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TO WHOM IT MAY CONCERN:

ﬁﬁaper, "Prﬁitioii‘

It is the reasoned oonclusion of the author that the
Biology of the Olympia Oyster in Puget Sound", should be published«in its
entirety because of the follgwing oonsiderstions:

1) The peper summerizes the work of ten years by the entire staff of

_the State Shellfish Laboratory and it cannot be expected that so large
an amount of work ocan be treated adequately in small compass.

2) The writing has been wholly compacted with no "padding" whatever
end is demigned to appeal both to practical oystermen and to.biologists.

3) The figures are all essential to (a) loocate geographicel points,
(b) give oystermen an immedigte, visual portrayal of the performence of
their bays, and (o) demonstrate the correlations arrived at.

4) The seoond section and all the takles constitute the essential
scientifioc proof and argument supporting the oconclusions advanced. Without
them the statements Effered would become mere opinions.

5) The Laboratory has followed a policy of flew but substantial
publications rether than frequent and minor notes and observations,

6) This is such a publiocation, for, as ststed above, it brings
together the work of ten years and presents the finest method of predicting
oyster sets that has been developed in any part of the world, procedures
which will in time be applicable to other oysters in other areas.

Hence it may be asserted that every part of the paper is essential
and valuable, and that only its publication in entirety will complete
tﬁe public return on the funds expended in pursuit of the Olympia oyster
projecte :

Cordially yours,
’,_.——""“' ; :
Qice CvtTe

Vance Tartar
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, PRACTICAL BIOLOGY OF T.E OLYMPIA OYSTER , [dhw (e J

IN PGGET SOUND
VANCE TARTAR

STATE SEELLFIShH LABORATORY

Gig Harbor, Washington

TNT 6 QU TN

This peaper is a result of our wanting to know more about coastal )
1%

fisheries in order that we may increase the productivity of fhe seas

on The 252l '/,." . e |
for human needs. In the bays of lower Fuget Sounthhe Olympia oyster
is the subject of the principal fishery. For many decades the State
Department of Fisheries has promoted investigations concerning the
problems of the Olympia oyster grower and since 1942 hes issued a
weekly series of Puget Sound Oyster Bulletins during the spring and
summer months in order to supply oystermen promptly with information
coneerning the time and prospects of a catch of seed oysters and
other matters of importance to them. These bulletins constitute the
running acoount of which 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 such he tekes 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 nnly have been the product of meny contientious hands and heads

supported by able and sagacious supervisors during the years involved.

(1)

(we?,



Dr. A. H. Banner and his assistant Mr. Charles E. Woelke contributed
the data for the years 1942 and 1943. Many interesting and significant
speocial studies were oconceived and executed 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 cell of duty to
assure the success and continuity of this work. During the years of his

concern wrtho
superwigien—ef the project Mr. David C. MoMillin contributed much toward

the gathering of data and increasing the precision of oyster set prediections.

The able and enthusiastioc assistanoce of Mr. Harold Wicksten, Mr., Charles
Woelke and Mr., Frank Henry is gratefully acknowledged.

We owe a special 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. Much of the completeness
of our date 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 concentrations of sulfite waste liquor from wood=pulp
mills, the results of which have already been published (McKernan, Tartar,
and Tollefson, 1942).

Finally, the present account of the practical biology of the
Olympie 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 end supporting the project with abundent helpfulness

in every way.

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

Service have on many ocoasions cooperated in Olympie oyster studiem, and
during several years of our investigation the Service provided a boat

for our use.
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To the oystermen themselves we express our gratitude for their a
§
indulgence and their help and encourazement. Only if our work has qﬁ
&

resulted in useful contributions to their fishery will it have justified
itself.

The plan of this paper will be to present a continuous and
compacted account of our findings on the Olympia oyster and the conclusions
tentative or otherwise which can te deduced from them. In bold-faced
type within this account are given page references’to later portions
of the publication wherein tables of data end further discussion and
substantiation of the points of the main story are to be found. This
will relieve ﬁhe reader of groping around among tedious ederbs—smi
teabulations and, we trust, contri ute something to remedy the situation
whereby in their scientific papers oyster biologists often argue with
sach other while the practical oysterman can only stand by and hops
that some usefyl morsels of information may chance to shake out of

the discussione.

The great predecessor of this paper was the study of the Olympia
oyster by Dr. A. E. Hopkins during the psriod of 1931 through 1935,
published in 1937. Hopkins' paper may be consulted for references to

earlier researches and observations on Ostrea lurida. Although we have

taken exception to several of Hopkins' suggestions we realize that they
were cut forth provisiénally, as befits the scientist, and require
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
cultch. 4nd we appreciate also how much we are indebtec to this biologist

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



owes the demonstratidn of the importance of angle of cultch surface for
efficiency of spatting and the pessibility of floating cultch, with all
the vast practical gains that have followed therefrom.

Important contributions of more distant source stem from Dr. H. F,
Prythereh's introduction of the cemented cardboard egg-case filler
cultoh (1924?) which 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 relevant factors in spatfall. Cole and Knight -Jones
(1925) also contributed to our knowledge of the setting of oyster
larvae in vitro,.

We are indebted to Dr. P, Korringa for a recent, comprehensive,
logically comparative and intelligently critical review of the oyster
literature of eight languages. EHis 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 ars able to
predict time and intensity of oyster setting on short notice and to locate
the most favorable areas for cultching. Condit;ons in the Qostershelde
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 ?%Eation to time of setting an< a quantitative study of
surviving spatfall,which is most relevant to the actual, practical

recruitment of seed oysters from ysar to year.

e,
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For the benefit of distant readers who may not be familiar with the

Olympia oyster, a few orjenting rema¥ks 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 high=-valued food
item. Once abundant in all our deep bays from San Francisco to British
Columbia, its distribution has now been markedly ocurtailed by depletion
of natural beds and competition of the introduced Japanese species,
2, gigas, with the result that now the only really extensive area of
native oyster culfure is in the bays of southern Puget Sound near the city
of Olympia. ‘hese long inlets ( Fige 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 sufficiently attenuated so that it
confines and retains its own spawn. -lt—results—+thet each bay is to a large
extent an independent oystering unit and has been treated as such 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 tiddland
by providing appropriate gravel substrate in places where only soft
mud was encountered before. In many places the dike wall facing the
incomirg tidal current is mede lower then that of the remaining sides
with the result that the dike is filled after low tide sespage esdy by
water flowing in one direction. In such "current dikes" the directed

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

——



At the proper time cultch in the form 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 adlitional 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 oculling may interwvene between these
terminal operations.

The publications of Galtsoff (1929) and of Hopkins (1937) may be
consulted for discussions of procedures of the Olympie oyster industry.

Merketing 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 fortheoming due to the extreme difficulty of this
type of problem. For the growth and fattening of oysters we are still
largely at the mercy of the provender of the seas. Hence the most
immediately effective point at which one can aid the fishery is by helping
in every way possible to assure & continued sbundant supply of seed
oysters through attention to the reproductive cycle of the oyster.

The Olympia oyster ltegins spawning usually some time during the month
of May. Sexually mature after one year, the oyster spawns first as a male
and later as a female, alternating thereafter even within a given year
(Coe, 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
oysters on attaching to suitable surfaces. The reproductive ocycle
through the spring and summer season ray therefore be followed by contact
at these points: (1) time, number and proportion of spawning oysters,

(2) abundance and size of pelagic larvae, (3) time and rate of spatfall,

f
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and, (4) magnitude of effectiv;x surviving s?ﬁafor each year and each bay.
Season after season we obtained fregu;nt spewning and plankton

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

as 5 separate breeding populatidns of oysters. Within this coverage we

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

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

of their accuracy and representative charactsr are given in detail s,

( P. 52 ). The result was that ws now have a

quantitative picture, usually quite complete, of the reproductive season
in each hay for each year during the peet nine consecutive years. Since
thesg-representations are the substance of our field observations, we turn
to them now for a view of what occurs bay-wise during the reproductive

cycle of our Olympia oyster.
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TEE BAY - YEARS

We Qant first of all to say what needs to be said ebout how the bay-
year graphs were set up, referring to a typical example like Figure l4. The
graphs show successive waves of épawninf leading to blooms of cyster larvae
eve-tuating in waves of spatfall. The temporal seqdence of svnawning, larvae

production and setting are evident from the uniform date line at the top of

, the graph, while at the bottom are shown the periods of spring tides with the

e maxipicsr
6}&¢r_//gzgﬂiotgd4tidal run-out indicated by height of the black pyramids.

A telescoping scale is employed for the abundance of larwvae and'magnitude
of sPatfall,.the points where the scale "breaks" being oclearly indicated by
horizontal lines. This compromise arrangement is to be fully kept in mind

in studying the zraphs because increments within the telescoped bands are
greatly minimized in relation to increases within lower portions of the
curves. The use of broken - line histograms would hrve been more legitimets;
but data points heve been joined to form curves and no broken lines ars

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

to compact all the deta for one bay-year in & single fisure, and to enable

oystermen to make immediate, visual comparisons of the performence of the

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

gravhs to be of identical scale and emphasizes miniral, critical values of
spawning, larvae abundance, and spatting intensity essential to a successful
catch of seed oysters. Excesses ar~ove these thresholds may be generally
discounted for practical purposes as contributing little to an already

saturated cultch (see P. 41).
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The only excevtion to this uniforrity of presentation is that the s-atfall
of 1942 and 1943 is expressed in diferent terms since an entirely different
type of test ocultch was used during these years.
It is to e emphasized that the graphs do not necessarily represent
what actually 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 meens at our disposale.



SPAWNING
Points on the spawning curves represent percentages of mature female-

f\é&‘functioning oysters found to be "inoubating" larvae, on successive days

;Q in one patoh of oysters in each bay which was thought to be representative
» of the whole bay. Intensity of spawning adé—t—piwem—bime rises more or
less rapidly to a peak and then falls off. Steepness of the curve 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_%&rday 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 contein both
those which have not yet spawned and those which have alreaqy completed
spawning. Hence cumulative percentages at 10-day intervals will giwe
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 which spawned as malss may later spawn
as females during the same season. But the spawning ocurve is chiefly
of importance in indicating the time of commencement of the reproductive
cyocle. Being a matter of percentage, its magnitude has little to do with
tﬂe actual abundance of larvae produced since this depends on other
factors as well, such as the sige of the broods, early survival of
larvae, and, chiefly, the number of mature oysters in the bay. When the
aggregate percentage of female spawners was unusually high during the
first wave of spawning (83% and 80% for Oyster and Mud Bays, respectively,
in 1945) the abundence of larvae produced was phenominal; but at lower values
no signifieant correlation appears between the aggregate percentage and

size of the larval mass. Hence we have not charted these cumulative

percentages but plotted only the week-to-week proportion of gravid oysters.
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LARVAE

Points on the larvae ocurves represent maximum numbers of pelagie,
swimming larvae foﬁnd on any one day by filtering 20 gallons of bay water.
The reasons for using the maximum number will te discussed more fully later
(P. 61 ), but for the present it suffices to say that mamimum counts
are the best substitute for such a walid average density of larvae as
ocould be obtained only in more time than was at our disposal.

Secondary spawning curves are also refleoted im second peaks of
larval abundance.

