a season by the air temperatures, but it is of course water

temperatures which affect the oyster itself. However, if it shoulc be the

case that water temperatures closely follow and are determined rather

directly and rapidly by prevailing air temperatures, then we can also

infer bay temperatures from ordinary weather records. This has proved

to be in fact the case.

The next step is that one wishes to convert if possible the general

relationship between warmth of season and timing of the reproductive cycle

into a precise and quantitative correlation so that for any degree of

warmth of season one can tell by exactly how much the reproductive e:vents

will be advanced or retarded. To accomplish this end, quantitative

expressions for the degree of warmth or coolness of the early months of the

year and for the time that spatting begins are required. For the first,

the algebraic sum (sum of the "pluses" minus the sum of the "minuses") of

the deviatiezt;t from normal of the monthly average air temperatures recorded

at the nearest weather station, Priest Point Park, OlJ~pia, for January
spdny

through April was used as an index of the~Thermal Trend of the season.

To designate the optimum .cul tchi ng dates, one used the number of days

after April 30th on whioh the significant rise toward the first setting

peak of the season began.

At this point the Thermal Trend was determined for all the years

from 1~2 through 1950 and plotted graphically, for each bay, against

the number of days after April 30th on which spatting began, the two values

for each season determining the points on the graph. For North Bay, data

of the weather station at Grapeview were used since the village lies very

near this oystering area. We owe our ..-xmxx thanks to ~r. Charles F.

Norrie of Priest F'oint Park and ~I:r. W. O. Eckert of Grapeview for the

conscientious completeness of their records. ..---
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When Thermal Trend and time of beginning spatfall were paired off

together graphioally in t his manner~ it was found that the points of the

graphs fall pretty well along an imaginary straight line. Nothing gives

the scientist more satisfaction than such an eventuality because it means

that a direct~ simple, quantitative relationship is shawn to exist be~'een

the two variables which determine the points of the 2raph ~ in this case

Thermal Trend and spatting time. It further opens up the possibility that

one can discard hunches and designate with certainty to within a few days

when the set will occur during any year for whioh the early spring

Thermal Trend is known~ for a formula c~n be derived from each bay-graph

which will enable one easily to calculate when the set will fall from the

known Thermal Trend of the season.

Before such formulae can be used with confidence they have to be

checked. This amOtmts to answering the question~ Will the points of future

years also fell near the imaginary straight line connecting the data of

past years? Only time can tell~ of course~ but the method was announoed

in the Puget Sound Oyster Bulletin of May 24, 1951 and was applied with

notable suooess to predicting dates of beginning spatfal1 during that

year. Another course.is, however, open to us in checking the method~

namely, applying it to seasons before our own investigations :egan~

Thus we can use the formula-e to "predict" from the weather records of

1931 to 1941 when the set in Oyster Bay and Mud Bay "should" have

begun, and these ·.det e r minat i ons can then be checked against the independent

observations~ obtained by different methods than our own, of Dr. Hopkins

and lir. W.J ~ ....aldrip during these years.

The fact was that such "retroactive predictions" worked very well

indeed and were amply confirmed by subsequent referenoe to the records

of these observers.
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Figures 39 through 42 represent the relatioLship between Thermal

Trend and spatting time in the four bays of our study. The set in South

Bay has been so attenuated that precise oorrelations are not yet possible.

For Oakland Bay we have too scant data sinoe this area fell out as a commeroial

oystering oenter during our investigations • .

(Insert Figures 39 through 42 )

In all the above graPhs the diagonal line represents the "best line"

between the points of the graph, i.e., the line on which the points tend

to fall or the line whioh is closest to the most number of ,poi::J.ts., Sinoe

in eaoh oase the formula is derived from this line, all predictions of

setting time will fallon this line. Henoe the deviations Of the aotual

times of .beginning spatfall (the year-point s) from the line represent the

aoouracy of the foreoast and is given in oonneotion with the formulae

below"

The following formulae derived in the manner note4 above will,

on the basis of past experienoe, prediot the proper time • for oultohing

with the aoouracy noted:

For Oyster BaYI D =1.04 (53.5 - X) gives the expeoted date of

beginning spatfall to plUB or minus 3 days.

For Mud Bay. D =1.16 (53 - X) gives the date to plus or minus

4 days.
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For North Baya D = 1.1 (52"· x) aoourate to plus or minus 4 days.

For South Baya D =0.97 (67 - x) gives the date to plus or

minus 5 1/2 days.

In the above equations, for "D" read "the numcer of days after April 30th

on which the first significant spatfall may be expected to begin" and

for "x" read "the value of the Thermal Trend or the algebraic sum of the

deviations fronl normal of monthly average air temperatures, January

through April", using Grapeview statioll for North Say and Olympia (Priest

Point Park) for all other bays.

An example will illustr&te the use of the formulae. Suppose it is

Nay first, 1950 and we want to time cultching operations in Oyster Bay.

Inquiring from the Weather Bureau station at Priest Poiht Park we find that

the deviations from normal of the average mean air temperatures for that

year 80 far are a

:Mar.
-3.9

Jan. Feb.
-10.5 -1.8

The algebraic sum of these figures

z.pr.
-3.2

sprf".!/
gi ves a,.. Thermal Trend index of -19.4.

SUbstituting for x in the formula we have:

D = 1.04 (53.5 - (-19.4) )

= 1.04 (53.5 + 19.4)

= 1.04 x 72.9 = 75.816 = 76 days.

Hence we put out our cultch 76 days after April 30th or on July 15th.

Turning to the graphical presentation of events during this season of

1950 in Oyster Bay (Fig. 35 ) we see that with reference to the actual

spatfall picture the cultch was put out two days before the setting peak

and half way between the two strings of highest seasonal catohl

It will be apparent that we must have a separate formula for every

bay beoause each bay has a different rate of response to air temperatures

depending on its topography so that, for instance, Mud Bay is undoubtedly
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the
slower in warming up i~spring than is Oyster Bay (see P. 109 ). In

arriving at the prediction formulae air temperatures' have been used

instead of the actual bay-water temperatures to which the oysters are

subjected. Hence there is little doubt that the accuracy of the formulae

could be improved if water rather than air temperatures were used in

determining the Thermal Trend of the early spring months. But we are

saved the great ~xpense of such surveys during each sprir-g in all the bays

if the air temperature records of the U. S. ~eather Bureau used in the

formulae prove adequate to the praotical purpose . of assuring maximal

seasonal catches. That they will is shown by the fact that if cultch

is put out accord "ng to the predicted date it will in one direction be at

most 5 days "too early" and will not in that period have time to become

fouled significantly; and in the other direction be at most 5 days "too

late" but will still catch a near-maximal and probably a saturated
time ~tJ,e

catch since the formulae are designed to designate the1 beginning of the

initial wave of spatf'a l L, _iot" 118.&113 ' ... J:I 950£ COil,n) we.k.. And
yea-s

most ~ !she lilUe the actual date of beginning spatfall may be ~xpected · ·to fall closer

to the predicted time than these extremes.
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PREDICTION OF SPAWNING TIUE

Sinoe it is possible to foretell the proper date for optimal

oultching through a relationship between the reproductive cyole and spring

air temperatures which for its regularity must be regarded as truly

remarkable, one has little ne~d of predicting ti~e of spawning. ~uoh

information however may be of considereble value~apart from cultching,in

forecast ing when oysters will be come "apawny" and less suitable for

marketing so that marketing schedules can be arr~~ged accordingly.

Hence in the same manner as for setting dates can ~e derived the

following formulae for deter.min~ng the date of beginning spawning in any
dlU"i"'.!

bay ~ any yee.r:

For Oyster Bay: Dsp =-3.4 (x - 4.8) gives the date of begi nni ng

significant spawning to plus or minus 7 days.

For~~: Dsp = -2.63 (x -5.8) gives the time to plus or

mil'. us 7 days.

For North' Eay: Dsp = -2.63 (x - 7.0) gives the date to plus

or minus 4 days, and

For ~outh~: Dsp = -3.3 (x - 8.5) gives .an approximate date,of

accuracy undetermined because of insufficient years of data.

In these formulae for "Dsp" read lithe number of :lays after April 30th that

first significant spawning begins, and for "x" substitute the algebraic

sum of the deviations from normal of average mean air temperatures at

GrapeView station for January throu~h April, with monthly deviation

values of -4 and less and +5 and greater omitted from the calculation.

If "Dsp" turns out to be negative, then spawning will alreadz

have commenced in April, as was the case in 1934 according to Hopkins'

records. Hence for unusually warm years one should at the end of 1~ rch

calculate the Thermal Trend for the months of ~anuary through March.

If this value is already + 4 or greater, spawning may be expected to

bez Ln in the ml'l;n,. hD"" C'~_~.~-- _Z'.1.. _ • • ,
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before May first.
, .

Oddly enough the spawning prediotion~ have proved far 'more diffioult'. .
............ .'. -'l"",

to arrive at than the setting formulaeJ' How this ivas done is pr-esentec:l"

in detail elsewhere (pp. l05-14~>.

The for.mulae so derived will therefore allow one to prediot the

begi~ning of ~pawning qUite precisely in North Bay and within a fortnight

in the other 'bays. ~s wi~h the setting predictions, we can say that most

of the time the actual date of qeginning spawning will fall well

within ,t he extremes of aoouraoy noted.



PREDICTIONS OF INTENSITY OF SBT

If and only if a bay has so law a spatting potential that it oannot

be relied upon to produoe saturated oatohes on properly timed oultoh do we

require to prediot the intensity of spatfall to be expeoted so that

oyster.men may judge whether oultohing operations are likely to be

profitable.

~~·i-S '-so~-" one can see from the graphs of the bay-years that the
"'-- ----

relationships between total abundanoe of larvae, abundanoe of large larvae,

maximum spatting intensity and over-all seasonal oatoh are very flexible

aooor~ing to our data. This looseness is due in part to the need for

greater aocuraoy in the determination of the always small proportion

of large. near-setting sized .larvae (see P. 55), in part to our apparent

failure always to obtain representative larvae s~ples by usual methods

in North Bay (see P. 85), and in part to other possible faotors of

salinity and tidal range at time of spatting as will be disoussed in

oonneotion with setting failures in Mud Bay.

The whole problem of larvae size and abundanoe is trea~ed in a

separate seotion (P. 67). Here .we present on~y general oonolusions

whi~h are, in view of the looseness and flexibility shown, about three

parts soienoe and one part art. fhey are.

1) The area under the larvae curves (total ,roduotion of larvae)

1s roughly equal to the area under the setting ourves (total set, regardle.s

of Setting Index) when presented on the ooordinates used in the

bay-year graphs. This means that one can graph the larvae abundanoe as

it develops and therefrom gather an idea of the extent of spatfall to

be expeoted. North Bay ,ot f er s. exceptions beeause , as already noted,

we apparently have not always suooeeded in finding a valid indioation

of the true larvae abundanoe, while Mud Bay experienoes anomalous

spatting failures as will be disoussed shortly.



, 2) 4 total larvae abundanoe of' at least 1000 larvae per 20 gallons

bay water is a nece~sary basis ~or a satisfaQtp~y set.

3) Roughly 100 large, near..setting dze larvae per 20 gallons are

require~ for a signifioant spatfall.

It has been indicated that ~here are few times in our bays .when the

extent of spatfall is on the verge b$tween prefitable and unprofita~le set,

but the above practioal rUles may be useful as a guide when and if one

wishes eaoh year to oheck the reli~bility , of the predioted dates for

beginning spatiall by going into 't he field a week beforehand and taking

plankton larvae samples. Si~oe thmse.prediotions relate o~y to the

~ of setting and not to its magnitude, suoh a oheoking would effeotively

expose a possible spat fail.ure before CQu1.froh'. i~ 'put .' oU1; 1f" aueh, a

oiroumstanoe should sometime appear.
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SETTI::JG FAILURE IN kUD BAY

Up:.to ;t biS "ppi %lt '.'la have reviewed the reproductivE! cyole of the

oyster bays, set forth methods for predicting time of be ginning spatfal1

and of spawning, and noted how an estimate of the ma;nitude of set

oan be gained frore the larvae picture shortly before setting begins.

All this works very well for those bays (Oyster Bay and North ~ ay ) in whioh

good sets a~pear with gratifying re~ularity. In those bays which have not

sufficient spawning stock to produce an adequate abundance of oyster

larvae (Oaklard ~ay and South BJY) ~here is no profitable set to predict

and the only course is to build up those stocks with seed oyst'3rs from

the other areas. But there is one glaring anomaly in the whole picture

which is most disturbing and this is that although Mud Bay has the stook

and produces year after year an adequaue abundance of larvae there are

years in whioh spatfall itsel1' ,'i!3 nearly_a tota l fflilure.

During the years covered by this report)setting failure in 1~d Bay

-
occurred only twice, in 1944 ahd in 1946 when the Setting Index never

exceeded 42 and 14, respectively. To this number we may now add the season

of 1951 (Setting Index not over. 75 ), and Hopkins found poor

sets in Mud Bay during 1934 and 1935. Consequently, although "off-years"

have long been familiar to oystermen cultching in this bay, we have only a

very few years of spat failure oovered by quantitati ve investigations,

of spa,vning, larvae growth and abund~noe, and ra~3s of spatting on test
our is~ u-JerjUAk

cultch; and therefore"we s; mll13 ••WA inedA~~ informa'Honl\to solve the

problem of Mud Bay failures at this time. The practioa1 issue of

whether or not tc put oultch out in this bay is eac~ year so pressing

in view of the preoarious nature of the set that we must employ any

indications we have whioh are at least better than blind guessing.

Still another reason urgee- one to speoulate as best he oan within the

spa~oe data available~ namely, that such oonjectures may very well guide



26

future field studies toward a satisfactory solution of the problem.

It is very doubtful that we can do anything a~out these spatting failures

exoept to predict their occurance accurately, but that in itself would be

of very great value in preventing the waste of cultch and the unprofitable

pursuit of cultching operations during "off-years".

We have accordingly allowed ourselves some extensive speoulations

on the Mud Bay situation which are given in detail else~here (pp. 114

et seq.). They indicate ,t ha t spatting failures in Mud Bay may be due to

two causes, operating either separately or together, namely, abnonnal

salinity of the bay wat~r or the occurance of neap tides at the time the

larvae are ready to set. On the other hand we have abandoned the idea

that the larvae may be washed out of this bay by a run of spring tides

sinoe a plankton study during a cycle of tides has shown conclusively

that this is not the case(se« P. B~.

The suggestion that setting failures in ~ud Bay may be due to

abnormal bay-wat~r salinity is derived fron the fact that such failures

are fairly well oorrelated with abnormal rainfall for Daeemqer through

June as recorded at Priest Point ~ark, Olymp~a. If one prooedes, ~s with

air temperatures in relation to setting time, to correlate monthly

deviations from normal in rainfall with spat failure, the fol~owing

rules emerge.

One may expeot collapses of the set in Mud Bay in those years

when--

1) winter rainfall (December through Uarch) is exoeedingly

law, the deviations from normal summing to -9 inches or lawer, as in

1944, or

2) precipitation during the "larvae months" of April through

June is abnormally low ( -3 inches and lower) even though that of the BXK

early months was high (i.e., the converse of (lJ, as in 1934, 1935, and
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19511 or

3) average preoipitation during April through June is

abnormally high. without there· having been a oompensating abnor.ma11y low

rainfall during the months of December through Maroh. (as in 1946).

These are the best tentative rules whioh oan be deduoed from the

meager information at our disposal. They are the result of the rather

oomplioated speoulations already refered to. Apparently in ye~rs of

abnormal rainfall Mud Bay salinity is most sharply affeoted with the

result that the larvae fail to sur~ive to setting size whioh is the

direot oause of the failure of set. This was indicated by the failure to

find more than a few large larvae in the plankton during the seasons of

1944 and 1946 in Mud Bay.

During the ~eason of 1951 there was apparently an adequate abundanoe

of large near-setting size larvae and yet the spatfall was still a

failure. Henoe one may hazard either that the large larvae died off just

on the eve of setting due to condition (2) above or else that some other

factor operated to destroy what appeared to be a potentially good spatfall.

Mr. Cedric Lindsay suggested that the type of tides obtaining at the time

of set may have influenoed the result. Accordingly this possibility was

explored within the data available. RevieWing the years of our own study

as well as those of HopkiDa it is found that poor sets in Mud Bay have

on oooasion been assooiated with the appearanoe of a run of neap tides

at the time the larvae were ready to set (see P. 124). It is possible

therefore that law high-tides do not carry the setting larvae well

up-bay to the looation of oommeroial cultoh. our test cultch and the test

cultoh of Hopkins. If spat failure.in these cases is simply due to the

tides not bringing enough setting larvae to the Qultch. then the set -nould

still he good at looations farther down-bay. Observations of 1951
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have failed to confirm this (the spetting; on :qe.tura,l cultch in all areas

aeemed about the same) but distributed test cultch in future years may gi~e

a more decisive answer. In the meantime we may add as a caution a further

rule to those given above, namely, that misoarriage of set may occur in

Mud Jay when

4) a run of neap tides begins at or within a few days of the

predicted time when spatting is expected to commenoe,as in 1934

(compare Hopkins, 1937, figures 31 and 26) and in 1951. By neap tides we

mean here specifically that~ high tides of the day do~ attain a

level of +12.5 feet or higher (Seattle tides plus 3.6 feet, i.e. corrected

to Burns Point).

It is very interesting that the season of 1949 Yielded an "in-between"

set in which the Setting Index never exceeded about 6\00 and that during
IH«mber

this year the Ja I ly through luaroh rainfall deviated very olose to
ha.ve

-9 inches while the set seems in mid-flight to A run into a period of

neap tides which may have cut it off. Henoe that season seems to have

been a border-line case ~oth from the standpoint of rainfall and range

of tides.

The pradtical rules here given are therefore offered as the best

guidanoe we can devise from the few instances of spat failure in Mud

Bay of which we have oorresponding quantitative records. It is hoped

that they may yet permit reliable antidipation of setting defaults and

lead eventually, either through confirmation or refutation, to a more

certain understanding of the causes of these failures in Mud Bay.
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MOVEUE]T OF OYSTER LARVAE BY TIDAL CURREFTS

Oyster larvae are able to swim hut weakly and so are classed
billy

as ~ pelagic forms which must drift at the mercy of the tides.

Hence there is an orderly change in distribution of the larvae in the

bay during the e~b and flooding of the tide, and-this is of considerable

importanoe from many angles as will presently be shown.

The fact is that in mid-summer when oyster larvae are abunjant one

could take a 20 gallon plankton sample in a given ~ay and get a count of

anywhere from zero to several thousand larvae. This shows that the

larvae are not distributed uniformly in the water as if in chemi cal

s ~lution but have a definite and restricted distribution in the bay with

regard to stage of tide. We were therefore interested in -the tidal

movement of larvae originally from the standpoint of finding the larvae

in the bay and o:>taining representative plankton samples. ~·hen we f'ound

great differences in density of larvae at different stations in a bay it

be came apparent to :1r. D. L. ~,: cKe rnan that we would need to make

adequate surveys of the distribution of the larvae in a bay throughout

a tide. To date various groups fram our Laboratory have made 7 such

surveys the results of which ere detailed in a separate seotion (~. 73 ).

!he concept which has emerged is that of a Larvae Mass, perhaps

more or less. e1ipsoidal in shape, or having a high density of larvae,
in the center and shading off to no~.larvae at the periphery. This mass

then moves up and down the bay with the tides. Henoe the general

picture we have gathered may be diagramed as followsa

(JI~
(Fig. 43

INSERT
'fmmNc~~~~~
~)c
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Xhe original purpose of these studies ~s fulfilled, for the

surveys ihow that in obtaining a pioture of the abundanoe of a planktonio

form like the oyster larvae one is not sampling the bay water as if

running a ohemioal determination, but sampling~ Larvae Mass. Knowing

the movement of this mass one oan find it at any stage of the tide, or

better, oan sample when it is toward the head of the bay at mid-flood

to high tide.

Another conolusion from the ' tidal-oycle surveys is that the oyster

larvae are not washed out of our prinoipal inlets even though the duration

of the swimming stage of the larvae is about a month and the tidal range

may exoeed 18 feet during the sUlIIner. This faot seems quite remarkable.

It 11 explained in part at least by the great length of these bays whioh

1s therefore seen to be very important in retaining the spawn.

It is _lao olear trom the oonoept o.f the Larvae Mass and its

tidal movement that other oonditiens being equal that area in the ' bay will

oatch the most seed over whioh the Larvae Mass passes the greatest number.

of hours of the day. This explains both the variation reoorded in Hopkins'

study of hourly oatohing ra~es ....~~xxxxxJ and the possible signifioanoe
occu.rrtH.g

for spat fai~ure of neap tides~at the time of spatfall in Mud Bay (P. 124).
the tt:~piD/~ltftUs

Needless to say _",also gives the reason why down-bay and far up-bay

areas are not good oultohing grounds. On the other hand, what have by

long experienoe been det9rmined to be good spatting areas are indioated

by these plankton--tidal-cyole studies to be the looations nearest to

the Larvae Mas8. This is to say that if on~ were setting up oystt3r

culture in a bay he could spot the most likely grounds for best seed

catches through a study of the "moment of oscillation" of the Larva 14.as8,

and such investigations might even in certain instanoes improve the

location of traditional oultOhing areas.
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CULTCHDlG EXPERIMENTS .lND OBSERVATIONS

Not only 'uust the oultoh be plaoed in the water at the proper

time and location and put out only when a profitable set oan be expeoted;

it must also be so ohosen and employed as to ut.lize its maximum
tZA'"e.

effioienoy in oatohing spat. In this seotion ~ gathered oertain studies

relevant to this problem.

VERTICAL SETTING STUDIES

During 1946 Mr. Roger Tollefson put out long strings of Pacifio

oyster shell on oultOh floats at Burns Point in Oyster Bay in order to

deter.mine whether rate of spatfall varies with depth of water. Only.
top valve , "lid-shells" were used. to inorease the uniformity of the oultoh

throughout its length. One string was left in the water for only a week

during whioh the rate of spatfall at Dike 5 station wae about 12 spat

per smooth shell faoe for the 6 day period. Eight other strings of

4 to 9 foot length were put out at different dates during the setting

season and brought in to the laboratory only after the end of the spatting

season. Spat was oounted on both sides of every third shell of these

strings and averaged by halr-foot inter_ls. The results are given for

the one week string and for the seasonal strings as follows.



TABLE 1 • VERTICAL DIS~BUTIO N OF SPATFALL ON FLOATING ')2-

CULTCIi STRINGS DURIm ONE WEEK

Date into water. July 17, 1946
Date out of water. July 23, 1946

Depth Average Spat counts
in spat ot every
feet per shell 3rd shell

0-1/2 13.4 1
12
17
8
29

1 19.0 16
26
11
27
15

1 1/2 15.2 20
16
16
8
16

2 9.6 9
28
0
7
4

2 1/2 6.0 3
4
0
8
15

3 14.0 9
17
8
16
20

3 1/2 15.4 22
9
3
21
22

4 22.7 11
12
61
36
12
4



"''''TABLE 2. VERTICAL DISTRIBUTION OF SPATFALL ON FLOATIm

SEASONAL CULTOH STRINGS

Date into water June 27 July 9 July 11 July 23 Aug. 1 Aug. 14 Aug. 20

Depth in feet Average spat per shell

0-1/2 191 10 10 5 3 16 3

1/2 - 1 155 74 22 9 5 19 4

1 - 1 1/2 166 79 8 4 4 31 4

·1 1/2 - 2 203 90 9 10 2 41 12

2 - 2 1/2 182 53 8 12 4 51 10

2 1/2 - 3 185 54 6 10 12 75' 13

3 - 3 1/2 169 52 14 12 13 77 3

3 1/2 - 4 151 58 6 10 20 45

4 - 4 1/2 no shell 110 S'1t~" 15 26

4 1/2 - 5 " 56

5 - 5 1/2 180 70

5 1/2 - 6 200 76

6 - 6 1/2 152 49

6 1/2 - 7 141 61

7 - 7 1/2 164 64

7 1/2 - 8 174 53

8 - 8 1/2 165 60

8 1/2 - 9 113 53

9 - 9 1/2 41.
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Although the number of test

that intensity of spatfall does not

stri~s is small it is clearly indicated
J"&If{;kcA#ft(y
varYAwith depth of water. at least

the uppermost shells of the oultoh strings.

from zero to 9 1/2 feet and henoe probably also not at greater depths.

We therefore agree with Korringa's ~pinion that. other things being equal

(like larvae abundanoe and ourrent velooity), vertioal distribution of

set 1s uniform and larva shaw no "preferenoe" for oertain depths of water

in spatting. It waS shown in some preliminary tests of this notion during

1945 that the uniform pioture in floated seasonal strings may be oomplicated

by seoondary faotors, as when condi tiona are very favorable to the growth.
of fouling organisms whioh "(like algae) attaoh and grow especially on

$t3JU:fica-t:
We did not find as Hopkins did (1937. p. 493) that al\setting

maximum ooours arou~ 1 to 2 foot depth, but his methods differed somewhat

from ours in that he used suspended bags of shell. His results are used

by Hopkins to explain good seed oatohes on high tidal grounds; but since

we oould not check his results. and for other reasons as well, we oonolude

that good seed grounds are such mainly beoause of their looation with
tlte.

referenoe to~Larvae Mass and therefore the abundance of larvae available

for set but not on aooount of their level OlD the beaah. ibis oonolusion

was not available to Hopkins beoause he did not make quantitative studies

of the planktonio larvae.

But Hop~ns mate a very sagaoious use of his findings in suggestingX

the use of floating oultoh to oatoh seed oysters. f.his, like his modification

of oultching methods in aocordanoe with his itudy of the influence of angle

of oultoh surfaoe on iutensity of spatfall, proved to be of vast praotical

importanoe to the Olympia oyster fishery.
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FLOATING CULTCH

l~ot only did the idea of floating cultoh enable oystermen who have

poor seed grounds to replenish their stocks easily and without interfering

with the oatoh of other oystermen, but when the Japanese o)"Bter drill

beoame abundant in Oyster Bay this method enabled one to oatch seed free

from drills and their depredations. Moreover suoh oultoh 1s extremely

efficient beoause it oan be plaoed with referenoe to the Larvae Mass so

as to -fish" oontinuously throughout most of the tidal cyole. We counted

as high as 12,000 spat per oemented egg-oase filler which had been out a

month when the Setting Index was only 300 ·rr 400.

Our observations on floating oultch probabl~ do little more than

confirm what oystermen have learned from praotioe and the exercise of their

own good jUdgement. Nevertheless we mention them in passing, as follows I

1. Extent of spatfall depends on the amount ot setting larvae

brought to the oultoh surfaoe. Henoe every praoticable means and preoaution

should be employed to orient the colleotors SO that a good ourrent of water

passes through them and penetrates to the interior of the mass of oultoh

material. Tollefson found that there was three times as muoh catoh IDII
4$

at the edges~ in the oenter ot the oultoh.
Cl.I.Ud..

2. The od:ch should be removed and planted as soon as it beoomes

saturated with seed oysters, otherwise a considerable mortality and

arrestment of growth of the spat will generally oocur due to the fouling

of the cultoh with algae and other organisms, inoluding the mud-tube

amphipod which may be responsible for "key-hole mo.rtalities". (at)e ·.~a:; (46 ) It also

tollows that the cul"toh should be put out only when the Setting Index ia

high (several hundred) 80 that the oultoh will -not have to remain long

to piok up a good 8et.

3. If trans,port ot "the cultoh to the beds does not result in high

mortality of the spat, the setting efficienoy of floating oultoh is so
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more saturattd oatches of spat during the first wave of spatfal1 if the

spatting rate is at all considerable.

4. Taking (1) and (3) together, it might be more profitable to

refill smaller bins in amall floats than to attempt to get all the set

desired in one filling of a large float. in: wJuck cru5'hcn..f) ~d wIL4pF''''.!J
0.1 sUcked"plLers~ ()CCU4"".

BEDDED CULTCH

Although we have tested the efficienoy of many types of possible

cultohing surfaoes we have found none superior to the oemented qardboard

egg-case fillers. Also it may be mentioned that Korringa (1940, p. 230

231) finds that the addition of fairly ooarse and very coarse grain sand

to the oement coating mixture augments the spatfall only slightly due to
.

the increased surface ("hills and vaileys") resulting, and ooncludes that

it is the mdorosoopioal and not the maorosoopioal roughness whioh oounts.

Henoe the lime-oement-sand sur'aoe now in use is the best we know. In

areas where the tide ourrents are unusually strong" (eg. Holland) the

mixture is applied to heavy tiles and the spat ohipped off, while in

quieter waters like the bays of lower Puget Sound oardboard is used to

advantage because of its self-disintegration.

In oonneotion with his study of the effeot of angle of surfaoe

on catohing effioienoy of oultoh, HoptiD8 found that egg-case filler

oo11eotors oaught about three times as many spat when held on edge

than when laid flat on the beds with all surfaces oriented vertically.

Henoe he invented a "flat" type of modified colleotor which would stay on

edge when 80 pladed. Some oystermen however have attempted to compromise

and to save themselves both the manufaoture of speoial colleotors and cost

of keeping ordinary fillers up-ended by "shingling" the regular oemented
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filler in the dikes. This means that the fillers rest in rows. the far

edge of one raw upon the near edge of the next. all colleotors therefore

lying at an angle of about 300 • More cultch can be. put in a dike this way,

but the efficienoy of the individual collector is still only one third

what it could be if it were standing on edge.

This oonolusion was derived from ~ test by Mr. Roger Tollefson

on a number of ordinary type oolleotors. Half were out in two (~ence low

and alays submerged in the dike at low tide) and held vertically together,
collectors

the bank of ••116aLlee being supported by pegs driven into the ground; and

half were "shingled" at about a 300 angle, overlapping each other by about

half their width. After a set had been obtained. 20 random partitions
Set-~

for eaoh J:,pe were examined and spat counts made. (By a "partition- is

here meant one side of one side of the four-aided enclosure intended to
~

hold an egg----having an area of 4.l5",inohes. A single oollector is the

equivalent of 90 suoh seotions, ie. 747 square inches.)

The results are presented by uniting the 20 random samples of eaoh

tyPe of orientation of colleotbr as 1£ they oomposed one ordinary oolleotor.

When a oolleotor is dropped from the vertical (on edge) position to a
I

300 angle, the vertical sides of oourse remain vertioal while the horizontal

partitions become slanted to an angle of 600 • Vertical partitions were

therefore distinguished fram horizontal or angled partitions in spat count.

Several l2-shell string_ of Paoific and other strings of Olympia oyster

shells were hung out vertically in the dikes during the same period of

time to determine comparable set on them.

(Insert table I 3)



TABLE 3 a COMPARATIVE SPATFALL ON DIFFERENT ARRANGEMENTS OF CEMENTED

38

EGG-CASE FILLER COLLECTORS

UPRIGHT COLLECTOR

TOTAL SPAT AVERAGE SPAT
PER SQUARE
INCH

SLANTED COlLECTOR

TOTAL SPAT AVERAGE SPAT
PER SQUARE

INCH

Borizontal Parti1lions
iJ.pper surfaoe
Under surface
Total

Vertioal Partitions (both surfaoes)

Entire Colleotor

Comparable spatfal1 on oolleotors

Comparable spatfall on Paoifio oyster shells
(amooth. under-surfaoe only)

Comparable spatfall on Olympia oyster shells
(amooth. under-surfaoe only)

o
305
3'65

149

2043

0.00 0 0.00
".35 98 2.36
3':6'7 98 T:'ii

1.80 70 0.84

166

2.7 1.0

2.0

2.5



The results (Table 3

oonolusions a
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) allow one to come to the f'ollowing

1. Under horizontal surfaces of upright oolleotors are more efficient spat-

oatohers than under horizontal surfaces of' oyster shell in strinje.

2. Angled oolleotors catoh only about one third as muoh spat as Hopkins-type

or upright colleotors.

3. Vertical partitions in upright collectors oatoh twioe as ~y spat as

the oomparable partitions, also vertioal, in slanted oultch. This differenoe

can only be explained on the basis that with slanted colleotors the ourrent

does not flaw through the ~ollectors but over them. Dead current spaoes

therefore arise and the delivery of mature larvae from tidal waters to

the oultoh surfaoe is impeded, thereby resulting in lDwe~ catch in slanted

colleotors even on the similar, vertical surfaces.

The quantitative data given should enable oyster growers to calculate

Wheth3r oosts of staking, eto., to maintain banks of ereot colleotors will

be offset by the tr$bling of spat oatch per oolleotor.

The superiority of "open and exposed" horizontal partitions over
or .

shells in strings!of ashingled" oolleo'hors amply confirms a general

prinoiple for the guidance of cultohing prooedure which has already been

stated by Xorringa (1940). This is that so far as oatohing of spat is

oonoerned good oultoh fulfills two requirementst (1) it does not

oreate dead water spaoes but allo.. for the flow of larvae-bearing tidal

ourrents passed and through it and therefore for the delivery of

available larvae to the surface of' the oultch, and (2) the very local,

microsoopic oonditions of' the oultoh surfaoe favor the oomplioated

maneuvers of the larvae during the setting prooess, i.e., their orawling

and their anchoring their shells by secretions from the byssus gland,
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either by roughness and oleanness of the surface whioh.may aid the foot

to hold on or by looal eddies, eto •• Which will proteot the larvae from

being swept on by the tidal ourrents. (The des oription of this se'tting

process. in~. virginiaa but probably applioable to~. lurida. we owe

to Prytheroh (1934).

It will be seen that these two oonditions are somewhat antithetioal.

that is, one has to have ourrents to beiDg the larvae to the oul'tah

surtace but on touching it they: mus't be proteoted agalns't being swept

along turther. There 8~ems little doubt that Qultch could be improved

somewhat if materials and methods oombining these antithetioal faotors

could be devised. Suoh an approaoh, starting from general principles.

should prove far more fruitful than merely testing various materials

at random.

~One ab ] j also remind that cul'toh should be such as to maintain

at least a good portion of its surfaces at the optimum angle for setting

and that it shouid be heavy enough not to be disturbed by storms and

tidal ourrents and yet of suoh a nature that the aooumulated .pat oan

eventually be soat'tered and evenly distributed over the oyster bed.
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SATURAfION OF CULTCH

The idea to be dealt with here is simply that after a cultOh surface

has caught sufficient spat during the summer 80 that it oan be expected

to be covered with large. surviving spat on the following spring, any

greater density of spat t . of no further practical benefit and may even

result in undesirable crowdiDg of the seed oysters. We have to leave it to

practical oystermen to determine what minimum' catch they require to

make their cultohing operations profitable, but we oan gather some notion
aJc~/sqF

of maximum p08sib1e oatoh obtainable fromAthe seasonal test oultoh.

Henoe if we oompare- large. surviving spat on seasonal oultoh with
we

maximum Setting IndeK attained/find the following.

OYSTER BAY MUD BAY NORm BAY

YEAR J4AXD4UJ( FIRST PEAK MAXIMUM FIRST PEAK Y.AXDm4 FIRST PEAK
SEASONAL S. I. SEASONAL S. I. SEASONAL s. I.
CATCH OF . MAXIMUM CATCH OF JWaMU)l CATCH OF lUXDritJM
LARGE SPAT LARGE SPAT LARGE SPAT

1944 86 2300 5.2 42 39 6600

1946 107 7500 70 3500 *43 9000

1946 136 2600 0.8 14 73 1300

1960 125 4000 167 2800 118 4000

• Note--altho oonversion of larvae into setting was high---settillg
did not "stick" well.

These data olearly show (1) that the surviving set is of course no-where near the

total amount .of spat that originally set and (2) thet. whatever the Setting Ind~,

one oannot expeot many more than 100 spat per shell in surviving catch, a figure

roughly comparable to 3.000 spat ?er ordinary oement coated egg-oase filler.
VL

It follows that there is no point,.,-a. 1 a'l'" ph! .1. *. ,.at! ,. 01 attempting to
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assure exoeedingly high rates of spatfall sinoe these are of no practioal

oonsequenoe in the reoruitment of seed oysters; a moderate spattall

saturates a oultoh which is appropriately timed and placed and this 1s

all that is required. And 1t 18 likewise evident that although low

spatting rates result 1n low seasonal catch. high setting indices do not

assure large catches. In faat it appears fram the test oultoh of 1945

in Mud Bay and of 1944 and 1945 in North Bay shown in the tabulation

above that exaggerated peaks of spatfall may even diminish the overall

o'!ltah due perhaps to over-orowding of suoh seed on the cuItoh.
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OYSTER PESTS

The mass of oyster larvae which appears in the summer months is

undoubtedly deoimated by many natural enemies. On four oooasions we have

found larvae inge~ted within the oell of Nootiluoa, the large dinoflagellate

responsible for one type of "red-tide". The sea-walnut, Pleurobraohia,

also frequently abundant :llIlY likewise take its toll. We know of no

instanoe, however, in which a spatfailure could be attributed solely to

larvae being destroyed by their enemies. Henoe we shall attempt here

to catalogue onl~' the enemies and pests of the mature oysters end spat.

A) Japanese OJ'!ter Drill.

The most serious oyster pest in the bays of lower Puget Sound is

the Japanese oyster drill, Tritonsl!a japonioa, introduoed with unclean

plantings of Japanese oysters. This predator is the subject of a report

by Chapman and Banner (1949) who verified its destructiveness and advised

that since the drill has no free swimming stage in its life-history and

does not migrate extensively it should be kept from spreading by restricting

transfers of infested oysters and oultch. This has been done, and Japanese

drills are oonfined, as of 1960, to the original areas of infestation,

namely, Oyster Bay.~ and Oakland Bay. Xhere is no doubt that

these drills can do damage; this is espeoially notioeable when they start

on egg-oase-fillers of spat and olean off a goOd set by the end of the

summer.

Control measures consist mostl¥ of culling out drills when the

oysters are taken oft the beds, by hand picking drills where they congregate
tire '

along the oyster dikes during/l spring egg-laying season, and by burning

off egg masses exposed on the dike walls at low tide. Weighted planks

haxe been found to attract the drills whioh apparently like to seoret

themselves UJ:Ider sunkBn boards and oyster shell.

,.~ .a_...._~..1_ .1...'-_ ._'-_ . __ .... _ .._ _ ...l.... ... _ ..L. ......~ _ _ . . .... _ ... .... • _ .......
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one-hour submersion in 50% sea water though the adults are not permanently

. af'fected. Undoubtedly the egg case wall is a semi-permeable membrane

and admits the dilute solution which then kills the delioate eggs or

embryos. In one oase where the oiroumstanoes appeared favorable, an

attempt was made to use this finding by flooding an oyster dike with

fresh water at low tide to kill eggs. ~pparently in this instanoe

sufficient dilution could not be obtained.

Various types of poisons have been tested for their toxicity to

drills but none have so far proved praotioable. The problem is far more

subtle and diffioult than ~8 the case of ~ost agricultural pests ~here

inseot and plant are wholly dissiDdlar organisms, while the drill and

the oyster are both mollusks and changing tidal waters limit the possibilities

of applying toxio substanoes. Let it be noted that if oystermen had

heeded the warning and advioe of Galtsoff in his 1929 report they would

not now have to oall on other biologists to solve their drill problem.

The discovery of a profitable method for eradicating oyster drills remains

an intriguing problem yet unsolved in any oYstering area in the world.

Naturally its solution would prove a tremendous boon to the industry.

B) Eastern Drill.

Uroselpinx oinerea was introduced into 6yster Bay presumably with

plantings of east-ooast oysters many years ago. The pest has never

attained great abundance here and its depredations are entirely eclip.ed

by those of the Japanese drill. Fortunately, too, the native drill,

Thais lamellosa is not a serious oyster pest, prefering to attack mussels,

although Hopkins (1937) states t~t it may in plaoes drill a great many spat.
7he~ ",-e./erence q/-~ these d-ills is c4""s"cus.red c#c.. ~ ,o~ 6 y Ch..,uh'r~
~ /344-t~~~~cI to . .

C)~ snail~ ~d ·shr imps .

Very rarely we found Olympia oyster shells with the typioal



"oounter-sunk" drill hole of Polinioes, Where abundant it is not by

drilling, however, that the moon snail damages oysters but by burying

them as it plows through the bottom of the oyster bed in searoh of

olams. If this occurs the snails must be pioked off the beds and

destroyed.

In a similar manner the mud shrimps Calianassa and Upogebia

may prove destruotive by bringing up sand from their burrows and 'dumpi ng

it on the oysters. The situation was once particularly acute in North
Ever

Bay and 1r8S solved by boarding/1:he entire dike, gravel being put on top

the boards as a substratum for the oysters. Such a barrier prevents the

shrimp from burrowing and will not rot or be eaten by teredos or W'ood

boring isopod. when "suff'ooated" in this manner under gravel and mud.

D) The Blaok Clawed E!.!£.

During the early fall of 1946 there ooourred in Oyster Bay a

high mortality of young native oysters whioh oould not be attributed to

known causes. The destruotion was found in one oyster dike on the

nO~l shore and has not .been reported elsewhere, though of oourse a

potential menaoe is indicated. The dike in question had been planted

with cemented egg~oase fillers whioh caught an exoellent set of young

oysters, but by the end of' the setting season a 30% mortality of these

spat resulted. In every oase the upper valve of the shell had been

removed so that the destruction could not have been due to oyster drills

or other shell borers. Unusually abundant in this dike,however,were

speoimens of the "blaok-clawed crab". Lophopanopaeus bellus. one of the

small, less oommon shore arabs of. the region. Frequently the' crabs were

found concealed within the seotions of the fillers used as cultoh.

Acoordingly both crabs and cultch samples were removed to the

laboratory and placed in a clean aquarium with running sea water where
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they remained together for a period of three weeks. In that time 'the

mortality increased fram. 30% to 45% and the bottom of the aquariJ11ll

became strewn with shell fragments and complete upper valves of the spat.

It is clear the L0phopanopaeus bellus was self-incriminated as a destroyer

of young oysters.

~e crab is identifiable as a beast of size and habitat similar

to the oOmmon shore crab but bearing proportionately larger pincars. The

two tips ("olaws") of a single pinoer are both of a darker hue than the

remainder of the "hand". and this differenoe in coloration forms a sharp

line of demarkation aoroas· the base of the claws. Aoourate identification

of the crab is important since the common shore orab is not only

harmlesa but even benefioial. This prevalent opinion was oonfirmed by

a series of tests in our laboratory. For eaoh test equal samples of

Paoific oyster.-lIhell cultoh were plaoed in separate aquaria with running

water. fhe shells oarried a good set of native oyster spat of from

several weeks to several months in age. Into only one of the aquaria

were introduoed many specimens of both species of oommon shore orab

(Hemigrapsus nudus and!. oregenensis). After a period of 4 to 6 weeks

the mortality of spat was determined for the aquarium. with crabs and

for its partner without. Not only did the crabs fail to kill the spat

but spat survival was even slightly higher in the aquarium. with crabs.

Henoe the shore orabi apPE\.rently even assisted the spat by keeping the

oultoh olean and reduoing mortality due to silting and fouling.

E) "Key-hole mortality"

During the summer of 1945 floating cultoh from Burns Point 111

Oyster Bay was examined and a small portion of the spat found to be dead

and with a slit-like hole in the upper valve of the shell which we

therefore called "key-hole mortality"_ The spat were free of drills
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since the cultah was floating and the opening was not ciroular and therefore

oould not have been caused by drills. The only clue Tie have to the

predator ia that the oultch was also heavily coated at the time with small

amphipods , which build and live in mud-tubes. Is it possible that

these orustao1a could have scratched holes in the small spat with the

sharp olaws of their forelegs?

F) Cups.

Slipper~8hells or cups. Crepidula fornicata. were introduced

during early attempts to grow Eastern oysters in Puget Sound. Now they

are abundant in Mud Bay and Oyster Bay oonstituting in some oases half

the "orop" on oyster beds. This alien pest does very well in the native

oyster dikes. Chapman and Banner (1949) found no correlation between

oyster mortality and abundanoe of eupa, but it seems likely that the

oups compete with the oysters 'for plankton food and in any oase the pest

adds greatly to operating oosts in the industry. The present polioy

is to oull out the oups and throw them up high on the beach to die.

We have suggested that tDoreased oosts. could be offset in part by

developing the food possibilities of oups. Tests made at our request

by Dr. E. W. Harvey of the Seafoods Laboratory of Oregon State College

at Astoria showed thata---

"Deep-fat frying yields a most satisfaotory foodstuff.

"Crepidula oan be used su.cessfully in the following

preparations (in order of preference)a--chawder. stew and

oocktail.

"Canning is not satisfactoryT~.~~.needingmore experimental

work."

We found the flavor of the fried cups to be somewhat between that of olam

and oyster. though the meats were rather dark and slightly mealy.
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G) Shell worm.

This is an annelid worm. Polydora ciliata.. which burrows in the

matrix of the oyster shell.. protruding'a head bearing two long tentaoles

at the lip of the shell and apparently oapturing plankton food from the

in-ourrent set up ~y the oyster. the food being oarried by oilia an the

tentacles down to the worm's mouth. Tunnels in the shell, visible from

the interior of the shell. and the long tentacles around the lip of the

undisturbed oyster are therefore diagnostic . of infestation. T.be pest

finds a secure home in the oyster's shell and possibly robs it of some

of its food. Obvious detriment to the oyster.. however .. takes the form

of erosion of the shell whioh rewalts in the oyster partitioning off a

part of the shell interior orowding the oyster and creating a spaoe

-where dirt can aooumulate. During some seasons the worms may become

abundant enough to become oonspiouous through these oonsequenoes. but no

major damage has yet resulted.

H) Paresitio oOpepod, Meytilioola orientalis.

T.bis pest is a bright-red parasite whioh lodges within the

posterior alimentary track of the oysters as a rule though it may.. when

abundant .. invade other tissues as well. Dr. Odlaug (1946) found that
f),t!~

6.5 per cent of Olympia oysters in lower Puget Sound werEJI infected

and that a reduotion in the "fattness"of the oyster meats was associated

with its presence. Uninfected oysters had meats whroh filled an average

at 41.8% of the interior shell space While the oomparable figure for

infected oysters was 35.5.%. The over-all effeot of this peat is

therefore minor.

I) Bryozoa

In South Bay espeoially setting and growth of bryozoa oolonies
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~~.

may reduoe the effioienoy of the..-tl. This may come about in two ways.

aither the bryozoa set first and oyster spat have not been observed to
on.

set .. the enorusting moss-animals (probably spat are pioked off by the

av10ularia of the bryozoa) or the growing oolony ooats over and smothers

the spat, as has been observed t>n several instanoes. Sinoe bryozoa

are not found -on materials exposed at law tide it may be suggested that

allowing the oultch to be exposed during a low tide or two may kill the

bryozoa, though one should keep a sharp eye on the spat to be sure they

alao are not beginning to gape. After the spat get a fair start it seems

unlikely that the bryozoa could trouble them. further.

Summarizing the pest situation we note that the by far the most

dangerous predator is the alien Japanese drill. As has happened on ao

many ill-fated ocoasiems in this oountry an imported peat prospera

in its new environment far better than in its native habitat. Beyond

question we ahould oonoentrate our attention first on the oontrol 01'

this pest.
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The remainder of this account will be devoted to the presentation

in detail of the analyses, tabula"ted data, eto •• on whioh were tounded

·t he ooncluaions, interpretations and ooDjectures so far advanced.

Before turning to these teohDioal matters we may summarize what haC

been aooomplished Which may be ot praotioal use to Olympia a,yster growers.

1) Oystermen now have a g~ic and quantitative retot-d ot the

reproduotory performanoe of their bays during the past 9 years. fbis

record will provide a sort of base-line against which any future

improvement or deoline may be defimtely assessed; and furthermore,

since all phases of the reproduotive cyole have been treated, the advanoe
be the ¥ cycle

or decline can be refered to the lPeoifio stagesAaffe~ted.-

2) Formulae have been derived for eaoh bay on the basis of which,
on{y

knowingAthe early spring air temperatures reoorded at Olympia, one can

easily oompute and foreoast at the end ot April in any year and for any

bay when sp8tfall will begin and with an acouraoy sufficient to assure

maximum, surviving catoh ot available spat.

3) Similar tormulae have been derived by means ot which the tim,e

of beginning spawning oan be predicted about a month in advanoe thereby

permitting the arranging ot marketing sohedules aooordingly.

4) Guidanoe is provided tor predioting on short notice the

intensity of spatfall that may be expeoted from the oharaoter of the

larvae picture.

5) Quantitative tests show that one must arrange to catoh the

initial wave ot spatfall since the spat oaught later in the season has

a poorer ohance for survival.

6) Two suggestions supplementing each other are offered to explain

....es in Mud Bay, and a tentative method for foretelling such
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failures on the basis of rainfall reoords and tide tables ia preseDtsd.

7) Several 8uggestiQlls have been made for the improvement of

cultoh and Qultching operatiQlls.

8) A catalogue of oyster pests is given. inoluding two new

enemies not previously desoribed.
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METHODS
sectim-u

In thie plaft will be described in detail the methode by whioh

the information presented in this paper we.s gathered. Suoh prooedures

oan then be repeated at any time in the future -,men oomparable data are

desired. We will also give what information we have regarding whether or

JIB to what extent the sampling in any area was typioal of the whole bay.

Ideally, of oourse, one would like to have been able to make extensiw

BUrveys of spawning, plankton larvae and setting in all bays and then

seleot stations and methods whioh proved most representative in eaah bay.

But Buoh a study would need to be made during the peak of eaoh of these

phasee of the reproduotive oyole in order to yield large samples of

statistioal valueJ and as it happened it was neoessar,y to get some idea

and anticipation of the reproduotive performance of the bays at onoe as

well as to visit five baye wlthin the short space of one tide onoe or

twioe .. week. Within these limits therefore we attempted what we oould.

SPAWNING

Since Ostrea lurida is a larviparous oyster, its recent spawning

as a female can easily be determined by simply opening the shell and

noting the presence of eggs or developing embroys within. One is

immediately struok by the presence of thousands of small ~ranules which

vary in color from white to gray as they develop shells. Possibly

through Bome early misinterpretation such gravid oysters are ailled

white-sick and gray-sick. That developing, shelled ~bryo8 are found

shows that fertilization mu~t have taken place and that other individuals

must therefore have spa1llD.ed as males around the same time. O. lunda

is protandrous and may spawn both as a male and as a female in one

season, though apparently it is not self-fertilizing.
ATables 4 - 12, pp,. 133-141)

Our spawning data/therefore represents only tne proportion of
/
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oysters in the s~pled population whioh have on a oertain date reoently

spawned as females and bear eggs or embryos. We also have distinguished

between those whioh oarried young, unshelled embryos (white-siok) and those

with shelled (oonohiferous, gray-siok) larvae. The only indioation

we have that distiDguishing betweE'.n the two may be of some usefulness

is that law larval abundanoe and relatively low spatting intensity

in North Bay during the season of 1946 was preoeeded by the appearanoe

of far lower peroentages of gray-siok than white-siok oysters in our samples,

muoh as if the embryos had been aborted or in some way prevented from

development to normal, liberated larvae• .

For a While we opened 100 oysters from a sample area but it was

soon found that the first 60 gave statistically the same values as the
..:.' ,e "9~;

100 and thereafter only 50 were openedAas a sample. Always the oysters

were Jtept in a saok out of water until opened in order that the liberation

or possible abortion of embryos would not occur. The sample was always

t;ken ' from a bed of mature o,ysters.

time prevented our 8~pling more than one area of a bay sinoe we

had to sample all 5 bays on one low-tide. Henoe we seleoted what appeared

to be a representative dike(designated in the spa~ng tables) with mature,

marketable--not seed-oysters and kept with that looal population all

season. The spawning data therefore giv~ a valid pioture of spawning

as-females of the oysters in a given place in the bays. No attempt _8
made to oompare extent of spawning in several looations in a bay on the

0"
same day. We were simply oonstrained to oh0Ate the most aooessable dike

whioh was most nearly in the oenter of the oystering area in eaoh bay.

That the sample areas · sel eot ed were in taot tairly representative of

the bays as a Whole is indioated by the reasonable oorrespondenoe

between peaks of larvae abundanoe (to whioh spawnings of~ areas

contribute) and anteoedent spawning waves in the areas sampled, including
~"'o • _~ D.Z. __ .L. _ _ ~ -- • • • • .:s A



But unless some further use of the spawning data oan be made, its

aoouraoy and representative oharaoter is really immaterial anyway since

(1) we note, as did Hopkins, that spawning intensity is not appreciably

correlated with larvae abundanoe, the total number of mature oysters in

a bay being of far greater rele~o.~, (2) that with the new type of

spatfall prediotions herein developed spawning information is not neoessary,

and (3) that there is no important oyster spawning problem in lower Puget. .

Sound. To have determined the latter was of oonsiderable value in

itself in direoting our attention to other matters.

PLANKTONIC LARVAE

Hopkins (1937) did not study the abundanoe of Olympia oyster

larvae. Henoe he predioted time of setting only on the basis of

spawning data. We investig~ted the larvae for the purpose of short-

time prediotions of spatting intensity an~ to learn the extent of

larvae produotion and whether deoreases in such could aocount for poor

sets when such oocurred. (Tables 13 - 19, pp. 142 - 148.)

All our plankton samples' were quantitative, oonsisting of' the lanae

and other ~lankton forms gathered by pumping or pouring 20 gallons of

undisturbed bay water through a net of bolting silk of' sufficiently fine

mesh to catch the smallest oyster larvae. The oatCh was then rinsed

into a bottle, formalin added and labeled by means of' a slip of paper

plaoed within the bottle itself. In the laboratory the bottle was

deoanted, then agitated and the plankton oontents poured out into a

oounting dish already laid on ~he stage of' a binooular dissecting

microsoope. Quiok dumping of the oontents at one side of the reotangular

dish resulted in a uniform distribution of the plankton mixture on the

bott om of the di she
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This glass bo1:1:omed coun1:ing dish was marked off syme1:rically in1:o

64 squares with a diamond point. All the squares orossed by 1:he diagonals

of the reotangular dish were subdivided eaoh into three equal parts whiCh

facil1tated "reading" the count when the larvae were numerous. When the

larvae were sdaroe. all larvae in all squares were counted) when numerous

only those lYing within or mostly within the squares on the diagonals

were counted and the resulting value multiplied by 4 for the total oount;

and when tremendously abundant",larvae lying in only one diagonal of
J4Jere.

squares ... oounted and the result multiplied by 8. Comparison of total

oounts with oounts of the 18 squares on the diagonals JC 4 gave. for a

sample of 42 total count a differenoe of 5.%. for one of 144 a differenoe

of 3% and for one of 1620 a differenoe of 3%. Henoe the shorter method

of oounting larvae in only the squares on the diagonals of the oounting

dish was generally used. without 8ignifioant saorifice in accuracy.

After ooun1:ing, the larvae were measured wi1:hou1: distuJ:bing the

oounting dish. This was done wi1:h a oalibra1:ed oooular micrometer or

Whipple diso. the oocular being rotate~ when observing eaoh larva to

line up the scale with the longest diameter of the larvae shell parallel

to the hinge line. Readi.ngs were to an aocuracy of at least r 6 miorons.

The first 100 larvae enoouJItered on a diagonal were measured without

seleoti on. Tests on a sample oontaining 616 larvae showed that if the

first 50. the first 80 and the first 100 larvae are measured. the

peroentage oomposition of anyone size did 0.01: differ by more than

3% in eaoh group. A similar test on a sample oontaining 38.678 larvae

measured by groups or 50. 70. 80. 100, 120 .and 150 larvae did not differ

in peroentage oompodtion of any one ~ize by more than 5%. Henoe

signifioant error in deter.minations of size composition of a s~ple

appears only among the very small or the very large larvae sinoe these

oomprise the smallest size groups.
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One ia espeoially interested in the abundance of .l a r gd , near

setting sized larvae as the most certain indication of the possible set

in the near future and of the intensity thereof to be expeoted. Therefore

it is here suggested that larger samples be measured when it is a question

of whether a oommeroial set will oocur or not, as in Mud Bay or South

Bay, and when therefore the proportion of large larvae will be very small.

It follows aooordingly that the data we give for percentage of

large and near-setting larvae and therefore the a bundanoe of the laDle

are 8usoeptable to oonaiderable error and are .t o be used as rough indioations

only. An idea of the variation in proportion of large larvae in oomparable

plankton samp._ is gained from noting the values for suoh givan in

'l'.ab1.e 20 • Sinoe several samples were taken in anyone bay on a

given date, the average percentage of large larvae in all samples was

used and the~e are given in the tabulationsof plankton larvae. In this

way the error and variati on resulting from measuring usually not more

than 100 lanae nor less than 56 was in part oompensated. In O. edulis,

Korringa (1940) enoountered a uniform proportion of large larvae at any

one time in samples taken at diffe.ent stages of the tide and at the

surface and on the bottom.

When we began our work we established stations up and down a bay

4lJ:@y- 5 I ::::) and sampled them in suooession within an hour. It lOon

appeared however that the extreme stations, down-bay, often yielded

relatively few larvae, depending on the stage of tide. This fact at onoe

direoted our attention to the %leoesdty for rwming horizontal seotions

on a bay during a tidal oyole to follow the movements of the larvae with

the ourrent. :lhese studies were done and oonstitute a quite thorough

investigation of the variation between plankton samples at different

looations in ,s bay on the same day. They are described in detail in

another seotion (P. 73 ).
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TABLE 20. PLANKTON LARVAE FIELD DATA, OYSTER BAY, 1949

DATE TOTAL COUNT· NO. LARGE LARVAE·· PER CDT LARGE LARVAE

May 21 16
8

June 2 416
8 8032

1104
7584

13 12,928
5,064
11,440

16 16,2-56
6,256

20 1~992

1~264

3;096
23 8:,112

a, 136
26 9,014 152 8

10,864 1,264 12 .
1,012 480 1

30 668 120 21
142' 24 11
3,976 104 18

July 5 13,536 208 2
8.456 408 5

8 2,288 128 6
11,856 528 4

11 8.640 144 2
5,360 16 0
2,112 64 3

18 960 664 69
6,960 480 1

21 2.088 400 19
1,480 480 32
1,360 328 24

21 2;632 416 16
1,672 312 19
856 112 13

* Total number of plankton larvae per 20 gallon sample
-ambo ' .

• *Described as "advanoed~ to setting aize".
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We now oame to the question of how well repeat samples taken at

the same looation or depth in rapid sucoession agree with eaoh other.

In Table 21 are given the results of the tests made. The larvae

oount~ given are of oourse to be oompared striotly within one

station on one day, apparent disorepanoies between the data of suooessive

days at a given station are due to fawrable or unfavorable tidal oonditions

obtaining at the time. General agreement as well as oonsiderable variation

will be noted in oomparing the duplioate samples, a point whioh we shall

return to in a moment.

Comparisons al.o were made between samples taken at designated

stations and others taken immediately following at a distanoe of a few

hundred yards away. The results are summarized in ~~ 2:3, P. ,152.

Again ceneral agreement but oonsiderable variation will be noted and will

reoeive oomment later.

During 1945 we established extra stations ("A" series) at approximately

the same distanoe up the bay as our regular stations but on the opposite

side of the 'bay . The pairs of stations were sampled in olose suooession

with no greater time interval than was neoessary to move from one to

the other. MU 23 presents the eomparative larva oounts tor paired

stations on the same day. The variation in this series i8 great and

therefore very disturbing. S. of it may be acoounted for by the faot

that the "A" stations were near or over oyster dikes rather than in

ohannels like the partner stations and henoe may have shown swarms of

larvae just liberated by the oysters looally. In any oase high oounts

were not oonsistently found for one station but first one and then the

other station would show higher numbers of larvae per 20 gallon sample.

, In 1945 a series of oomparative plankton samples at different

depths were taken in order to gain some notion of the vertioal distribution
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P. 153
of the larvae. It will be seen from TAb:le 241 that no oonsistent rule

of distribution obtains. It also appeair8 that one may mis.s the buU of

the larvae by sampling at the wrong depth. i'here is not much one can do

about this possibility of error sinoe depth samples with pump and hose

are most time-oonsuming. (Korringa, 1940, found no signifioant differenoe

in abundanoe of O. eduU8 larvae at surfaoe and at the bottOlll.)

For a amall number of samples the water was obtained by dropping

a length of garden hose over the side of the boat, SUlking up the wat~r

aIL
with • J 1 co impeller bilge pump and allowing it to run through a

plankton net into a 20 gallon barrel until the barrel was filled. Pump

samples gave slightly higher larvae oounts than duplioate buoketed samples
J.54

(see 'labl!' 25 p./). No orushed shells of larvae were found. Hence a

pump arrangement is satisfaotory for sampling oyster larvae.

We also oompared the catoh with pumped samples when the boat was

moving slowly and when :tim it was stationary. As shown in 'lIable; 25 ,

the samples are quite oomparable; henoe the boat need not be at rest when

samples are taken with hose and pump. (Cf. also Korringa, 1940, p. 40.)

The degree of variation we find' in plankton samples taken in a

bay at the time when and the locations where maximum larvae may be

expected b is shown in the data of 1948 as follows I



TABLE 22. LARVAE COUNTS OF INDIVIDUAL PLANKTON SAMPLES

TAKEN DURING 1948

DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY

June 16 1124 160
620

22 1827 112 3216 148
3824 1224 648 96

28 2088 2020 64 112
728 4912 112 , 112

July 1 1160 804 4264 724
6320 736. 16~ . 60
3264 512

6 12,224 6144 6440 . 1112
3.872 '6116 3432 1168

12,000

12 92 32
120 40
192 20

15 144 168
336 328
2424 12

19 2472 3200 524
5200 376

832
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In regard to the above one could certainly wish for closer agreement in
.

the samples and yet they are sufficient to the problem of determining the

relative larvae productivity of the bays and whether abundance is

adequate to provide the basis of a satisfactory set in each bay.

Now we may ask. what kind of pioture of oyster larvae distribution

in our blys do these tes.ts imply in the aggregate~ They suggest a Larvae

Mass whioh moves baok and forth in the bay with the tide and 'Which is

itself quite "spotty" with regard to density of larvae at anyone locus

within the mass. We may picture it as follows. having in mind that the

"spottiness" is found in the vertioal as well as in the horizontal

distribution.

(INSERT

(Picture Fig. 44 )

T.here is little doubt that extensive study would reveal more

order in distribution poth horizontally and in depth in relation to tidal

velocities. ooourences of channels. eto•• but suoh an investigation i s

not justi.fied in view of' the fact that the situations we have to deal with

. is : simply whether a set is going to be a suocess or a oomplete oommeroial

failure not profitable to oultch. Only if we were confronted oontinually

with "borderline oases" wherein the set was year after year on the edge

01' being worth or not worth the oultohing would it be neoessary to

determine the abundanoe 01' larvae with high aoouraoy. Practioally we

therefore use our knowledge from the tidal cyole studies 01' movements

01' the Larvae Mas s to looate apprOXimately the oenter of the mass in
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a bay at the stage of tide obtaining at the time of our visit and then

oruise about in this general area. taking several samples. trusting that

we shall hit ane or more "spots" of relatively dense larvae in the

surfaoe water. Samples are taken at a depth of about 12 inohes to avoid

surfaoe debris and p~ssib1. effects at vurfaoe rainwater and of wave

adtion. (Korringa (l940) finds that,2. edulis larvae do not drop out

of the surfaoe layer of the water either in rough weather or in aa1m).

The maximum oount in .a set of samples is used as representative

o£ the abundanoe of plankton in the Larvae Mass. It must be explained

why this and not the average oount is given in the tables and presented

in the graphs. There are three reasons. The first is that we must

postulate that the larvae abundanae is in fact not very ," j umpy" but

waxes and wanes in rather smooth oontinuity throughout the season)
a.p;W-inu~te theorehc.L del

and the maximum OOunt8A'~ such aAourve better than~the average oounts.

Henoe we have aonoluded that the maximum aounts more nearly represent

the true pioture than an invalid average of only a few samples. 1h.

seoond reason is that a given piece of cultch reoeives the setting

oysters fram a mOVing body of water and therefore if properly looated

will draw on the maximum density available. For although we do not know

what preoioely happens when Oetrea lurida larvae begin to set (a worth-

while study oou1d be done on near-setting larvae gathered in the field

and "set" in the laboratory), we may suppose from the observations of

Prytheroh on O. virginiaa (l934) that the situation is not like a

game of musioa1 chairs in whioh at a given signal, a 1ar118. has to set on

anything available. Instead Prytherah finds that the larva seeks and tests

the available substratum and if it does not find proper ou1toh may take

off and BWim again several times before it finally aChieves attaohment.

Eventually of oourse the larva will have to set even on mud with

oonsequent suffooation but we think it reasonable to guess that it has
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some time in which to test out the possibilities.

The larvae ourves in the bay-year graphs therefore show maximum

oounts per 20 gallons obtainable by our methods of sampling. In eO!Is _/~ six

lB••• a••• 'lzz • Cases throughout all these graphs were data omitted as

being oompletely out of line with the trend of lal"'Jae abundanoe. It was
antTh-&.LtJu,J' L"..,.. u.'u~$' (bld4'C4~~d by

oonsidered reasonable to disoount suohf..... a 13 nl 1'"1,. :iu ' " It ~h
~~",fAoel"~.r~~ tIu. 7ii.6l~t1' or L4r-tnte 46u."J4"c.ej .ri~ce ollvr."OCC.T!%Js::::..nDl ~ nea-&
~'1 t;I k 20 !lu.'cncJ. khea one is holes. tu lQi • 1&1. 2i~S I: =~
~.,.~a-,dr--~~ -. 07'f.L~ PHd r~a,~~c/oR-ta . ~vwa-iu~
tit " il tb • d • J siiia _: 0 aJa; b t _ aIJu-4a-c ~ et../4u ~s IA.Dir.