Since a wave of spawning ocours ower a 20 to 30-day period, a variety
of sizes of larvae is present at most times. In addition to counting the
number of larvae per 20 gallon water sample, we noted the percentage of
those which were near setting, or roughly 270 to 330 microns in diameter
(see also P+.87 ). 'he percentages from all samples measured on a
given bay-day were averaged and multiplied by the maximum count to give the
density )
muaer of large larvae near setting. These values are plotted within

the over=-all Zarvae curves and show the aadueld number of larvae

ocontributing to the set at a given time.

SETTING
Points on the setting curve represent the number of spat caught on
100 Pacific oyster (g. 51535) shell faces per day averaged during & period
of from 3 to 7 cays, a value which we call in our bulletins the Setting
Index. Test cultch was made by stringing & dozen flat Pacific syster
shell "1ids"™ on a wire with face downward and in a horizontal position.
Hence the setting surface was maximal, being the underside of & horizontal skiell
surface (Hopkins, 1937). The strings were placed in one or two areas

oonsidered to be typical 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 such shells was
carefully measured and found to average 1l.6 square inches per shell.  The
Setting Index is thus the number of oyster spat attaching to 1180 square
inchzs or slightly over 8 square Beet of clsan shell surface per day.
Parallel catching tests with shell and cemented fillsrs showed that the
catch per day per single, ordinary, upright egg-case filler is roughly
45% of the Setting Index ef=Epetfiemoysbor-—ehedb=strinzs in the same
location.

Again, the secondary spawning and larvae peaks are reflected in
late~summer spatfall. As will be shown however, 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 ocultch was put out periodically
with the weekly or biweekly strings but left until the end of the season
when the accumulsted live spat wes counted. ZThe number of large spat
from the first wave of setting was usually distinguished, these bheing the
seed which have a good start toward meturity end will most likely survive
ovér the winter. In general, strings put out just before the first
setting peak accurulated the most large spat. The strings are "hung"
from the date-line ;;'the eraphs at the times they were placed out in
the bay, and the figures wxkhxmax given with each are the average number

of surviving large spats per Pacific oyster shell.

REVIEW OF REPRODUCTIVE SEASQONS, BY BAYS AND BY YZARS

Comparable, grephical presentation of the reproductive events by

bay-yegrs enables one to compare them by inspection, whereby general
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features emerge and more precise distinctions can 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 amply confirming
the ge?eral impression and experience of oystermen.

Oyster Bay is the largest center of production and shows consistently
the most vigorous surge of reproduction, with generally the highest
seasonal catches of seed oysters. North Bay may be ranked second, with
consistently good catches sm€ usually characte;ized by a brief and
rrecipitious reak of spatfall, possibly because there is only one active
Olympia oyster farm in the area so that the spawning and development of
the larvee is more nearly that of a homogeneous populetion. MNud Eay
comes third, having substantial sets but with the special characteristic
that in some years spatfall fails entirely. 4n explaﬁation’for such
failures will be offersd later. South Bay has had in the years of our
study only poor sets, and this we attribute to the combination of 2 small

an inlel

spawning population of mature oysters in s=%&x of such relatively
short length that tidel action may often sweep out of the bay a high
percentsge of such larvee as are produced. And finally 6aﬁ1and Bay which,
tefore cultching operations were carried on generally in all bays, wes the
very center of Olympia oyster seed production, is now out of the running
due probadbly to industrial pollution as well as other factorse

Not only is there difference in spatting potentials of the bays,
but the whole reproductive cycle is shifted in time of ocbu%%nce from
year to year by as much as & morth. In Cyster Bay, which may be +taken
as the bellwether of the tays, inception of spawning may vary all the way
from the begirning to the end of May. 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 relakive warmth or coldness of the early season,

a topic which will be thoroughly considered, inv=e—moment.

R

PR
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PREDICTION CF TINE OF SPATFALL

Since the timing of the reproductive season varies so grestly from
yeer to yzar asnd even from bay to bay it is of the utmost importance
in obtaining & good catch of seed oysters to know within a few deys when the
first wave of spatfall will begin in order that clean cultch may be ready
for the larvee to set upon. If cultch is put out too esrly it will
generally become rapidly fouled with marine growths,since it remains
submerged within the dikes, and therefore lose muchk 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 slimy cultch is unfavoreble for the setting

of spat'is probatly to be deduced from the observetions of Prytherch (1934)

and of Cole and Knight Jones (1§29) who found thet setting oyster larvae
secrets a drop of material from its tyssus gland onto the cultech surface
and then actively places its shell onto the glue-like matérial. It is
therefore lilely that this cementing material will not adhere to & fouled
surfece with sufficient tenacity to hold the shell of the newly-set
larva.

It is equally important that the eultch not be put out too late. The
experience of oystermen has been that the initial spstfell of the season
is the best and that spat caught later in the season have & poorer chance
of survivel and so contribute little to the season's yield of seed oysters.
This poiht is amply confirmed by studies discussed elsewhere ( P, 87 ),
Then, too, when there is but one wave of spatfall, tardy cultching neturally
could miss the spat entirely.

The importance of the proper timing of cultch'ng operstions is
clearly demonstrated by the seasenal cultch shown in the bay-year graphs.
These test strings show hLow much set)which has & good start in growth

end can be expected to survive the winter, PESKHXXXXXKwas accumulated

by cultech put out at various times throuzhout the spatting season.
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Hence a careful examination of this dats is of great interest in determining

the optimum time of cultching with reference to the cycle of spatfall.

A review of seasonal catch by dates of cultching is given elsewhere
(P91 )., Suffice it to state here that maximum catches of potential
seed oysters are obteined only on cultch put out et the beginning of
spatfall when it is rising toward the first setting peak. Cultch pleced
out a week or longer before thkis time usually cetches poorly, and
cultching shortly after the first setting peak or later also results at
oplimal

least in sub-nesme]l catches and often in complete failure.

The problem then wes to determine how to predict with mcouracy when
the first wave of spatfall of the season would begin in any bay during
any year and to be able to make this forecast sufficiently in advance

a~d platis; ’
to permit scheduling the preparationjof cultching materials,and placing .them ..
on the beds -imtine for the meximum catch. At first we did this by following
the abundance and growth of the planktonic larvee and predicting on
relatively short notice, as is done elsewhere, both the time and intensity
of the set to be expected. The accumulation, over many years, of
informetion on the timing of the reproductive cyole has now made it
rossible to correlate this variasble with climatic conditions and to errive
et an accurate method employing only easily obtained air temperatures,
for predicting at the end of April, as far as two months in advence,
the date on which setting will begin amd cultch should be in plaee in eny
deering

bay amd=sm any year.

Tre logic and development of this prediction method is presented
in a sepere*e supplementary section (P. 93 ). Here only the substance
of the method will be set forth.

First of all, we know of course that the colder the year the later
the reproductive cycle commences and vice versa. This is understandavle 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 eir temperatures, but it is of course water
temperatures which affect the oyster itself. However, if it should be the
case that water temperatures closely follow and are determined rather
directly and rapidly by prevailing air temperstures, then we can also
infer bay temperstures from ordinary weether records. This has proved

to be in faet 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 events
will be advenced or reterded. To accomplish this end, guantitative
expressions for the degree of warmth or coolness of the eariy months of the
year and for the time that spatting begins are required. For the first,
the slgebraic sum (sum of the "pluses" minus the sum of the "minuses") of
the deviatioms from normal of the monthly average air temperatures recorded
at the nearest weather station, Priest Point Park, Olympia, for January

Spring
through April was used as an index of the,Thermal Trend of the season.
To designate the optimum cultching dates, one used the number of days
after April 30th on which the significant rise toward the first setting
peak of the season began.

At this point the Thermal Trend was determined for all the years
f;om 1942 through 1950 and plotted graphicelly, for each bay, acainst
the number of days after April 30th on which spatting begen, the two values
for each season determining the points on the greph. For North Bay, data
of the weather stetion at Grapeview were used since the village lies very
near this oystering area. We owe our mwmxmxx thanks to Lr. Charles F.

Norrie of Friest Foint Park snd r. W. O. Eckert of Grapeview for the seh

s 3 3 .’““'—-".‘-—‘
conscientious completeness of their records. ES

T
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When Thermel Trend and time of begimnning spatfall were paired off
together graphically in this mennér, it was found that the points of the
graphs fall pretty well along an imeginary straight line. Nothing gives
the scientist more satisfaction than such an eventuality because it means
that a direct, simple, quantitative relationship is shown to exist between
the two variables which determine the points of the »raph, in this case
Thermael Trend end spatting time. It further opens up the possibility that
one can discard hunches and designete with certainty to within a few days
when the set will occur during any year for which the early spring
Thermal Trend is known, for s formula cen be derived from esch bay=-graph
which will ensble one easily to calculate when the set will fall from the
known Thermal Trend of the season.

Before such formulae cen be used with confidence they have to be
checked. This amounts to answering the question, Will the points of future
years also fall near the imaginery straight line connecting the data of
past years? Only time can tell, of course, but the method was announced
in the Puget Sound Oyster Bulletin of May 24, 1951 and was applied with
notatle success to predicting dates of beginning spatfall during that
year. Another course,is, however, open to us iﬁ checking the method,
namely, applying it to seasons before our own investigations *egen.

Thus we can use the formulee to "predict" from the weather records of

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

begun, and these determinations can then be checked against the independent
observations, obtained by different methods than our own, of Dr. Hopkins
end ¥r. W,J. Valdrip during these years.

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

indeed and were amply confirmed by subsequent reference to the records

of these observers. REXMEXRBRXQIHKHX TR L XKBEOMNE X RO D awe xsdekead ek
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Figures 39 through 42 represent the relatiorship between Thermal
Trend and spatting time in the four bays of our study. The set in South
Bay has been so attenusted that precise correletions are not yet possible.
For Oakland Bay we have too scant data since this area fell out as a commercial

oystering center during our investigations.

(Insert Figures 39 through 42 )

In gll the above gréphs the diagoﬁal line represents the "best line"
between the points of the graph, i.e., the line on which the polnts tend
to fall or the line whioh is closest to the most number of poiats. Since
in each case the formula is derived from this line, all predictions of
setting time will fall on this line. Hence the deviations @f the actual
times of beginning spatfall (the year-points) from the line represent the
acouracy of the forecazst and ks given in oconnection with the formulae
below. .

The following formulae derived in the manner noted above will,
on the basis of past experience, predict the proper time m for ocultching
with the accuracy noted:

For Oyster Bays D = 1.04 (53.5 - X) gives the expected date of

beginning spatfall to plus or minus 3 days.

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

4 days.
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For North Bays D = 1,1 (52 = x) acourate to plus or minus 4 days.
For South Bay: D = 0.97 (67 - x) gives the date to plus or
minus § 1/? days.

In the sbove equations, for "D" read "the numter 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 from normal of monthly average air temperatufes, January
through April", using Grapeview stetion for North Bay and Olympia (FPriest
Point Park) for all other bays.

An example will illustrate the use of the formulae. Suppose it is
Nay first, 1950 and we want to time cultching operatidns in Oyster Bay.
Inquiring from the Weather Bureau station at Priest Poiht Fark we find that
the deviations from normal of the average mean air temperatures for that

yeer so far are:

Jan, Feb. Mar. Apr.
y "10.5 -1.8 "5.9 -3.2
s,arm_y

The algebraic sum of these figures gives a,Thermal Trend index of -15.4.
Substituting for x in the formula we have:
D =1.04 (53.5 ~ (~19.4) )

1.04 (53.5 + 19.4)

l.04 x 72,9 = 75.816 = 76 days.
Hence we put out our cultch 76 deys 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 catchl!