We shall not leave this topic without assessing the merits ot

~reastng t~e ,a. our aoy of larvae oounts· and determination of the larger

. size groups thereof. It has already been rem.~ed that the spawning

samples are now rendered unneoessary because (1) there is no "spawning

problem" that could not be solved by inoreased plantings of spawning

stook (as should be done in South Bay. tor instanoe) and (2) time ot

beginning spattall oan now be determined from the early spring Thermal

Trend without referenoe to time of spawning. The new prediotion method

presented in this publioation also makes it unneoessary to take series

of plankton samples in Oyster Bay and North BeYS as long as these bays

regularly produoe a oommeroial set anyway. Henoe one may advise that

the time saved be used in intensive larvae surveys when and only when

it is a question whether the oultching will be worth the oost or not.

as in Mud Bay. and South Bay in oertain years. In addition. one

plankton sampling in each of the bays a week before the date of

predioted beginning set ~ll check the foreoast and should make possible

an even oloser deter.mination of the date for optimal cultching.

It the planktonio larvae samples had been more aoourate and less

variable----which was impossible to aohieve in the time available----

undoubtedly suoh "jumpiness" as appears in the bay-year graphs would

have been largely smoothed out. But this is now water under the bridge.
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Let it be noted however, that the abundance of the data ~thered itself

made possible the simplification in pro~.dures later realized) and

furthermore that studies of magnitude of spawning, larvae growth and

abundanoe, and setting intensity establtsh norms which will permit the

looation of possible future diffioulties, as they have pointed to failure

of the larva to survive to setting size as the biological cause of S)erta~:spatting

failures in Mud Bay. Gaining a definite pioture, if not always as preoise

as oould be desired, of the quantitative aspeots of the stages in the

reproductive oyole in the various bays and"the normal variation thereof

thus represents an tndubi"table value, hOWever easily overlooked.

SEXfIHG

An adequate treatment of .spat f al l requires a quantitative determin

ation of spatting rates at frequent periods throughout the setting season

as well as of the over-all effeotive, surviving catoh whioh will oontribute

to the perpetuation of a stook of oysters R the beds. (Xables 26-39, pp. 155-168.)

After 1943 glass plates in weighted holders and ohioken-wire

bags of Paoific oyster shells were not used. Bags of shell are clumsy

to handle, they silt in on the bottom and, since the shells lie at random

angles as well as exposed or buried wi.thin the bag, the oatoh per shell

is extremely variable and large numbers of shell must be examined for

reliable results. If used for seasonal Qultoh they remain in the bay

long enough for disintegration of the wire to ooour. Glass plates

oan be held in the horizontal position for optimum"setting but we tound

that suob smooth surfaoes oatoh one half or less spat then oemented

oardboard or oyster Shells and "are diffioult and olumsy to"readU

for spat-oounts.

The test oultoh .ettled on oonsisted of strings of a dozen

market-sized. flat, uppe~ valve or "top" shells of the Paoifio oyster,
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Ostrea gigas. Only olean shells of as uniform size as could be seleoted

on sight (average o£ 11.6 squant inches . 'eaoh in a sample of 100 measured)

were punched in the center and strung on heavy galvanized wire with the

inner faoes of the shells faoing dowaward. ~e ahell-strings were then

suspended fram frames placed in the oyster dikes so that the shells

were horizontal and always covered with water at low tide. Shell strings

were taken to and removed from the shell racks at regular intervals

throughout the sUIl1Iller and each week dU1"iIl:g the setting season a fresh

string was labeled and hung on a rack to remain until the end of the

season. Two overlapping series of weekly strings removed in alternation

bi~eklywere used during some years.

When the test oultch strings were removed from the bay they

were hooked on a oarrier raok in suoh a way as to keep the shells from

jostling against eaCh other and scrapping . off spat. At the laboratory

the shells, now dry. were examined one by one on the smooth under surfaoe

only and the spat oounted under a binocular dissecting microscope. A

microscope is essential for distinguishing between mussel or barnacle or

bryozoa set and oyster spat. With good illumination the bright. white.
~~If. ~t.

inner surface of the shell results in"the"spat standing out in an altogether JL

anA. _r ca.., rJuu.-efiye d~~ite J~~ r~tes Jf7nr-,I1t1.!/ ~-tIt-x ha.ve~ to LvdC~~ pr-.r ~
satisfactory manner1 When the spatting was heavy. guide lines were s/J~ Izl, ~.ri:Jt:

. 4.~ ~ necesro-,y
,Iuc"tlt, tlt.e t:e_en~~c{

drawn on the sheIla to facilitate counting the spat. ~pt.k ~e..rr
callJch- u.recl c",,

HDlLahd .Two strings of 12 oultoh shells eaoh were put out together as

"weekly striI18s" in eaoh bay. Usually all 24 shells were examined and

the average spat per shell determined. The number of days the shell

was in the water was aleo considered in calculating the average number
fitres

of spat per 100 shell.~per day whioh we call the 'Set t i ng Index. a measure

of the rate of spat!all so formulated as to exclude "unintuitable" decimals.

The oultch string pairs therefore constituted duplicate samples.

and that they agreed very closely is a sign of the reliability of the
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method. Thus in Oyster Bay during 1944.for examplej duplicate samples.

gave the following values for successive periods throughout the setting

season.

,1 176 1023 838 1961 978 2107 556 527 378 622. 238 1795 50 37 7 9 5
,2 196 815 704 1326 764 2570 497 562 360 661 137 1322 59 37 9 6 4

The uniformity of results shown amply answers the •••Ii'.'.". objection"that

shell-strings are altogether unsatisfactory because of their irregularity

in size and shape.

Sinoe there was time on a given low tide to visit cnly one

cultching station in each of the bays. the question arises whether the

spatting at the site chosen was typical of the whole bay. We located cur

test cultoh racks 8S 010se1y as possible to the oenter of the area in eaCh

bay which is oultohed commercial1yj and arranged that they were not plaoed

near dike walls. spillways or other atypical locations. The same dike

stations were kept from year to year with insignifioant alterati~ of position.

In Oyster Bay the test .cultoh was on the East side o~ Dike 5 of

the Olympia Oyster Company. ~ing the 1946 season four add!tional

the agreement between these file stations i8 greater than one

. ,, . ,
8e1;tin~ data' is r~pr~8entatlVe ~t ·t l?e l;lay and. tl1at it is the most aoourate

. .

the heart of the. ou.ltcbirig ·area arid Bul"118 Point is adjacent to the sink:
~ " , I' •

' . ,

·i n whioh f'19a~i,ng oulton' is !noared. It -1s the.ref~r. i,~4icated that the

•

) were cultohed. Setting data

('INSERT Table.:40) (P. 66)

at these five different locations is oompared in .~Ql. 40

, .
wol:lld have perhaps eXpeoted although 1t is to be noted that Dike 5 and

~UX"ll8 P"o~t are about t~e same distance up-bay. Nevertheless this iii

dikes at Burns Point (aee Fig. 1



66

~l"g I'I~"

TABLE 40. S aal Setting IndicesAat four Burns Point dike stations
in Oyster Bay compared with Dike 5 station

Setting Index at Mid-dates

Burns Point Dike June 29 July 6 July 12 July 19 July 27 Aug. 4 Aug. 11 Aug. 17 Aug. 24 Sep. 4
-13 -20 -12 -18 -25 -5

No. 1 620 1718 703 263 107 529 1750 1440 245 181

No. 2 1164 4004 1718 398 206 637 1955 2745 620 454

No. 3 1070 2202 1092 399 166 602 2098 1507 616 147

No.4 813 ·3575 1027 686 221 522 1643 1918 836 204

Average of all 4 917 2875 1135 436 176 572 1861 1901 580 246

ComparaDie setting 800 2700 600 200 150 400 1000 2000 800
at Dike 5
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of all our groups of data.

Seasonal strings were taken up in the fall and spat counted

on both sides of the shells. One oould therefore tell how muoh set

acoumulated on cultoh put into the bay, on or near the date the test string

itself was set out. The spat were measured and the larger spat from the

first peak of spatfall usually separated from the small spat fram secondary

waves of spatting. A large proportion of the latter were invariably

found to be dead and only the large spat are tabulated in the tables of

seasonal oultoh as being the effeotive. surviving oatch of the season

(see P. 87). (Tables 41-46. Pp. 169-174.)

LARVAE SIZE AND ABUNDANCE

It is of oourse quite simple and possibly instruotive to determine

the size distribution of Olympia oyster larvae obtained in the plankton

samples. In this connection one wants to find the answers to several

questions.

1) 18 the larva Mass well-mixed as to size groups. or do oertain regions

and samples show different proportions of sizest

2) Is there a stratifioation of larvae sizes such that. possibly. the

larger and presumably heavier larvae tend to layer in a deeper level of

the water?

3) Are there definite modes in the range of sizes. and can suoh sile groups

be followed through to setting?

4) To mat extent can intensity of spatfall be foreoast from abundance ot

gr~ng planktOn larvae?

These questions will nOlI' be oonsidered to the extent of our present

informaticm.

. l)HORIZONTAt DISTR~BUTION OF LARVAE SIZE GROUPS

One would like to know whether a plankton sample at one-toot
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depth taken anywhere in the bay on the same day will yield the same

proportionsof size groups. Again there was not sufficient time for a

thorough survey of the problem and we had to oompromise on a quick

review of certain samples for the praotioal purpose of testing whether

our assumption of uniformity in distribution was entirely erroneous.

The samples fram a horizontal seotion of Oyster Bay during a cycle of

tides on 8 August 1944 accordingly were looked over by the staff member

who customarily measured the oyster larvae in our routine. Of a total of

33 samples, 20 were designated as having a "high" percentage of large larvae,

2 as having a "good percentage", 2 with a ."fair" peroentage, one a8 having

"very fewM large larvae, and 8 were at the periphery of the Larvae Mass

and so .oont a i ned too few total larvae for s~gnificant oomment regarding

size distribution. Henoe 80% of the samples which oantained~oonsiderable

numbers of larvae up to 640 per 20 gallons showed an obviously high

percentage of mature larvae and 88% were reported as being "high" or

"good" peroentage of large: ferms·. We therefore conolude that the mixing

effect of daily tidal currents is acoomplished and that variations in size

distribution of larvae from plaoe to place in the bay is a minor

consideration.

2) DISTRIBUTION IN ·DEPTH OF LARVAE SIZE GROUPS

Sinoe studies of the size distributions of larvae with referenoe

to depth of water should be done when the reproductive season is in full

swing and there are abundant oyster larvae, we have been unable yet to

make adequate investigations on this point because ail suoh a favorable

time we have alWfIB been too oocupied with following the set in addition

to sampling the plankton. We shall however report what indications we

have even though they are not oonolusive, having in mind that they may

give us probgbi11ties if not oertainties and guide the course of further

studies.



i! ') '

69

On September 5th, 1944, at the end of the season when final

traoes of larvae in the water were spatting out in the last surge of

spatfall, a minor study of size distribution in relation to depth of water

was made in Oyster Bay. Water samples were obtained by hose and pump and

filtered through a plankton net in the oustomary manner. This was done

at about two hours after 1ft water on a 11.2 foot tide, therefore when

the larvae were subjected to oonsiderable flooding tide ourrent. 1he

information obtained was as follows I

(INSERT Table 41)
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TABLE 47& SIZE DISTRIBUTION IN RELATION TO DEPTH OF SAMPLE~

OYSr£~ BA~ ~,~J1 .... S; 1'144

Diameter ~t larvae STATION 8 STATION 9
in miorons Oft. 3 ft. 6 ft. Oft. 2 ft. 3 ft. 6 ft. 11 ft ••

"small"
168 4

192 20

204 12 12 46** 34;-

216 4

228 8

240 20

"large" 1ft

2'~262 24 34t.
264 8 8 4-· 12l
288 8

312 4

Total larvae 8 32 68 8 0 36 68 24
per 20 gallons

* One foot off bottom.
eSE>•• In th..- samples the larvae were simply grouped as under or over

240 miorons in diameter.
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These data when ooupled with the faots (1) that we do find large

larvae up to setting size in our usual I-foot plankton samples and (2)

that we find good set on floating culton. show at least that there is no

exclu8ive stratifioation of larvae sizes. We have therefore aoted on

the probability that the different size groups of larvae are relatively

evenly distributed where they ocour.

3) THE POSSIBILITY OF FOLLOWnJG LARVAE GROUPS THROUGH THEIR PELAGIC LIFE

TO SETTING.

On this subjeot all that needs to be said is that sinoe the
u~u-"y

spawning period of the Olympia oyster iSAs~ protraoted~ larvae of all
.
sizes are found in the plankton throughout the season exoept at the

e4sll,y
beginning and at the end. Henoe one oannot eJ 1y follow the outcome

-
of a single spawning as is possible with the Japanese oyster and

T~ ~rkHi 10 e.-/4"dc tn1e ("4/1. is
Ostrea virginioa whioh have sharp spawning peaks. iHM'C6tklll", H9u-eS' ~'-70.

4) RELATIONSHIP OF ABIDID~E OF LARVAE TN GENERAL AND OF LARGE LARVAE IN

PARTIC.ULAR TO INTENSITY OF SPATFALL.

The graphs of the bay-years herein presented show the curves of

the abundanoe of large larvae and of total larvae per 20 gallon sample

of bay water. This is the data we have to go on in predioting intensity

of aotual set'ting whioh is also shown in these graphs. (The exoessive

proportions of large larvae recorded for 1949. and 1950 may be regarded

with some soepticism as possibly a trend in the observer to include smaller

and smaller larvae in his "advanoed umbo and near-setting size" group.)

Abundanoe of total larvae and therefore also of large larvae is

of course oorrelated with the number of spawning oysters in a bay. ThU8

Oyster Bay has the most extensive beds and the greatest abundanoe of
. -

larvae. and Mud Bay. North Bay and South Bay follow in that order.

South Bay apparently does not produoe enough larvae for a gratifying set.
a6~J

(We ami t cQC.s.ideration of Oakland Bay beoause of the Cia Ii ms oiroumstanoes
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in thisAarea).

'I ~

Cor.espondingly, Oyster Bay leads with the highest average
~

intensity of' spatfall. North Bay can hawever"produce surprisingly

high Setting Index maxima with a rele:tively low ooncentration of larvae
all

(vide 1945 and 1948). Very roughly speaking, iI/the other bays the area

under the first settipg ourve is equal to the area under the first ourve

ot larvae abundanoe, as plotted on the coordinates ohosen in the bay-year

graphs. This is indeed approximate, but allows one to get some idea of'

the extent of spatf'all to be expeoted betore it oocurs. A further point

1s that larvae which have attained three-fourths of their growth or more

toward setting size must Feaoh an abundanoe of' about 100 (or greater) per

20 gallons betore substantial setting oan begin. The greater the abundanoe

of' large larvae above this figure the heavier the set.

. .'..
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DISTRIBUTION OF LARVAE DURING A TIDE

In order to obtain aoourate and representative plankton samples

it is neoessary to know the efteot of the movement of the tides on distribution

of the pelagio larvae. To this end a number ot surveys were made in

which one either sampled in one spot oontinuously. oruised rapidly up

and down the bay taking samples during a run ot tides; or stationed a

man sampling trom a boat at eaoh ot several looations throughout the length

ot the bay. The results proved very interesting from several standpoints

as previously noted (P. 29 ) -.l will now be disoussed in detail.

1) Tidal Cycle Plankton Study or.Oyater Bay. Station No.9.

Aug. 8. 1944.

On this date our boat was anChored at Station 9 for 13 hours and

plankton lamples taken at 1 toot depth every 30 minutes. In addition a

few samples were taken by skift at Station 8. All samples were 20 gallona

in 'VOlums. The rield data i8 given in Table 48 ot the AppendiX (P.175 ).

The findings are summarized graphioally in FigUre 45 • ~e

Oyster larvae ourve was smoothed by a moving average ot threes. Height

of the tide throughout the period is oaloulated as for Burns Point.

whioh is just aoross the bay trom Station 9. In addition. a curve ot

tidal current velooities is supplied. This was caloulated from U. S.

least &Geodetio Survey Tide Tables as for Dottlemfyer Point at ~e

mouth ot Budd Inlet. As suoh they are only suggestive and do not r ••••• atl,

represent the actual ourrent velooities at the time up in Oyster Bay. but

they are the ~l~ data ot this type which we have available.

!he wide range in plankton laru,e abundance possible at this

one station throughout a tide is apparent. individual samples ranging

from 4 to 772 la'rvae per 20 gallons.

On the basis of ":ibis one study it could not b8 deoided with

oe~ainty .ether the larvae move ul> and down the bay or merely oome to
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the lurfaoe layer sampled, due to some aotion of tidal ourrent; for the

feaa of abundance at Station 9 correspond both to mid-tide stages and

to maxima in ourrent veloeity. _But sinoe oyster lal"'V8e are purely pelagio

it il reasonable to suppose that they move up and down the bay with the

tide. A further point is that if tidal ourrents merely brought them to

the surfaoe, then the greater ourrent velooity at ebbing should be expeoted

to yield the greater larvae abundanoe, yet the peak at maximum flooding

1. far higher. We need not speoulate however because further BUrv8)'8' to

be desoribed amply demonstrate that the Larvae Mass moves up and down the

bay with the tide.

Starting at early morning high tide, then, the Larvae J4asl il

up-bay from Station 9 (Fig. ~ 47). As the tide ebbs it oomes past the
. .

station in an initial wave of larvae abundanoe. At low tide the masl

i8 d01ll1-bay~ As flood begins the mass then moves baok to Station 9 and

then beyond.

From this study it is olear that at Station 9 in Oyster Bay

the samples should be taken at about 3 1/2 hours before high tide to

give a measure of the maximum density of the Larvae !lass.

We now have to explain~, as the Mas. moves~ the bay

past Station 9 at eb~ing, its density is less than when it returns !£

the bay on the flood. A oertain observation may here be relevant, namely,

that when Ost"a lurida larvae are kept in an aquarium. in the laboratory

with no ourrent they invariably oolleot and remain near the surfaoe.

Henoe they appear to be negatively geotropio, always tending to swim

upward. in the water an.d ~o keep tb.emselves at the surfaoe by oontiJ;lUoul

aoticm. of the velar oilia-. If thil is true in the natural habitat, then
J

our-:r..~e Xa~8 ~f be viewed .1 generally tending to lie ... or near the

surface of the bay.

~gi~tio~,of th~ ~ter by tidal ourrents would result in the. .. ,
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mixing of the surfaoe water wi.th deeper layers, with high ourrent ve100ities

at suoh a rate that the larvae had not time or were pwer1ess to come to

the surface. fhe hypothesis is therefore offered that the reason the

larvae abundanoe is less at mid-ebb than at mid-flood is that at the

former stage of the tide the ourrent ve100ity with its ohurning and miaiDg

action is greatest and drives part of' the larvae out of the surfaoe layer.

The reason the tide ourrent is greater en ebbing than on flooding is of'

course that the run-out of water oonfines it more to the center-line of'

the bay and hence has the ssme effect as a .cons t r i ct i on in a pipe• .

It follows that to obtain a measure of' the maximum density of

the Larvae Mass samples should not only be taken at the time mentioned

but a180 in an area near Station 9 away from channels and ha_Dg the

minimum velooity obtainable at mid-flood tide.

2) Study of' Oyster Bay, Station No. 9,A July 9, 1945

Station 9A is otf Burns Point. The da'lsa obtained in the surveya

are tabulated in TAble 49 P. 176 , and graphioa1ly set forth in

Fli.gure.... 46 •

(INSERT Fig. 46.)
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The larvae ourve again shows a general rise around mid-flood

tide. Differenoes from. the cycle previously described are (1) that a

residue of larvae are still found at slack low tide and (2) that the peak

of maximum. abundanoe is bimodal. Thus within a half hour. from 5.30

to 6,00 PI( we obtained a range of 4000 to 6400 larvae.

Now from the contour of the bay at Burna Point as well as from

the observation of oysterm,n we may say that it is probabl" that there

is a back-eddy or "whirlpool" at station 9A whioh oould aooount for 'the

differenoes from the resul'tia at Station 9 across the bay (8ee also

( .
- ,.-1

~b1i' 23 • P. 152 ).

We oonolude first, · that the general pioture of the movement of

a Larv~e ~ss back and forth p~st an up-bay sampling station ~s confirmed,

and seoond. that other faotore. presumably of the Dature of back-eddies

make lta'bion 9,& somewhat \msatisf'aotoBy for sampling as oampared with

Our regular Station 9.

3) Horizontal Section Down Oyster Bay, July 24, 1945.

On this date we took our boat up and down the bey at a time from.

mid-ebb to low tide, sampling at the stations designated in Fig. 47 •

(INSERT Fig. 47)

v

i
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!he stations ran all the way from the mouth of Oyster Bay to

Station 9. Changes in the larvae counts (1 ft. samples, just below

the surface) are shown in Figure 48 •

(INSERT Fig. 48)

Each point in the ourve., indioates one sample. It is olear that

the Larvae MaS8 ebbed down ·t he bay uDtil low slaok tide, but watt no

farther than off the Patterson grounds on this -2.1 foot run-o~t. Henoe

at a very low tide the mass of larvae still do not move more than half

way down the bay and so are conserved within this body of water. Combining

this survey with others, we may say that the Larvae )(ass moves baok and

forth from above Station 9 to just around Deepwater Point.

4) Tidal Cyole, Oyster Bay, Aug. 7, 1945.

•P.l77

Four stations were sampled regularly throughout a tide; Stations
. J'/atlln SS'A

9, 9A off Burna Point, Station 8, andrei' RZMma '5 glz" $1 about half way
CP 9· 4 V are

between Stations 8 and Jl The data/~epresented in Table 50

and, graphioally, in Figure 49 •

(INSERT Fig. 49)

<,
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from left to right we note the following a

a) At low tide the larvae are not in the region of these stations

but are down-bay from them. as shown in the studies above.

b) :Maximum larvae oounts were again 9bt~i:.e.dat about 3 houri before

high tide.

0) .B:! stations showed maxima at this stage of the tide. For thil

there i8 no apparent explanation. but the general unevenness of the Station 9

ourve may possibly inUoate a ourious serpentine swirling of the Larvae

Mass on this tide.

d) J4i.d-bay stations are lowest at high tide and low tide. thus

showing the tidal movement of the ma88 passed them.

e) Highest oounts were obtained at just past m1d-e~b tide. T.nia

i8 unusual as oompared with the other oyoles and may be explai ned on the

basis that the low tide to come had a run-out to only 5.9 feet (ie. was

a "high" low-tide) so the ebbing tidal ourrent velooity could not have

been strong and the larvae were not ohurned out of the surfaoe layer.

During this oyole Tollefson operated a ourrent meter at Station 9

in order to determine aotual velooities of warer movement during the

flooding tide. The curve of tidal current velooity is shown ia(F1gure.4~"

e~ W, smoothed by a moving average of threes. Note that the maximum

current at Station 9 during flooding ooours soon after slaok water. It

'WOuld be interesting to extend suoh studies to ebbing tides and t :o olleok

whether rapid ourrents do in faot mix surfaoe with deeper layers and so. .

dilute the larvae by spreading them vertically.

gran

possibly beoause the location is farther away from ohannels in which the

tide run. swiftly. At the ' former loous the larpe oounts showed a

beautifully uniform behavior. while the "jumpynessW of oounts at Station
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9, it typioal, is , not conduoive to reliable results in ordinary sampling.

It is also to be noted that Station 9A at no time gave an adequate indioation

of the maximum density of the Larvae Kass and so is indioated as unsatisfactory.

Modifioation of sampling prooedures aooor~inglymight result in a better

pioture in the curves of larvae abundance. in the future.

5) Tidal Cyo1e and Horizontal Section in Oyster Bale Aug. 23, 1945.

The results of this su'myare given in~~

Figure 50 • Stations weNt the same as shown in Figure 47 , and were

sa~pled at 1 foot depth.

(INSERT Fig. 50

It is fairly well indioated in this survey that the Larvae Mass

:ruove. down the bay with ebbing tide, though the picture is somewhat
1(

irregular, possibly due to churning etfect of the switter ebb-tide

currents. But is is obvious that the mas. moves up the bay on the flood,

maxima following tram one station to another progressively up the bay.

Highest oount was obtained at Station 9 at 2 hours and 20 minutes before

high tide. Again we see that this station should be' sampled at near

mid-flood to give an adequate measure of the mn1mum density of the
.,

'Larvae Mas8.

6) ~da1 ,CYCl e ,~tudy of !lster Bat, July 1, 1946.

In this study lit Glud, Tolletson and Lindsay, we };lave a fine serie.

or samples during a big tidal run-out in Oyster Bay, extending in looation

all the way from the mouth of the bay up to its highest reaohe. above

· .

Station 9. The stations are designated in Fig. 51 •

(INSERT Fig. 51)
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The date. are assembled in Table 51 • P. 178. and set out pictorially

in Fig. 52. Subsurface samples. usually at 6 foot depth. are available

for down-bay stations.

(INSERT Fig. 52)

This survey looates the Larvae Mass as moving between Station B

and Station I during the oourse of a tide. At high tide it appears that

the oenter of the mass is at Station C. just above Station 9. while at

low tide it has drifted down to between Station H and I. off the Patterson

grounds. Jlaximum. larvae oount was obtained in samples at Station C.

at 1 3/4 hours before high tide and larvae abundanee at this ' l ocat i on

was possibly still inoreasi~g at the time samples were disoontinued•

.As before. this flood maximum. ~I higher than any maximum during ebb

tide. At Station 9 CD) maximum counts were obtained at 5a37 PM or :5

hours before high tide. as also noted from the other surveys previously

disoussed.

Although we have no complete series of sub-surface samples for all

stations. if the trend of thos8 taken at Stations F and G are indioative.

then the larvae of up-bay stations at mid. and high-tide are conoentrated

near the surfaoe. At down-bay stations at low tide. however. the mass

of the larvae is not to be found at the surfaoe but deeper. This finding

, seems to oontradict our hypothesis that during the 'll]:a'ok; 'tide "

ourrents the larvae are '-f ound ,pr.~domi:nantly..at. the csurfa.ce~_ :'" _- .~

layers of water. for at low-slaok tide they are definately not to be found

in abundanoe a-t the surfaoe down-bay. Yet i-t is still possible that the

mixing etfect ot the ebb tide ourrent may persist during low-slaok water.

Only further studies oan clear up this point and explain why the larvae
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are sub-surfaoe at low tide down-bay if this is in fact always the case.

At low tide the mass of the larvae were found in no surface samples

are to, and Table, 52 P. 179 • and Fig. 54

(INSERT Fig. 53

Fig. 54)

shown in Fig. 53

plant on the west or ohannel Bide of the bay at full high tide. Henoe

7) Mud Bay Tidal Cyo~e. July 30. 1950.

On thi8 date Lindsay. MolLillin, Wicksten and Sayee surveyed the

larvae pioture in Mud Bay .during a fair tidal run-out and return. A

good stock of larvae of straight-hinged to near-settini size was present

in the bay at the time. Samples were taken periodically at the stations

at any of the stations. Considering the Oyster Bay oycle just detailed

(Fig. 52 ), one may guess that in Mud Bey a180 the larvae are for some

Bay, the larvae are retained wi thin the upper extent of the inlet.
. .

Sinoe the aamples oontained a fair portion of near-setti~ size lar~e.
"-

. ~lder
this ocmtineJDe12t of thl' ••• i. IftlelJ. to app2y a,I., to" larvae which haw

it is olear on the basis of present surveys that field trips should be
S~tn1JVA

planned to 8ample Oyster Bay at B '3 hours before high tide and at

be eOnJIulted for the findings.

The mass of the larvae were found at up-bay station. at high tide

and dhappeared from there at low tide. Maximum oount and a true iJidiqatian . '.(.

of the abundanoe of larvae was obtained only at Station A off Ellison's
. -

Mud Bay off Ellison's at high tide.

reason yet UlJknown bel~ the suri'ace layer at low t~de. A. i'urther

investigation on this ~oint 'Would be worth while fO determine the looation

of the La.rva .Ha8~ throughQut the wnole exoursion of the tide.

Of pmioulaf impo~~e 18 the faot that in this b~,. as in Oyster- '. .
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been drifting about for 20 to 30 days. l'hus the maximum sample (A.-3 at

7.00 PM) had 2% setting size larvae as also did D-I at 3.05 PM. Therefore

we may disoard the hypothesis onoe advanoed that set failures in Mud Hay

are due to "leakage" of larvae- out of the bay on low law-tide run-outs.

This suggestion was made on the basis that Mud Bay has a smaller water

volume than Oyster Bay, in the proportion roughly of' 209 to 337, and so

might be expeoted to flusJ1 out more extensively. Naw we must look for

reasons for the disappearance of the older larvae during "off years"

in Mud Bay, possibly in the direotion of unfavorable salinity ohanges
11+

as disoussed previously (P. -bl:.t ) whioh gradually deteriorate the larvae"

finally effeoting their demise after they are half grown.

8) Tidal Cyole of Bottom Samples, North Bay, June 6, 1944.

North Bay has presented a special problem in that usual prooedures

sometimes failed to shaw an abundance of larvae oommensurate with the

high rate of spatfall whioh later appeared. We have data on a tidal oyole

for this bay taken- at from jUs't before a low l"-tide to high tide.

Unlike the other oycles. this was an early-season survey, taken before ~

the larvae population had yet attained its malrlmum. abundanoe (see the
ss«

bay-year graph of' Fig. 11 ). Sampling stations are shown in Fig. -t'

and findings are given in Fig. 55.

(INSERT FIG. 55)

•
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In this bay as in others it is seen that the t.arvae blass moves up

the bay at flood tide and prelt\UDJIbly drift. to somewhere below Sunburn

Point with the ebbing tide. Maximum oount was obtained off Victor at

about ~ 1/2 hours before high tide. and greatest abundanoe at Station 12

was found an hour before high tide. The Larvae Mass enters North Say

proper from Case Inlet about 4 hours before high tide, and there is not

muoh differenoe between Victor, Allyn and Station 12 in sampling exoept

that the latter shows oonsistently higher counts. It is indicated that

at high tide the mass of la~e i8 above the power-line towers in the region

of the Sargent oyster grounds.

Now this survey contained only bottom samples, of varying depth

depending on the stage ot tide. It is UJ'lfortunate that we have no

oomparable surfaoe samples at . one foot depth on this date. Counts of

North Bay surface samples on dates »~ore and af'ter June 6th were

as tollowsl

Station 12

Station 11

Station 10

June 2

348

164

568

June 12

16, 36 (two samples)

360

336

We shall therefore oonsider 400 larvae per 20~gallon sample as being a

reasonable estimate ot 8urface c'ounts an the date of the tidll cyole.

Sampling was poor from the start ( 1 1/8 hours before low tide)

until 2130 PM (4 hours before high tide) after which the -l arvae abundanoe

encountered was near the fi'stimated surfaoe sample value. But at their

maxima, the bottom samples exceeded by more than twioe the probable

oount at the surfaoe.

In explanation of this important indication from the data available

we return again to an interesting laboratory observation hamely, that when
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£. lurida larvae are plaoed in an aquarium and a layer of fresh water

pIaoed on top the sea-water. the larvae rise to and remain at the inter-

£aoe but do not enter the fresh water layer and are not seriously affeoted

by its pre_eae. Thi8 of oourse duplioates in miniature the Norwegian

oyster "pollen" in whiCh oyster-seed production at low air temperatures i8

made p~8sible by the thermal insulation of' oonfined ponds with a surface

layer of fresh water. -'- fW z,/4t
1'"'1'6fI'"~atbre ~ hutJ 0/ ,-are .J

Now in North Ba3Awe have a relati'98ly small area into whioh empty
tm~ Ht-.:- (f'tU,a~ t/u. o~rbr f7nru-rds.

two large 8treama~(Shel"WOOd Cree~ an~(Coulter CreeJ#/ It i8 therefore

possible that a signifioant sheet of' fresh water may be prevalent in

this bay and indeed oertain of our ohlorinity tests seem to bear this out.

It so. then the normal negative geotropism of the larvae may be oounteraoted

by their avoidanoe at fresher water with the result that they remain most

abundant at layers below the surface.

All this is oonjeoture to be sure. and further studies will be needed

to clarity the larvae picture in North lay. But a practioal result has

been gained. namely. the presoription that for adequate sampliDg in this bay

the stations mould be visited at about one hour before high tide and

sub-surfaoe samples taken.