It will te apparert that we must heve a separste formula for every

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

depending on its topography so that, for instance, llud Bay is undoubtedly
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the
slower in warming up in/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 formulse
could be improved if water rather than eir temperatures were used in
determining the Thermal Trend of the early spring months. But we are
saved the great expense of such surveys during each sprirg in all the bays
if the air temperature records of the U{ 8, Veather Bureau used in the
formulae prove adequate to the practical purpose. of assuring maximal
seasonal catches., Thet they will is shown by the fact that if cultch
is out out accord ng to the predicted date it will in one direction be at
most 5 days "too éarly" and will not in that period have time to become
fouled significantly; and in the other direction te at most 5 days "too
late™ but will still catch & near-maximal and probably a saturated

Zime of Zhe

catch since the formulee are designed to designate théfbeginnins of the
initial wave of spatfall, whiek .

Yeasrs .
most of=ble=time the actual date of beginning spatfall may be expected to fall closer

And

to the predicted time than these extremes.



W
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PREDICTION OF SPAWNING TINE
Since it is possible to foretell the proper date for optimal
cultching through a relationship between the reproductive cycle and spring
air temperatures which for its regularity must be regarded as truly
remarkable, one has little need of predicting time of spawning. Such
information however may be of considereble value,apart froﬁ cultching;in

"spawny" and less suitsble for

forecasting when oysters will become
marketing so theat merketing schedules can be arranged accordingly.
Hence in the same manner as for setting dates can he derived the
following formulae for determining the date of beginning spawning in any
during
bay 3= any yeers
For Oyster Bay: Dsp = =3.4 (x - 4.8) gives the date of teginning
significent spawning to plus or minus 7 days.
For ¥ud Bay: Dsp = =2.63 (x -5.8) gives the time to plus or
mirus 7 deyse.
For North Bay:s Dsp = -2.63 (x - 7.0) gives the date to plus
or minus 4 days, an@
For fouth Bay: Dsp = =3.3 (x - 8.5) gives an approximate dateyof
accuracy undetermined because of insufficient years of data.
In these formulee for "Dsp" read "the number of 3ays 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 throuzh April, with monthly deviation

values of =4 and less and +5 and grester omitted from the calculstion.

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

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 March
cdlculate the Thermal Trend for the months of January through March.

If this value is already + 4 or gr=ater, spawning may be expected to

v . = a=

tegin in the msdiar hatwe cAmaddea 0L
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before May first.

0ddly enough the spawning predictions have proved far more diffioult
to arrive at than the setting :ormulae; How this was done is presentea
in detail elsewhere (Pp. 105-142).

The formulae so derived will therefore allow one to predioct the
beginning of spawning quite precisely in North Bay and within a fortnight
in the other bays. As with the setting predictions, we can say that most
of the time the actual date of heginning spawning will fall well

within the extremes of accuracy noted.
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PREDICTIONS OF INTENSITY OF SET
If and only if a bay has so low a spatting potential that it ocannot
be relied upon to produce saturated catches on properly timed ocultch do we
require to predict the intensity of spatfall to be expeoted so that
oystermen may jwdge whether cultching operations are likely to be
profitable.

.:g?’fiih“séﬁré one can see from the graphs of the bay-years that the

—
s g et

relationships between total aebundance of larvae, abundance of large larvae,
maximum spatting intensity and over-all seasonal catoh are very flexible
according to our data. This looseness is due in part to the need for
greater accuracy in the determination of the always small proportion

of large, néar-setting sized .larvae (see P, 55), in part to our apparent
failure always to obtain representative larvae samples by usual methods

in North Bay (see P. 85), and in part to other possible factors of
salinity and tidal renge at time of spatting as will be discussed in
oconnection wi¥h setting failures in Mud Bay.

The whole problem of larvae size and abundance is treabted in a
separate section (P. 67). Here.we present only general conolusions
whioch are, in view of the looseness and flexibility shown, about thred
parts science and one part art. They ares

1) The ares under the larvae curves (total production of larvae)
is roughly equal to the area under the setting curves (total set, regardlesms
of Setting Index) when presented on the coordinates used in the
bay-year graphs. This means that one can graph the larvae abundance as
it develops and therefrom gather an idea of the sxtent of spatfall to
be expeoted. North Bay offers exceptions because, as already noted,
we apparently have not always succseded in finding a valid indiecation
of the true larvae abundance, while Mud Bay experiences anomalous

spatting failures as will be discussed shortly.



24

2) A total larvae abundance of at least 1000 larvae per 20 gallons
of bay water is a necessary basis for a satisfaatory set.

3) Roughly 100 large, near-setting size larvae per 20 gallons are
required for a significant spatfall,

It has been indicated that there are few times in our bays when the
extent of spatfall is on the verge between prdfitable and unprofitatle set,
but the above practical rules may be useful as a guide when and if one
wishes each yesr to cheok the reliability of the predicted dates for
beginning spatfall by going into the field a week beforehand and ‘taking
plankton larvae samples. Since thése, praédictions relate only to the
time of setting and not to its magnitude, such a checking would effectively
expose a possible spat failure before cwultick is put out if such a

ocirocumstance should sometime appear.
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SETTING FAILURE IN MUD BAY

Up to this . point ws have reviewed the reproductive cyocle of the
oyster bays, set forth methods for predicting time of beginning spatfall
and of spawning, and noted how an estimate of the maznitude of set
can be gained from the larvae picture shortly before setting begins,
All this works very well for those bays (Oyster Bay and North “ay) in which
good sets appear with gratifying revularity. In those bays which have not
sufficient spawning stock to produce an adequate abundance of oyster
larvae (Oaklard Eay and South Bgy) “here is no profitable set to pradict
and the only course is to build up those stocks with seed oystsrs from
the othsr areas. But there is one glaring anomaly in the whole picture
which is most disturbing and this is that although Mud Bay has the stock
and produces year after year an adequa’e abundance of larvae there are
years in which spatfall itself is nearly a total failure.

Dﬁring the years covered by this report,setting failure in lud Bay
occurrsd only'twiée, in 1944 and in 1946 when the Setting Iandex never
exceeded 42 and 14, respectively. To this number we mey 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 covered by quantitative investigations
of spawning, larvsae growth and abundance, and ratss of spatting on test

is sonply inadegeale
cultch; and thereforqnw&-‘iﬁp&gﬁhﬁaa_;nadaquab& 1nformat10nhFo solve the

problem of Mud Bay failures at this time. The practical issue of
whether or not tc put cultch out in this bay is each year so pressing
in view of the precarious nature of the set that we must employ any
indications we have which are at least better than blind guessinge.
S5till enother resson urges one to épeoulate as best he can within the

sparce data available, namely, that such conjectures may very well guide
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future fisld studies toward a satisfactory solution of the problem.

It is very doubtful that we can do anything about these spatting failures

except to predict their ooccurance 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 speculations
on the Mud Bay situation which are given in detail elsewhere (Pp. 114
et seq.). They indicate that spatting failures in Mud Bay may be due to
two causes, operating either separately or together, namely, abnormal
salinity of the bay watsr 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
since a plankton study during a cycle of tides has shown conclusively
that this is not the case(.Scz.p. 33).

The suggestion that setting failures in Mud Bay may be due to
abnormal bay-watsr salinity is derived from the fact that such failures
eare fairly well correlated with abnormal rainfall for Deeember through
June as recorded at Priest Point ?ark, Olympia. 'If one procedes, ts with
air temperatures in relation to setting time, to correlate monthly
deviations from normal in rainfall with spat failure, the foldowing
rules emerge.

One may expeot c(‘>11apees of the set in Mud Bay in those years
when ==

i) winter rainfall (December through March) is exceedingly
low, the deviations from normal summing éo -9 inches or lower, 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 mrx

early months was high (i.e., the converse of (l}L as in 1934, 1935, and
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19581; or

3) average preoipitation duging April through June is
abnormally high, without there having been a compensating abnormally low
rainfall during the months of December through March, (as in 1946).

These are the best tentative rules which can be deduced from the
meager information et our disposal. ZThey are the result of the rather
complioated speculations already refered to. Apparently in years of
abnormal rainfall Mud Bay salinity is most sherply affected with the
result thaet the larvae fail to survive to setting size whiech is the
direot ocause 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 season of 1951 there was aﬁparently an adéquate abundance
of large near-setting size larvee and yet the spatfall was still a
feilure. Hence 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 & potentially good spatfall.
Mr. Cedric Lindsay suggested that the type of tides obtaining at the time
of set may have influenced the result. Accordingly this possibility was
explored within the data available. Reviewing the years of our own study
as well as those of Hopklns ib is found that poor sets in Mud Bay have
on ocoasion been associated with the appearance of a run of neap tides
at the time the larvee were ready to set (see P. 124). It is possible
therefore that low high-tides do not carry the setting larvae well
up-bay to the location of commercial cultch, 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 cultch, then the set should

still be good at loocations farther down-bay. Observations of 1951



have failed to confirm this (the spetting on natural cyltch in all areas
seemed about the same) but distrituted test cultch in fubure years may give
a more decisive answer. In the meantime we may add as a caution a further
rule to those given above, namely, that miscarriage of set may occur in
Mud 2ay when ==
4) a run of neap tides begins at or within a few days of the

predicted time when spatting is expected to commencegqas in 1934
(compare Hopkins, 1937, figures 31 and 26) and in 1951, By neap tides we
mean here specifically that both high tides of the day do not attain a
level of +12.5 fest or higher (Seattle tides plus 3.6 feet, i.s. 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 600 and that during

December

this year the desmery through lMarch rainfell devisted very close to
-9 inches while the set ssems in mid-flight téﬁ:::; into a period of
neap tides which may have cut it off. Henoce that season seems to have
been a border-line case both from the standpoint of rainfall and range
of tides.

The pradtical rules here giveh ars therefore offered as the best
guidance we can devise from the few instances of spat failure in Mud
Bay of which we have corresponding quantitative records. It is hoped
that they may yet permit reliable antidipation of setting defaults and

lead eventually, either through confirmatian or refutaetion, to a more

certain understanding of the causes of these failures in Mud Baye.
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MOVEMENT OF OYSTER LARVAE PY TIDAL CURREXNTS

Oyster larvae are able to swim but weakly and so are classed
as ::22 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 ebb and flooding of the tide, and- this is of considersble
importance from many angles as will presently be shown.

The fact is that in mid-summer when oyster larvee are abuniant one
could take a 20 gallon plankton sample in a given hay 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 chemical
solution 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 larwvae
in the bay and obtaining representative plankton samples. '"hen we found
great differences in density of larvae at different stations in a bay it
became apparent to I'r. D. L. McKernan that we would need to make )
adequate surveys of the distribution of the iarvae in a bay throughout
a tide. To date varioﬁs groups from our Laboratory have made 7 such
surveys the results of which sre deteiled in a separate section (P. 73

The concept which has emerged is that of a Larvae Mass, perhaps
more or less elipsoidal in shape, or having a high density of larvae
in the center and shading off to nollarvae at the periphery. T;is mess

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

picture we have gathered may be diagramed as follows:

(PXZEIXS  INSERT
(Fig. 43 Troconrex 2R XAGREREC X xanaicroms Xoexp
bty xixbdeack
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The original purpose of these studies was fulfilled, for the
surveys show that in obtaining a picture of the abundance of a planktonic
form like the oyster larvae one is not sampling the bay water as if

running a chemical determination, but sampling the Larvae Mass., Knowing

the movement of this mass one can find it at any stage of the tide, or
better, can sample when it is toward the head of the bay at mid=-flood
to high tide. |

Another conolusion from the tidal=cycle surveys is that the oyster
larvae ars not washed out of our principal inlets ewven though the duration
of the swimming stage of the larvae is about a month and the tidal range
mAy exceed 18 feet during the summer . This fact seems quite remarkable.
It is explained in part at least by the great length of these bays which
is therefore seen to be very important in retaining the spawﬁ.