The ooncept ot a moving Larvae Mass which resulted trom the tidal

oyole surveys has been our guide in plankton studies. At tirst it was

thought that one might apply a correotion-tactor by which larvae oounts

at a given looation at any stage of tide might be converted to the

"maximum available larvae". but we soon 8aw that this could not be done with-

-out very oomplete series of plankton-tidal oyole 8tudies 80 that we

pursued another alternative. We have been oareful to sampl. when and
, -

Where the pelagic larvae would be found in maxiDlum abundanoe. It

remains ohly to disous8 why we have em;p~oyed maxiDlum larvae oounts rather
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6e~
than averages as the ,IcpOI measure of the effeotive larval population.

If ~he larvae were spottily distributed throughout the bay end if they

set all at onoe, at the firing of a gun so to speak, then • ...il, and only

then would average larva1 .oounts be the best measure of magnitude of spatfa1l

to be expeoted. Neither of theBe assumptions are fulfilled. Instead,

the larvae form a whole mass Whioh moves together, is densest oentrally and

fades out at the periphery; while setting draws on this reserve of potential

oysters over a pretraoted period of spatfall. T.neoretioally t he population

of the entire mass oould be determined but this is not praoticable in the

time available on field trips. Bence if one is restrioted to taking a few

samples on any day there are only 2 end-points attainable: zero oount at

the periphery of the Larvee Maee or maximum oounts near its oenter. It i8

olear that one has to ohoose the latter and that maximum samples are the

best indioes of the potential setting population available in a bay. In

praotioe several samples are always taken and the maximum taken as the index

of the larvae populatian on a given date. Larval ourves in the 'bay-year

graphs are all based on maximum larvae oount. obtained.
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IJ4PORTANCE OF THE EARLY SET AND INSIGNIFICANCE OF THE LATER

fhe Setting Index or rate ot spattall on tresh QultOh trom week to

week 11 one thing and the spat acoumulated throughout the season on oultoh

put out on a oertain date is another. Still another oonsideration, and ot

oourse the most important one from the practioal viewpoint, is how muoh ot

the aooumulated spat survives through the summer and winter and therefore

effeotively adds to the recruitment of new seed oysters.

It is apparently the experienoe of the oystermen that th" ti:rst

waft of setting in the season 18 the "good"one': and that failure to oatoh

this set oannot be made up 'dur i ng seoondary or later 8urges of spatfall.

This oonolusion is amply oonfir.med and quantitatively evaluated by our

studies in Oyster Bay.

Let us begin by refering to our data on seasonal Qultoh strings put

out in Dike 5, Oyster Bay, on 8uooessive dates in the summer of 1946. All

8trings were brought into the Laboratory in the fall and large and mill small

spat noted and tabulated as follows.

No. Live spat per shell when string removedDate €ultoh
string put into
bay

June 18
26

July 2
9
15
23
30

Aug. 6
13
20
28

Large I

amm diem. & O"O"e r

136
115
93
o
3
o
o
o
o
o
o

Small I

Under 8 mm diameter

63
62
86
168
209
210
243
242
210
77
92

By refering to the graphioal presentation ot this reproduotive season

(Fig. 19 ), it is olear that the earliest oultoh, ot June 18th, oaught

the maximum of spat whioh had time to grow to about one oentimeter in diameter



by the end of the season) whi l e the oultoh strings of ·July 30th and August

61:h, put in just as the second wave of setting was beginning, caught the

maximum number of spat whioh, beoause of their tardy setting, did not have

time to aohieve considerable growth by the end of the season. During thia

same year (1946) rollefson made a oomprehensive iDtestigation of the matter

whioh 18 now summar.ized.

On 9 different dates throught the setting season three sets of l2-shell

oultCh strings were put out in eaoh of 4 adjacent dikes at Burns Point in

Oyster Bay. One set was taken up in early fallon September 11th, .
the

another was removed from the dikes on January 6th, and/third was allowed

to rem!1in out until April loth or early Spring of the year following the

catch. Surviving spat on the shells was oounted and averaged for each

string. The results are presented in Tables 53 through 55 and "dSpi c'te.d ..

in Figure 56 whioh also sh~ the week to week average spatfall in the

four dikes during the season (from Table 40, P. 66 ).

(INSERT Fig. 56)

Spat counts at Burns Point ran somewhat lowe~ than in .Dike 5, as noted

above, but the same 'two marked peaks of spatting are evident in the strings

taken out of the water on Sept. 11th. At this time most all spat on the

oultch put out from June 25 to JUly 23rd was large 'While strings set out

after that date showed only smell spat.

The graphical sununary of the results of this study "·is most instructive.

It shows very dramatioally that only cultch whioh was put out in time to

oatch the first peak of spatfa11 came through the winter with a substantial

surviving set. Although later cultoh caught great numbers of spat during
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a seoond wave of spatting, the mortality of this spat was around 93% by the

following spring. It is also olear that almost all the spat which survived

to early January oontinued to live until April and proba'-ly would have

oontinued to survive from then on 'with what might be oalled normal mertality,

And this wes the oase even though the month of January in 1941 was unusually

oold, the average air tenperature at Olympia falling 3.S~ below normal.

(Comparison with seasonal floating strings, Table 2, P. 33, is not apropos

since there is an unusual fouling of such cultch during the later months

of the summer whioh is not found in dike oultohing.)

The critic'l time for spat mortality therefore fell somewhere between

early September and early January and the spats ffiOSt affeoted were those

caught later in the season. We do not know the reason for this high

mortality of young spat but it is easy to surmize, for it is espeoially

olear in the culture of the Japanese, the Eastern and the European flat

oyster that mature larvae are very susoeptable to cold water, so it is

reasonable to suspeot that the young spat share something of this sensitivity

and are often killed by Fall weather if they have just reoently set. With
iN;bAt 'It the

regard to the larvae and theAs.patting QI c .~1BJ",lltseason, we find that

water temperatures in the bays of lower Puget Sound are alwa,. favorable. Ir.t
tlt~ hIre qU"ered ny~d4"":Y duHt'Je of14ie~9 $"

It would be interesting to test~ hypothesisfby comparing with appropriate

oontrols the survival of late summer spat kept through fall and winter

at summer water temperature in la~oratory tanks.

Hence at Burns Point in 1946 shell put out on June 25, before the first

setting peak, oarried on the following spring a catch of About 15 large spat

per shell, but any cultch set out after the first setting peak bore only

about 10 spat. These results therefore emphasize the importance of properly

timdng the cultohing operations and the necessity for setting out oultch

just at the beginning of the first spatfall of the season. It is the oatoh

of surviving seed oysters that matters, and the sharp drop in the survival
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ourve with lateness of summer set shows that it is as important to oultCh

early enough as it is not to cultoh too early.

So clear-cut are the results from this study of 1946 spat survival

that one believes they will bear generalization, especially since experienoed

oystermen themselves are of the opinion that late-caught spat are of little

importanoe and that considerable "slippage. of late spat oocurs. If 80,

our results ahow that the Olympia -oyster ia same of our bays "over-produoes"

larvae late in the swmner whioh can have no ohance of surviving as spat and

that it is per~p8 never worth while to oatoh the later spatfalls. Sinoe

Hopkins did not take into oonsideration the survival ot spat, he was led to

the erroneous assumption that his demonstration of important seoondary

,.... setting peaks besides the initial early·summer spatfall provided

oystermen with additional opportunities for getting seed ~8ters. Thus he

says (1937, P. 499)a "of praotioal importanoe il the very prolifio

late setting period, whioh foll~ the first on the next third and fourth

spring tide periods; for oyster growers are ab" to plant oatch at this

time, also, therby improving their ohanoe of obtaining a satisfaotory oatoh
- 0"",," S":tuJ~ ncdt's ~:s- ct17'7c'"-sitn'\. ./u--pAIy 9ae.1't l tn't.4b4 .

of seeds". 1tJ"'DJIAXllX%IX"MMiXUID.IXDDXKDJO!jtf~liXDDDpXlI"IXI"U

r.he larger early-oaught spat on seasonal test cultoh are usually

definitely set off from spat . from later waves of setting, as one would

expect. Henoe only the larger seed oysters are inoluded in the oounts for

the seasonal strings given in the bay-year graphs. A review of these

seaeonal oultoh strings for all years in which the information in available

oonfirms the oonclusion that the ~eginning of the first wave of spatiall

1s the optimum time for oultohing. J:l.enoe referenoe to the bay-year graphs

•"'"".... ....,,-a. ~A 1 , .......: __ •



OYSTER BAY

:MUD BAY

91

SEASON OF 1944

OYSTER BAY Best oatoh on oultoh put out half-way toware first setting peak;

seasonal catoh drops off soon after setting peak.

}IUD BAY Poor set. Best oatoh on shell put out at beginning of set,

deoreasing gradually thereafter.

NORTH BAY Best oatoh trom beginning significant set to first setting peak,

decreasing rapidly thereatter.

SOUTH BAY Poor oatoh on shell put out one week before beginning set;

maximum catch on Qultoh put out at beginning ot set, deoreasing

gradually thereafter.

O.AXLA1ID BAY Very long, tlat setting curve; best set on Qultoh put out atter

Setting Index over 50, deoreasing rapidly thereafter.

1945

Best oatoh on shell rut out at beginning of set, decreasing thereafter.

Best oatoh on oultch put out at first sign of set, decreasing

to low at first setting peak.

NORTH BAY Preoipitiou8 setting peak; best oatoh at begir~ing set and first

setting peak.

SOUTH BAY Best oatch on shell put out at first sign ot set, decreasing

rapidly thereafter.

OAKLAND BAY Poor setJ best oatoh on shell laid out just before _.tting peak.

1946

OYSTER BAY Best oatch at beginning set, decreasing gradually to time of

first setting peak and falling off rapidly thereafter.

MUD BAY Poor set; best catch on shell put out one week before beginning

set.

BORTH BAY Best set on oultch put out at beginning set, deoreasing rapidly

atter first setting peak.
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SOUTH BAY Poor setJ best oatoh on cultoh put out a week before set begins,

deoreasing gradually thereafter.

1948

MUD BAY Best oatoh on Bhell put out at beginning Bet, (S.l. = 600);

only half as muoh oaught on shell p1aoed out 12 days earlier.

SOUTH BAY (Data inadequate, but indicate major spatfall ocoured after our

records oeased.)

1950

OYSTER BAY Best oatCh at just betore first setting peak, falling off very

rapidly thereafter; poor oatoh on oultoh put out 6 days before

setting peak.

MUD BAY Best oatoh on oultch placed at beginning of set, deanaaUng rapidly'

from first setting peak on; oultoh placed 7 days before beginning

significant spatfall oaught only 68.% of best oatch.

NORTH BAY Best oatch on oultOh plaoed out at beginning set, deoreasing

gradually to setting peak and falling otf very rapidly thereafter.

SOu~H BAY (Spatfall data inadequate.)

From this survey we can oonclude that in all years the optimum time

for oultching is not at the crest of a wave of setting but before, at the

beginning of significant spatfall Whioh is rising towards the first

setting peak. Benoe maximum surviring catch i8 assured by oultohing at the

time deter.mined b,y the prediotion method herein developed whioh establishes

the date when the spatfall may be expected to be rising to its initial,

early-summer peak.
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HOW TIME OF OYSTER SETS CAN BE PREDICTED.

One of the most interesting and valuable results of these investigations

has been the revelation that by following the air temperatures during the

first months of the year it is possible by the end of April to foretell

the date in June or July on whioh oultoh should be in place for maximum

oatoh of oyster seed. How this method of set-predictions was developed
i

will now be disoussed in detail.

We begin with the fact that the rate of chemioal reations end therefore

of biologioal prooesses is greatly influenoed by temperature, usually

rising rapidly with and in direct relation to inoreasing temperatures.

1\11s means that at warmer water temperatures the oysters should spawn
the

earlier in the year an~per1od of pelagio larval life be run through

in briefer course, while at lower temperature the wnole reproductive oyole

will be correspondingly retarded. The olue to timing the set must therefore

lie in deter.mining the quantitative relationships between temperature and

the rate of the aggregate of biological prooesses whioh result in setting

larvae. Sinoe oysters are cold-blooded animals, the body temperature at all

stages in their life-history is that of the surrounding medium and the

rate of their internal prooesses is determined aocording1y.

To disoover a relationship between the last stage of the reproduotive

oyole (the beginning of spatfall) and temperature we need to know

preoisely the dates at whioh setting began in the various b"a over several

.This method of predioting sets was announoed in the Puget SoUIJd Oyster Bulletin
of )lay 24, 1951 and its antioipations for that year were fully confirmed.
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years as well as the effective water temperatures experienoed by the spaWDing

. oyster _1 Lbo 1&: sao during those years. Our studies with test oultoh put

out and examined twice weekly have gi'Van us the former information, but we

lack complete data on water temperatures. This shortooming however turns

out to have been en advantase in the end since, having to rely on air

temperature reports of the U. S. Weather Bureau for certain years, it was

found that they were adequate to our needs and so there was opened the

possibility of ciroumventing the tedious and expensive gathering of water

temperature data.

Our next step is therefore to discuss the relationship between air

temperature and water temperature in the oyster bays. For a year and a

halt thermographil were kept operating in Oyster Bay, North Bay and Oak:l.BI)d

Bay with the sensitive bulb at the level of the oysters themselves thereby

giving oontinuous reoords of the temperatures experienced by spawning oyster

stook to the dikes. In addition, a oonsiderable series ot determinations ot

water temperatures at various depths was made by boat trips to all the bays.

Data on dike and open-water tempera~res for several years and bays are

also available in Hopkins' report (1937).

'llhen the water temperature data whioh we have is compared with monthly

air temperature at Olympia or at Grapeview, Washington, the outstanding

faot emerges that average water and !lir temperatures run very close

together throughout most ot the year. This relationship is shown

graphioally in Figures 57,58 and 59 •

Granting the olose oorrespondence between water temperatures and air

temperatures, we now turn our attention to the differenoes. For the years

figured, in 15hioh we have adequate reoore, the major difterenoes appear to

be as follow81

1) Average dike water temperatures follow along generally a degree

or two abOve average air temperatures during spring and fall.
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2) Open water temperatures are 4 to 5 degrees cooler than dike water

temperatures in the mid-summer s'ince they do not reflect 'the.•effect of heating

oonfined water during exposure by low daylight tides as do the dike water

temperatures, (Fig. 57 ).

(INSERT FIGS. 57
58
59
59a)

3) During the cold winter months (December through February) average

water temperatures are considerably higher than air temperatures. This 1s

doubtless explained by the high speoific beat of water which acts as a

brake against extremes ot temperature.

4) For the same reason, open water temperatures are somewhat lower

than air temperatures during the warmest months of the year. (Fig. 57 )

5) Warm or oold early spring air temperatures are directly reflected
. 59

in 'cor r espondingl y warm or ..:ta cooler water temperatures (Fig•• 58 / a: 59a ).
~

The oonolusion ""bi "••• Ii" from the relation of air to water temperatures

is simplea namely, that since water temperatures follow air temperatures

the latter may in themselves give us all we need for the practical purpose

of predioting the proper time to put out QultOh for the greatest effective

seasonal oatch.

The next question is, How many months of early spring air temperatures

shall we take into consideration as relevant to guiding the prediction of .

sett Here we are guided by three considerations, the first of whioh is that

we must not have to rely on air temperature data ot the later months of'

May, June and July if we want to be able to predict sp,--t.ting-time well

in advance. The second is that we shall use the minimum number of months

reoord which gives us whet we need; and the third is that we can expect that

gonadal ripening requires several months to bring the sex produots to

fruition, probably begi:rming in January if water temperatures are sufficiently
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above freezing. Although we have yet no study of gonadal ripening in

relation to temperature in any oysters with which to check this supposition.

we do know that winter oyster" put immediately into warm-water aquaria

require a whole month at early summer temperature before they begin to spawn.

and it is therefore reasonable to suppose that in the bays gametogenesis
it st...d-slc"/l ih """"" OIIJ~rt ~_tI1J .

extends framl\January through FebrUary and J4arah an~ into April.

Now the effeotive temperature is the measured temperature multiplied

by the number of days it acts upon the oysters (time-calorio faotor).

This means that we oannot jump trom January temperatures to April. temperatures
. .

and take the average' as acting over the entire period. Instead we should

break down the period into succeedve inorements of temperature multiplied

by the numper of days during whioh it aoted on the oysters. We will thus. , .

give due weight to the effeotiv~ temperature of eaoh suocessive month by

treating mon1;h1y averages as a separate faotors in obtaining a oumulative

oharaoterization of the ,ove r - a ; l t~end of ,early spring temperatures.

For this purpose we oan ohoose almost any aoourate index of the
of'

absolute or/the relative warmth ot coolness of any given month. In

praotioe it is simplest to use the deviations from normal of the average

monthl~ air temperatures as caloulated and published by the U. S. Weather

Bureau. Reoords from the weather bureau station at Olympia (Priest Point

park, at 69 feet elevation, on Budd Inlet) should be and are the most relevant

for events in Oyster Bay, Mud Bay, and South Bay) while the data of Grapeview
, on Case Inlet)

(20 feet ele'Vation above mean low waterA are most appropriate for

oorresponding events in North Bay(~~h"9- 1 .fr~C4b_ 'JI"~e sieciLPts).

fo obtain aD index of the aumulative trend of early spring air

temperatures we therefore take the algebJ"8io sum. of the deviations frQlll
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normal of average air 'temperatures for JanuaJ7i. Februt:ry, Maroh and April.

Thus for 1949 Olympia station air temperatures we have -9.4. -4.0. ~.l,

+1.1 88 the deviation values. Adding the negative and subtracting the

positives, we obtain an index, whioh we ahall call the early spring Thermal

Trend, of -12.0. f.hi. prooedure 1s followed for all the years with whioh we
183,184

are oonoerned, using the Weather Bureau data .f'eproduce:d here in ' -T~ ble s 56 ~ 57, Ptp./
Next we turn to our graphs and determine the number of days after

April 30th at Which setting begins. On good setting years this is approximately

the date on which a setting index of 500 is first aohieved on an inoreasing

spatfall, but in bays with low setting rates or off years we note our

maximal seasonal string oatches and measure the peri od from April 30th to

that time at which cultch should have been put out to obtain the maximum

surviving set. The t-..o sets of fil!;ures are given in tabular- form below

(Table 58 &: 68a)

(INSERT Table 58)
58a)

In order to test whether the~e is a reliable relationship between

air temperatures and time of beginning set we plot Thermal Trend indioes

against hastening or delay of setting as measured by the time betwee.n the

end of April and initial signifioant spatfall. (Figs. 39 - 42 t ).

It ~ll be noted at onoe that the points fall in line in a very beautiful

manner indeed. A "best line" can be drawn "through" the points on the

graphs and it i8 a straight line. The mathematical signifioanoe of our

being able to draw suoh a line is that a si::-ple and regular relationship

is shawn to exist between early spring air temperatures and the time of

oyster setting. Having the lines, we oan note slope and Y-interoept

and write the equations of the lines. Yfe als 0 r ema~ the scatter of the

actual points with referenoe to the "ideal" line and understand the variation
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TABLE 68 I 'rIJ4E OF BEGImBG SPATFALL IN RELATION TO EARLY

SPRING TFJdPERATURES

YEAR THERMAL TREND· NUMBER OF DAYS AFTER APRIL 30th ON WHICH FIRST WAVE
OF SPATFALL BEGAN

OYSTER BAY MUD BAY SOUTH BAY

1931 i'l.2oF 51 54

1932 -2.5 55

1933 -9.1 64 86'1

1934 +17.8 37 41

1935 -5.8 59 · .69

1936 -6.1 66

1937 -11.4 65

1938 +5.5 55

1939 -2.5 60

1940 +14.1 38

1941 +20.1

1942 +1.6 50 45

1943 -1.4 45

1944 +2.4 . 56 55 68

1946 +1.3 52 63 58

1946 +5.2 49 631 56

1947 ~.1 48 50

1948 -6.7 62 73 73

1949 -12.0 71 71

1950 -19.4 73 80 84

• Summated deviations fram normal air ter.mperatures. January through April. at
~ie8t Point Park. Olympia. *"uM"ttnxb



TABLE 58al TIME OF BEGINNING SPATFALL IN NORTH BAY IN RELATION TO

EARLY SPRING TEMPERATURES

THERMAL TREND· NUl4BER OF DAYS AFTER APRIL 30th ON WHICH FIRST
WAVE OF SPATFALL BEGAN

1944 +2.6°' 58

1946 +2.1 68

1946 +1.9 53

1947 +6.8 46

1948 -3.1 60

1949 -8.7 66

1950 -15.9 71

.summated deviations from normal air temperatures, January tllrrough. April at
Grapeview, Wn.
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and error invo~V8d in eaoh oase.

Prooeeding in this manner we find the following formulae for predioting

the proper time of oulto~ing. on the basis of early spring temperatures,

where---....-

D is the number of days after April 30th that cultch should be

in the water to gather maximum set, and

X is the Thermal Trend index or the algebraio sum of the

deviations from normal of monthly average air temperatures,

January through April, using Grapeview station for North Bay

and Olympia (Priest Point Park) for all other bays.

Oyster Bay.

D =1.04 (53.5 .. X) give the proper date to + 3 days.

Kud Bay:

D = 1.16 (53 - X) gives the date to + 4 days.

North Baya

D = 1.1 (52.. X) gives the date to + 4 days (Grapeview temperature data).

South Bay

D =0.97 (67 .. X) gives the date to ! 5 1/2 days.

Oakland Bay is omitted in our oonsideration beoause Olympia oyster

produotion is now negligible in this areaJ but it is olear that if

conditions returned to favorable and oystering were suooessfully resumed,

a similar formula could be worked out for this bay.

Thus the relation we sought between early spring air temperatures and

time of setting has been disoover~d and is expressed quantitatively and

mathematioally in the formulae given. Xhe significanoe of these equations.

is that all that oystermen need in timing their oultohing operations is the

formula for their bay and the temperature data whioh are alrea~ oarefully
all oitizens

and systematioally gathered tort 'WxIIt by the U. S. Weather %reau and its

assooiate... At the end 01' April the ~ermal Trend tor the year so far oan
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}'robable
be oaloulated. substituted in the equation. and the/date of beginning set

determined.
where the error is + 3 days.

1hus in Oyster Bay for example/the highest probability is that the

set will begin an the date predioted. someWhat les8 probabl, that the aotual

Bet will begin one day earlier or one day later, still less that it will

oommenoe two days earlier or two days later. and so on to the situation

that it is highly improbable. on the basis of known previous seasons. that

spatiall will begin four days earlier or four days later than the date

predicted. Consider then the extremes of possible error. plus or minus

three days. If oultch is put out three days too early it will still not

have time to foul before rising spatfall begins. If on the other hand. the

aotual setting begins three days before the predicted date for cultohing,
-

the first peak of setting will still be "hit" since the prediction date is

for the beginning of the initial wave of spatfall. Hence even on the outer

lindts of error of the method the prediotions will assure maximum catches.

At this point it is well to remark that these formulae for timing

oultoh are based solely on the experience of the years 1944 thr~ugh 1950.

Had they been available during this period. timing of cultching operations

oould have been suooessfully made for eve~ one of these years on the basis

of these equations alone. Our reason for believing that they will prove

to be acourate in future years is that the period on whioh they are based

embraoes near-average as well as the extremes exemplified by the extra-

ordinarily warm spring of 1947 when spawning occurred at the end of April

and by the reoord oold spring of 1950. The' reoord of year. to oome may

however serve to refine the formulae by modifying their conatants somewhat.

Also' as the "nor.mal temperature" is recalculated from decade to decade as

Weather Bureau data aooumulates it may be neoessary to ohange the oonstants

slightly. As they stand the equations are adequate to ourrent praotioal

needs.
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Sinoe we oannot foresee the future, one may. test the formulae by applyi:cg

them to the data of earlier years lIhich did not fall under our study.

Hopkins (1937) ohronicled the spatfall tor several years in Oyster

Bay, &D4 Mud Bay, and one of the oystermen, Mr. W. J. Waldrip, has put at

our disposal oareful reoords of set on test shell in Oyster Bay for another

period of years. Therefore we may oaloulate from the formulae at what time

oultoh should have been put out during the years in question and then turn

to the actual setting reoord to see Whether this timing would have proved

to be the most propitious.

Let us begin by consi"dering the season of 1934 in Oyster Bay and Mud

Bay. Xhis was an extraordinarily warm spriDg. Weather Bureau reports on

file enable us to oaloulate the ,Spring Xhermal Xrend Index of +17.8, far

above the value for the warmest spring of our awn records (1941, + 6.1).

Applying the formulae for Oyster Bay and Mud Bay we find that, oultoh should

have been out on June 6 and June 10 respeotively, aooording to our oaloulations.

Now we turn to Hopkins' paper (1937, Fig. 26, and Xable 25, PP 482, 483) and

note that on June 6, 1934, in Oyster Bay the spatfall was just beginning

at about 500 spat per bag of oultoh she~ls per day, attaining a peak of

6761 spat 6 days later. And on June 10 in Mud Bay (Hopkins, 1937, Fig. 31,

Table 30, PP 485, 486), spatfall was also _just beginnin!, at .100 spat per

bag of shells per day, rising to a peak of 305 spat 5 days later. In short,

had our formulae been available in 1934 they would have set the date

preoisely for the very best time for oultching Which is just before the

first setting peak.

The season of 1935 on the oontrary was unusually cold, having a spring

Xher.mal Trend of - 5.8. Caloulating the timing 'of oultoh as before, we find

predicted dates to be July 1st and July 8th for Oyster Bay and Mud Bay

respeotively. Refering now to Hopkins' data (1937, Fig. 33, Table 33, PP

488 and 489; Fig. 32, Table 31, P. 486) we find that July 1 marked the orest;
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of the first set in Oyster Bay, while on July 8th in Mud Bay the set was

well started and rising to a peak 8 days later. Henoe if the dates for

oultohing had been followed, an ample set oould have been obtained in both

bays, within the limits of (1) the possible destruotive effects of pulp

mill liquor and (2) the low spatting rate achieved in Mud Bay during that

year.
32, pp. 155-161

Turning now to Waldrip's records (Tables 26 -j) we may select for

cheoking our Oyster Bay formula the year 1941 when the spring Thermal Trend

was + 20.1, the highest of all years spatfall of reoord. This figure gives

us by oaloulation June 4th "as the proper time for cultching. Now on June

4th, 1941 no spatfall was oocuring at Burns Point or an Waldrip's home

dike in Oyster Bay. First weak spatting was pioked"up on June 23rd, dribbling

along until a low aetting peak of Setting Index =580 on JUly 20th. The

formula appears to have failed in this oase, but it is more reasonable to

believe that it was the spatfall that did so instead; for thtre is little

doubt that the first set of this phenomenally warm season should have

oome long befo~e July 20th. Spatting olimax on July 20th then very ~~

corresponded to the usual second wave of setting. Sinoe the 1941 season was

at the height of a "depression" due to pulp mill pollution we may surm1se

that this factor caused the failure of the first setting peak.

The 1986 season was interesting in that February was an unusually ccld

month having an average air temperature of 7.4~F below even that of the

preoeeding month of January. The oorresponding deviation from nor.mal

February temperatures was - 7.loF, the lowest for any February during the

years of available spatting reoords. Does the formula prove equ~l to this

abnormal oirc~tanoet Employing the equation for Oyster Bay we oaloulate

the proper DultOhing date for 1936 to be July 1st or 62 days atter April

30th. On that date Waldrip's reoords (Table 26 ) show that spatfall had

reoently begun and was at a rate of 100 spat per 100 shells per day
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(s. I. = 100), gradually inoreasing to a peak of 4000 twelve days later.

Cultohing on July 1st would therefore have yielded the maximum seasonal

oatohl

Finally we oan oheok our formulae, against all the years of Hopkins'

and Waldrip's reoor'. by plotting the aotual dates of beginning spatfall

against the Thermal Trend of these years. This is don~ in Figs. 60 and 61

trom the data of Table 58 •

( INSERT Fig. 60

Fig. 61)

Examination of Figs . 60 and 61 shows exoellent agreement When

our formulae are used to "prediot" the beginning set during the years

1931 to 1940, for the points fKZ all fall oloae to the identical line

drawn for the 1944 to 1950 data. Time for beginning spatfal1 in Mud Bay,

1933, alone appears .to be far out of line. Turning to Hopkins' Table 29,

footnote 1 (1937, P. 485) however, we see that this author supposed that

his test ou1toh p1aoed out on July 18th of that year did not begin oatching

spate until the last day it was out (July 25th) whereupon it suddenly pioked

up a oatab of 1494 spatl This assumption seems ra~er dubious and we may

reasonably expeot that, as in other years generally, the rate of spattal1

began at a slower paoe and probably actually oommenced nearer the 11th of

July. than the 25th.

~e formulae for timing ou1tOh therefore pass the oruoia1 test of

applicability to fresh data whioh they ~~re not originally designed to

explain. We should henoe expeo.t that future setting seasons to be confirmatory

and have good reason to employ the formulae with oonfidenoe.

The method here proposed for long range prediction of the
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date on whi ch spattall may be expeoted to begin is unique. In the oase of

the European flat oyster. £. edult8. only short-term antioipations have been

p08sible,in part owning to the fact that Chance cooling of the waters

may on oocassion largely destroy a on.e-promisiDg abundance of oyeter larvae.

The same is true of 'Che Japanese or Pacific oyster; bo'Ch in Japan and on

our Paoific ooast sets are predicted only on short notice largely from the

oharacter of the larvae pioture. Ostrea virginioa. the Eastern oyster has

a rather sharp threshold temperature for spawning and these oysters also

mutually stimulate each other to spawning via their sex produots with the

result that spawning oocurs ·simultaneouslY and a populati~n ot larvae all

of the same age is developed. Knowing the average duration of larval life

one oan in some areas therefore prediot from the spawning date or from the

date on which threshold temperatures iJ reaohed approximately when setting

should oocur.

Hopkins also worked out a method for foreoasting the date of beginning

spattall for the Olympia oyster from the date when gravid oysters are first

found. His rule was that "Setting of larvae begins in the third tidal

period following that during which spawning starts". A "tidal period-

was taken to be a period of low low-tides. '~en this rule is applied to

our own bay-year graphs (in whioh the low low-tides are indioated on the

base-line) it is found that for those instanoes in whioh the data are

SUfficiently complete to permit a olear-out deoision (24 cay-years) the

rule holds good 63% of the time. whether one oonsiders all the bays of our

study or only those which Hopkins studied (Oyster Bay and Mud Bay. plus

Little Skookum and Oakland Bay for one season). Probably Hopkins did not

strive after a more aoourate or a longer-range prediotion method sinoe

he considered. as already noted. that the seoond wave of spatfall oould

profitably be oultohed. The use of seasonal oultoh has however shown that

the ..... ikw• • _'.,I••••x.,.~x••••••• x.tXSkw later-oaught spat do not
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contribute importantly to the reotuitment of seed oysters beoause of the high

mortality rate to Which they are BUbjeot(see p~. 87 - 92 ).

The depeJJdabil1ty of the early summer weather in lower Puget Sound

and the adaptation of the oyste~ larvae to suoh variations as obtain,

together with disoovery of the quantitative relationship between air

temperature and the tempo of the reproduotive oyole of the Olympia oyster

has therefore made possible a method for timing beginning spatfall Whioh

tor ease of determination, aocuraoy of foreoast. and ,extent of anticipation

is without parallel in the prediction of oyster sets.
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HOW BEGINNING SPAWNING IS PREDICTED

The method for predioting time of spetfall desoribed above does not

even require our determining when the oysters begin to 'spawn; yet it may

conceivably be of practical value for marketing purposes to be able to

forecast when oysters will become spawny. To do so we procede in a manner

similar to that of predicting the time of beginning set. But in this

oase we use Grapeview air temperature records for all.bays and we omit,

in calculating the oumulative deviations fram normal during January

through April. oertain extremely low or unusually high deviations. Whether

this prooedure be too arbitrary will be disoussed in a moment. but first

we will show that it~ ~eld workable relationships within the years

of record at our disposal.

Thus when the number of days from ~ril 30th to the beginning of

signifioant spawning (5% gravid oysters in our samples) for eaoh bay-year

is plotted against the Thermal Trend we obtain the correlations shown

in Figs. 62 through 65 • Drawning the best straight line through the

points of each graph and determining the equations for these lines, we

aohieve the following formulae, i~ whioh

Dsp =number da~~ after April 30th that first significant spawning

begins. and

x = the algebraio sum of the deviations from normal of average

mean air temperatures at Grapeview for January through April

with monthly devia.tion values of - 4 and less and + 5 and

greater omitted from the oalculations. (See Table 57, P. '1.84).

Oyster Bay.

Dsp = 3.4 (X - 4.8) gives date of beginning of significant

spawning ! 7 days.

Mud Baya

Dsp = -2.63 (X - 5.8) gives date + 7- days.

r
t
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North Bay.

Dsp = -2.63 (X - 7.0) gives date. 4 days

South Bay.

Dsp = -3.3 (X - 8.6) gives date, of aoouraoy undetermdned

because of insuffioient years of data.