It is glso clear from the concept of the Larvae Mass and its
tidal movement that other conditidns being equal that area in the bay will
oatch the most seed over whioch the Larvae Mass passes the greatest number
of hours of the deay. This explains both the variation recorded in Hopkins'®
study of hourly catching rakes f§EegxRxxxxxxx} and the possible significance

occurring
for spat failure of neap tides,at the time of spatfall in Mud Bay (P. 124).
Zhe concep? of Larvae Mass

Needless to say #%,also gives the reason why down-bay and far up-bay
areas are not good ocultching grounds. On the other hand, what have by
long experience been detsrmined to be good spatting areas are indiocated
by these plankton--tidal-cycle studies to be the locations nearest to
the Larvae Mass, This is to say that if one were setting up oyster
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 lass,

and such investigations might even in certain instances improve the

location of traditional oultching areas.
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CULTCHING EXPERTMENTS AND OBSERVATIONS

Not only aust the cultch be placed in the water at the proper

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

Y

it must also be so chosen and employed as to uthklize its meximum
ave
efficiency in catohing spat. In this section %8 gathered ocertain studies

relevant to this problem.

VERTICAL SEITING STUDIES

During 1946 Mr. Roger Tollefson put out long strings of Pacifio
oyster shell on ocultch floats at Burns Point in Oyster Bay in order to
determine whether rate of spatfall varies with depth o{ waters Only
top valve, "lid-shells” were used, to increase the wmiformity of the cultch
throughout its lengthe. One string wes left in the water for only a week
during whioh the rate of spatfall at Dike 5 station was about 12 spat
per smooth shell face for the 6 day periods 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 counted on both sides of every third shell of these
stringé and averaged by half-foot interwals. The results are given for

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



TABLE 1 3 VERTICAL DISGRIB&EION OF SPATFALL ON FLOATING

CULTCH STRINGS DURING ONE WEEK

Date into water: July 17, 1946
Date out of water:s July 23, 1946

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

0-1/2 13.4 1
12
17
8
29

1 19.0 16
26
11
27
15

1142 15.2 20
16
16

= o
()]

3O MW
@

2 1/2 6.0

= ® O "

3 14.0 9

31/2 15.4 22

4 22.7 11
12
61
36
12
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TABLE 2: ¥VERTICAL DISTRIBUTION OF SPATFALL ON FLOATING

SEASONAL CULTCH STRINGS

Date into water June 27

Depth in feet

0-1/2

1/2 -1

1
‘1

-1

1/2

-2

1/2

1/2

-2

1/2

-3

1/2

- 4

1/2

-5

1/2

-6

1/2

-7

1/2

-8

1/2

-9

1/2

191
155
166
203
182
185
169
1567

no shell

180
200
152
141
le4
174
165

113

July 9

70
74
79
90
63
54
52
58
no£h¢&
56
70
76
49
61
64
63
60
53

41.

July 17

10

22

14

July 23

5
9
4
10
12
10
12

10

Aug. 1

Average spat per shell

3

5

12
13
20

15

Avg. 14

16
19
31
41
51
75
77
45

26

1

Aug. 20

12

10

13
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Although the number of test strings i: small it is clearly indicated
that intensity of spatfall does not varx&;::;.gepth of water, at least
from zero to 9 1/2 feet and hence probably also not at greater depths.
We therefore agree with Korringa's opinion that, other things being equal
(1ike larvee abundance and current velooity), vertical distribution of
set is uniform and larva show no "preference" for certain depths of water
in spatting. It was shown in some preliminary tests of this notion during
1945 that the uniform picture in floated seasonal strings may be complicated
by secondary factors, as w@en conditions are very favorable to the growth
of fouling organisms which (like algae) attach and grow especially on
the uppermost shells of the oculteh strings.

sgpqua«i'
We did not find as Hopkins did (1937, p. 493) that a,setting

A
maximum occurs aroung 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 catches on high tidal grounds; but since
we could not check his results, and for other reasons as well, we conclude
thet good seed grounds are such mainly because of their location with
reference t%ftzrvae Mags gnd therefore the abundance of larvae available
for set but not on account of their level am the beach. This comolusion
was not available to Hopkins because he did not meke quantitative studies
of the planktonio larvae.

But Hopkins maile a very sagacious use of his findings in suggesting)
the use of floating oultch to catoh seed oysters. This, like his modification
of cultching methods in accordence with his gtudy of the influence of angle
of culteh surface on ifttensity of spatfall, proved to be of vast practical

importance to the Olympia oyster fishery.
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FLOATING CULTCH

Not only did the idea of floating cultch enable oystermen who have
poor seed grounds to replenish their stocks sasily and without interfering
with the catoh of other oystermen, but when the Japanese oyster drill
became abundant in Oyster Bay this method enabled one to catoh seed free
from drills and their depredations. Moreover such cultch is extremely
efficient because it can be placed with reference to the Larvae llass so
as to "fish" continuously throughout most of the tidal cycle. We counted
as high as 12,000 spat per cemented egg=-case filler which had been ocut a
month when the Setting Index was only 300 @ 400.

Our observgtions on floating cultch probably do little more than
confirm what oystermen have learned from practice and the exercise of their
own good judgement. Nevertheless we mention them in passing; as follows:

l. Extent of spatfall depends on the amount of setting larwvae
brought bo the culteh surface. Hence every practicable means and precaution
should be employed to orient the collectors so that a good current of water
passes through them and penetrates to the interior of the mass of cultch
material. Tollefson found that there was three times as much catch ==

as
at the edges them in the ocenter of the cultoch.

culteh,

2. The estch should be removed and planted as soon as it becomes
saturated with seed oysters, otherwise a considerable mortality and
arrestment of growth of the spat will generally occur due to the fouling
of the cultch with algae and other organisms, including the mud=tube
amphipod which may be responsible for "key-hole mortalities". (&se -P.:46) It also
follows that the cultch should be put But only when the Setting Index is
high (several hundred) so that the cultch will not have to remain long
to pick up a good set.

3. If transport of the cultch to the beds does not result in high

mortality of the spat, the setting effiociency of floating oultch is so

ewrant +hat 1+ ahnnld nawmi+ annnacaita wafit+dine Af +ha hine widh dwan Aw
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more saturatd catches of spat during the first weve of spatfall if the
spatiing rate is at all considerable.

4. Taking (1) and (3) together, it might be more profitable to
refill smaller bins in small floats than to attempt to get all the set
desired in ome filling of a large float.in whichs crushing and cllapsing
of stacked fillers smay occes.

BEDDED CULTCH

Although we have tested the efficiency of many types of possible
cultching surfaces we have found none superior to the cemented dardboard
egg-case fillers. Also it may be mentioned that Korringa (1940, p. 230 =~
231) finds that the addition of fairly coarse and very coarse grain sand
to the cement coating mixture augments the spatfall only slightly due to
the increased surface ("hills and valleys") resulting, and eﬁncludes that
it is the microscopical and not the macroscopical roughness which counts.
Hence the lime=-cement-sand surface now in use is the best we know. In
areas where the tide ourrents are unusually strong (eg. Holleand) the
mixture is applied to hea;y tiles and the spat chipped off, while in
quieter waters like the bays of lower Puget Sound cardboard is used to
advantage because of its self-disintegration;

In connection with his study of the effect of angle of surface
on catching efficiency of cultch, Hopkins found that egg-case filler
collectors caught sbout three times as meny spat when held on edge
than when laid flat on the beds with all surfaces oriented vertically.
Hence he invented a "flat" type of modified collsotor which would stay on
edge when s; pladed. Some oystermen however have attempted to compromise
and to save themselves both the menufacture of special collectors and cost

of keeping ordinary fillers up~ended by "shingling" the regular cemented
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filler in the dikes., This means that the fillers rest in rows, the far
edge of one row uponrthe near edge of the next, all collectors therefore
lying at an angle of about 30°. More cultch can be put in a dike this way,
but the efficiency of the individual ocolleotor is still only one third
what it could be if it were standing on edge.

This oonclusion was derived from a test by lir. Roger Tollefson
on a number of ordinary type collectors. Half were cut in two (Hence low
and always submerged in the dike at low tide) end held vertically together,

cod%ciars
the bank of eellsutid®m being supported by pegs driven into the ground; and
half were "shingled" at about a 30° angle, overlapping each other by about
half their width. After a set had been obtained, 20 random partitions
for eaoh{:;;:f;ere examined and spat counts made. (By a "partition® is
here meant one side of one side of the four-sided enclosure intended to
hold an egg;;--having an area of 4.1;?::::;3. A single collector is the
equivalent of 90 such sections, ie. 747 square inches.)

The results ere presented by uniting the 20 random samples of each
type of orientation of collectér as if they composed one ordinary collector.
Then a colleotor is dropped from the vertical (on edge) position to a
30° angle, the vertical sides of course remain vertical while the horizontal
partitions become slanted to an angle of 60°. Vertical partitions were
therefore distinguished from horizontal or angled partitions in spat count.
Several 12-shell strings of Pacifio and other strings of Olympia oyster
shells were hung out wvertically in the dikes during the same period of

time to determine comparable set on theme

(Insert table # 3)
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TABLE 3 : COMPARATIVE SPATFALL ON DIFFERENT ARRANGEMENTS OF CEMENTED

EGG-CASE FILLER COLLECTORS

UPRIGHT COLLECTOR SLANTED COLLECTOR
TOTAL SPAT AVERAGE SPAT TOTAL SPAT AVERAGE SPAT
PER SQUARE PER SQUARE
INCH INCH
Horizontal Partibtions _
Upper surface 0 0,00 0 0.00
Under surface 305 7435 . 98 2.36
Total 305 3.67 98 1.18
Vertioal Partitions (both surfaces) 149 1.80 70 0.84
Entire Collestor 2043 i, Y66
Comparable spatfall on collectors 2.7 ' 1.0
Comparable spatfall on Pacific oyster shells
(smooth, under=-surface only) 2,0

Comparable spatfall on Olympia oyster shells
(smooth, uwnder-surface only) 2,5
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The results (Table 3 ) allow one to come to the following
oconolusions:

1. Under horizontal surfaces of upright collectors are more efficient spat=-
catchers than under horizontal surfaces of oyster shell in strings.

2. Angled collectors catoh only about one third as much spat as Hopkins=type
or upright collectors,

3. Vertical partitions in upright collectors catch twice as ‘Guny spat as
the oomparable partitions, also vertical, in slanted cultch. This difference
can only be explained on the basis that with slanted collectors the current
does not flow through the collectors but over themes Dead current spaces
therefore arise and the delivery of mature larvae from tidal waters to

the cultch surface is impeded, thereby resulting in lbwetr catch in slanted
e@ollectors even on the similar, vertical surfaces.

The quantitative data given should enable oyster growers to caloulate
wheth=r costs of staking, etc., to maintain banks of erect collectors will
be offset by the trebling of spat catch per collector.

The superiority of "open and exposed" horizontal partitions over
shells in stringa?Zf “shingled" collectors amply confirms a general
principde for the guidance of cultching procedure which has already bsen
stated by Korringa (1940). This is that so far as catching of spat is
concerned good oultgg fulfills two requirements: (1) it does not
create dead water spaces but allows 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 cultch, and (2) the very local,
microsocopic conditions of the oultoch surface favor the complicated
maneuvers of the larvae during the setting process, i.e., their crawling

and their anchoring their shells by secretions from the byssus gland,



either by roughness and cleanness of the surface which may aid the foot
to hold on or by loocal eddies, etc., wﬁich will protect the larvae from
being swept on by the tidal ourrents. (The description of this setting
process, in O. virginioca but probably applicable to O. lurida, we owe
to Prytherch (1934).

It will be seen that these two conditions are somewhat antithetical,
that is, one has to have currents to being the larvae to the culteh
surface but on touching it they must be proteoted against being swept
along further. There seems little doubt that cultch could be improved
somewhat if materials and methods combining these antithetical faoctors
could ve devisede Such an approach, starting from general principles,
should prove far more fruitful then merely testing various meterials
at random.

One a::zzg-also remind that cultch should be such as to maintain
at least a good portion of its surfaces at the optimum engle for setting
and that it should be heavy enough not to be disturbed by storms and
tidal ourrents and yet of such a nsture that the acoumulated gpat can

eventually be scattered and evenly distributed over the oyster bed.
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SATURAE["ION OF CULTCH
The idea to be dealt with here is simply that after a cultch surface
has caught sufficient ;pat during the summer so that it can be expected
to be covered with large, surviving spat on the following spring, any
greater density of spat 18 of no further practical benefit and may even
result in undesirable orowding of the seed oysters. We have to leave it to
practiocal oystermen to determine what minimum catch they require to
make their cultching operations profitable, but we can gather some notion
an andlysis ofF
of maximum possible catoh obtainable from,\the seasonal test cultch.

Hence if we compare large, surviving spat on seasonal cultch with
we
maximum Setting Index attained/find the followings

-

OYSTER BAY MUD BAY ' NORTH BAY
YEAR | MAXIMUM FIRST PEAK MAXTMUM FIRST PEAK MAXTMUM FIRST PEAK
SEASONAL Se Ie SEASONAL Se Ie SEASONAL Se I.
CATCH OF .  MAXIMOM CATCH OF MAXTMUM CATCH OF MAXIMUM
LARGE SPAT LARGE SPAT LARGE SPAT
1944 86 2300 5.2 42 39 6600
1946 107 7500 70 3500 * 43 9000
1946 135 2600 0.8 14 73 1300
1950 125 4000 167 2800 118 4000

* Note-=-altho oconversion of larvae into setting was high---setting
did not "stick" well.

These data clearly show (1) that the surviving set is of course no-where near the
total smount of spat that originally set and (2) thet, whatever the Setting Indes,
one cannot expeot many more than 100 spat per shell .in surviving catch, a figure
roughly comparable to 3,000 spat per ordinary cement coated egg-case filler.

(748

It follows that there is no pointA%m attempting to
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assure exceedingly high rates of spatfall since these are of no practical
consequence in the recruitment of seed oysters; a moderate spatfall
saturates a oultch which is appropriately timed and placed and this is
all that is required. #nd it is likewise evident that although low
spatting rates result in low seasonal ocatch, high setting inddoces do not
assure large oatoches. In fact it appears from the test oultoch of 1945
in Mud Bay and of 1944 and 1945 in North Bay shown in the tabulation
above that exaggzerated peaks of spatfall may even diminish the overall

catch due perhaps to over-crowding of such seed on the cultch.




OYSTER PESTS
The mass of oyster larvae which appears in the summer months is
undoubtedly decimated by many natural enemies. On four occasions we have
found larvee ingested within the ocell of Nootiluca, the large dinoflagellate

responsible for one type of "red=tide™. The sea=-walnut, Pleurobrachia,

also frequently abundant :may likewise take its toll. We know of no
instance, however, in which a spatfailure could be attributed solely to
larvae being destroyed by their enemies. Hence we shall attempt here

to catalogue only the enemies and pests of the mature oysters end spat.

A) Japanese Oyster Drill.

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

the Japenese oyster drill, Tritonelia japonica, introduced ﬁith unclean

plentings of Japanese oysters. This predetor is the subject of a report

by Chapman and Banner (1949) who verified its destructiveness and advised
thet 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 cultch. This has been done, and Japanese
drills are oonfined, as of 1950, to the original areas of infestaticm,
namely, Oyster Bay. IRIKXB@EX and Oaklend Bay. There is no doubt that

these drills can do damege; this is especially noticeatle when they start
on egg-ocase~fillers of gpat and clean off a good set by the end of the
summer.

Control measures consist mostly of culling out drills when the
oysters are taken off the beds, by hand picking drills where they congregate
along the oyster dikes duringf§;ring egg~laying season, and by burning
off egg masses exposed on the dike wells at low tide. Weighted plenks
hayp been found to attract the drills which apparently like to seoret

themselves under sunken boards and oyster shell.

Th ccva o DacaanI 2. 2L . VL L. . L 2 2w = = , . e ew= “ a
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one=hour submersion in 50% sea water though the adults are not permanenfly
affected. Undouttedly the egg case wall is a semi-permeable membrene

and admits the dilute solution which then kills the delicate eggs or
embryos. In one case where the ciroumstances sppeared favorable, ean
attempt was made to use this finding by flooding an oyster dike with
fresh water at low tide to kill eggs. Apparenfly in this instance
sufficient dilution could not be obtained.

Various types of poisons have been tested for their toxicity to
drills but none have so far proved practiocable. The problem is far more
subtle and difficult than is the case of most agricultural pests where
insect and plant are wholly dissimiler organisms, while the drill and
the oyster are both mollusks end changing tidel waters limit the possibilities
of applying toxic substances. Let it be noted that if oystermen had
heeded the warning and advice of Galtsoff in his 1929 report they would
not now have to call 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 solutiom would prove a tremendous boon to the industrye.

B) Eastern Drill.

Uroselpinx oinerea was introduced into Byster Bay presumably with

plantings of east-coast oysters many years ago. The pest has never
attained great abundance here and its depredations are entirely eclipsed
by those of the Japanese drill. Fortunately, too, the native drill,

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

although Hopkins (1937) states that it may in places drill a great many spat.
The food preference of all these deills is discussed in the papen by Chapmay
G 42Z241h¢4—141&ful‘tAfgfaftwlifO.

C) Moon snail and md shrimps.

Very rarely we found Olympia oyster shells with the typical



"sounter-sunk" drill hole of Polinices, Where abundant it is not by
drilling, however, that the moon snail daﬁages oysters but by burying
them as it plows through the bottom of the oyster bed in search of
clems., If this ocours the snails must be picked off the beds and
destroyed.

In a similar manner the mud shrimps Caliesnassa and Upogebie

mey prove destructive by bringing up sand from their burrows end dumping
it on the oysters. The situation was once particularly acute in North
Bay and was solved by boarding/gzgr;ntire dike, gravel being put on top
the boards as a substratum for the oysters. 3uch a barrier prevents the
shrimp from burrowing and will not rot or be eaten by ieredos or wood~-

boring isopods when "suffocated" in this manner under gravel and mud.

D) The Black Clawed Crab.

During the early fall of 1946 there occurred in Oyster Bay a
high mortality of young native oysters which could not be attributed to
known causes. The destruction was found in one oyster dike on the
north shore and has not.been reported elsewhere, though of course a
potential menace is indiceted. The dike in question had been planted
with cemented eggwcase fillers whioh caught an exocellent set of young
oysters; but by the end of the setting season a 30% mortality of these
spat resulted. In every case the upper valve of the shell had been
removed so that the destruction could not have heen due to oyster drills
or other shell borers. Unusually abundent in this dikg,howaver,were

specimens of the "black-clawed crab", Lophopanopaeus bellus, one of the

small, less oommon shore orabs of the region. Frequently the'crabs were
found concealed within the sections of the fillers used as cultch.
Acoordingly both crabs and cultch samples were removed to the

leboratory and placed in & clean aquarium with rumning 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 aguarium
became strewn with shell fragments and complete upper valves of the spat.

It is clear the Lophopanopaeus bellus was self-incriminated as a destroyer

of young oysters.

The orab is identifiable as & beast of size end habitat similar
to the common shore crab but bearing proportionetely larger pinqars. The
two tips ("olaws") of a single pincer are both of a derker hue than the
remainder of the "hand", and this difference in coloration forms & sharp
liis of demarkation across the base of the claws. Acourate identification
of the creb is importent since the common shore orab is not only
harmless but even beneficiale This prevalent opinion was confirmed by
a series of tests in our laboretory. For each test equal sgmplea of
Pacific eystér shell cultch were placed in separate aguaria with running
water. The shells carried a good set of native oyster spat of from
several weeks to several months in age. Into only one of the aquaria
were introduced many specimens of both species of ocommon shore corab

(Hemigrapsus nudus and H. oreganensis). After a period of 4 to 6 weeks

the mortality of spst was determined for the aquarium with crabs and

for its partner without. Not only did the orabs fail to kill the spet
but spat survival was even slightly higher in the aquarium with crabs.
Hence the shore orasb§ apparently even assisted the spat by keeping the

cultch olean and reducing mortality due to silting and fouling.

E) "Key-hole mortality"

During the summer of 1945 floating cultch from Burns Point in
Oyster Bay was examined and a small portion of the sp&t found to be dead
end with a slit-like hole in the upper valve of the shell which we

therefore called "key-hole mortelity". The spat were free of drills
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since the cultch wazs floeting and the opening was not circular and therefore
could not have been caused by drills. The only clue we have to the
predator is that the cultch was also heavily coated at the time with small
amphipods which build and live in mud-tubes. Is it possible that

these orustacfe could have scratched holes in the small spet with the

sharp claws of their forelegs?

F) Cugs.

S8lippermshells or cups, Crepidula fornicata, were introduced

during early attempts to grow Eastern oysters in Puget Sound. Now they
ere abundant in Mud Bay and Oyster Bay constituting in some cases half
the "erop" on oyster beds. This alien pest does very well in the native
oyster dikes. Chapman and Banner (1949) found no correlati;n between
oyster mortality and eabundeance of cups, but it seems likely that the
oups campete with the oysters for planktem food and in any case the pest
adds greatly to operating costs in the industry. The present polioy
is to cull out the ocups and throw them up high on the beach to die.
We have suggested that Imcreased costs could be offset in part by
developing the food possibilities of cups. Tests made at our request
by Dr. E. W. Harvey of the Seafoods Laboratory of Oregon State College
at Astoria showed thati--=-
"Deep-fat frying yields a most satisfactory foodstuff.
"Crepidule can be used suvcessfully in the following
preparations (in order of preference)s--chowder, stew and
oocktail.
MCanning is not satisfactoryv«::wneeding more.experimental
work,"
We found the flavof of the fried ocups to be somewhat between that of olam

and oyster, though the meats were rather dark and slightly mealy,



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 tentacles
at the lip of the shell and apparently capturing plankton food from the
in~current set up by the oyster, the food being carried by cilies on 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 infestetion. The 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 which rewults in the oyster partitioning off a
part of the shell interior orowding the oyster and creating a space
where dirt can acoumulate. During some seasons the worms mhy become
abundant enough to become conspicuous through these consequences, but no

major damage has yet resulted.

H) Paresitio copepod, Meytilicola orientalis.