. :the data of Hopkins' years of observation are added to the graphs of

Oyster Bay and Mud Bay and they agree reasonably well with the trend of the

later years under our own surveillance.

Of oourse if "Dsp" is negative, on the basis of temperature records

f'or Je.nuary 1 through April 30th, spawning will have already oommenoed

in April. Henoe for unusually warm yearlt· we need a .f or et e l ling f'rom }1aroh

31st. On this score we can say that if the index of the Thermal Trend fDr

January through March is + 4 or greater, spawning may be expected to begin

during April in most bays. For such unusually warm years one oan look for

spawning sometime after the middle of April .and before the first of May.

In order to obtain the measure of oorrelation between air. temperature

.and time of spawning s~wn in the graphs we have had simply to omit the

excessive deviations of February (-4.9) for 1933, of .April (+5.4) for

1934, lED of liIaroh (-4.2) for 1935, of January (-7.1) for 1949 and January

(-10.3) for 1950 when caloulating the Thermal Trend for these years. I

can hear ~ scientH'io :friends soreaming in horrorS How arbitraryl aat
a ruthless and biased manipulation o:f the datal But note what has been

gained thereby. we have f'ormulae which, had they been available in 1932-

1935 and 1944-1950, would have told us the probable date of beginning

spawninl ·using only the Grapeview air temperature records for January
•

through :Maroh and April. And sinoe these equations- were applicable in

those disparate yea.ra, when spawning was as much as a month earlier in some

years than in others, we have good reason to hope that they will hold also

for future years.
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}low to reply to possible objeoti01;18 to our rather .ar bi t r ary- handling

of the temperature data. In the first plaoe. it is obviously the water

temperature and not the air temperatures that affeot the oysters direotly

and deter.m1ne the rate of the reproduotive processes. If we had representative-
annual water temperature reoords for all our bays over a considerable

number of years one should, I am sure. be able to make very neat correlations

between these temperatures and the rate of progression of the reproduotive

oyole. And after one had thus kept weekly thermograph reoords in 4 bays for

a dozen years he whould also be able to work out a more aooura.e

mathematioal relation between air temperatures and water temperatures

oharacteristic for eaoh bay where~y he could then dispense with reading

further water temperatures and obtain close predictions by following air

temperatures alone. But we ~mply do not have this data on water temperatures

over a lang period of years 8.0 we have to do the best we can with the

available air temperature data. Fortunately, it turns out that air

temperature records are adequate for the praoticll objeotive.

In handling this problem we try to use to full advantage 1Vhet air

va. water temperature reoords we have. These are shown in Fig•• 57 through 59

(PP.94 a-o) whioh should be oonsulted in oonneotion with the following

remarks.

We are justified in omitting the extreme law deviations in air temperature

when they ocour during the beginning months of the yeer because water

temperatures do not "follow them down" but remain muoh higher. due to the

high speoifio heat or "thermal conservatism" of water.

We are similarly justified in omitting positive deviations of +5 or

higher from normal air temperature either for the same reason of thermal

lag or beoause generation of the spawn requires a oertain mou.minimum period

of time and probably oannot in nature be hastened further by inoreases in

temperature above oertain values.
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, : ~- . " . . .

Filially, ... may ask, 'Why sw1llch to Gr.apevi~ tempera1nu"e data ~en the

1UJDI!1n1p~late,~ 01y$pta reco~s gave s'Qo). gQod corre1a~ions ~or timing ~t. " ',

I ' ,

Imtial spatfalU Xli~ answer 1s simply that we use ~em bei~s. they' W9r,k..' . . . .

better. li9W' GtJ:l that be' Q'Qite possibly beeauae the recording station

at Grapeview is at 20 ft. above mean low water while that at Olympia ft't is

69ft. Also, 'tapeview is s'Qrrounded by the waters of .c~ Inlet. Tpe

result is that the air mass thermally tested at Grapeview is more modarated

by water temperatures than at Olympia, January and February normal temperatures

being somewhat higher at the former station. Grapeview air temperatures

there~ore oorrespond more closely during these months to water temperatures

in the region generally and therefore probably reflect more closely the

effective temperatures involved in initiating the production of spawn. From

the fact that suoh temperature data may be used satisfaotorily in this manner

for practioal results we should expeot that a oomprehensive' study of water

temperatures in the bays imemselves would show that exo1uding the exoessive

variations in plus or minus direotion give the best refleotion of water

temperatures during the development of spawn.

It was stated by Korringa ~ 1940 that "No m'Vestigator in Europe

has suoceeded so far in deducing a reliable mathematioal formula,

exolusively built up of easily observable faotors, suoh as water 't emper ature s ,

for the purpose of foreoasting swa~ng ~iberation of spawn]. Suoh a

formula would render the time-oonsuming plankton-investigations superfluous".

The prooedure just detailed allows us to prediot trom data muoh easier to

obtain than water temperatures, namely, air temperatures alone, not only

the probable date of spawning but also the date of beginning spatfall.

The derivations given for the empirioal formulae by which beginning

spawning time is determined may seem in oertain of their steps to be

quite arbitrary and the predicted dates have an aoouraoy ot only plus or

minus 7 days in certain bays. All that need be said on this 800re is that
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1f one should desire a more precise forecast, suoh could undoubtedly be

obtained by more extendva spaWIling surveys of the bays (not just at

one location in each bay) together with an investigation of actual over-all

water temperatures. A direot study of the water temperatures themselves

would eliminate the need for manipulating air temperatures but it would

prove a very tedious study indeed. The even more sucoessful predietion of

time of beginning spatfall 1renders such increased accuracy of spaWDing

prediction unneoessary in relation to the problem ot cultching.

The formulae herein offered will, however, allow us to prediot

within a period of not greater than two Yleeks when spawning will begin

in the various _ oystering bays, and for most years and bays the foretelling
. 7lti.s

may be expected to be a good deal closer than this. ~ prediotion

may be ot oonsiderable value in antioipating at what time eaoh year

marketable oysters will beoome"spawny".

The ciroumstanoe that each bay has its own oharacteristio time of

spa'Wtling and of setting in relation to air temperatures is explainable

in terms of the differences from bay to bay in all those topogr,phioal

features whioh oontribute to the rate of seasonal ohange in water

temperature. henoe, in partioular, the less the volume of a bay and the

oloser its mouth to the main tidal channels from. central Puget Sound the

greater will be its tidal flushing and the tempering of its thermal ohange

by ftoutside" waters.

One -ean : .get a rough idea of the volume of the bays by integrating

(i.e. adding up) all the rather evenly distributed soundings figures provided

for eaoh bay in the U. S. Coast and Geodetio Survey ohart of the region.

The values so oalculated, which represent the relative volumes of the

oystering bays, are as follows.
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Ca1!8 Inlet

North Bay proper

Oyster Bay (Totten Inlet)

Little Ska9kum.

Mud Bay (Eld Inlet)

Oakland Bay

(to East entranoe to H~ersley
Inlet)

South Bay (Henderson Inlet)

1,3'16

109

337

8

209

88

65

" _J ~ "North Bay, whioh merely subtends Case- Inlet, draws on the largest body of ShClGTea.

water While South Bay, at the other extreme, is susoeptable to the greatest

amotnt of flushing within a given tidal range and its beds lie the

olosest to the main tidal channels (Fig. 1 ).

Using the data of Hopld..ns (1937, P. 463) we can 0 ompute from vertical

samples at various depths average monthly water temperatures at Mud Bay

and Oyster Bay in 1932 and oampare them with those of the large, more

oentral .mass of water at Seattle as recorded by the U. S. Coast and a:odetia

Survery. This gives us the following table of--
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AVERAGE WATER TEMPERATURES IN 1932

MONTH SEATTLE OYSTER BAY MUD BAY

January 46.4 44.6 43.8

February '5~1 42.6 43.6

:Maroh 45.5 45.6 45.8

April 47~5 50.6 49.6

May 49.6 64.6 54.0

June 53.4 58.2 58.2

July 55.4 61.4 60.3

August 55.2 ·62. 2 61.6

September 54.7 59.2 58.6

Ootober 53.4 56.2 55.6

November 50.7 51.0 51.0

Deoember 47.8 46.6 46.0

r.he above tabu!atiaa shaws of oourse that the shallower, more inland

waters of the bays are colder in winter and warmer in summer than waters

more proximate to the main water mass of Puget Sound. More signifioa.ntly"

it is also shown that Mud Bay waters are somewhat oooler than those of

Oyster Bay as is reasonable from the lesser volume of the former and its

closer proximity to main tidal ohannels. ~noe it is rendered reasonable.

for example. that the Oyster Bay oysters spawn and set before those in Mud

Bay and, on the same type of argument, that South Bay should "oome in"

last of all. As for North Bay. the great extent of water in Case Inlet

probably balanoes the effect of the proximity of its mouth to main ohannels,

leading to a timing of the reproduotiV8 oyole very similar to that of

Oyster Bay.

It remains to ask why the prediction of the initial.,ouvert stage

of the reproductive cycle (spawning) should present a more involved problem
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than that of predioting the final stage (setting) which involves~

the tempo of spawning and rate of larvae development. ihe reason is

implied in what has already been suggested; namely, (1) that the

development of the gonad, while de~endent on water temperature, apparently

does not follow pronounoed deviations in air temperatures} but (2) that

these deviations are ref1eoted in the early summer temperatures attained

in the ba~ whioh do influenoe the rate ot development of the larvae

to setting.
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HOW INTENSITY OF SET IS PREDICTED

Even if cultohing operations oan be aoourately timed, oyste~en need

to know also whether the set will be of suffioient magnitude to justify the

expense of preparing the cultCh. To approach a solution to this problem

we analyze the data from the bay-year graphs of the setting seasons in order

that we may uncover what factors oontribute to a good set.

In the first plaoe, we may discard at onoe oertain faotors ~ioh

appear to have no relation to setting intensity. One of these is the

early or late beginning of the reproduotive season, for in 1946 setting

began on June 18 while beginning spatfall' did not oocur until July 12 in

1950 and yet the oatoh was very similar, etc. A seoond is the peroentage

o£ gravid oysters during the first wave of spawning, for neither the maximum

peroentage nor the oumulative peroentage by 10 day periods over the initial

spawning peak is signifioantly related to suocess of set. It will be noted

however that the total abundanoe of larvae and partioularly the abundanoe

ot large larvae are directly related, as expeoted, to the " gnit ude of the

rate of spattall or Setting Index whioh, during the first wave of spatting,

is correlated with the final surviving seuonal oatch.

These relationships per.mit of certain general rules whioh guide us

in the anticipation of over-all magnitude of spatfall. They have already

been presented on .~p. 23 - 24.

Since Oyster Bay and North Bay seem now to yield consistantly good

catches we oonolude that prediction of intensity of spatfall in these bays

is of little importanoe. In Mud Bay however, the set may be a oomplete

failure, and this we desire to be able to foretell.
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POSSIBLE CAUSES OF SPATTING FAILURES IN MUD BAY

(1) Abnormal Salinity

The situation in Mud Bay is unique among the areas of our study in

~bat good plankton larvae populations may be present during the early pa~t

of the season without yieiaing significant spatfall. It would therefore

be of great value to be able to foretell suoh setting failures in order

that oultoh may be withheld and not wasted, or transfered to other bays Where

good catohes may be expeoted.

Although we had at first suspeoted that spat failures in Mud Bay may

be due to the flushing of larvae out of the bay by spring tides, the

plankton-tidal" cyole study of 1950 (P. 82 ) rather oonclusively demonstrates

that this is not the oase and that, if anything, the larvae in Mud Bay

are even kept orowded up toward the head of the bay by the tidal ourrents.

Henoe it was necessary to look in other directions for a possible explanation.

We therefore foous our attention on the effioienoy of conversion

of larvae into spat or in other words, the relative proportion of the larvae

that actually partioipate in the spatfall. To indioate this we could find

what peroentage of the larvae finally survive to large size, but still

better it would seem is to determine the ratio of larvae abundanoe to

rate of aetual spatfall. To do this we divide the maximum Setting Index

by the maximum larvae oount preceeding the first setting peak. The

resulting figure (here oalled an "index of setting efficienoy") is at least

a rough expression of the favorability of oonditions for the development

of larvae to setting, whatever may be the oircumstanoes whi.oh determine

their actual abundance.

1hen suoh oalculations are made for the Mud Bay seasons we have the

following I
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YEAR 1944

INDEX OF SETTING EFFICIENCY .06

1945

1.1

1946

.04

1947 1948

.92

1949

.16

1950

.93

1951

.02

Note that in the years of spat failure (1944, 1946, and 1951) the Index was

lowest, in the low catch year of 1949 it was only sli~htly higher,

While during good years we have a value near unity, Larvae size studies

may therefore indicate whether lowered setting effioiency was due to

disappearanoe of · larvae before attaining full development.
t#.~e.

In the years for whioh we have 6; I rte larvae-size studies (1944 - 1950)

the setting seasons of 1944 and 1946 were complete failures in Mud Bay.

An investigation of the problem in this bay may therefore begin with an

analysis of the plankton larvae pioture during these years, comparing the

Mud Bay larva size measurements both with that of other bays during the

same year and with Mud Bay itself during years of satisfaotory spatfall.

It is olear from the bay-year graphs of 1944 (Figs. 9 through 11)

that spawning and abundanoe of larvae in Mud Bay during this year did not

differ in any striking way from the same in Oyster. Bay and North Bay, but

the spatfall was as nothing compared to that of the latter bays. Henoe the

spatting failure oannot be attributed to failure in the produotion of

oyster larvae.

When we oampare the larvae pioture in these bays with reference to size

of oyster larvae, however, 8 marked differenoe is manifest. Figures 66

through 68 show the proportionate distri~ution of larvae size groups

in plankton samples turing 1944 in the three bays, size in miorons (1 mioron =
0.000039 inches) being the maximum diameter of the larval shell parallel

with the hinge This data has also been tabulated in Tables 69, 60 and 61.
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By oomparing the alJove ohaf'ts it is apparent at onoe

proportion of oyster larvae ever readlle~ near setting size in :Mud Bay
i tIus (/~44) ,

during the year;A of spat failure. The oause of spat failure may therefore

be sought in whatever oondition resulted in the demise of the larval

oysters after they were half grown. New larvae were fairly oontinuously

being supplied to the b"y all during June and July but only a very few

survived to setting size and the Setting Index never exoeeded 42. It is

further to be noted that all the larvae, both large and small, did not

suooumb at one time as in a mass killing. Only the large larvae dropped

out. Henoe we may further oonolude that the oausative oondition was one

that acted slowly and that the oyster larvae eventually died after being

e~posed to it for about a fortnight.

Is this oonolusion oonfirmed by the data of other years? 1946 was

also a year of set failure in Mud Bay. Proportions of large. medium and

small larvae found in the plankton tows of the three prinoiple bays

during this year is graphioally shown in Figure 69 • Again it will

be noted that in Mud Bay no major group of large larvae was found in the

plankton as was the case in the other two bays. In Oyster Bay expeoially

it is olear that the two setting peaks of the season were preceded by the

attainment of near-setting size by a signifioant portion of the larvae

population.

(INSERT FIGS. 66
67
68
69)
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Now 1945 was a year of good spatfall in Mud Bay~ the Setting Index

forming a smooth mode with a peak value of 3400 around July 11th (Fig. 15).

Comparable spatting rate in Oyster Bay was 7400. and in North Bay. 9000

during this year. Some precise measurements p plankton larvae were made

during June (Table 59 ). but for the most part we simply counted the

number of obviously large larvae of around 250u diameter and over in the

samples and oalculated the percentages thereof. This is rather rough

prooedure to be sure, but it is suffioient to answer the question~ In a

year of good spatfall is the larvae picture different from that in a bad

year? Referenoe to Table . . 14, pj 143 ..' . shows that during the

1945 season oyster larvae in Mud Bay survived to near-setting size in about

the same degree as in the other bays, attaining a peak density of 240 per

20 gallon sampi, and a peak proportion of 15 per cent.

A oomparison of the larvae picture in Mud Bay during years of spatting

failure and of success therefore indioates that in Mud Bay setting failures
~.be.
... the direot resUlt of' failure of' the larvae to survive to setting size.

It is further indicated that the primary oause is a oondition which acts

with oumulative effect on the larvae, permitting them to survive~ the

early weeks of larval lif'e but eventually resulting in their death before

setting can take place. This oondition may be such that when it occurs

the larvae are always killed off soon after they pass the ndd-poiDt of'

their pelagic life in which oase one could reliably toretell spatting

failures by the larvae pictute obtained through plankton samples; but it is

also oonoeivable that if the hypothetioal deleterious oondition is of a

somewhat lower intensity the larvae may not suocumb to it- until about

the eve of their setting. In the latter case we will have to learn the

nature of the unfavorable conditions in order for prediotion of the spatting

failure to beoome possible at all.

Now we do not yet know what causes eventual death of the larvae and
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oonsequent spatting failures in Mud Bay during oertain years. The answer

must be found through field investigations, but we need an hypethesis to

gUide our studies since a blind striking in the dark would probably get us

nowhere. Until evidence proves otherwise we sho~ld prooede on the simplest

assumption that a single oause is responsible for this phenomenon. It has

already been shown in the horizontal plankton seotions during a tidal

oyole that the large larvae are not swept out of any of the bays by tidal

aotion. Our suggestion at the present time is~that spatting failures in Mud

Bay are due to abnormal salinities, whether a rove or be1gw a oertain optimum

range.

That salinity may be the key to the problem in Mud Bay is a speoulation

arising from oertain suggestive relationships between rainfall reoorded at
(Table 63),

Priest Point Park, Olympia,(and spatting failures in this bay. If we assemble

the precipitation data as in Table 61

appear.

( INSERT Table 61)

, these relationships vaguely

In pursuing this possibility one seeks in every way for a oorrelation

between peouliarities in rain!'all and set failures; test and oonfirmation

come later. NC1W referenoe to Table 61 will substantiate the following

statements. Failure in : ~patfall oocured in those years in whiDha

1) Winter preoipitation waS exoeedingly low, (1944).
,

2) Preoipitation during the "larvae months" of April through lune

'was abnormally low even though that of the early months was high

(1934, 1935, 1951); and

3) April through June preoipitation was abno~ally ligh, but did not

oompensate an abnormally low rainfall in the winter months.
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TABtE 61 I SUMMATED DEVIATIONS FROM NORMAL RAINFALL IN RELATION

TO SPATFALL IN MUD BAY

YEAR MAXnroll RAINF.ALL DEVIATION FROM NORMAL
SETTING Deoember through Apr!1 through
INDEX Maroh June

1932 1150· +5.19 inohes -1.12 inohes

1933 4000· +4.98 -1.91

1934 300· (failure) +5.45 -4.86

1935 60 (fai lure)

1944 42 (failure) -11.77 ~.86

1945 3500 -4.94 -2.15

1946 14 (failure) +0.3.4 +3.73

1947 1600 -3.67 - '1.26

1948 6000 a4:.74 +6.07

1949 600 (fair) -8.83 -2.63

1950 2800 -e.ss -2.52

1951 ·" e (failure) 6.08 -4.28

• Number spat daily per bag ot shell, Hopkins' data (1937).
For reminder, Setting Index equals number spat per 100 . Japanese oyster shell
taoes per day.
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(1946. as oontrasted with 1948).

In pursuing this speoulation we assume that the only way rainfall oould

affect survival of larvae is through deoreasing salinity by diluting a bay
V'

with rainwater or by inoreasing it in dry spells when e~aporation from the

bay is not oompensated. We fUrther note that the effeot of rainfall and run-

off should be most notioeable in the upper half of the bays where the water

is shallow and major stream inflow reoeived. whioh is just the part of the

b,y to which the oyster larvae are oonfined. Now we add the further notion

that a bay may behave somewhat like a bowl. if it is filled to overflowing

additional water poured in merely spills oU@and we remain at a constant.

full bowl; but if the bowl is warmed and evaporation encouraged no equilibrium

is reached and the level of water in the reoeptaole beoomes lower and lower.

Applying these hypotheses to the above statements we come out with the

following interpretations of them in terms of salinitYI

1) If winter precipitation is extremely low and April through June

does not compensate for this by high preoipitation. then salinity is

abnormally high and affects the larvae adversely (1944).

2) If winter rainfall is high it will "spillout" of the bay and an

abnormally low 'preoipitation in the "larval mont~~\ill still result in

abnormally high salinity detremental to larvae (1951, 1934. 1935) •

. 3) If April through June preoipitation is abno~ally high but does

not oompensate an abnormally low rainfall in the winter months (i.e. merely

"filling up the bay" to normal). then salinity will be abnormally low and

larvae will be affeoted thereby.

Henoe it may be possible that rainfall oan affeoi salinity of the bay

water in either direotion of increase or decrease to suoh an extent that the

survival of larvae is affeoted.

It is interesting to note the setting season of 1949 in Mud BaY in

this oonnection. MaXimum. rate of spatfall attained was -': equivalent to a



119a

1 This is a hydrographioal speoulation, but it may in time be discovered
that salinity of tidal bays is more affected by deoreased than by inoreased
rainfall.

2 April and May are included in the "larvae months" an the assumption that
rainfall during these months oarries over as a salinity differenoe effective
during the months (May and/or Jun~ and/or July) in which the larvae whioh
produoe the initial set are present in the bays.
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Setting Index of 600. Bence this set was "betwixt and between", neither a

failure nor half the magnitude of the spatting in good ~ears. Now it oan be

seen in Table 61 that the winter months deviation fram normal in precipitation

was - 8.83 inches and that of the later months - 2.52 inches, giving a total

of - 11.46 inches whioh is only a bit more rainfall than in 1944 in which

the set was a failure and the oomparable figure was - 12.63 inohes. Thus

1949 preoipitation may have been just on the borderline as regards adverse

effeot on survival of oyster larvae.

If the oiroumstanoes are suoh that the set in Mud Bay can be wiped

out by abnormal preoipitation, then we might expeot that the other bays

would be affected also at least to a minor extent. That suoh may be the

oase is indioated in the following table of setting maxima in the three
aT.-

prinoip. bays during the years of our survey.

MAXIMUM SETTING INDEX
first peak of setting

Year :MtiD BAY OYSTER BAY NORTH BAY

1944 42 2300 6500

1945 3500 9000 9000

1946 14 2700 1300

1947 1600 17500 3500+

1948 5000+ 7000 9500

1949 600 9000 2500

1950 2800 4000 4200

1951 50 4000 1200

It wil.l be seen fran this table of oomparative setting figures that, in

~eneral.the years of spatting f~-ilure in :Mud Bay were also years of deoreased

., &t t i ng intensity in other bays. In this oonneotion it should be noted that

O¥a,ter "Bay had a lower over-all spatfall in 1946 than in 1944 even though the



121

maximum Setting Index for the former year was higher. for the area under the
regardless of "peaks"

s~'bting ourve (i.e. the oumulative se'b1 see Fig.. 9 and 19 ) was

greater in 1944. Henoe the diminution in setting in Oys'ber Bay paralleled

that in Mud Bay for these two years, though at a far higher level.

All these remarks are presented as and olearly stated to be mere

speoulation. They may be wholly invalidated by further investigations.

I'b is not olaimed tha'b they rr.ake a oonvincing argument nor a olear pioture.

All that is asserted is that in the absence of any other or bet'ber clues to

the se'bting failures in Mud Bay whioh stand out as an anomaly in the oys'ber

situation in lower Puget Sound, there is suffioient probability that salinity

is the aignifioant factor to justify expenditures in time and equipment to

se'btle the question one way or another. Such a study could reveal that the

weaknesses in "the case for rainfall" here presented are due to the faot

th*'b rainfall at Priest Point Park, Olympia, is not always oharaa'berietic

also of Mud Bay and its watershed, and that evaporation and other faotors

oomplioate the picture so that the relationship between Priest Point

preoipitation, and salinity of Mud Bay is a oomplex one. Direct and adequate

study of the primary rao'bor, the salini'by of the water itself to which

the oyster larvae are subjected during their pelagic life. may out through

all these diffioulties and eventually allow one to predict spatting

failures in Mud Bay on the basis of abnormal salinity. If this proves

to be the oase, then these speoulations will have amply justified themselves

in originating such a study. Furthermore it could appear that optimum

salinity is a vi'bal seoret in the oulture of o,yster larvae to setting

in the laboratory and in artifioial ponds. In the meantime, one may be

on the lookout for setting failure in Mud Bay in any year in whioh early

spring rainfall is markedly abnormal.
.L

If abnormal salinities are the cause of oo~apse of se'bting during

oertain years in Mud Bay, then these failures should be more olosely



122

oorrelated with the actual salinity of the bay water than with rainfall

whioh affects salinity far more indirectly than air temperature affe6ts

water temperature. For rainfall is generally more sharply looalized than

air temperature and, as mentioned, preoipitation recorded at Priest Point

Park may be different from that at Mud Bay itself which in turn may be

different from rainfall on the watershed of streams emptying into Mud Bay.

Factors determining evaporation no doubt further oomplioate the relationship

between rainfall and salinity.

What then of the salinities (or chlorinities) of the water relative

both to rainfall and to spatfall failure in Mud Bay? We have made large

series of ohlorinity determinations on water s8!:!ples from the bays of

lower Puget Sound and Hopkins (1931) presents many tables of suoh dat...

A oontientious and laborious review of the salinity data however has not

proved rewarding. After careful analysis we can at most conclude the

following.

1) There is an annual oycle of salinity but the variation is not

great, During the rainy early months of the year salinity is lowest and

rises to a peak late in the summer, thereupon decreasing through the winter

to the spring low.

2) Salinity does not oontradict rainfall, for seasons of high rainfall

never show high salinity; but the oorrelation between rainfall as reoorded

at Priest Point Park, Olympia, and salinity is very inexaot, doubtless owing

to the multiple factors mentioned above. ~us there is a very general

relationship between rainfall data and available bay water salinities,

as one would expect from the diluting aotion of precipitation, but the

oorrelation appears to be so loose that one oannot obtain a precise

indication of salinities from rainfall record.

3) Since good oyster sets occur regularly in Oyster Bay
anY\!8Y

salinity data from these waters oan be of little value/and it

and :Ngrth Bay

is probable
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that spat failures in Oakland Bay and South Bay are due to other faotors.

4) Hopkins' extensive salinity data unfortunately does not extend

to 1934 and 1935 in Mud Baywhioh were just the years of setting failu~e

during the period of his investigation. His studies 1d!d, however, lea.

him to remark that "'The salinity on the oyster grounds in Mud Bay is more

variable tha:b. in Oyster Bay------and heavy rains affeot the water more

quiokly in the former" (1937, p. 449). That greater variability ooours in

salinity of off-shore waters in Mud Bay than in Oyster Bay was also noted.

In this plaoe it may also be mentioned that although Hopkins found lower

prevailing salinitee in Little Skookum and Oakland Bay than in Mud Bay,

this fact does not render untenable the hypothesis that spat failure 18

Mud Bay may be due to abnormal (eg. low) -sal i nit y, for it must be remembered

that each bay is a genetioally isolated population of oysters whioh do

not interbreed with oysters of other bays. Hence the oyste rs in anyone

of these bays may have physiological, as they undOUbtedly have morphological,

differenoes fram those of other bays. In a manner of' speaking, this means

of oourse that oyster larvae of Oakland Bay (but not of Little Skookum?)

could have "learned" to tolerate lower salinities. In any event the set's

in Oakland Bay and Little Skookum have in our time and in that of Hopkins

been much lower than those of the major oystering bays.

6) Water bottle samples as usually taken are simply inadequate to a

determination of the summated average effective salinity to which oyster

larvae are subjected from week to week during their pelagio life.

Certain ",er al oyole8 and trends as mentioned above are evident, but the

variation in suoh samples is muoh too "jumpy" to permit correlation with

events in the life oyole of the oyster. Either a verY extensive water-bottle

survey should be made of salin!ty in Mud Bay· during the larvae season or

some sort of' integrating e18at~tcal oonduotivity reoorder might be set up
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to determine the average over-all salinity changes in the water mass of

the upper half of the bay to which the larvae are mostly oonfined. Only

such a study migh1i demonstrate that salinity is a crucial faotor in sueeeaa

ot setting in Mud Bay and permit one. from a preoise knowledge of the water

salinity during the two weeks following initial major liberation of larvae

from spawning. to foreoast whether those larvae may be expeoted to survive

through to setting. In the meantime we shall have to be guided as best we

may be the empirioal rules (given on p. 118 ' ) derived trom the apparent

relationship between abnormal rainfall and spat failure.

2) Range and Stage of fide in Referenoe to Setting

The demonstration of a Larvae Mass whioh moves baok and forth

in the bay with the ebb and flooding of the tide enables one to olear

up very simply a question oonoerning the relation of stages of tide to rate

of setting brought up by Hopkins in his 1937 paper (Pp.489 - 493). Hopkins

deter.mined the spat oaught hourly during a oomplete tidal oyole at three

looations in Oyster Bey and found ~ marked ohang~ in spatfall from hour

to hour. Heaviest setting ocoured generally during "half-tides·. ie.

during mid-flooding water. mi.d-e~bing or during a low higll+ttid•• Water

temperature. pH. salinity and ourrent-velooity were also determined

. alon~ with setting rate beoause it was assumed that the variation in the

spatfall was due to conditions of the water as suoh , However. no

satisfaotory oorrelation between any of these faotors and intensity of

setting wes shown.

Turning to one of the studies on variation in larvae aburdanoe

with stage of tide (Fig. 45 ) we note that the abundanoe of larvae and

therefore of setting larvae at Station 9 (near Dike 5) presents a ourve

strikingly similar to Hopkins' histo~rams of setting rate in~
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relation to height of tide. Hence it follows that the very simple and

reasonable explanation of Hopkinstresults is that larvae set more when

there are more larvae to setl That is to say, the center of the Larvae

Mass passes over a given spot like Station 9 or Dike 5 at a certain stage

of the tide, in this case during half-ebb and espeoially at half-flood

~ide. Setting still occurs at high or ebb tide not in spite of ohanges

in physical or ohemical state of the water but simply beoause the outer

fringe of the Larvae Mass is still over the station and so some larvae

are available for setting.

If this reasoning be 'val i d then setting intensity at down-bay stations
IIO~i1rd"'fJ"akd.

likeADike S on the Steele grounds should show maximum spatting on late

ebb and early flood tide accordtng to the larvae oounts there during these

s~ages of t •• tide (Station .H-E in Fig. 50 and Station G in Figure 52 ).

This expectation is not confirmed by Hopkins' find.~8 (see his Fig. 35, P.490)

which showed instead highest setting at the peak of the highest high tide
eastslrare

in Dike S. But thi~locationwas not included among the s~pling stations

in any of our plankton tidal cycles so it is possible that looal off-ohannel,

in-shore eddies may determine hourly fluctuations in larvae abundanoe at

this particular point somewhat differen~ from the back and forth movement

of the Larvae Mass of the bay in general. Since larvae abundanoe so

simply explains the fluotuations in setting rates at Hopkins' up-bay stations

it is oonsidered likely that a locll study of larvae density over Dike S

in reference to tide would olear up the disorepancy. At any rate the

markedly lower intensity of spatting whi.ch he oontinually observed at Dike

S as oompared to Dike 5 shows that b~ reason of its looation down-bay Dike

S fails to tap the major Larvae Mass.

The possibility of this interpretation of Hopkins' results ~s anticipated

by Korringa (1940, p. 200) who noted that Hopkins negleoted the all-important

factor of abundanoe of setting larvae in connection with both hie ho~ly
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setting studies and his tests of vertioal distribution of spatting intensity.

Investigations in variation in larvae abundanoe at different stages of the

tide speoifioally confirm that this abundanoe and not water conditions is

one of the most important factors in determining rate of spatfall.

Attention to the fluotuation in larvae abundance at any point in relation

to the stages ot the tide thus olearly indioates that this is the major
hourly

factor in/rate ot setting and that oonditions ot the water, it influential,

play but a' minor part. Hopkins' experiments can then be used in a different

manner, namely, to demonstrate that cultch over which the Larvae Mass

Pfsses draws on the ma.imum'density ot setting larvae in the mass for its

oumulative spatfall, pioking up spat as the mass passes over it going

up-bay on the flood and again as it oomes down the bay on ebbing tide.

We oonolude that physical factors like current velocity, oorrelated

with stage and range of the tides themselves, are probably not relevant

to the problem of spat failure in Mud Bay. Prevailing salinities, at any

stage or range of tide way be involved as discussed above. Yet range of

tide may possibly aooount for oultOhing failures in certain years, not

through conditions of the water but with referenoe to distribution of the

setting larvae, as will now be developed.