This pest is a bright-red parasite which lodges within the
posterior alimentary track of the oysters as a rule though it may, when
abundant, invede other tissues as well. Dr. Odlaug (1946) found that
5.5 per cent of Olympia oysters in lower Puget Sound wer;fzgéected
and that a reduction in the "fattness"of the oyster meeats was associated
with its presence. Uninfected oysters had meats which filled an average
of 41.8% of the interior shell space while the comparable figure for
infected oysters was 35.5%. The over=-all effect of this pest is

therefore minor.

1) Bryozos
In South Bay especially setting and growth of bryozoa colonies
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Callchs.
may reduce the efficiency of the sedeh. This may come about in two ways:
either the bryozoa set first and oyster spat have not been observed to
set ;:'the encrusting moss-animals (probably spat are picked off by the
avicularia of the bryozoa) or the growing colony coats over and smothers
the spat, as has been observed #n several instances. Since bryozoa
are not found on materials exposed at low tide it may be suggested that
allowing the oultch to be exposed during e low tide or two may kill the
bryozoa, though one should keep a sharp eye on the spat to be sure they
also are not begimming to gape. After the spat get a fair start it seems

unlikely that the bryozoa could trouble them. further.

Summariging the pest situation we note that the by far the most
dangerous predator is the alien Japanese drill. As has happened on so
many ill-fated occasions in this country an imported pest prospers
in its new environment far better than in its native habitat. Beyond
question we should concentrate our attention first on éhe ocontrol of

this pest.
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SUMMARY

The remainder of this account will be devoted to the presentation
in detail of the analyses, tabulated data, eto.; on whioh were founded
the e¢onclusions, interpretations and conjectures so far advanced.

Before turning to these techmical matters we may summarize what hag
been accomplished which may be of praotical use to Olympia oyster growers.

1) Qystermen now have a graphic emnd quantitative referd of the
reproductory performance of their bays during the past 9 years. This
record will provide a sort of base-line sgainst which any future
improvement or decline may be definitely assessed; and furthermore,
since all phases of the reproductive cycle have been treated, the advance

in the Life cycle
or decline can be refered to the gpecifio stages, affected. -

3) Formulae have been derived for each bay on the basis of which,
knowin;:;he early spring air temperatures recorded at Olympia, one can
easily compute and forecast at the end of April in any year and for any
bay when spatfall will begin and with an acouracy sufficient to assure
maximum, surviving catoch of available spat.

3) Similar formulse have been derived by means of which the time
of begimming spawning oan be predicted about a month in advence thereby
permitting the arranging of marketing schedules acoordingly.

4) Guidence is provided for predicting on short notice the
intensity of spatfall that may be expected from the character of the
larvee picture.

5) Quantitative tests show that one must arrange to catch the
initial wave of spatfall since the spat caught later in the season has

a poorer chance for survival.

6) Two suggestions supplementing each other are offered to explain

‘res in Mud Bay, and a tentative method for foretelling such
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failures on the basis of rainfall records and tide tables iz presentsd.
7) Several suggestions have been made for the improvement of
cultch and cultching operations.
8) A catalogue of oyster pests is given, including two new

enemies not previously described.
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METHODS
Sectinu

In this ples=® will be described in detail the methods by which
the information presented in.this paper wes gathered. Such procedures
can then be repeated at any time in the future when comparable data are
desired. We will alsoc give what information we have regarding whether or
xmk to what extent the sampling in any area was typical of the whole bay.
Ideally, of course, one would like to have been able to make extensive
surveys of spawning, plankton larvae and setting 4n all bays and then
select stations and methods which proved most representative in each bay.
But such & study would need to be made during the peak of each of these
phases of the reproductive oycle in order to yield large samples of
statisticel value; and as it happened it was necessary to get some ides
and enticipation of the reproductive performance of the b;ys at once as

well as to visit five bays whthin the short space of one tide once or

twice a week. Within these limits therefore we attempted what we could.

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 withine One is
immediately struck by the presence of thousands of small granules which
vary in color from white to gray as they develop shells. Possibly
through some early misinterpretation such gravid oysters are odlled
white-sick and gray-sick. That developing, shelled embryos are found
shows that fertilization must have taken place and that other individuals
must therefore have spawned as males around the same time. 0. lurida

is protandrous and may spawn both as a male and as a female in one
season, though apparently it is not self-fertilizing.

Tables 4 - 12, . 133-14
Our spawning data ;;e§:;e represggxs only gﬁL proportion of
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oysters in the sampled population which have on a certain date recently
spawned as females and bear eggs or embryos. We also have distinguished
between those whioh carried young, unshelled embryos (white-sick) and those
with shelled (conchiferous, gray=-sick) larvas. The only indicatiom
we have that distinguishing between the two may be of some usefulness
is that low larval abundance and relatively low spetting intensity
in North Bay during the season of 1946 was preceeded by the appearance
of far lower percentages of gray=-sick than white-sick oysters in our samples,
much as if the embryos had been aborted or in some way prevented from
development to normal, libérat;d larvae,

For a while we opened 100 oysters from a sample area but it wes
soon found that the first 60 gave statistically the ssme values as the
100 and thereafter only 50 were openeqdaa a sample. Always the oysters
were Rept in a sack out of water until opened in order that the liberation
or possible ebortion of embryos would not occure. The sample was always
taken from a bed of mature oysters.

¥Pime prevented our sampling more than one area of a bay since we
had to semple all 5 bays on one low-tide. Hence we selected what appeared
to be a representative dike(designated in the spawning tables) with mature,
marketable--not seed=--oysters and kept with that local populetion all
season. The spawning deta therefore give a valid picture of spawning-
as=females of the oysters in & given place in the bays. No attempt was
made to compare extent of spewning in several loocations in a bay on the
seme day. We were simply constrained to ohé;e the most accessable dike
which was most nearly in the center of the oystering area in each bay.
That the sample areas selected were in faot fairly representative of
the bays as a whole is indicated by the reasonable correspondence
between peaks of larvae abundance (to which spawnings of all areas

contribute) and antecedent spawning waves in the areas sampled, including

L . - .a - -

e Avmanwnsmad - 02 ol .3 __ . ... 3



But unless some further use of the spawning data can be mede, its

acouracy and representative character is really immaterial anyway since

(1) we note, as did Hopkins, that spawning intensity is not appreociably
correlated with larvae abundanoce, the total number of mature oysters in

a bay being of far greater relevgno®, (2) that with the new type of
spatfall predictions herein developed spawning information is not necessary,
and (3) that there is no important oyster spawning problem in lower Puget
Sound. To have determined the latter was of considerable value in

itself in directing our attention to other matters.

PLANKTONIC LARVAE

Hopkins (1937) did not study the abundance of Olympia oyster
larvae. Hence he predicted time of setting only on the basis of

| spawning data, We investigated the larvae for the purpose of short-

time prediotions of spatting intemsity and to learn the extent of

larvae production and whether deoreases in such could account for poor

sots when such occurred. (Tables 13 = 19, Pp. 142 - 148,)

All our plenkton samples were quantitative, consisting of the larwae
and other plankton 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 catch was then rinsed
int; a bottle, formalin added and labeled by means of a slip of paper
placed within the bottle itself. In the laborastory the bottle was
decanted, then agitated and the plankton contents poured out into a
oounting dish already laid on the stage of a binoocular dissecting
microscope. Quick dumping of the contents at one side of the rectangular
dish resulted in a uniform distribution of the plankton mixture on the

bottom of the dishe.
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This glass bottomed counting dish was marked off symetrically into
64 squares with a diamond point. All the squares orossed by the diagonals
of the rectangular dish were subdivided each into three equal parts which
feoilitated "reading™ the count when the larvae were numerous. When the
larvae were sdarce, all larvas 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 count;
and when tremendously abundantylarvae lying in only one diagonal of
aquares‘:::soounted and the result multiplied by 8. Comparison of total
counts with counts of the 15 squares on the diagonals x 4 gave, for a
sample of 42 total count a difference of 5%, for one of 144 a difference
of 3% and for one of 1620 a difference of 3%. Hence the shorter method
of counting larvae in only the squares on the diagonals of the counting
dish was generally used, without significant sacrifice in accuraoy.

After counting, the larvae were measured without disturbing the
counting dish. This was done with a calibrated occular micromester or
Whipple disoc, the oocular being rotated when observing each larwva to
line up the scale with the longest diameter of the larvae shell parallel
to the hinge lins. Readings weres to an act;uracy of at least £ 6 mioroms.
The first 100 larvae encountered on a diagonal were measured without
selection, Tests on a sample containing 616 larvae showed that if the
first 50, the first 80 and the first 100 larvae are measured, the
peroentage composition of any one size did not differ by more than
3% in each group. A similar test on a sample containing 38,578 larvae
measured by groups of 50, 70, 80, 100, 120 and 150 larvae did not differ
in percentage composition of any one size by more than 5%. Hence
significant error in determinations of size composition of a sample
appears only among the very small or the very large larvae since these

comprise the smallest size groups.
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One is especially interested in the abundance of largd, near-
setting sized larvae as the most certain indication of the possible set
in the near future and of the intensity thereof to be e;peoted. Therefore

it is here suggested that larger samples be measured when it is & guestion

of whether a commercial set will occur or not, as in Mud Bay or South

Bay, and when therefore the proportion of large larvae will be very small.

It follows accordingly that the data we give for percentage of
large and near-setting larvae and therefors the abundance of the same
are susceptable to considerable error and are to be used as rough indicatioms
only. An idea of the variation in proportion of large larvae in comparable
plankton sampdes is gained from noting the values for such given in
Tablé 20 . Since several samples were taken in any one bay on a
given date, the average percentage of large larvae in allfsamples was
used and these are given in the tabulations of plankton larvee. In this
way the error and variation resulting from measuring usually not more
than 100 larvae nor less than 50 was in part compensated. In Q. edulis,
Eorringa (1940) encountered a uniform proportion of large larvae at any
one time in samples taken at diffement 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
&tpure—————) and sampled them in succession within an hour. It somn
appeared however that the extreme stations, down=-bay, often yielded
relatively few larvae, depending on the stage of tide. This fact at once
directed ocur attention to the necessity for rumning horizontal sections
on & bay during a tidal cycle to follow the movements of the larvee with
the ocurrent. These studies were done and constitute a quite thorough
investigation of the variation between plankton samples at different
locations in & bay on the same day. They are described in detail in

another section ( P. 73 ),
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TABLE 203 FPLANKTON LARVAE FIELD DATA, OYSTER BAY, 1949

DATE TOTAL COUNT™ NO. LARGE LARVAE**  PER CENT LARGE LARVAE
May 27 16
8
June 2 416
8 8032
7104
7584
13 12,928
5,064
11,440
16 16,256
6,256
20 1,992
1,264
3,096
23 8,112
8,736
26 9,074 752 8
10, 864 1,264 12°
7,072 480 7
30 568 120 21
142 24 17
3,976 704 18
July 5 13,536 208 2
8,456 408 5
8 2,288 128 &
11,856 528 4
11 8,640 144 2
5,360 16 0
2,112 64 3
18 860 664 69
6,960 480 7
21 2,088 400 19
1,480 480 32
1,360 328 24
27 2,632 416 16
1,672 312 19
856 112 13

* Total number of plankton larvae per 20 gallon sample
wmbo ’
**Doscribed as Madvanced Fmd® to setting size".

C /dr‘uae) and ke sdations

p/MktM 54""/’[‘.-’?? y/4 b‘YJ' aoe localed éiru

(f,aawm‘ny and 5"”"}7) for~ &
Fcgeeres .
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We now ocome to the question of how well repeat samples taken at

the same loocation or depth in rapid succession agree with each other.

In Table 21 are given the results of the tests made. The larvae

counts given are of course to be compared strictly within one

station on one day; apparent disorepancies between the data of successive
days at a given station are due to faworable or unfavorable tidal conditions
obtaining at the time. General agreement as well as considerable variation
will be noted in comparing the duplicate samples, a point which we shall
return to in a moment.

Comparisons also ;are made betweén samples taken at designated
stations and others taken immediately following at a distance of a few
hundred yards away. The results are summarized in Tells 23, P. 152.

Azain general agreement but considerable variation will be noted and will
receive oommsn£ later.

During 1945 we established extra stations ("A" series) at approximately
the same distance up the bay as our regular stations Eut on the opposite
side of the bay. The pairs of stations were sampled in close succession
with no greater time interval than was necessary to move from one to
the other, Talil& 23 presents the comparative larva counts for paired
stations on the same day. The variation in this series 1s great and
therefore very disturbing. Séme of it may be accounted for by the faot
that the "A" stations were near or over oyster dikes rather than in
chammels like the partner stations and hence may have shown swarms of
larvae just liberated by the oysters looilly. In any case high counts
were not oconsistently 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 comparative plankton samples at different

depths were taken in order to gain some notion of the vertical distribution
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P. 153
of the larvae. It will be seen from TAWtle 24/ that no consistent rule

of distribution obtains. It also appea¥s that one may miss the bulk of
the larvae by sampling at the wrong depth. Ihere is not much one can do
about this possibility of error since depth samples with pump and hose
are most time-consuming. (Korringa, 1940, found no signifioant difference
in abundance of 0. edulis larvae at surfgoe and at the bottom.)

For a small number of samples the water was obtained by dropping
a length of garden hose over the side of the boat, sufking up the water
with éﬂ 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 slig]l.rsbély higher larvee ocounts than duplicate bucketed semples
(see Table 25 P./), No crushed shells of larvae were found. Hence a
pump arrangement is satisfactory for sampling oyster larvae.’

We also compared the cateh with pumped samples when the boat was
moving slowly and when kxkm it was sthationary. As shown in Table: 25 5
the samples are quite comparable; hence the boat need not be at rest when
samples are taken with hose and pump. (Cf. elso 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 km is shown in the data of 1948 as followsti
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TABLE 22; LARVAE COUNTS OF INDIVIDUAL PLANKTON SAMFLES

TAKEN DURING 1948

DATE OYSTER BAY  MUD BAY NORTH BAY  SOUTH BAY
June 15 1124 160
620
22 1827 12 3216 148
3824 1224 648 96
28 2088 2020 64 112
728 4912 12 112
July 1 1160 804 4264 724
6320 736 1608 60
3264 512
5 12,224 6144 5440 - 1112
3,872 6116 3432 1168
12, 000
12 92 - 52
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 bays do these tests imply in the aggregate? They suggest a Larvae
Mass which moves back and forth in the bay with the tide and whioch is
itself quite "spotty™ with regard to density of larvae at aﬁy one losus
within the mass. We may picture it as follows, having in mind that the
"spottiness™ is found in tﬁe vertical as iell as in the horizontal

distribution.

( INSERT
(Picture Fige 44 )

There is little doubt that extensive study would reveal more
order in distribution both horizontally and in depth in relation to tidal
velocities, ocourences of channels, etc., but such an investigatiom is
not justified in view of the faot that the situations we have to deal with
“is: simply whether a set is going to be a success or a complete commercial
failure not profitable to cultch. Only if we were confronted continually
with "borderline cases" wherein the set was year efter ysar on the edge
of being worth or not worth the oultching would it be necessary to
determine the abundance of larvee with high accuracy. Practiocally we

therefore use our knowledge from the tidal cycle studies of movements

of the Larvae Mass to looate approximately the center of the mass in
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a bay at the stage of tide obtaining at the time of our visit and then
cruise about in this general area, taking several samples, trusting that
we shall hit one or more "spots" of relatively dense larvae in the
surface water, Samples are taken at a depth of about 12 inches to avoid
surface debris and possible effects of ®surface rainwater and of wave
adtion. (Korringa (1940) finds that 0. edulis larvae do not drop out
of the surface layer of the water either in rough weather or in oalm).
The maximum count in a set of samples is used as representative
of the abundance of plankton in the Larvae Mass., It must be explained
why this and not the average count is given in the tables and presented
in the grephs. There ars three reasons. The first is that we must
postulate that the larvae abundance is in fact not very "jumpy" but
waxes and wanes in rather smooth confinuity throughout the éeason;
apgpronimale  fheorelical do
and the maximum counts,yiedd such a,curve better than,the average counts.
Hence we have concluded that the maximum counts more nearly represent
the true picture than an invalid average of only a few samples. The
second reason is that a given piece of cultch receives the setting
oysters from a moving body of water and therefore if properly located

will draw on the maximum density availeble. For although we do not know

what precicely heppens when Ostrea lurida larvae begin to set (a worth-

while study could be done on near-setting larvae gathered in the field

and "set" in the laboratory), we may suppose from the observations of
Prytherch on Q. virginica (1934) that the situation is not like a

game of musical chairs in which at a given signal, a larva has to set on
anything available. Instead Prytherch finds that the larva seeks and tests
the available substratum and if it does not find proper cultch may take

off end swim again several times before it finally achieves attachment.
Eventually of course the larva will have to set even on mud with

consequent suffocation 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 curves in the bay-year graphs therefore show maximum
cowts per 20 gallons obtainable by our methods of sampling. In met onfy 5cX
mepe=thei-blzwe cases throughout all these graphs were daba omitted as

being completely out of line with the trend of larwae abundance. It was
anamaloas Lot~ ualaes (indicated by

oonsidered reasonable to disaount suchlehiess e i,
I”Mn#fe.re.r in the Tables of [Arvae dbcendamee ) .rmce aéuaa:ch‘”nOt ave r16asly
dtﬂzvﬁﬂwuﬂﬂﬁéﬂbun:z%u‘a%’,," __ ovie e ¢ "';lﬁk;;:-"’;z;:ig;- grept—tre

. R A A e abundarce a_fw dlys &éﬁl".

We shall not leave this topic without assessing the merits of
tnoreasing the asctiracy of larvae counts and determination of the larger
size groups thereof. It has already been remakked that the spawning
samples are now rendered unnecessary because (1) there is no "spawning
problem" that could not be solved by inoreased plantings of‘spawning'
stock (as should be done in South Bay, for instance) and (2) time of
begiming spatfell can now be determined from the early spring Thermal
Trend without reference to time of spawning. The new predictiom method
presented in this publication also makes it umnecessary to take series
of plankton semples in Oyster Bay and North B,ys as long as these bays
regularly produce a commercial set anyway. Hence one may advise that
the time saved be used in intensive larvae surveys when and only when
it is a quésticn whether the cultching will be worth the cost or not,
as in Mud Bay, and South Bay in certein years. In additiom, one
plankton sampling in each of the bays a week before the date of
predicted beginning set will check the forecast and should make possible
an even closer determination of the date for optimal cultching.

If the planktonic larvae samples had been more acocurate and less
verisble-=---which was impossible to achieve in the time available===-=-
undoubtedly such "jumpiness" as appears in the bay=year graphs would

have been largely smoothed but. But this is now water under the bridge.
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Let it be noted however, that the abundance of the data gathered itself

made possible the simplification in prodedures later realized; and

furthermore that studies of magnitude of spawning, larvae growth and

abundance, and setting intensity establksh norms which will permit the

location of possible future difficulties, as they have pointed to failure

of the larva to‘survive to setting size as the biological cause of vertain-spatting
failures in Mud Bay. Gaining & definite piocture, if not always as precise

as oould be desired, of the quantitative aspects of the stages in the

reproductive cycle in the various bays and the normal variestion thereof

thus represents an tndubitable value, however easily overlooked.

SETTING
An adequate treatment of spatfall requires a quantitative determin=-
ation of spatting rates at frequent periods throughout the setting season
as well as of the over-all effective, surviving cateh which will contribute
to the perpetuation of a stock of oysters ém the beds. (Tables 26-39, Pp. 155-168.)
After 1943 glass plates in weighted holders and chicken-wire
bags of Pacific 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 &s well as exposed or buried within the bag, the catch per shell
is extremely variable and large numbers of shell must be examined for
reliable results. If used for seasonal cultch they remain in the bay
long enough for disintegration of the wire to occur. Glass plates
can be held in the horizontal position for optimum setting but we found
that such smooth surfaces catch one half or less spat then cemented
cardboard or oyster shells and are difficult and clumsy to"read"
for spat-counts.
The test oultch settled on consisted of strings of a dozen

market-sized, flat, upper valve or "top" shells of the Pacifie oyster,
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Ostrea gigas. Only clean shells of as uniform size as could be selecoted

on sight (average of 11.6 square inches each in a sample of 100 measured)
were punched in the center and strung on heavy galvanized wire with the
inner faces of the shells faocing dowmward. the shell-strings were then
suspended from frames placed in the oyster dikes so that the shells
were horizontal and always covered with water at low tide. Shell strings
were teken to and removed from the shell racks at regular interwvals
throughout the summer and each week during the setting season a fresh
string was lebeled and hung on a rack to remain until the end of the
season., Two overlapping series of weekly strings removed in alternatiom
biweekly were used during some years.

When the test oultch strings were removed from the bay they
were hooked on a carrier rack in such a way as to keep the ;hells 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 surface
only and the spat counted under & 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,

eren  gymallesl

inner surface of the shell results in,the,spat standing out in an altogether
and one can therefore delersrine opatfall vales promptly withoul having to trait avwd Grow- Zke

satisfactory mammer{ When the spatting was heavy, guidé lines were spat & larger s3e

as ¢ necessas
wxth the cesmented
drawn on the shells to facilitate counting the spate. Glass platle Zesi

Callch wsed <n
Two strings of 12 cultch shells each were put out together as Hfaiiancs
"weekly strings" in each bay. Usually 2ll 24 shells were examined and
the average apaf per shell determinede The number of days the shell
was in the water was ales¢o considered in calculating the average number
of spat pef 100 shellqags; dey which we call the Setting Index, a measure
of the rate of spatfall so formulated as to exclude "unintuitable" decimals.
The oulteh string pairs therefore comstituted duplicate samples,

and that they agreed very closely is a sign of the reliability of the
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methods Thus in Oyster Bay during 1944,for example, duplicate samples,
gave the following values for successive periods throughout the setting
season.

1 176 1023 838 1961 978 2107 6556 627 378 622 238 1796 S0 37 7 9
» & 196 815 704 1326 764 2570 497 5562 350 661 137 1322 69 37 9 6

6
&
The uniformity of results shown amply answers the pmmabie objectionxthat
shell-strings are altogether unsatisfactory because of their irregularity
in size and shape.

Since there was time on a given low tide to visit only one
cultching station in each of the tays, thé question arises whether the
spatting at the site chosen was typical of the whole bay. We located our
test cultch racks as closely as possible to the center of the area in each
bay which is oultched commercially, and arranged that they were not pleced
near dike walls, spillways or other atypical locations. The same dike
statlions were kept from year to year with insignificent alteratitm of position.