In his paper on the Olj~pia oyster (1937), Hopkins oonsidered that

there was suffioient correlation between spatting intensity and range ot

tides to permit the oonolusi~ that "times of ma,~mum frequenoy of setting

tall wit~ ~eriods of spring tides when tidal range is greatest". His

ri~re 33 (,~ 4a~) 1s stated to shaw thisrel~tion~hi~ most clearly since

? -'0 3 day test oul1;oh was used for the data therein v1suall,ed, and the

ambiguities in hi$ t: "' other b..y-year diagrams are attributed ,t o the fouling
• • .. • I

~ 7 - day ,t es t oul'boh resulting in a less definite looation of the.. .. . .

preoise peaks in spatfall. We shall see again, howe~er, that o.rt~lin ot

Hopkins' conolusions are vitiated .by the inoompleteness of his da:ta;
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for he did not make quantitative studies ef the planktonic oyster larvae

and a reliable oorrelation between range of tide and setting cannot be

established unless one oan show, for example, that setting on neap tides

is low even though there is an abundance of setting larvae available at

the time.

It has just been shown how Hopkins' results OL setting intensity in

relation to stage of tide are most simply explainable by the fact that

only at half-tide are the larvae brought up to Dike 5, Oyster Bay, in

near their ~imum abunda~oe. On this basis it was suggested by Mr. Cedric

Lindsay that range of tide at time of set~ing might affect delivery of
. . .

setting larvae to the cultch in Mud Bay 'and therefore have a bearing an

suooess or failure of the set in that bay. This possibility was

therefore surveyed as followSJ

Referenoe is made to Figure 53 showing a horizontal plankton seotion

ttrough Mud BaY on a oycle Bf tides. It will be notioed that maximum

larvae oounts were obtained at Station A, fartherest up toward the head

of the bay and that they appeared at this location in maximum abundance

only after the height of the tide was 12 1/2 feet or higher. .Although

from this one study it remains a mystery where the larvae are at low tide,

it may be a general rule that only tides of height + 12 1/2 feet· or greater

will bring the larvae in the region of Station A. Now this is just the

area of the bulk' of oommeroial oultohl~g in Mud Bay as it is also the looation

of our station for test cultch•

.* Since there .is no referenoe tide station for Mud Bay we use the +3.6

feet oorrection faotor for Burns Point, Oyster Bay, applied to Seattle

tide tables.
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Although the 1951 season is not included in this review paper, we wish

to refer to it in tx"l«-Jd;~ the present conneotion. Sutfioe it to say

that in 1951 the larvee abundance reaohed a satisfactory maximum of over

3000 per 20 gallons in Uud Bay and somewhere'. between 2% and 5'% of these

attained near-setting size in July 9th samples. Nevertheless the setting

in~en8ity never exceeded 70 spat per 100 Pacifio oyster shells per day,

whioh is poor.

That is to say, aooording to the larvae data the peak of spatting in

Mud Bay should have been reached around July 9th. Refering to 1961 tide

tables we see however 'that on July 8 through July 13 only half of the high

tides attained a height of +12 1/2 feet or greater. On the hypothesis

suggested this would mean that the larvae whioh were apparently ready to

set had only half a chanoe of reaohing the cultohing area thou~ it is

diffioult to explain why the set was not therefore at leaat half as good

a8 normal instead of being in fact unusually low.

Turning how to the other years of our study in Mud Bay we may analyze

them with reference to whether (1) the larvae pioture was favorable, ie.,

showed a thousand or so larvae in the samples and growth toward setting

size, (2) the tides' were favorable or not ~en the larvae were reaqy to

set in abundance i.e. whether both daily high tides were of' height + 12 1/2

feet or greater, or whether only one high tide a day reached this height,

and (3) whether the rair:fall of the season was normal or abnormal and

th~refore the salinity presumably altered aocordingly (see Table 62) XXIi
This survey reveals the following.

(INSERT Table 62)
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TABLE ..;6.2 a

SPATFALL Sua.C~Es.s IN MUD BAY IN RELATION TO CERTAIN FACT.ORB

YEAR· MAXTh.'1JM LARVAE PICTURE TIDES AT LARVAE PEAK RAINFALL
SET'l'ING IlmEX

1944 42 insuffioient good very abnormal
large larvae

1945 3500 good good. not very
abnormal

1946 14 insuffioient good abnormally high
large larvae ~une

;preoipitation

1947 1600 fair poor only for a not very
few days. then abno~al

good

1948 5000+ good good early dry
season balanoed
by later rain

1949 600 good poor quite
abnormal

1950 2800 good good not very
abnormal

1951 70 good poor early rain
possibly
balanoed by later
dry month$
~_ . .
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From this review of the setting seasons in Mud Bay we see th*t spatting

f.ilures can be aooounted for either by abno~l rainfall (1944, 1946, and

possibly 1951) er by the ooourence of neap tides at the time of setting

(possibly 1949 and 1951).

When we return to Hopkins' observations on Mud Bay, we find that his

Fi~ure 33, P. 486, shows that in 1935 the setting peak in Mud BaY did

coincide sharply with a run of spring tides. The same is the case with the

set in all the other seasons of his study of this bay (1931 - 1934). In

fact ~~ note that Hopkins' principle of maximum setting at spring tides

holds very well for Mud Bay, although perhaps for different reasons than

he thougnt (ie.nFrequenoy of setting appears to be assooiated with

swiftness of ourrent"), while the case for this rule does not seem to 'me at

all clear-out *1th reference to Oyster Bay. Of course we do not know

the larvae pioture for Mud Bay, 1931 through 1935, and 80 oan never in

any instance tell whether the larvae happened to be ready to set on a

spring tide or were picked up on the oultOh beoause there was a spring

tide maximum. It is improbable however that this relation of setting

maxima to spring tides was in every oase a coincidenoe. and therfore Hopkins'

observations do add some evidenoe for the idea that two daily high high-tides

were neoessary to bring the setting larvae to his Mud Bay setting stations,

which were even farther up the bay than ours.

If absenoe of spring tides in Mud Bay at the time when the larvae are

prepared to set in abundanoe may explain setting failures during some

years, wht; then are sets in Oyster Bay and in North Bay so generally

suooessful in spite of the fact that during some years neap tides oome during

the setting maxima? To answer this question we refer to plankton studies

in these bays during a tidal oyole. In the oase of Oyster Bay we note

that the maxim\.Dll larvae abundance was found at just up-bay from Station 9

(station C in Fig. 52 ).during the second half of flooding tide and that
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the larvae never appeared in great abundanoe fa'i1ther up the bay. If one oan

generalize from this one study it may be said that in Oyster Bay the larvae

are not oarried all the way up to the head of the inlet as is the oase in

Mud Bay. Practioe oonfirms this,for the seed grounds in Oyster Bay are

relatively down-bay, in the region of Station 9 or Dike 5 and Burns Point.

This being the case, Oyster Bay should not be af'fedted by tidal range in

this area and it is not. This oirc\ml.stanoe rather than impreoise looation

of dates of maximum setting due to fouling of 7-day oultch explains the

exceptions to his rule in the oase of Oyster Bay whioh Hopkins oould not

otherwise aooount for.

Refering now to the one tidal study in North Bay (Fig. 55 ) we find

that there is not muoh difference between larvae abundance at the three

stations in North Bay proper at the end of ~as~ Inlet and therefore again

we do not have in this bay, as in Mud Bay, any indioation of the oonoentrating

of the larvae toward the head of the bay at high water. Henoe in North Bay,

too, the set appears to be largely independent of range of tidej as can be

seen by noting setting .peaks in relation to spring tides which is shown

in the bay-year graphs.

Let it be repeated that Mud Bay setting failures represents the one

anomaly in the picture of the bays of lower Puget Sound. Poor spatting

in Oakland Bay and South 'Bay are due to the failure for one reason or

Ilhother to produce sufficient abundance of setting larvae. Variation in

spatfall from year to year in Oyster Bay and North Bay is probably correlated

wi th ohanges in spawning population due to marketing of oysters as well as

to ohanges in weather, abundance of larvae predators (eg. Nootiluoa, ~

Pleurobrachia), etc., and in any case a satisfactory oatch now seems always

possible. But in Mud Bay there may be poor sets although larvae are

annually produoed in rather favorable numbers. Nawwe have only three

years during our study in whioh distinot Mud BaY set failures ocoured; two

,..~ "''''aoa f1 044 Ann 1Q~} were toward the bee:inninl!; of our investil';ations
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and the third (1951) almost falls outside the perview of this paper. Henoe

at this time the best we oan do on the basis of these three oases is to

conjeoture the reasons for spat failures in Mud Bay in the hope of

providing some degree of probability in antioipating suoh bad seasons-
when cultohing i. unprofitable. Future .tudies. based on these suggestions.

may then in time lead to a thorough knowledge of the oonditions for a

satisfaotory set in Mud Bay.

It has already been described how in 1944 and 1946 the larvae in Mud

Bay apparently failed to develop in sufficient numbers to setting size and

how this might be attributed indireot1y to abnormal rainfall.

The notion regarding the relation of range of tide to spatting suooess

complioates the picture in Mud Bay but this complexity is by no means

umnanageable. We can out right through it by stating tB.at. until we have

more oertain knowledge from further cases of -spat fBi lures in :Mud Bay. one

may be on the lookout for suoh failures when-------

1) the total abundanoe of larvae is less than 1000 per 20 gallons

and the number of near-setting size 'larvae less than 100, an~or

2) the preoipitation as reoorded at Priest Point Park, Olympia is

definitely abnormal in the manner discussed on P. 118 • and / or

3) a period of neap tides follows the predicted date for the beginni~

of the first wave of setting. When anyone or any oombination of these

oircumstanoes is the case, ~KJlDD'z.xli..Hx::tllla:kxa then the spatting

possibilities are preoarious and the ohanoes are small that a profitable oatoh

will be obtained in commeroial oultoh accord:ng to the observations 80

tar acoumulated.
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TABLE 4 J FIELD DATA. 1942

DATE PERCENT OF OYSTERS SPAWNING. MID-DATE RATE OF .
AS FatALES SPATF.Att.*

White-siok Gray-siok Total

OYSTER BAY May 5 8 0 8
(Dike 5. May 8 16 0 16
Olympia Oyater May 12 14 0 14
Co.) Kay 15 17 0 1'7

Kay 18 16 0 16
May 23 31 1 32
May 29 12 9 21
June 1 11 4 16
June 5 9 0 9
June 8 7 0 7
June 12 2 4: 6 June 12 0
June 15 10 7 17 June 15 0
June 19 6 1 '7 June 19 3
June 23 0 0 0 June 23 13
June 26 3 2 6 June 26 19
June 29 1 0 1 June 29 2
July 3 4 0 4 July 3 1
July 7 3 0 3 July 7 - 10
July 10 0 0 0 July 10 2
July 13 4 1 6 July 13 10
July 17 4 3 '7 July 17 17
July 20 2 0 2 July 20 23
July 24 0 0 0 July 24 22
July 31 0 0 O. July 31 16
Aug. 3 0 0 0 Aug. 3 9
Aug. 7 0 0 0 Aug. '7 0
Aug. 10 0 1 .0 Aug. 11 0
Aug. 14 0 0 0 Aug. 14 0
Aug. 17 0 0 0 Aug. 17 6
Aug. 21 0 0 0 Aug. 21 0
Aug. 24 0 0 0 ":ug. 24 0

MUD BAY Jiay 23 19 3 22

(Dike B. Jlay 29 11 8 19

Brenner Oyster June 5 4 5 9

ce.) June 12 10 1 11 June 12 0
June 19 9 0 9 June 19 12
June 26 4 6 10 June 26 1
July 3 2 5 '7 July:5 0
July 31 0 2 2 July 10 7

July 11 21
July 24 2

.~ulY 31 3
Aug. '7 1 0 1 .g.7 0
Aug. 14 0 0 0 . Aug. 14 Q
Aug. 21 0 0 0 Aug. 21 0
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TABLIi 4 I FI-lILD D,ATA, 1942 (oont' d)

DATE PERCENT OF oraTERS _SPAWNING* MID-DATE RATE OF
.AB FWALES SPATFALI,**

White-siok Gray siok Total

OAKLAND BAY May 29 5 0 5
(State Dike) June 5 16 2 17

June 12- 3 5 8 June 12 0
June 19 9 0 9 June 19 0
June 26 5 2 7 June 26 2
July 3 1 0 1 July 3 +
July 10 13 0 13 July 10 4
july 13 3 2 5
July 17 0 2 2 July 17 4

July 24 0
July 31 0 0 0 July 31 0
Aug. 7 0 0 0 Aug. 7 0
Aug. 14 0 0 0 Aug. 14 0
Aug. 21 0 0 0 Aug. 21 0

*Peroentage of oysters in a sample ot 100 mature individuals bearing
unshelled (White-siok} and oonohivarou8 larvae (Gray-siok).

**Number ot spat per 20 Ostrea~ shells per week. Mid-date ot the
7-day period is given. Sampl~20 shells tram a ohioken wire bag
oontaining about 100 were examined tor spat.
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TABLE 5. FIELD DATA, 1943

DATE PERCENT OF OYSTERS SPAWNING* MID*DATE NO. DAYS RELATIVE
AS FDlALES CULTCH RATE OF

White-siok Gray-sick Total EJiERSED SPAlFALL**

OYSTER BAY Yay 3 0 0 0
(Dike 5. 13 2 0 2
Olympia Oyster ·18 4 0 4
Co. ) 21 3 1 4

25 8 1 9
29 11 6 17

June 2 8 10 18
4 20 4 24
8 21 6 27 June 10 3 1.7
11 8 15 23 13 4 0.5
15 12 16 28 17 3 2.0
18 4 9 13 20 4 0.3
22 2 10 12 24 3 0.2
25 7 1 8 27 4 10.6
29 2 2 4 July 1 3 0.7

July 2 0 7 7 4 4 0.3
6 2 0 2 8 4 0.1
10 3 1 4 12 3 0.5
13 0 3 3 15 3 0
16 0 1 1 18 4 1.0
20 2 0 2 22 4 1.3
24 1 1 2 26 3 7.5
27 0 1 1 29 3 3.3
30 1 0 1 Aug. 1 4 1.4

Aug. 3 0 1 1 7 8 0
15 7 3.9
22 ? 7.9

MUD BAY :May 3 0 0 0
13 2 0 2
16 3 0 3
21 8 2 10
24 16 ]) 17
29 16 5 21

June 2 15 9 24
4 20 9 29
8 17 5 22 June 10 3 1.7
11 12 16 26 13 4 0.5
15 7 19 26 17 3 1.3
18 11 16 27 20 4 0.2
22 2 10 12 24 3 0.5
25 7 13 20 27 4 0
29 4 1 5 July 1 3 1.7

July 2 5 1 6 4 4 0
6 6 6 12 8 4 0
10 8 3 11 12 3 0.1
13 1 4 5 15 3 0
16 11 5 16 18 4 0.8
20 3 1 4 22 4 0.1
24 0 6 6 26 3 0.3
27 0 0 0 29 3 3.3
30 0 0 0 Aug. 1 4 1.1

Aug. 4 1 0 1 15 7 6.1
22. 8 0.9
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TABLE 6 I FIELD DAU. 1943 (cont'd)

DATE PERCENT OF OYSTERS SPAWNING. MID-DATE NO. DAYS RELATIVE
AS FEMALES CULTCH RATE OF

White-siok Gray-siok Total EMERSED SPATFALL

NORTH BAY May 16 3 0 S
( State Dike) 19 4 1 5

23 12 4 16
26 17 6 22
29 9 8 17

June 2 11 15 26
6 6 13 18
9 13 8 21 June 11 3 0
12 4 9 13 14 4 0.1
16 1 20 21 18 3 0.2
19 8 9 17 21 4 0 .
23 6 6 12 27 5 0
26 6 3 9 28 3 0.8
30 2 2 4 July 2 4 0.1

July 3 4 1 5 5 4 0
T 3 2 5 9 3 0
10 4 2 6 12 4 0
14 0 1 1 16 3 0.1
17 4 0 4 20 3 0.4
21 4 0 4 23 3 0
24 0 4 4 26 4 0.1
27 0 1 1 30 3 0.8
31 1 0 1 Aug. 2 6 0

16 7 0
23 8 0.05

OAKLAND BAY May 29 0 0 0
June 2 1 0 1

4 1 0 1
8 0 0 0 June 10 3 0
11 0 ·0 0 13 4 0.4
15 1 0 1 17 3 0
18 9 1 10 20 4 0
22 2 2 4 24 3 0
25 5 3 8 27 4 0
29 2 2 4 JUly 1 3 0

July 2 1 3 4 4 4 0
6 11 1 12 8 4 0
10 6 0 6 12 3 0
13 1 2 3 15 3 0
16 5 1 6 18 4 0.1
20 2 0 2 22 4 0
24 0 0 0 26 3 0.1
27 0 0 0 29 3 0
30 0 0 0 Aug. 1 4 0

Aug. 3 0 1 1 15 7 0.2
22. 8 0

• Peroentage of oysters in a sample of 100 mature individuals bearing unshelled
(White-~iok) and conehfvarous larvae (Gray-siok) •

•• Maximum spat per day per glass plate (70 square inohes. under sur"oe only).
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TABLE '6 I SPAWNING. 1944

OYSTER BAY JroD BAY

DATE PERCENT OF OY~TERS SPAWNING DATE PERCENT OF OYSTERS SPAWNING DATE PERCENT f OYSTERS SPAWNING
AS FEMALES AS FalALES AS FDULES

~te-8iok Gray-siok Tot al White-siok Gray-siok Total White-s k Gray-siok Total

4ay 5 0 0 0 Kay 4 0 0 0 :May 4 0 0 0
11 32 0 32 11 ' 1.61 0 1.6 11 0 0 0
19 16 12 28 19 13.8- 1.1 , ~4.9 19 18.8 6.2 26.0
22 20.1 10.3 31.0 22 10.9 . 0 10.9 26 8.2 8.2 16.4
26 14.5 26.1 40.6 26 18.0 3.9 21.9 June 3 4.4 I 4.4 8.8

ftme I 9.3 2.9 11.6 June 3 1~.1 6.1 23.4 6 8.6 10.3 18.9
6 1.6 8.1 9.1 6 8.6 8.6 17.2 10 28.0 0 28.0
10 0 4 4 10 20.0 6.0 26.0 17 0 5.7 5.7
14- 0 3.2 3.2 14 1.5 7.5 9.0 20 0 3.0 3.0
11 6 0 5 17 1.1 8.3 10.0 23 3.8 3.8 7.6
20 7.3 1.8 9.1 20 6.8 1.7 8.5 30 2.8 : 1.4 4.2
23 4.0 11.8 15.8 23 6.0 0 6.0 July 4 5.1 I 0 5.1
28 3.5 1.8 6.3 28 0 5 6 7 8.9 I 0 8.9
SO 4.0 11.8 16.8 July 1 2 8 10 11 3.3 I 0 3.3

'uly 4 7.1 3.6 lQ.7 4 3.4 0 3.4
1 6.0 4.0 10.0 - 1 3.2 1.6 4.8
11 7.3 ' 1.8 9.1 11 5.3 0 5.3
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KOUTH BAY OmeAND BAY

DATE PERCENT OF OYSTERS SPAWNING I DATE PERCENT OF OYSTERS SPAWNING
AB FDULES .AS FRVALES

White-siok Gray-siok Total White-siok Gray-.iok Total

May 12 0 0 0 May 4 0 0 0

19 0 1,5 1.5 11 0 0 0

26 3.1 0 3.1 19 , 3.9 0 3.9

June 3 5.7 3.6 9.3
~ 22 6.5 0 6.5

6 1.9 0 1.9 26 10.0 4.0 14.0

10 6.0 2.0 8.0 June 3 6.6 11.5 18.1

17 0 3.6 3.6 6 5.4 5.4 10.8

20 6.8 3.4 10.2 10 6.8 8.5 15•.3

23 6.0 0 6.0 14 0 10..3 10.3

July 1 1.6 3.2 4.8 17 0 3.'2 3.2

4 6.0 2.0 8.0 20 3.3 1.7 5.0

7 1.8 1.8 3.6 23 . 1.9 5.8 7.7

11 0 0 0 28 0 0 0
r 7.1 8..3SO 1.2

July 4 .7.1 3.6 10.7
7 4.8 6.5 11.33
11 0 3.8 3.8

t-, • :.~l< '
.;. Il, C .•

:~

I
j

-,

. i

I
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TABLE 7 I SP~NG. 1945

DATE

OYSTER BAY
(Dike 5b, Olympia Oyster Co.)

PERCENT OF OYSTERS SPAWNING
AS FEMALES

White-s1ck Gray-.1ok Total

DATE

MJJD BAY
(Brenner Dike)

PERCENT OF OYSTERS SPAWNING
. AS FEMALES

White-siok Gray-.iok Total

DATE

NORTH BAY
(Nelson Dike)

PERCENT OF OYSTERS SPAWNING
.is FEMALES

lhite-.iokIGray-sick Total

May 4 0 0 0 May 4 0 0 0 May 4 0 0 0
11 7.3 0 7.3 11 0 0 0 26 4.7 9.3 14.0
22 9.0 0 9.0 26 12.3 0 12.3 30 5.7 8.6 14.3
26 13.0 9.3 22.3 30 20.6 3.2 23.8 June 4 4.7 10.6 15.3
30 10.2 10.2 20.4- June 4 10.0 16.7 26.7 12 1.3 3.8 5.1

June 4 10.0 14.0 24-.0 12 8.8 7.0 15.8 16 2.9 10.1 13.0
9 8.3 5.6 13.9 16 1.5 13.4 14.9 19 I.e 5.4- 7.2
12 1.9 9.4 11.3 19 6.0 8.4 13.4 24 1.4 1.4 2.8
16 1.7 1.7 3.4 24 2.7 11.0 13.7 27 2.6 2.6 5.2
19 3.4- 1.7 6.1 27 1.4- 9.6 11.0
24- 3.5 7.4 10.9 30 0 3.4 3.4
27 3.1 9.2 12.3
30 1.7 8.4 10.1
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SOUTH BAY ·~l OAKLAND BAY
(State Dike)

DATE PERCENT OF OYSTERS SPAWNING ~ DATE PERCENT OF OYSTERS SPAWNING
NJ rEMALES 6 NJ FEMALES

.:'if

'White-sick Gray-sick Total . ~ White-sick Gray-siok rota1

:May 4 0 0 0 ~ May 4 0 0 0
~30 12.6 12.6 25.0 ., 11 0 0 0i

June 12 3.8 17.0 20.8' , -22 5.4 . 0 5.4
16 4.8 2.4 7.2

,
26 18.5 0 18.5

19 2.0 5.9 7.9
....;

30 1.7 10.3 12.0
~I24 3.7 3.7 1.4 I June 2 3.6 1.8 5.4

21 0 3.2 3.2 ~ 9 15.9 9.5 25.4
30 10.0 4.0 14~0

<'I 12 21.2 0 21.2~
16 3.6 7.1 10.7
19 7.5 6.7 14.2
24 6.1 4.6 10.7
27 2.9 2.9 5.8
30 3.2 6.3 9.5
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TABLE 8 I SPAWNING. 1946

OYSTER BAY MUD BAY NORTHIBAY

. DATE PERCENT OF OYSTERS SPAWNING DATE PERCE1~ OF OYSTERS SPJWNING DATE PERCENT OF OYSTERS SPAWNING
AS FEMALES AS FEMALES AS FEM.ALES

White-siok Gray-siok Total White-sick Gray-siok Total White-sick Gray-sick Total

May 8 0 0 0 May 8 0 0 0 May 8 0
1

0 0
20 14 8 22 20 6 0 6 20 8 0 8

21 0 4 4 27 6 2 8 . . 27 30 I 2 32
June 4 8 0 8 June 4 18 8 26 June 4 12 0 12

11 0 10 10 11 2 4 6 11 10 4 14
18 6 0 6 18 8 2 10 18 4 0 4
25 0 4 4 25 6 4 10 25 6· i 6 12

July 2 4 2 6 July 2 6 0 6 July 2 16 0 16
9 0 0 0 9 2 0 2 9 0 j 4 4
15 12 0 12 15 4 8 12 16 6 j 0 6
23 2 2 4 23 2 0 2 23 0 ! 0 0



l '31 c..o(\o~· \
SOUTH RAY

~
OAKLAND BAY

\s
~

DATE PERCENT OF OYSTERS SPAWNIEG
J

DATE PERCENT OF OYSTERS SPAWNING
AS FEMALES I AS FEMALESI

't

White-siok Gray-siok Total White-siok Gray-siok Total

May 8 0 0 0
j

:May 8 0 0 01
20 4 0 4 , 20 0 0 0
27 20 0 20

.,
27 4: 0 4:'f.

June 4: 20 8 28 a June 4 12 2 14,.

11 10 12 22. r: 11 6 6 12
~18 4 14 18 ':\ 18 16 2 18

26 0 4: 4:
, )

26 0 4 4
~

July 2 2 2 4 1: July 2 6 0 6
9- 8 2 10 ·1 9 4: 2 6
15 6 4: 10 II 15 4 0 4:

~.
23 2 o · 2 1, 23 2 0 2
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TABLE 9 I SPAWNING, 1947

OYSTER BAY MUD BAY NORTH BAY

DATE PERCENT OF OYSTERS SPAWNING PERCENT OF OYSTERS SPAWNING PERCENT OF OYSTERS SPA~ING

AS FEMALES AS FEMALES AS FEMALES

White-sick Gray-siok Total ~te-8iok Gray-siok !otal White-siok Gray-siok Total

May 21 6.7 8.3 15.0 5.3 0 5.3 3.4 0.8 4.2

June 4 6.0 1.2 7.2 -- -- -- 4.5 7.5 12.0

7 -- -- -- 9.2 3.4 12.6

10 4.8 7.9 12.7 -- -- -- 5.9 7.8 13.7

16 3.7 1.8 5.5 7.8 15.7 23.5 0 3.9 3.9

25 0 8.3 8.3 0 2.5 2.5 0 10.6 10.6

July 1 6.8 0 6.8 3.0 0 3.0 0 0 0



SOUTH BAY

PERCENT OF OYSTERS SPAwNING
AS FEMALES

White-sick Gray-sick Total

l?<{ cow-r

OAKL.AN.D BAY

PERCENT OF OYSTERS SpPNING
AS FEl:.ALES

~te-8ick Gray-sick Total

3.0

16.7

o

9.4

o

o

7.3

6.2

3.0

16.7

7.3

15.6

2 o 2



.8

4~

.6

3J2

2JE

o

White-

I
I

11.1 I
!

I
!

I
i
I
I
I

I
I
I

I
1
I
J

f •

16.3

11.6

24.0

25.1

20.9

19.3

~,.

I,
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16.3 0

19.0 1.9

16.5 8.6

5.3 14.0

17.3 6.7

5.8 5.8

9.5 1.6

!

I
I
,

TABLE lOa SPAWNING. 1948 l
MUD BAY NORTH BAY ~

PERCENT OF OYSTERS SPAWNINGI
AS F~ES . I

White-sick Gray-sick Total i
I
I

000

PERCENT OF OYSTERS SPAWNING
AS Fl!MALES

White-siok Gray-sick Total

0 0 0
0;

4.4 0 4.4

3.9 0 3.9

2.4 0 2.4

10.6 5.6 16.2

13.4 1.2 14.6

21.4 2..9· ~ 24.3

10.0 10.0 20.0

4.1 8.2 12.3

OYSTER BAY

PERC I!: L~T OF OYSTERS SPAWNING
.AS FEllALES

White-sick Gray-siok Total

0 0 0

1.9 0 1.9

16.2 0 16.2

15.9 8.2 24.1

19.6 5.4 25.0

If·l 1.6 12.7

16.3 2.5 18.8

7.2 16.4 23.6

7

28

21

24

10

18

14

* Adequate samples of both May 24 and May 27 showed no spawning.
This is quite interesting in showing a preciptous development of spawn.
especially in the always precipitous ~orth Bay.

May 27*

DATE

June 3
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SOUTH BAY OAKLAND BAY

PERCENT OF OYSTERS SPAWN.rNG PERCENT OF OYSTERS SPAWNIilG
AS FEMALES AS FnvlALES

White-sick Gray-sick Total White-sick Gray-sick Total

0 0 0 0 0 0

2.6 0 2.6 -
3.3 0 3.3 0 0 0

0 0 0

9.6 0 9.6

14.0 2.3 16.3 3.0 1.0 4.0

0.8 4.2 5.0

8.9 0 8.9 0 0 0

13.5 0.9 14.4
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TABLE 111 SPAWNING, 1949

OYSTER BAY MUD BAY NORTH BAY

DATE PERCENT OF OYSTERS SPAWl'TING PERCEllT OF OYSTERS SPAWNING PERCENT OF OYSTERS SPAlnlING
AS FEMALES AS FW~ES AS FEMALES

White-sick Gray-sick Total White-sick Gray-sick Total White-eick Gray-siok Total

May 27 8.0 0 8.0 12.3 0 12.3 6.4 0 6.4

June 2 11.5 1.2 12.7 21.3 0 21.3 7.9 0 7.9

8 14.6 13.3 27.9 16.0 4.0 20.0 6.6 5.3 11.9

13 18.7 2.7 21.4 12. 0 10.7 22.7 6.6 1.3 7.9

16 2.7 6.7 9.4 10.7 6.7 17.4



DATE

OYSTER BAY

PERCE1~T OF OYSTERS SPAWNING
AS FEl.1ALES

White-siok Gray-sick Total
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TABLE 121 SPAWNING, 1950

MUD BAY

PERCENT OF OYSTERS SPAWNING
.A$ FEMALES

White-sick Gray-siok Total

NORTH BAY

PERCENT OF OYSTERS SPAWNING
.A$ FEMALES

.Whi t e- si ok Gray-siok Total

June 3

8

10.0

15.0

o

o

10.0

15.0

4.0

12.0

o

o

4.0

12.0

6.0

3.0

o

o

6.0

3.0
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1.'--~- " TABLE 13J PELAGIC LARV~ 1944

OYSTERBJ,Y JmD'B.AY
(Combined Stations 7, 8 & 9) (Combined Stations 3 & 4) (

DATE MAXTMUJ( " LARGE NUMBER DATE MAXnftJK " URGE NUMBER
rorAL LARVAE LARGE .. , ~ ' TOTAL LARVAE LAnGE-

COUft LARVAE com LARVAE

May 10 0 0 0 May 10 44 0 0
17 32 0 0 17 36 0 0
26 252 0 0 June 2 544 0 0

June 2- 1,152 0 0 16 700 0 0
12 17,400 26 663 1.6 9
16 7,040 2.7 90 July 3 3,200 3.2 102
19 3.840 2.6 100 17 1,472 0.4 6
26 7,896 6.6 4"34 24 512 0 0

JulyS 836- 3.7 31 27 300 0.8 2
1'7 7,162 6.9 493 Sl 36 0 0
21 - .! 2,000* 4.7 94 .Aug. 7 8 0 0

Aug • .., 100* lS.1 13 9 44 0 0
14 2* 0 0 14 0 0 0
28 200* 1.0 14

Sep. 6 6* 5.9 0

*Average, plus.
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I
VA!. 1944

NORTH AT soum BAY OAKLAND BAY
(Combined stations 19 & 20)

DATE MAXIMUM 0 LdBB NUMBER DATE MJ.XI]4U)( %LARGE NUMBER DATE MAXIMUM %LARGE NUMBEi
TOTAL . VAE LARGE TOrAt LARVAE LARGE TOTAL LARVAE LARGE
COUNT I LARVAE COUNT LARVAE COUNT LARVAl

Mayll 36 I 0 0 May 17 , 0 0 0 May 17 0 0 0
17 4 0 0 June 2 8 0 0 25 8 0 0

25 12 0 0 15 28 0 0 June 2 144 0 0
June 2 568 0 0 26 252 0.8 2 12 904 0 0

12 360 0 0 July 3 2.132 4.9 104 16 1.316 0 0
15 3.884 4.6 179 7 676 1.8 12 19 1.036 0.8 8
19 2.884 9.6 277 24 56 0 0 July 3 180 1.1 2
20 456 I 15.3 70 27 24 20 520

July 3 700 11.2 78 31 172 13.9 24 24 656 1.4 9
20 496 4.5 22 Aug. 7 0 27 1.200 1,8 22
24 · 184 9.7 18 8 32 31 1.800 4.0 72
27 212 7.7 16 9 16 Aug. 7 160 14 22
31 40 14 20 14 12

Aug. 7 80 5.0 . 4 28 0 21 8
14 12 Sep. 2 0 28 16
28 20 Sep. 5 32 .

Sep. 5 4 12 12
12 : 4 Oat. 9 0 0 0

Oot. 9 0
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E14 I PELAGIC LARVAE, 1946

HORTH BAY SOUTH BAY OAKLAND BAY
(Combined Stations 11, 12, 12A) Combined Stations 15, 16A & 15B) (Combined Stations)

DATE lWCIl4tJl( %LARGE NUMBER DATE MAXIMUM %LARGE NUMBER DATE JI4D(lJM %LARGE mnm
TOTAL LARVAE LARGE TOTAL LARVAE LARGE TOUL LARVAE LARG:
COUNT LARVAE COUNT LARVAE COUNT LARV,

I

May 29 4 0 0 May 23 0 0 0 May 18 0 0 0
June 8 1,012 0 0 June 2 12 0 0 23 0 0 0

20 1,348' 36 485 15 0 0 o 29 4 0 0
29 648 115 97 22 176 0 0 June 2 36 0 0

July 10 600 ' 1 6 26 956 2 19 8 616 0 0
20 416 4.6 19 July 3 1,060 0.1 1 16 (8) 0 0

Aug. 3 56 17.6 10 6 868 1.4 12 20 9,304 0 0
8 44 43 19 9 552 22 1,084 0 0

10 816 2.5 20 26 216 0 0
13 336 19 64 29 28 16 4
17 236 9 21 July 3 488 0.2 1
24 132 7.5 10 . 6 288 1.7 5
30 144 3 4 9 256

Aug. 3 168 7 12 13 104 0 0
8 32 0 0 17 572 6 34
30 12 33 4 20 332 0 0

Sep. 8 0 0 0 24 232 1.7 4
27 512 0 0
30 124 0 0

Aug. 3 600 11 66
8 124 9 11
15 16 25 4
24 0 0 0
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TABLE 14

OYSTER BAY MUD BAY
(Combination of Stations 8 & 9) (Average of Stations 3 & 4)"

DATE JIAXIMU)( AVERAGE NUMBER DATE M.AXIMUM AVERAGE NUMBER
TOTAL %LARGE LARGE TOTAL " LARGE LARGE
COUNT LARVAE LARVAE COUNT LARVAE LARVAE

May 18 0 0 0 :May 23 0 0 0
23 16 0 0 June 2 12 0 0
29 420 0 0 15 324 0 0

June 2 2,836 0 0 22 1,152 0.3 3
8 6,484 0 0 26 1,760 2 35
1~ 4..216 0 0 29 2,792 1.8 50
20 38,578 Under 1 - July 3 2.432 4 97
22 2.588 6 155 6 516 3.3 9
29 16,880 3 476 10 572 3 17

July 3 7,784 13 4,812 6 240
IS 13,104 4.5 590 17 1.076 7 76
17 9,816 9.1 952 24 162 15 23
20 3,628 21 762 30 248 1.5 4

· 24 3,632 7 247 Aug. 3 48 8 4
SO 3.896 9.7 378 8 124 2 2

Aug. 3 7,472 9 672 30 0 0 0
7 1,868 16 299 Sep. 8 12 33 4
15 644 31 200
30 62 13 7

Sep. 8 16 25 4

.
~
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TABLE 15 a PELAGIC LARVAE. 1946

OYSTER BAY MOD BAY NORTH BAY
(Combined Stat~ons 7. 8 and 9) (Combined stations 3 end 4) (Combined, Allyn Doo~ & Station 12)

DATE MAXIMUM AVERAGE NmmER DATE M.AXIMU1~ AVERAGE lffiMBER lJATE MAXIMUM AVERAGE NUMBER
TOTAL %LARGE LARGE TOTAL %LARGE LARGE TOTAL %LARGE LARGE
COUNT LARVAE LARVAE COUnT LARVAE LARVAE COUNT 'LARVAE LARV.AE

May 28 1744 a 0 May 28 4 0 0 J une 4 20 0 0
June 4 7816 0 0 June 4 0 0 0 14 400 0 0

14 14832 80 16 272 0 0 21 884 0 0
19 2940 44 19 2748 0 0 25 128 3.1 4
27 636 50 27 468 0 0 July 2 64 0 0

July 1 3120 416 July 2 (36) 0 0 9 96 12.5 12
9 11432 288 9 412 1.5 6 17 32 0 0
23 1652 32 23 524 0 0 2·3 40 0 0

Aug. 1 1292 16 Aug. 1 24 0 0 30 40 0 0
7 1352 32 7 4 0 0 Aug. 1 856 0 0
14 312 96 14 4 0 0
20 6680 7.0 496 I

29 76 4
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SOUTH BAY fl O.AKL.AND BAY
(Combined stations 19 and 20)

:
DATE MAXIMUM AVERAGE NUMBER DATE MAXIMUM AVERAGE NUMBER

TOTAL %LARGE LARGE TOTAL %LARGE LARGE
COUNT LARVAE LARVAE

1 COUNT LARVAE LARVAE
.J

June 4 0 0 a : May 28 0 0 013 0 0 0 June 4 36 0 0
19 240 0 0 13 656 425 344 0 a .

19 424 0 aJuly 2 416 0 0 27 172 0 a9 260 a 0 July 2 132 4
17 952 4 9 80 0 023 56 0 0 ·17 44 0 0

Aug. 1 96 0 0 23 8 0 0
7 96 10 10 Aug. 1 56 0 014 0 0 0 7 32 0 0

,
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TABLE 16. PELAGIC LARVAE. 1

OYSTER BJ.Y MUD BAY

DATE M.AXIMlJ1v'[ AVERASE 1TU1:BER DATE MAXn.r;UU AVERAGE NUl'BER
TOT.AL %LARGE LARGE TOTAL %LARGE LARGE
COUNT LARVAE LARVAE COUNT LARVAE LARVAE

May 27 520 0 0 June 7 116 0 0
June 12 7472 6.7 501 12 184 0 0

19 10880 12.3 1338 19 164 0 0
30 1096 22 241 30 1452 9.5 138
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1947
~-

NORTH BAY SOUTH BAY

DATE 1~ AVERAGE NUMBER DATE ~.t'uai.iTlli AVERAGE NlThillER
TOTAL %LARGE LARGE ,x.O.TAL %LARGE LARGE

, COUNT LARVAE LARVAE COUNT LARVAE LARVAE

Kay 27 ~ 220 0 0 June 19 616 0 0
J,m. 12 ,92 0 0 30 1336 2 27

19 128 3.7 5
30 .388 20 78

A..
(
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TABLE 17' PELAGIC LARVAE, 1948,

OYSTER BAY MUD BAY NORTH BAY
J

DATE MAXIMUM AVERAGE NUMBER MAXIMUM AVERAGE NUMBER MAXDlUlt AVERAGE ~1JMBEJ

TOTAL %LARGE LARGE TOTAL %LARGE LARGE TOTAL %LARGE ; LARGE
COUNT LARVAE LARVAE COUNT LARVAE LARVAE COUNT LARVAE rLARVAl

J une 15 1124 0 0 620 o 0
22 3824 0 0 1224 0 0 3216 0 I 0
28 2088 0 0 4912 0 0 112 1 t 1

July 1 6320 1 63 804 0 0 4364 4 175
I 5 12,224 9 1100 6416 0 0 5440 4 f 218

12 192 50 96
15 2424 33 808
19 2472 ? ? 5200 ? ?
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SOUTH BAY OAKLAND BAY

14AXDnllM AVERAGE NUMBER MAXThilJM AVERAGE Nl:J}tBER
TOTAL %LARGE LARGE TOTAL %LARGE LARGE"
COUNT LARVAE LARVAE COUNT LARVAE LARVAE

148 0 0
112 0 0
724 0 0 108 0 0
1168 0 0
40 5 2

. 328 12 39 0 0 0
832 ? t
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TABLE 18a PELAGIC LARVAE, 1945

OYSTER BAY MUD BAY NORTH BAY
, SOUTH BAY,

ATE MAXIMUM AVERAGE NUMBER MAXIMUM AVERAGE NUlffiER MAXIMUM AVERAGE JUlmER M.AXDUll4 AVERAGE NUMBER

TOTAL %LARGE LARGE TOTAL %LARGE, LARGE - TOTAL %LARGE! UlGE TOTAL %LARGE LARGE

COUNT LARVAE LARVAE COUNT LARVAE LARVAE COUNT LARVAE ' LARVAE COUNT LARVAE LARVAE

ay 27 16 0 0 8 0 0 0 0 0
une 2 416 0 0 0 0 0 72 0 0

8 8032 0 0 712 0 0 688 0 0 32 0 0

13 12928 0 0 1592 0 0 1208 0 0 8 0 0

16 16256 1 1 1280 0 0
17 344 0 0
20 3096 1 'I 1376 0 0 976 4 39 216 0 0

23 8736 1 1· 584 'I '1 112 1 '1 68 0 0

26 10864 9· 9·78 3552 f · 1· 228 4- 9· 152 0 0

30 3976 19 755 608 10 61 112 7 i 8

u1y 5 13536 3.5 474 3632 If' 1~5 1016 11 • 112 368 0 0,
8 11856 5 593 384 6 23 1488 8 119
11 8640 1.5 130 768 19 146 344 25 86 250 0 '0

18 6960 10'1 696 448 2 9 384 16 61 96 0 0

21 ?088 25 . 522 1192 2.5 30 400 13 \
52

27 '26:J,2 16 421 328 7 23 128 11 14 14-4 0 0

.(
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TABLE 191 PELAGIC LARVAE, 1950

OYSTER BAY MUD BAY NORTH BAY

DATE MAXIMUM AVERAGE NUMBER MAXIMUM AVERAGE NUMBER MAXIMUM AVERAGE
TOTAL %LARGE LARGE TOTAL %LARGE LARGE TOTAL %LARGE
COU1~ LARVAE LARVAE COUNT LARVAE LARVAE COUNT LARVAE

June 3 0 0 0 0 0 0 0 0 -e 0
i/ I /..l 8 0 0 0 0 0 0 0 0 0r .. ,

12 36 0 0 0 0 0 0 0 0
15 604 0 0 0 0 0 0 0 0
·19 556 0 0 0 0 0 0 0 0
22 1164 0 0 44 0 0
23 24 0 0
26 7656 0 0 352 0 0 2544 0 0
29 5200 0 0 960 0 0 4936 0 0

July 3 (548) 0 0 1396 0 0 l40) 0 0
6 10400 5 620 3328 0 0 Q.36) 0 0
10 6112 13 795 (].72) 0 0 1640 11 180 ..
13- 7368 26 1916 1440 2 29 420 20 • 42
17 4776· 33 1576 712 36 250 352 5 18
20 2836 66 1872 1416 22 312 1048 I 20 21O. '
24 6928 9 2161:' 2472 8.5 210 1008 14 141

,

27 9046 20 1809 2144 29 622 5360 22 1119
31 2216 39 864 572 7 40 1097 30 328

Aug. 3 2312 0.7 16 52 38 20

•



SOUTH BAY OAKLAND BAY

tL-icr c.v f\{j

MAXIMUM
-TOTAL
C'OUNT

AVERAGE , NUMBER
%LARGE LARGE
LARVAE LARVAE

MAXIMUM
TOTAL
COUNT

AVERAGE
%LARGE
LARVAE

NUMBER
LARGE
LARVAE
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TABLE 21, COMPARISON OF REPEAT SAMPLES AT ALL STAT IONS DURIW

CERTAIN DATES in 1945

STATION NUMBER OF LARVAE PER 20 GAtLON SAMPLE
First Sample Repeat Sample Repeat Sample

No. 1 372 536

2 1444 3200

3 760 1324 1472

4 836 388

5. 200 168 220.

6 132 172 80

7 7152 3656 . 6768

8 392.~ 328

9 528 944

10 3884 2832

11 1120 292

12 116 496

13 172 252

14 664 2132

15 0 24

16 240 68 676

11 32 4

18 20 0

19 1316 196

20 776 1036

21 520 84 120

22 4 0



161



152

TABLE 23 a . COMPARISON OF LARVAE SAMPLES AT ADJACENT STATIONS

ON THE SAME DATE AND HOUR, 1945

Number of Larvae per 20 gallon sample

DATE STATION NUMBERS
9 9A 12 12A 15 15A 15B 20 20A

Kay 29 0 0 4 0

June 2 280 2836

8 6484 1956 940 1012 616 36

15 664 4216 0 8

20 1956 33984 1136- 1144 1436 9304
3224 33600

22 2688 700 1084 88

29 344 388 16 28

July 3 3688 5408 700 636 488 412

6 480 28 288 4

9 132 256

10 488 816

13 220 240 336 40 62

17 9816 716 236 92 436 108

20 1940 2068 124 416 332 252

24 68 132 232 16

27 4 76

30 244 276 10,8 144 0 64

Aug. 3 7472 1356 28 56 168 20 600 24

8 4 32 124 92

16 644 392 0 0

30 44 0 4 12

SSPJoIt 6 0 0 0 0
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TABLE 24io VERTICAL DISTRIBUTION OF PLANKTON LARVAE# 1945
-

DEPTH IN FEET NUMBER OF LARVAE

STATION ~

June 26 0 1760
"1/ 2 1384
2 1356
5 856

June 29 0 496
3 2792

July 13 0 896
3 4812
6 1240

July 17 0 24
High tide 1 4
BottQlll 22 ft. 2 32

3 36
6 104
9" 196
15 612
20 1076

July 24 0 0
3 152
6 120
9 108
15 116
20 56
30 16

STArION 8

Jtme 29 0 4
3 140

July 20 O. 28
1 1/2 hrs. 6 136
after low 9 1972
tide 15 3628

20 1636

STArION 9

June 20 0 33;600
(9A) 3 38;628

6 20.048
-- - - .~ - - - - -- _ _ _ A • _ _ _ • ___

June 29 0 8480
(9A) 3 468

5 452

June 29 0 6784
(9) 1 4044

~"'''A



ill 2 C (iSi)! :; ; ill #41tW za.q ¢)S 4;; :;Ai¥!)5! e. ; : I;

3 4748 (53 Co-1., "5 3092
... t.....

.. - -~-
IIV -l.~.....

. ' ,

{9A 1 3888
2 1850
3 5696
5 7784

JU1~ 20 0 2068
(9A 9 1980
1/4 flood
1 1/2 brs after
low tide

STATI~. 10

July 20, 0 24
3/4 ·flood t~ J . ~ 1 4
flood

,.

2 36
ohart detpth =60' 3 16
4 1/2 hr. 6 0
after 9 0
low tide. 15 12

20 16
29 36

STATION 12

June 29 0 344
1 648
3 296

STATION 15
July 3 0 700

1 160
3 1060

July 11 0 236
2 108

STATION 20

July 1)' 0 436
low 3 52
water

July 21 0 16
9 512

. ,

,.

.:' , ,
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T.ABLE~ 25 a MOVING VB STATIONARY PUMP SAMPLES. 1945

· ~pth of sample. one foo~ unless otherwise indicated

STATION 3 June 26
YoviDg 6 inches
Stationary 1 foot
Stationary 2 feet

STJXIOB 8 July 3
MoviDg
Stationary

STATION 4 July 3
Moving
Stationary

STATION 8 June 29
Moving
Stationary

STATION 8 July 3
MoviDg
Stationary

STATION 9 . June 20
MoviDg
Stationary

STATION 9 June 29
Moving
Stationary

STATION 9 July 3
Moving ( station 9 to 9,A)
Stationary (station 9)
Stationary (station 9,A)

STATION 11 June 20
Moving
Stationary

STATION 12 June 20
Moving (station 12 to 12A)
Stationary (station 12)
Stationary (station 12A)

STATION 12 June 29
Moving (station 12 to 12A)
Stationary (station 12A)

NUMBER OF LARVAE
PER 20 GALLONS

1384
1760
1356

608
972

1720
2432

16
4

7424
3928

3960
3224

15.880
8.480

2280
3688
5408

620
548

1348
1136
1144

144
388

STATION 15 June 26
Moving
ft... •• ,

, 556



STATION 15 July 3
Moving
Sta.tionary. ".

STATION 15 July 13
Moving
Stationary (station 15)
Stationary (station 15B)

STATION 20 June 29
Moving (station 20 to 2OA)
Stationary (station 20)
Statiinary (station 20A)

STATION 20 July 3
Moving (station 20 to 20A)
Stationary (station 20)
Stationary (station 20A)

636
700

240
220
336

o
16
28

412
488
412
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TABLE 26, SETTING RECORDS OF W. J. WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 1936

BURNS POINT DIKE WALDRIP'S HOME DIKE

DATE NUMBER TOTAL SETTING l1tOO3ER TOTAL SETTING
OF DAYS SPAr DlDEX* OF(]i)AYS "~ SPAi' INDEX
SHELL PER 5 SHEIJ. PER 5
IN BAY SHELLS IN BAY SHELLS

June 16 1 0 0 1 0 0
17 1 0 0 1 0 0
18 1 0 0 1 0 0
19 1 0 0 1 0 0
20 1 0 0 1 0 0
21 1 o · 0 1 0 0
22 1 0 0 1 0 0
23 1 0 0 1 0 0
24 1 0 0 1 0 0
25 1 0 0 1 0 0
26 1 0 0 1 0 0
27 1 0 0 1 0 0
28 1 0 0 1 0 0
29 1 1 20 1 0 0
30 1 1 20 1 0 0

July 1 1 5 100 1 0 0
2 1 5 100 1 0 0
3 1 15 300 1 2 40
5 2 30 300 2 10 100
8 1 10 200
7 2 68 680 1 10 200
9 2 130 1300 2 20 200
13 4 800 4000 4 39 196
14 1 168 3160 1 29 580
15 1 75 1500
18 1 54 1080 2 17 170
17 1 85 1700
18 1 94 1880
19 1 80 1800
21 2 110 1700 5 49 196
23 2 20 200
29 8 "Shells oovered

wtth seed"
30 1 0 0
31 1 0 0

Aug. 3 3 I 7

• Average spat per 100 shells per day
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TABLE 27. SETTING RECORDS OF W. J. WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 193'1

BURNS POINT DId WALDRIP' S HOME DIKE

DATE NiJMBER TOTAL SETTING UUlIBER TOTAL BETTING
OF DAYS SPAT INDEX OF DAYS SPAT INDEX
SHELL PER 5 SHELL PER 5
IN BAY SHELLS IN BAY SBELLS

Jrme 23 Put out 5 shells
30 ., 17 49 ., 0 0

July 4 4 88 440 4 118 590
6 1 103 2060 1 166 3300
6 1 242 4840
7 2 148 1480 1 245 4900
8 1 225 4500
10 2 500 5000
12 2 500 6000
16 4 250 1250
17 1 18 360
18 1 36 120
19 1 22 440
20 1 19 380
21 14 115 250 1 17 340
23 2 45 450 1 21 420
24 1 24 480
25 1 24 480
27 2 41 410

Aug. 1 5 1 20
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TABLE 29, SETTING RECORDS OF W. J. WALDRIP AT MO

LOCATIONS IN OYSTER BAY. 1939

BURNS POINT DIKE
I

WALDRIP'S HOllE DID

DATE NUMBER
OF DAYS
SHELL
IN BAY

TOTAL
SPAT
PER 5
SHELLS

SETnNG
INDEX

NUW3ER
OF DAYS
SHELL
IN · BAY

TOTAL
SPAT
.PER 5
SHELLS

SETTING
INDEX

June 7 Put out first shel18
8 0 0
10 0 0
12 0 0
13 0 0
14 0 0
15 0 0
16 0 0
17 0 0
18 0 0
19 0 0
20 0 0
21 0 0
22 0 1 1 20
23 A tow by Townaend &: Eriokson showed only 2 in advanoed stage
24 1 3 60
25 1 6 100
26 1 6 100
27 5 31 125 1 9 180
28 1 20 400
29 1 5 100 (bag upset)
30 3 113 733 1 13 260

J.u1y 1 1 124 2480 1 37 740
2 1 80 1600
3 2 180 1800 1 98 1960
4 1 100 2000
6 1 66 1300
6 1 61 1260
7 1 71 1420
8 1 64 1280
11 3 368 2463
12 1 158 3160
13 1 102 2040
14 1 53 1060
16 1 42 840
17 2 44 440
18 1 8 160
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TABLE 30 I SETTING REOORDS OF W. J. W~RIP AT TWO

LOO1i'IONS IN OYSTER BAY, 1940

BURNS POINT DIKE WALDRIP'S HOME DIKE

DATE NUMBER TOTAL SETTING NUMBER TOTAL SETTING
OF DAYS SPAT INDEX OF DAYS SPAT INDEX
SHELL PER 6 SHELL PER 5
IN BAY SHELLS IN BAY SHELLS

June 1 Put out test shell.
2 0 0
3 0 0
4: 0 0
6 0 0
7 1 0 0 1 1 20
8 1 up set 1 2 40
9 1 2 40
10 2 2 20 1 2 40
11 1 0 0
12 1 0 0
14 2 0 0
15 1 1 20
16 1 1 20
17 6 1 4 1 1 20
18 1 0 0 1 0 0
19 1 1 20
21 1 0 0
22 I 1 20
24 1. 2 40
26 Neap tide 1 4 80
27 2 6 60
29 2 4: 40
30 12 13 20 1 3 60

July 1 1 3 60 .l 2 40
2 1 2 40
·3 2 20 200 1 , 1 140
4 :J. 11 220
6 a 13 1'0 1 3 8Q

\

6 1 9 180',, 1 4: 8'
8 1 8 ;180
9 _ 1 4: 80
12 8 I 1
1:3 1 1 20
14 1 . 2 40
1:6 9 86 - i o 0".
16 6 100
19 •• ·· 18- ,,-
21 2 6 ' 60
24 ·s 12' ,80
~9 6 16 ~4

, .
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TABLE 31. SETTING RECORDS OF W. J. WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 1941

BURNS POINT DIKE W4LPRIP'S HOME DIKE

DATE :NUMBER TOT.AL SETTING NUMBER TcnAL SETTING
OF DAYS SPAT INDEX OF DAYS SPAT INDEX
SHELL PER 5 SHELL PER 5
IN BAY SHELLS IN BAY SHELLS

May 27 Test shells put out
28 1 0 0 1 0 0
29 1 0 0 1 0 0
30 1 0 0 1 0 0
31 1 0 0 1 0 0

June 2 2 0 0 2 0 0
3 1 0 0
5 1 0 0
6 1 0 0
7 1 0 0 1 0 0
8 1 0 0 1 0 0
9 1 0 0 1 0 0
10 1 0 0 1 0 0
11 1 0 0
12 1 0 0
13 1 0 0
14 1 0 0
15 1 0 0
16 1 0 0
17 1 0 0
18 1 0 0
19 1 0 0
20 1 0 0
21 1 0 0
22 1 0 0
23 1 1 20
24 1· 0 0
25 1 1 20
26 1 0 0
27 1 0 0
28 1 0 0 1 0 0
29 1 0 0
30 1 0 0

July 1 1 1 20
2 1 1 20
3 1 0 0
4 1 0 0
5 . 1 1 20
6 1 1 20
7 8 4 10 1 0 0
8 1 3 60 1 0 0 '
9 1 2 40 1 3 60
10 1 2 40 1
11 2 3 30
12 1 1 20
13 1 1 20
19 1 21 420
20 1 29 580
21 1 ..4 80
?? ...- . ..
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TABLE 32 ,. SETTING RECORDS OF W. J. WALDRIP AT NO

LOCATIONS IN OYSTER BAY. 1942

BURNS POINT DIKE WALDRIP'S HOME DIKE

DATE NUMBER TOTAL SETTING NUMBER TOTAL SETTING
OF DAYS SPAT INDEX OF DAYS SPAT INDEX
sm PER 6 SHEIl. PER 6
IN BAY SHELLS IN BAY SHELLS

Jtme 25 Put out shells
29 4 0 0 5 0 0

July 1 3 0 0 3 0 0
2 1 0 0
3 1 0 0
4 1 0 0
6 1 0 0
6 1 0 0
7 1 0 0
e 1 0 0
10 e 0 0
11 9 0 0
12 3 0 0
13 2 1 10
14 2 0 0
16 2 0 0
16 2 0 0
17 2 5 60 1 0 0
18 1 3 60 1 0 0
21 1 1 20
23 2 32 320 1 1 20
24 1 3 60 1 1 20
26 1 1 20 1 1 20
27 1 0 0 1 0 0
28 1 0 0
SO 2 2 20
31 0 0 0

Aug. 2 2 1 10
6 1 1 20
6 1 1 20
7 1 1 20
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TABLE 33 • SETTIliG INDEX, 1944

OYSTER BAY MUD BAY

~DATE NUMBER OF. SETTING JIID"DATE ~UMBER OF. SETTING
SPAT SHELLS DAYS INDEX SPAT SBELLS DAYS INDEX
FOUND COmr.rED IN BAY FOUND COUNTED IN BAY

June 16 2 24 3 3 June 17 0 24 6 0
17 31 24 6 21 22 11 24 4 11
20 171 24 6 102 26 10 12 4 21
24 1,963 24 8 1,022 28 74 24 7 - 44
27 1,838 24 7 1,094 July 1 34 24 6 23

July 1 1,319 24 6 916 4 18 24 6 12
4 1,542 23 8 838 8 1 24 7 1
8 1,774 24 7 1,056 11 9 24 7 5
11 3,287 24 6 2,282 15 1 24 7 1
15 2,000 24 7 1,190 18 15 24 7 9
18 1,742 23 7 1,082 22 38 24 7 23
22 3.890 24 7 2,316 27 18 24 11 7
27 4,671 24 11 1,772 29 10 24 8 6
29 3,480 24 8 1,812 Aug. 6 0 24 6 0

Aug. 3 1,063 24 14 r,097 9 0 24 7 0
6 1,001 24 6 695 12 0 24 7 0
9 1,079 23 7 670 15 0 24 6 0
12 926 24 7 551 19 0 24 7 0
15 728 23 6 627 23 0 24 10 0
19 1,144" 24 7 681
23 1,283 24 10 634
26 1,116 23 8 606
31 375 22 6 341

Sep. S 1,652 24 7 983
11 1,470 24 9 681
15 109 24 1 65
22 157 24 · 14 47
24 74 24 11 28

Oct. 3 16 24 8 8
12 15 24 5 12
18 9 12 12 6
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\19}""x:
NORnr BAT

~(j
"! aoma BAY

" lID-DATE NtlMBER OF J SETTING JaD-DATE NUMBER OF.
SP4 SfOO.tS DAYS INDU SPAT SB1iIIJ.B DArs:romm COUJIrED IN BAT FOUBD COUWTED IN BAY

. June 19 61 22 4 69 July 2 16 24 3,
'20 933 22 6 107 4 19- 24 6
26 2,271 24 Q 1,,051 8 190 24 7

' 30 12,750 18 11 6,~9 11 gOO 24 7
ult 4 2..684 24 7 1,598 15 19 24 3e 3,5!1 24 8 1,829 16 i28 24 10

12 1,119 24 9 546 . 21 155 24 8
15 1,454 24 6 1,010 26 267 24 8
18 ' 241 26 5 193 29 104 24 7
22 4,193 24 7 2,496 'Aug. 1 81 23 6
25 1,150 25 8 615 5 21 24 7
29 8to 24 7 500 8 6~ . 24 8

• 2 198 24 7 115 12 39 24 1.
5 284 24 7 169 16 115 24 6
9 45 24 7 2'1 19 2 24 7
12 246 24 7 1~ 23 5 24 10
15 68 24 6 47 26 6 24 8
19 288 12 7 281 31 0 24 6
23 58 24 10 24 Sep. 11 0 12
21 74 24 9 34 ,18 1 ~2

,, 31 8 24 5 1 30 · 0 24
• 1 16 '12 ~ 48 Oot. 7 0 24

T 1,3 24 9 6 12 0 24
11 152 24 9 16 24 0 24
115 0 24 4 0
21 48 24 12 17

t. -2 2 24 io 1
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TABLE 341. SETTING INDEX, 1945

MID-DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY OAKLAND BAY

June 18 3 0 1065 1 0
20 124 0 9818 1 3
23 706 7550 6
24 10 5
27 1161 21 4179 11 14

July 1 779 36 1081 33 7
4 1905 930 1408 38 4
8 3039 1806 1748 66 11
11 5342 3397 2804 109
13 42
15 6796 2326 1876 199 30
18 7378 1191 689 132 48
22 3317 443 102 53 40
25 1983 216 218 40 66 .
29 1687 71 281 21 48

Aug. 1 3439 17 119 15 ·
2 7
4 3082 35 71 0.2 15
8 5026 61 451 3 27
12 6043 18 416 17 49
14 12 177 4 10
17 9135
19 1950
20 1686 53 14 5 12
25 3029
27 2120 147 28 3 8

Sap. 4 211 54 33 2 0
12 405
20 3



TABLE 35a SETTING INDEX, 1946

MID-DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY OAKLAND BAY
Days Index Days Index Days Index Days Index Days Index
out out out out out

June 8 7 0 7 0 7 0 7 0
15 7 191 7 0 7 0.6 7 0
22 7 549 7 0 7 452 7 0 7 0
29 7 504 7 0 7 1310 7 0 7 4.7

July 4 3 0
6 7 2668 7 0.6 7 617 7 0
7 4 0
12 6 585 6 13.2 6 324 6 2.7 6 0
18 5 5.5
19 8 207 8 4.1 8 146 8 0
22 3 .6
27 7 150 7 0.6 7 452 7 1.6 7 17

Aug. 3 7 0.6 7 216 7 10.5 7 14
4 7 234
10 7 1554 7 0.7 7 2.4 7 6.1 7 0.7
17 7 2048 7 0 7 7.7 7 11.6 7 0
24 8 848 8 0.5 8 3 8 37.2 8 0.5

Sep. 10 26 0 26 6 26 4 26 0.7
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TABLE 361 SETTING INDEX, 1947

MID-DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY OAKLAND BAY

June 18 1485 500

21 477 3318

22 17500

29 8883 1627 3136 123

July 4 7500

.12 7000 30 1000 24
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TABLE 37: SETTING INDEX~ 1948

MIDoiltDATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY OAKLAND BAY

June 30 165 124

July 3 1107 0 9478

7 4340 125 4221 180

10 6535 203 5200 6

14 7020 1713 1780 50 39

17 4625 · 162
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TABLE 38 a SETTING INDEX. 1949

MID-DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY OAKLAND BAY

July 3 166 2 162

7 80 16 423

10 86 60 1503

15 653 580 2561

20 5653 176 356

24 2800 885

31 9333 143 245
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TABLE 39 I SETTING INDEX, 1950

MID-DATE OYSTER BAY :MUD BAY NORTH BAY SOUTH BAY OAKLAND Bn

July 8 376

12 835

15 1935 27.5 1147

18 3796 253 1626

22 3703 2652 . 1785 - -.
25 1763 2813 4250

29 960 1180 2445

Aug. 2 1073 507 920 8.5

6 552 155 450
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TABLE 4lJ SEASONAL CULTeR, 1944

OYSTER BAY MUD BAY NORTH :eAY SOUTH BAY OAKLAND BAY

DATE SPAT* DATE SPAT* DATE SPAT* DATE SPAT* DATE SPAT
PER ~ER PER PER PER
SHELL SHELL SEELL SHELL SHELL

Jnne 23 80 June 24 5.25 June 23 37 July 1 4 June 24 5.4
30 85 July 2 4.17 30 39 7 14 30 5.1

July 8 81 7 3.33 July 7 33 14 7 July 7 8.8
11 79 14 3.33 16 0 21 5 14 1.8
14 68 21 1.17 21 2.5 29 2 21 3.0
21 63 Aug. 1 0 29 1.2 Aug. 8 0 29 0

Aug. 1 1 Aug. 5 1.0 15 0
12 0.4 22 0
18 0 ·28 0

* 4 mm or over in diameter; both sides of shell oounted.
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TABLE 421 SEASONAL STRINGS. 1945* SPAT PER SHELL··

DATE OYSTER BAY MUD BAY BORTH BAY somm BAY O.AKLAND BAY
PUT OUT

June 19.20 101 10 34 2.5 --
21 62 52 43 2.5 0.1

July 4 63 61 33 2.0 0.7

11 17 21 16 0.1 0.4.
18 45 4 16 0.4 2.6

25 11 1 8 0 1.4

• Strings we.,.e taken to laborab-ory Oot • 3, 1946

•• Thes'!9 are sp~t oounts for strings put out durini first setting peak. Large and
small spat were not distinguished. We therefore assume tha,t they were large
and that touling prevented late-oatch spat----as the magnitude of the oounts
indioates.
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TABLE 4Sa SEASONAL STRINGS. 1946 SUMMARY OF I,J:VE SPAT PER SHELL

OYSTER BAY MUD BAY NORTH BAY soma BAY

DArB LARGE SMALL TOTAL LARGE SMALL TOTAL LARGE SllALL TOTAL LARGE SMALL TOTAL

June 18 134.6 62.9 197.6
- ~

25 116.4 62.4 177.8 .72 .27 .99 12.7 56.8 129,5 2.0 .66 2.66, ,

July 2 92.8 86.6 178.3 .83 .083 .91 45,9 20.4 66.3 1.91 .583 2.49

5 1.68 1.08 1.66

9 158.0* .6 .4 .9 25.6 22.1 47.1 1.45 1.9 3.36

16 2.75 208.9 211.6 .16 .33 .49 14.0 26.6 40.6 1.09 3.36 4.45

20 1.0 4.4 1.44

23 209.9* .25 .26 .72 7.54 8.3 1.09 4.81 5.9

30 242.5* .25 .25 1.8 37.4 39.2 1.18 5.0 6.18. ,

Aug. 6 85.9 155.1 241.6 .25 .25 .083 1.0 1.1 .41 3-.16 3.57.

13 81.7 127"9 209.6 .<l83 .083 .67 .61 .16 3.66' 3.72

20 .4 76.7 77.1 .083 .083 .15 .15 5.0 5.0

28 91.6 91.6 .083 .083 .583 .583 1.15 1.15

• rea4 as ":sma11" only.
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TABLE 441 SEASONAL STRINGS, 1947* AVERAGE SPAT PER SHELL

DArE OYSTER B.lY MUD BAY BORTH BAY soum BAY
PUT OUT

July 1 257.36 32.3 2.4 2.75

8 149.2 3.9 7.8 1.16

17 70.25 67.7 3.1 5.6

Aug. 6 .33

• Strings were taken in Sep. 11, 1947
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TABLE 45. SEASONAL STRINGS, 1948** SPAT PER SHELL

DATE
PUT OUT

July 1

5

8

12

15

19 .

OYSTER BAY

992~1*

530.6*

159:1.6*

362.4

JroD BAY

59.5*

84.9*

74.1*

115.1*

108.9

NORTH BAY

987.5

536.0

193.6

42.0

20.9

SOUTH BAY

50.9

62.5

42.8

OAKLAND BAY

8.0

** Taken in Sep. 5, 1948 8Xaept those marked * whioh were taken in July 15,· 1948.

NB Totals represent both large spat fram the first wave of setting and smal16

late-set spat, the two not being distinguished.
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TABJ1: 49: Ti~l 0101e Study of Oyster 'Larvae at Oyster Bay ,
station, 9A~ July :9, 2945

Stan4ard Number. Larvae Standard Number Larvae
~~e 'Dspth- per 20 Gal. Time pepth per ~O Gal.

10:0001 0 904 4:.3Q1'1'1 0 4,216
9:42 6 0 . 4:45 9 4,108

10:12 0 .342 5:00 0 1,964
10:.30 O ' 388 5:15 .3 4,812
10:35 6 4 5:',30 0 3,964
J.;O ;40 .3 260 5:35 9 .3,060
11:.00 0 5~8 6:00 0 7,196
li:O$ .3 164 6:05 .3 5,~04
11:10 6 4 6:;0 0 6,732
11f3.0 0 1,604 6:35 9 4,348
11:35 3 84 7:00 0 4,080
11:40 6 0 1:05 .3 5,600
12:00 0 1,496 7:.30 0 220
12:05PM 3 500 7:,35 9 1,100
12:30 0 2,036 8:00 0 200
12:35 .3 224 8:05 3 592
12:40 6 16 8:30 0 648
1:00 0 412 8:.35 9 632
1:05 3 156 9:00 0 340
1:10 6 36 9:05 '3 852
1:17 9 12, 9:30 0 60
1:30 0, 472 9:35 9 364

. 1:35 ' 3 36 10:00 0 144
1:40 6 .' 72 lO:05 3 96
1:45 '9 ~% ;L0a-,30 0 164
2:90 0 396
2:05 3 476
2:10 6 552
2:1$ 9 344
2:40 0 1,480
2:45 3 1,653
.3:00 0 .3,216
3:.30 0 5,508
3:35 9 '4,9uO
4:00 0 3,456
-4:.05 3 3,964
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~TO. LARV,- 8'ORVBY. OYSfBR BAY, Au~ , ." 1946

1Mt8ER 0' LUVAE PIR 20 GAL. S.4UP.LI AT SXATIOlh

9 9. Bowman' 8 8

10.00 }Jl. sa
10t30 72
10150 112
11,00 80
11.30 36 248
11.45
12.00 N 2'4
12.,30 PM 16 368
12145 356.
1.00 116
1120 456
1.30 128
la46 2204
2.00 1"304
2.1. 1208
2.30 2684
2.43 1672
2.50 3428
3.00 3060
3.15 804
3.30 1412
3146 168
3.60 2816
4.00 186~

4,16 . 800
4.30 1508
4.40 248
4160 2268
5.00 1256
5.15 840
6a30 10m
5.45 604
5150 1392
6.00 604
61,16 1266
6130 2360
6140 364
6.50 856
7.00 916
.7a15 392
7.30 1936
7,40 468
7150 740
8100 2564
8.10 1140
8a30 3262
9,00 2916
9.30 1140
10.00 3408
10.30 117.6



TABLE 61, HORIZONTAL TIDAL CYCLI, July 1, 1946

TDIE DEPTH lroJ4BER LARVAE TIJiJE DEPTH NUMBER LARVAE
PER 20 Gal. PER 20 Gal.

STATION A STATION D (oant'd)
,8100 .AM Surfaoe 76 3116 surfaoe 23
8.50 9 4112 46
9.42 5 4t3"S 71
4,58 PM 3 S.oe 356
6.20 56 5,37 2208
7tOO 174 6al3 1956
7,50 106 6142 1564
6.46 78 7 7,25 846

STATION B STATION E
8116 JJl. surface 19 7.07 .AU surffLoe 112
9,00 32 8',00 14
10.07 5 8130 61
10.42 12 9,03 546
4116 PM 7' 9,45 582
4146 158 10121 94
5116 116 10:156 244
5a60 712 11a60 124
6140 722 12.26 PM 16
7.26 1261 1.16 19

la45 25
STATION 0 • I 2.20 28

8.25 AM surfaoe 18 2t55 33
9,10 57 3.3~ 26
10.22 11 4t05 43'
10,60 8 4t28 613
11a30 9 5.00 448
3130 PM 2 5.30 1471
4,00 4 6,00 1131
4'30 138 6a33 956
la43 89 7d5 1112
sus 1662
5a45 2028 STATION F
6,20 2458 7.00 .AM 54
6150 3292 8,10 11

8140 28
STATION D 9110 583

7,10 All surfaoe 252 9i57 5'44
7t45 &4 10.30 456
81'20 738 11.05 404
8,16 1074 11146 46
913.5 316 1~II0 PM S~
10,mO 98 12146 16
10,46 92 IdO 16
11.12 6 , 6S a,16 '1 '
11.30 88 214:0 14
:"2105 21 SIOO 65
12~~ 20 3130 S9'

. rl \1 10 PM 26 sio8 303
211& t" .150 1~t2 .2.46 .. , 4 . 5Q 6 ft.



118 A

TABLE 61 (Cont'd)

TIME DEPl'H Nml:BER LARVAE TIME DEPTH NUMBER LARVAE
PER 20 Gal. PER 20 Gal.

STATION F (oont'd) STATION H (oont'd)
5146 surfaoe 1196 5.01 surfaoe 284
6a28 2412 5a01 6 ft. 452
6128 6 ft. 1016 6.00 surface 364
7,06 surfaoe 809 6.00 92

6:50 6 ft. 262
STATION G 7130 surface 86

6.65 AM surfaoe 33
8.00 178 STATION I
8140 321 6130 surfaoe 10
8,40 6 ft. 308 8.16 6
9118 surfaoe 2964 9102 11
10.00 1424 9.02 6 ft. 31
10100 6 ft. 2524 9a44 surfaoe 6
10,40 surfaoe 346 10120 43
11112 124 10120 6 ft. 329
11.66 44 10,55 surface 2
12i35 PM 27 11125 16
1,00 6 11.25 6 ft. 291
1150 34 12.00 surfaoe 25
1,60 6 ft. 46 12145 PM 19
2140 surfaoe 65 12145 6 ft. 732
3.16' 48 2.40 surfaoe 32
3130 476 2140 6 ft. 1197
3.30 6 ft. 1415 2140 3 ft. 210
4110 surfaoe 779 3156 surfaoe 110
'6 . 40 716 3.55 6 ft. 247
5140 6 f't~ 780 4'30 surface 16
5140 3 ft. 392 5.20 44
5,50 surfaoe 243 5.20 6 ft. 44
6136 772 6106 surfaoe 148
6a36 6 ft. 668
7:20 s.Tfaoe 94 STATION J

11.00 .AM. surface 0
STATION 1I 11.40 29

6,35 AM surfaoe 11 11,40 6 ft 154
8.06 17 12.07 PM surfaoe 7
8.47 93 12.55 89
8,47 6 ft. 212 12155 6 ft. 289
9.38 surfaoe 41 2.00 surface 227
10.10 36 3.00 6 ftl 337
10,10 6 ft. 104
10148 surfaoe 7 STATION K
11110 104 12.12 PM surfaoe 0
11.10 6 ft. 708 1,00 42
11163 surfaoe 124 1.00 6ft 27
12135 PM 138 '
12136 6 ft. 1110
2:36 surfaoe 303 ' ..,. *Larvae oounts are number of larvae per
2135 6 ft. 1546 20 gallon sample. .All samples taken
2136 3 ft. 2035 at surfaoe (1 foot depth) unless
2,45 surfaoe 131 otherwise designated.
3.46 6 ft. 653
4122 surfaoe 156



t19 TABlE 52: HORIZONTAL TIDAL CYCIE" JULY .30" 1950' Showing Number of Larvae per 20 Gal. Sample

S.tandard Section A
Time i . 2 J

-
Section B Section C Section D Section E

4 ~ __ 2___ 3 4 i 2 J 4 1 2 34_ l 'f!! 2 . :1 4
64 0 48

16 16

o 0

8

o

8

8
o

32

16

o

o

...·,"-.~.~,~~'... . 01.. _....

o

o

o

8

~/«I-'~

96
24

96 0

8 40

o 8

~:

48

72.

o

o

o

o

o

56

o

32

o 0

24

o

o

64

264

464

176752

o

160

o

88

152
408

8

40

626

56 0

o

o

8

24

8

o.

o

o

0'

32
80 24

120 40

o

56

o 56

412

672

320

144

o

80

72

24 24

40

8 32

8

2)2

128

120

8

24

16

16

16

696

o

o

40

24

8
48 352

88

16

96

128

160

1~"""......~... ;:-n""I'''

o

o

o

88
2h

232

.~'~;'~': ;••.: 1008,uJ>.!f:',j;~'S-~ ·J,..:I·~··Y"A,~- ..
"'t-"'r .-.-- _. ~or..,.,..".~ .... __ ,

7:00 - 7:15AM 448
1-:15 - 7:30 16 120
~:30 - 7:45
7:k5 - B:OO 128
6:00 - 8.:15 286
8:15 - 8:30
8:30 - 8:45 616
8:45 - 9:00
9:00 - ' 9:15 8
9~15 - 9:30 0
9:30 - 9:45
9:45 -10:00 16
10~OO-10:15 0
10:15-10:30 8
10:30-10:45 0
10th5-11:00
II :00-11:15
11 :.15-11:30
11:.so-n :45
11:45-12l00
1.2:00-12 ':15PM
12:15-12:30
12:30-12:45
12:45- 1:00
1:00 - 1:15
b15 - 1:30
1.r30 - 1:45
1:45' - .2:00
2:00 - 2:15
2:15 - 2:30
2:30 - 2:45
2:45 - 3:00
3:00 - 3:15 0 0
3:15 - 3:30 0
3:30 - 3:45
3:45 - 4:00
4:00 - 4:15 408
4.::1.5 - 4:30
~:30 - 4:45 1256
4.:55 - 5:00 192-
,. ' F:1~"" .~ ' lrI.t'S:' ,-,... l:rj-~ .L,••.",· .~ ~ ~...., I ..~J



lier Ccn tt-.

·"~~ .~1. . .~~13f;f"
5-:30 ~ $:4~

.c: ·4~- 6· ,ro·" . ;J . -..J .

5.:00 - 6:15
S~:15 - 6:30 376
5:)0 - 6:45 . 48

liS8
1736 208

200
534

8

"

B 64
. 16

16
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TABLE 531 AVERAGE LIVE SPAT PER SHELL ON SEASONAL CULTCH AT FOUR

BURNS POINT DIKES ON SEPTEMBER 11, 1946

DATE CULTeR DIKE STATIONS AVERAGE OF
PUT our No. 1 No. 2 No. 3 No. 4 4 STATIONS

June 25 81 135 75 97 97

July 2 122 141 60 60 96

9 80 42 48 64 59

15 33 128 35 19 54

23 21 81 10 46 40

30 92 206 55 22 94

.Aug. 8 34 170 94 82 96

14 229 125 130 187 168

20 78 83 48 66 69
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TABLE 54. AVERAGE LIVE SPAT PER SHELL ON SEASONAL CULTCH AT FOUR

BURNS POINT DIKES ON JANUARY 6. 1947

DATE CULTCH DIKE STATIONS AVERAGE OF
PUT OU! No. 1 No. 2 No. 3 No. 4 4 STATIONS

Juhe 25 78 133 87 98 99

July 2 74 108 57 60 75

9 27 64 47 46

15 15 46 21 12 23

23 1 44 17 7 17

30 12 48 29 19 21

Aug. 8 10 42 7 1 16

14 ~1 48 31 0 23

20 0 4 1 0 1
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TABLE 55a AVERAGE LIVE SPAT PER SHELL ON SEASONAL CULTCR AT FOUR

BURNS POINT DIKES ON APRIL 10, 1947

DATE CULTCR DIKE STATIONS AVERAGE OF
PUT OUlr No. 1 No. 2 No. 3 No. 4 4 STATIONS

July 2 68 89 51 59 67

9 49 54 29 34 42

15 23 31 10 10 18

23 0 50 7 5 16

30 0 34 12 6 13

Aug. 8 9 33 20 1 16

14 13 3S 18 0 17

20 0 0 1 0
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TABLE 56.

AVERAGE AIR TEMPERATURES. Priest Point P~rk. 01~ia. Wash.

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE
n =38.4 n =40.5 n =44.6 n ~~49.4 n =55.0 n =59.8

A DAD A DAD A D .A D
1931 42.0 + 3.6 41.2 +0.1 45.5 +0.9 50.4 +1.0 57.9 +2.9 59.1 -0.7

1932 38.4 0.0 38.1 -2.4 44.5 -0.1 49.4 0.0 54.6 -0.4 61.2 +1.4

1933 37.2 - 1.2 35.2 -5.3 43.0 .1~S 48.4 -1.0 51.1 -3.9 58.2 -1.6

1934 42.8 + 4.4 44.3 +3.8 49.5 +4.9 54.1 +4.7 56.9 +1.9 60.7 +0.9

1935 38.4 0.0 40.6 +0.1 40.3 -4.3 47.8 -1.6 54.4 -0.6 59.9 +0.1

1936 40.8 + 2.4 33.4 -7.1 41.6 -3.0 51.0 +1.6 56.3 +1.3 60.4 +0.6

1937 29.2 - 9.2 37.6 -2.9 46.9 +2.3 47.8 -1.6 54.8 -o.~ 61.2 +1.4

1938 40.0 + 1.6 41.6 +1.1 44.8 +0.2 52.0 +2.6 57.4 +2.4 62.2 +2.4

1939 41.2 + 2.a 36.0 -4.5 41.6 -3.0 51.6 +2.2 56.2 +1.2 59.4 -0.4

1940 41.4 +3.0 44.2 +3.1 48.4 +3.8 53.0 +3.6 59.8 +4.8 64.2 +4.4

1941 42.3 + 3.9 43.8 +3.3 51.4 +6.8 55.5 +6.1 57.2 +2.2 62.8 +3.0

1942 37.2 - 1.2 41.5 +1.0 44.6 0.0 51.2 +1.8 56.4 +1.4 61.2 +1.4

1943 34.2 - 4.2 41.8 +1.3 43.4 -1.2 52.1 +2.1 54.2 -0.8 60.2 +0.4

1944 39.4 +1.0 40.8 +0.4 44.3 -0.3 60.6 +1.3 55.8 +0.8 60.4 +0.1

1945 40.8 + 2.4 42.0 +1.5 43.4 -1.2 48.0 -1.4 57.9 +2.9 60.0 +0.2

1946 41.8 + 3.4 41.6 +1.1 45.2 +0.6 49.5 +0.1 59.5 +4.5 59.2 -0.6

1947 34.8 - 3.6 42.0 +1.5 48.6 +4.0 53.6 +4.2 59.8 +4.8 61.2 +1.4

1948 38.2 -0.2 38.8 -1.7 43.0 -1.6 46.2 -3.2 54.4 -0.8 63.4 +S.6

1949 29.0 -9.4 36.5 -4.0 44.7 +011 60.7 +1.3 58.1 +3.1 59.1 -0.7

1950 27.9 -10.5 38.7 -1.8 40.7 -3.9 46.2 -3.2 53.0 -2.0 61.2 +1.4

1951

n =normal average temperature tor the month sinoe
A = Average temperature
D =Deviation from normal

Datil trom U. S. Weather Bureau Report..
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TABLE 57.

AVERAGE AIR TEMPERATURESt Grapeview, Wash.

lEAR J,ANUARY
n= 39.0

FEBRUARY
n =41.2

MARCH
n = 45.6

APRIL
n =50.2

MAY
n = 55.6

JUD
n =60.7

1931
A D

43.4 +4.4
A D

43.1 +1.9
.A D

51.0 +1.4
A D.

58.4 +2.8
A D

59.8 - -0.9

1932 38.1 .-0.9 40.4~.8 45.2 -0.4 50.4 +0.2 64.6 -1.0 61.8 +1.1

1933 37.8 -1.2 36.3 -4.9 43.6 -2.1 48.6 -1.6 52.1 -3.5 58.6 -2.1

1934 43.6 +4.5 46.6 +4.3 49.6 +4.0 56.6 -t6.4 57.6 +2.0 61.2 <to. 5

1936 38.6 -0.4 42.0 +0.8 41~4 -4.2 49.0 -1.2 55.8 +0.2 61.4 +0.7

1936 42.4 +2.4 35.8 -5.4 43.6 -1.0 53.1 +2.9 58.0 +2.4 62.4 +1.7

1937 31.7 . -6.3 39.8 -1.4 47.2 +1.6, 48.0 -2.2 65.4 -0.2 61.4 +0.7

1939 42.8 +3.8 39.6 -1.6 46.3 ' -0.3 52~9 +2.7 66.8 +1~,2 69.6 -1.1

1940 43.2 +4.2 45.2 +4.0 48.8 +3.2 53.4 +3.2 59.4 +3.8 63.6 +2.9

1941 ,43.0 45.5 +4.3 62.0 -+6.4. ,
64.6 57.0 +1.4 61.6 +0.9

1942 39.4 +0.4 42.6 +1.4 45.4 -0.2 52.7 +2.5 56.5 +8.9 60.2 -0.5. ,

1943 35.4 -3.6 42.6 +1.4 44.1 -1.5 62.1 +1.9 64.6 -1.0 69.2 -1.5

1944 41.0 +2.0 42.5 +1.3 44.6 -1.0 60.5 -to. 3 66.4 -0.,2 60.2 -0.6

1945 42.4 +3.4 ' 42.7 +1.5 ~.6 -1.0 48.4 -1.~ 57.8 +2.2 60.1 -0.6

1946 41.1 +2.1 42.2 +1.0 46.0 -0.6 49.6 -0.6 58.8 +3.2 59.4 -1.3

1947 37.2 -1.8 44.4 +3.2 48.8 +3.2 60.6 -0.159.2 +3.6

54.4' -1,.2

52.4 +2.2

47.2 -&;'0-1.5

., " ,

44.1-1.0..40.2,19"48

59.9 -0.8..

-,'

. '\

1960 28.7 -10.3 40.3 ~.~ 43.5 ' -2.1 47!~ -2.6 53.1 ~1.9 62.0 +i.s
46.0 +0.4 52~2 +2.0

. _ , a' I
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TABLE 59 J J.oA,I1VA15 · ts.I.ZB ~.rs , 1945
':;'~$~

I

~
~

BAY STATION DATE
under

1,58 158 164 170 171 183 189 196 262 ~ aIS 221,~

-...~

:Mud Bay 3 _June 26 4 8.5 9 16 2 10 7 8.5 Z

Oyster Bay 9 June 8 0.6 4.5 13 15 14 20.5 5 S 1
8 June 15 1 7 14 16 14 9 6.5 3
9 June 15 7 18 36 11 7 6 2 1
9 June 2!. 1 4 14 14 20 20 2 6 a.5

North Bay 12 June 8 8 8 23 23 22 2 5
12 June 20 1 6 10 10 6 4 4

" , "
~:1

South Bay 15 June 26 2 11 24 24 16 ., 2 .~ ~ ~~t~,~ 1.
1 ~~~~ li .~~'.~ :

Oakland Bay 20 June 26 1 3 15 20 10 10 11 7 "'r'i \"lF.t 7 3

*Approx1mately 100 speoimens measured

r -.
r



\i~
L-0v\'('

Ii
I

! i
; \
"11
r j

Ij

II
-..,,!,~,... ~ - "",--..1· .. >:1

'3!27 ZU '3l!O 246 253 257' 2:6.6 21Z 2'19 28-5
,.

2 S- 1 1 2

'4 2, 1 0.6 2 1
2 1 3 2' , 1 2-

1 1 1
1 2 1 2 1

, ,

2
4- 1 1 . 1 1 S- 2 a 6· 6

.
1 2 . 1

1 1
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rABLE 60

NORm BAY. Larva Size Groups. 1944

Peroentages or eaoh size. Best Average

Oate Stations Diameter in Microns
156u 168u 180u 192u 204u 216u 228u 240u 252u 264u 276u 2eau 300u 312u 324u

](a,. 25 11

June 2 10
11

June 15 10
11
12

Jue 19 io
11:
12

13 as 4.3
8 64 20 8

- IO:5 7'i:'5 ur 6.1

8 42 11 9.4 6.2 7.8 7·.8 4.7 15.1
26 43 8.6 10.3 1.7 5.% 5.2
18 45 u, ·4. B 4.8 4.8 1.6----- 13.6 e:t t;6 - 6.9 7:f 1.5' -1'1 46 4.T 0.8

16 43 11 2.9 2.9 S~8 ,'1 . 3 1.& i.9 2.9
18 26 14.5 16 8.2 10 8.2 · ~ .4 1.6 1.6

1.8 ,1' .;;. 12 21 6.S fl-;.bl ~ 2.'1
O:i 16.8 2.1-14.6 i:I[' 3.8 . •1 S.9 i ..6< ,i . 4

..
22 60 $.8 i.8 a..9 ',. 2.' 2.9 1.6.. 4.4

1..8 14 ' ·?O 12.5~ 11 ~ :,'~ 1"" 6•• .,' il I' '1 ~.l: . 3.6 S'.6 . 6.4
\SI1l ',' ~

4.8 21 . · aT 8 6.8 18 t:t' .~ .1.0 '1.9 S.2 s.a 1.6
.M 'W if:1 8.8 ?:f 1.1 • ~ - .4 . "ii:l t:i 1':1' ,.'S ' 8e·1

~~ 38 Ut 6.1 1.5
1.1 ,22 t, SS 6.e 4.6 6~'t . a.l 8.4

. 12 ~ 4J. . 8 ~ 2.'1 8 I.' a.T
(l.a 20 if"" i:'i - • ~ 1':I -4.4 2.0,

~ 8.6 2.9 2.8 a.e
l' 5.7 8.8 6.'1 , h! ~8 . 1 '- 'f;i - rs 2.4 ~ _ . ~~82 8~3

. .."'"

$.8

~
1.1

1. 1.9 0••
, "

6~'1 2.9 ••9

.'1 A' 1.84. .1.'
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~

TABLE 61: tARt SIZE GROUPS. 11946
.1 -

OYSTER BAY I MUD BAY :~ WORm B.
;

DATE STATION !SIZE GROUP IN PERCENT. ; DATE STATION[SIZE GROUP IN PERCENT. I DATE STATIONISIZE
,

GROUP IN PEROEi
Smalla Mediuma Large, . ISma1lJ Mediuml Largea }Small J Mediuml Lalrgea
unqer 185 to 256u ' Iunder 185 to 255u i under 185 to 255u -
184u 250u &: 184u 250u &: I · 184u 250u &:I •over over over

\
May 28 9A 68.7 31.2 0 ~une 14 4 100 0 0 ! June 14! Allyn 66-.1 /33.3 0

dook I

June 14 8 59.4 40.6 0 June 19 3 98.5 1.6 0 June 211 12 &: 15.6 21.9 2.4 ~

dook
June 19 8 41.9 50.0 8.1 June .27 3&4 95.0 5.0 0 June 25 dook 60 20 30•

June 27 8&:9A 60.4 35.8 3.8 July 2 3 80.9 17.5 1.6 -I July 2 dook 51.7, 38.0 10.3 -

July 1 9 &: 8 14.6 39.8 45.5 July 9 3&4 51.3 42.7 6.0 ! July 9 89.6 17.0 3.5

July 9 8&:9A 84.4 11.7 3.9 July 23 4&:4A 66.1 33.9 0
f JulV 23 55.3 144.7- i 0

July 23 8&9 64.2 33.6 2.2
,

Aug. 8 100I 10 0

Aug. 1 9 44.4 47.8 7.-8

i
, ~

Aug. 7 8&9 28.3 63.0 8.7 •

Aug. 14 8&:9 28.8 15. 8 55.4

Aug. 20 9&:9A 75.0 11.2 13.8

Aug. 29 8 46.2 43.6 10.3



l<61 c.oV\ -r ,

SOUTH BAY I OAKLAND BAY

DATE STATION\ SIZE GROUP IN PERCENT. / DATE STATIONJSIZE GROUP IN PERCENT.
Smalla Medium.. Large: Smalla Medium. Large.

'under 185 to 255u \under 185 to 255u.
184u 250 u &: 184u 260u &:

over over

June 19 15 &: 92.1 7.8 0 I June 13 20 94.4 2.8 2.8
l5B

June 25 15 66.7 33.3 0 June 19 19 &: 57.4 42.6 0
20

July 2 15C 84.4 15.6 0 I June 27 19 &: 100 0 0
20

July 9 15 67.2 32.8 0 V July 2 19 &: 71.1 26.7 2.2
20

July 17 15 65.6 34.4 0 t July 9 20A 88.9 11.1 0

July 23 15 70.6 29.4 0 I d'uly 17 20A 55.2 41.4 3.4 .

Aug. 1 15 B 81.2 18.8 0 .Aug. 1 19 &: 54.5 43.2 2.3
20

Aug. 7 15 73.7 26.3 0
15 MB
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TABLE es
AVERAGE RAINFALL. Priest Point Park. Olympia. Wash.

YEAR J .ANUARY
n = 8.46

FEBRUARY
n = 6.48

MARCH
n = 5.09

-APRIL
n = 3.34

l4A.Y
. n = 2.42

JUNE
n = 1.59

I,

I
I,

1931
A D A

8.99 ~.63 6.71
A D -A D A

6.80 +1.71 4.39 +1.06 1.63
D -A D

-0.79 4.49 +2.90

1932 ~.87 -1.59 10.06 +3.67 7.65 +2.56 4.93 +1.59 1.20 -1.22 0.10 ~1.49

1933 11.08 +2.62 4.37 -2.11 17.92 +2.83 0.35 -2.99 3.32 +0.90 1.77 ~.18
- -

1934 12.49 +4.03 2.14 -4.34 5.92 +0.83 1.26 -2.08 2.69 +0.27 0.07 -1.52

1935 12.95 +4.49 4.39 -2.09 7.26 +2.16 1.38 -1.96 0.57 -1.86 0.54 -1.05

1936 12.94 +4.48 9.34 +2.86 4.71 -0.38 0.71 -2.63 · 3.88 +1.46 4.78 +3.19. .

1937 4.55 -3.91 11.72 +5.243.71 -1.38 7.43 +4.09 1.66 -0.76 5.40 +3.81
, . -

1938 5.34 -3.12 4.46 -- 2 .02 7.50 +2.41 3.87 +0.63 0.83 -1.59 0.13 -1.46

1939 8.18 -0.28 9.14 +2.66 3.73 -1.36 0.54 -2.80 1.88 -0.54 1.42 -0~17

1940

1941

4.59 -3.87

5.59 -2.87

11.33 +4.85 7.12 +2.03 3.54 +0.20 3.94 +1.52 0.07 -1.52
. - -

2.45 -4.03 1.93 -3.11 1.21 -2.13 4.22 +1.80 1.48 -0.11

1942 3.87 -4.59 4.38 -2.10 3.58 -1.51 1.84 -1.50 1.91 -0.51 2.80 +1.21

1943 3.13 -5.33 5.42 -1.06 7.03 +1.94 4.67 +1.33 3.27 +0.85 1.96 +0.36

1944 6.25 -2.21 3.49 -2.99 2.34 -2.76 3.94 +0.60 1.11 -1.31 1.44 ~.15

1945 6.58' -1.88 8.16 +1.67 7.29 +2.20 2.42 -0.92 2.74 ofoO.S2 0.04 ...1.55

1946 8.91 +0.46 7.14 +0.66 6.04 +0.95 4.17 +0.83 0.43 -1.99 6.48 +4.89

1947 7.86 -0.60 7.07 iO.69 3.68 -1.41 3.54 +0.20 0.16 -2.27 - 2.40 +0.81

1948 6.90 -2.56 6.80 +0.32 5.33 +0.24 5.26 +1.92 6.79 +3.37 1.37 -0.22

1949 2.71 -5.76 12.16 +5.68 3.81 -1.28 1.44 -1.90 2.14 -0.28 1.14 -0.46

1950 7.25 -1.21 10.41 +3.93 10.28 +5.19 3.36 +0.01 0.98 -1.44 0.50 -1.09

1951 10.26 +2.34 8.71 +2.23 5.41 +0.32 0.73 -2.61 2.34 -0.08 0.00 -1.59

n =normal average rainfall for the month
A = AVerage -rainfall
D =Deviation from norma1.

Data from U. S. Weather Bureau Reports.



DEOEDER
n = 9.21..

.4 D
9.86 -to.65

10.85 +1.64

27.12 +17.91

10.10 -to.89

6.52 -2.69

10.64 +1.43

13.30 +4.09

6.02 -3.19

13.33 +4.12

4.86 -5.35

9.48 +0.27

7.29 +1.92

5.39 -3.82

2.28 -6.93

7.49 -1.72
'I

6.96 -2.26

6.47 -2.74
-

1.73 -7.48

10.28 +1.07

10.40 +1.19
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PRYTHERCH, H. F. 1924. Experiments in the artifioial propagation of oysters.
XC

Appendix ~, Rep. U. S. Comm. Fish., jure Fish., Doc. No. 961,

Washington.

PRYTEERCH, H. F., 1934. Scientifio methods of oyster farming. Soi.

~onthly. v. 38, 118 - 128.
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TABLE 46 l SEASONAL STRINGS. 1949* SPAT PER' SHELL

DATE OYSTER BAY MUD ~AY NORm BAY
PUT OUT

June 20 241 261 1061

23 314 178 790

26 380 307 1026

30 351 681 496':-

July 5 590 449 1069

8 398 374 804

11 436 554 823

18 477 215 290

21 372 192 336

27 292 95 537

Aug. 2 100 55 299

... Taken into the Laboratory Aug. 9. 1949
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TABLE 48. PLANXTON LARVAE SURVEY OF OYSTER BAY

STATIO» 9, Aug. 5, 1944

STANDARD 1'D!E

9.00 AM
9130
10100
10,30
11100
11.30
12tOO N
12130 PM
1.00
1.30
2100
2,30
3100
3,30
4100
4.30
5100
5134
6100
6130
7.00
7130
8.00'
81SO
9.00
9*30
10100

REIGBT OF TIDE
IN FEET

12 ~4

11.3
10.2
8.6
6.9
5~6

4~3

2.9
1~7

0.9
0~45

0~4

0.8
1 ~5

2.8
4~3

5.9
7 ~4

9.4
11 ~2

12~6

14;0
15.0
15 ~6

15.8
15."5
14.5

NUMBER OF LARVAE PER
20 GAL. SAMPLE

8
48
40
612
32
140
224
100
48
84
12
64
8
8
4
36
212
772
720
444
148
120
84
56
76
76
420

,,
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Shelton:$:

01~'1Il'i'1" cp ter SIlJll 1A SOUtl18r'A Pllget Sound lilA 'fhe1r

LOOI>.t1on in the !lUte o! ~1oIIl11DiW1l.
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Figure 39 Oystur bA1 Correlation between 'l'ime of :- "r inninr ;:'patfall

and vpri.ng Thonaal Trend (al.f;eoraic Bum of deviations from

January through l.}Jr i l ) .
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Figure 40 MUD BJ..Y. Correlation betweon time of bogill:d.ne oyster

set a nd ::>p r i ng 'J.'hermal Trend (algebraic 3\:1:1 of t ': lC cev iat::'.:.ns

i'rotn nOl'WU. oi.' air t/amp<.:raturos at .f'ri~3st ~'oint /nrk

O~pia. January t hrough April).
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C)rcle Studies of J~ 24 and Aug. 23, 1945. and J

1st, 19h6.
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igure 51 Map of OYSTER BAY Showing DiIE Stations (Spawning and Setting
Samp1es)and Areas of Sampling for Planktonic Larvap-.
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