In Oyster Bay the test cultch was on the East side of Dike § of
the Olympia Oyster Company. During the 1946 season four additiomel
dikes at Burns Point (aee Fig; 1 ) were cultched. Setting data

at these five different locations is compared in Table 40 .

(INSERT Table 40) (P. 66)

The agreement between these fiwe stations is greater than one
would have perhaps expected although it is to be noted that Dike & and
Burns Point are sbout thé same distance up-bay. Nevertheless this is

the heart of the cultching area and Burns Point is adjacent to the sink

in which floating culteh is moored. It is therefqre indicated that the

seﬁting data is representative of the bay and that it is the most acocurate
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TABLE 40: Sesssomgd Setting Indices,at 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 1956 2745 620 454
Noe 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
Comparatile setting 800 2700 600 200 150 400 1000 2000 800 -

at Dike §
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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 ocould therefore tell how much set
acoumulated on cultch put into the bay on or near the date the test string
itself was set oute The spat were measured and the larger spat from the
first peak of spatfall usually separsted from the small spat from secondary
waves of spatting. A large proportion of the latter were invariably
found to be dead and only the large spat sre tabulated in the tables of
seasonal cultoh as being the effective, surviving ocatch of the season

(see Po 87). (Tables 41-48, Pp. 169-174.)

LARVAE SIZE AND ABUNDANCE

It is of course quite simple and possibly instructive to determine
the size distribution of Olympie oystdr larvee obtained in the plankton
samples. In this connection one wants to find the answers to several
questionss
1) Is the larve Mass well-mixed as to size groups, or do certein regions
and samples show different proportions of sizes?

2) Is there a stratification of larvae sizes such that, possibly, the
larger and presumsbly heavier larvae tend to layer in a deeper level of
the water?

3) Are thefe definite modes in the range of sizes, and can such sige groups
be followed through to setting?

4) To what extent can intensiti of spatfall be forecast from abundance of
growing planktoﬁ larvae?

These questicns'will now be considered to the extent of our present
information.

1)HORIZONTAL DISTRIBUTION OF LARVAE SIZE GROUPS

One would like to know whether a plankton sample at one-foot
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depth taken anywhere in the bay on the same day will yield the same
p&oportionsaf size groups. Again there was not sufficient time for a
thorough survey of the problem and we had to compromise on a quick
review of certain samples for the practical purpose of testing whether
our assumption of uniformity in distribution was entirely erroneous.
The samples from a horizontal seoction 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 larvee 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 p;rcentage", 2 with a."fair" percentage, one as having
"very few" large larvae, and 8 were at the periphery of the Larvee Mass
and so contained too few total larvae for significant comment regarding
size distribution. Hence 80% of the samples which contained considerable
numbers of larvae up to 640 per 20 gallons showed an obviously high
percentage of mature larvee and 88% were reported as being "high" or
"gooq" percentage of large forms. We therefore conclude that the mixing
effect of daily tidal currents is acoomplished and that variations in size
distribution of larvee from place to place in the bay is a minor
consideration.

2) DISTRIBUTION IN DEPTH OF LARVAE SIZE GRCUPS

Since studies of the size distributions of larvae with reference
to depth of water should be done when the reproductive season is in full
swing and there are abundant oyster larvae, we have been uneble yet to
meke adequate investigations on this point because af such a favorable
time we have alwpys been too occupbed with following the set in addition
to sampling the plankton. We shall however report what indications we
have even though they are not conclusive, having in mind that they may
give us probgbilities if not certainties end guide the course of further

studies.
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On September 5th, 1944, at the end of the season when final
traces of larvae in the water were spatting out in the last surge of
spatfall, & 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 customary manner. This was done
at about two hours after léw water on a 1l.2 foot tide, therefore when
the larvee were subjected to consideradble flooding tide ocurrent. IThe

information obtained was as follows:

(INSERT Table 47)
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TABLE 47: SIZE DISTRIBUTION IN RELATION T0 DEPTH OF SAMPLE,
OVSTER BAY, Seplember 5, (744

Diameter of larvae STATION 8
in mierons 0O ft. 3 ft. 6 ft.
"small® ‘
168 4
192 20
204 12 12
216 4
228 8
240 20
"large"
262
264 8 8
288 8
312 4
Total larvae 8 32 68

per 20 gallons

* One foot off bottome

STATION 9
O fte 2 fte 3 fte 6 fte 11 Fto*
45%% 343’
x
24 34y 24;*
E Y3 -
™ 12
8 0 36 68 24

** In th¥ce samples the larvae were simply grouped as under or over

240 miorons in diameter.
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These date when coupled with the faots (1) that we do find large
larvae up to setting size in our usual l-foot plankton samples and (2)
that we find good set on floating cultch, show at least that there is no
exclusive stratification of larvae sizes. We have therefore acted on
the probability that the different size groups of larvae are relatively
evenly distributed where they occur.
3) THE POSSIBILITY OF FOLLOWING LARVAE GROUPS THROUGH THEIR PELAGIC LIFE

TQ0 SETTING.

On this subject all that needs to be said is that since the
u:aa/(y
spawning period of the Olympie oyster is,so protracted, larvae of all

gizes are found in the plankton throughout the season except at the
easily
beginning and at the end. Hence one cannot edesrkry follow the outcome

of a sirgle spawning as is possible with the Japanese oyster’and

zlo (.,A"M ome Can &S
Ostrea virginica which have sharp spawning peaka.ﬁfﬁzz‘ﬁ:ﬁ in frgeres 66~TO .

4) RELATIONSHIP OF ABUNDANCE OF LARVAE TN GENERAL AND OF LARGE LARVAE IN

PARTICULAR TO INTENSITY OF SPATFALL.

The graphs of the bay=-years herein presented show the curves of
the abundance of large larvae and of totel larvae per 20 gallon sample
of bay water. This is the data we have to go on in predicting intensity
of actual setting whioch is also shown in these graphs. (The excessive
proportions of large larvse recorded for 1949, and 1950 may be regarded
with some scepticism as possibly a trend in the observer to include smaller
end smaller larvae in his "advanced umbo and near-setting size" group.)

Abundance of total larvae and therefore also of large larvae is
of course correlated with the number of spawning oysters in a bay. Thus
Oyster Bay has the poat extensive beds and the greatest abundence of
larvae, and Mud Bay, North Bay and South Bay follow in that order.

South Bay apparently does not produce enough larvae for a gratifying set.

abrarser
(We omit consideration of Oskland Bay because of the ebswiome ciroumstances
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sndecstial
in thisAarea). Corpespondingly, Oyster Bay leeds with the highest average

intensity of spatfall. North Bay can however, produce surprisingly

high Setting Index maximm with a relatively low concentration of larvae
all

(vide 1945 and 1948). Very roughly speaking, in/the other bays the area

under the first setting curve is equal to the area under the first curve

of larvae abundance, as plotted on the coordinstes chosen in the bay-year

grephse This is indeed approximate, but allows one to get some idea of
the extent of spatfall to be expected before it occurs. A further point
is that larvae which have attained three-fourths of their growth or more
toward setting size must reach an abundance of about 100 (or grsater) per
20 gallons before substantial setting can begin. The greater the abundance

of large larvae above this figure the heavier the set.
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DISTRIEUTION OF LARVAE DURING A TIDE

In order to obtain asccurate and representative plankton samples
it is necessary to know the effeoct of the movement of the tides on distributian
of the pelagic larvae. To this end a number of surveys were made in
which one either sampled in one spot continuously, cruised rapidly up
and down the bay taking semples during a run of tides; or stationed a
man sampling from a boat &t esach of several looations throughout the length
of the bay. The results proved very interesting from several standpoints
as previously noted (P. 29 ) apd will now be discussed in detail.

1) Tidel Cyele Flenkton Study of. Oyster Bay, Station No. 9,

Aug, 8, 1944.

On this date our boat was anchored at Station 9 for 13 hours and
plankton semples taken at 1 foot depth every 30 minutes. In addition a
few samples were taken by skiff at Station 8. All samples were 20 gallons
in volums. The field data is given in Table 48 of the Appendix (P.175 ),
The findings are summariged graphically in Figure 45 o The
Oyster larvee ourve was smoothed by a moving average of threes. Height
of the tide throughout the period is ocaloculated as for Burns Point,
whioh is just across the bay from Station 9. In addition, a curve of
tidal current velocities is supplied. This was caloculated from U. S.
Goast & Geodetic Survey Tide Tables as for Dofflemgyer Point at éhe
mouth of Budd Inlet. As such they are only suggestive and do not nessssewidx
represent the actual ourrent velocities at the time up in Oyster Bay, but
they are the only data of this type which we have available.
The wide range in plankton larva§ abundance possible at this
one station throughout a tide is apparent, individual samples ranging
from 4 to 772 larvee per 20 gallons.
On the basis of this ome study it could not be decided with

certaiﬁty whether the larvae move up and down the bay or merely come to
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the surface layer sampled, due to some action of tidel current; for the
peaks of abundance et Station 9 correspond both to mid-tide stages and

to maxima in current velocity. But since oyster larvae are purely pelagic
it is reasonable to suppos-e that they move up and down the bay with the
tide. A further point is that if tidal currents merely brought them to
the surface, then the greater ocurrent velocity at ebbing should be expected
to yleld the greater larvae abundance, yet the peak at maximum flooding

is far higher. We need not speculate however because further surveys to
be described amply demonstrate that the Larvae Mass moves up and down the
bay with the tide.

Starting at early morning high tide, then, the Larvae Mass is
up-bay from Station 9 (Fige Z 47 ). 4As the tide ebbs it oomes past the
station in an initial wave of larvee abundgnoce. At low tide the mass
is domn-bay. As flood begins the mass then moves back to Station 9 and
then beyond.

From this study it is clear 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 Larvee Mass.

We now have to explain why, as the Mass moves down the bay
past Station 9 at ebbing, its density is less then when it returns up
the bay on the flood. A certain observation may here be relevant, namely,

that when Ostgea lurida larvae are kept in an aquarium in the laboratory

with no ourrent they invariably colleot and remain near the surface.
Hence they appear to be negatively geotropic, always tending to swim
upwards in the water and to keep themselves at the surface by continuous
action of the wvelar oilia. If this is true in the natural habitat, then
our Larvae Mass may be viewed a&s generally tending to lie for near the

surface of the bay.

Aggitation of the water by tidal ocurrents would result in the

whebno
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mixing of the surface water with deeper layers, with high ocurrent velocities
at such a rate that the larvae had not time or were pewerless to come to
the surface. JThe hypothesis is therefore offered that the reason the
larvee abundance is less at mid-ebb than at mid-flood is that at the

former stage of the tide the current velocity with its churning and mixing
action is greatest and drives part of the larvae ocut of the surface layer.
The reason the tide current is greater on ebbing than on flooding is of
course that the run-out of water confines it more to the center=-line of

the bay and hence has the same effect as a constriction in a pipe.

It follows that to obtain a measure of the maximum density of
the Larvee Mass samples should not only be taken at the time mentioned
but also in an area near Station 9 away from channels and hawing the
minimum velocity obtainable at mid-flood tide. ‘

2) Study of Oyster Bay, Station No. 94 July 9, 1945

Station 9A is off Burns Point., The data obtained in the surveys
are tabulasted in Table 49 P, 176 » and graphically set forth in
Migure 46 .

(INSERT Fig. 46.)
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The larvae curve again shows & general rise around mid=-flood
tide. Differences 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 meximum ebundance is bimodal. Thus within a half hour, from 5130
to 6100 FM we obtained a range of 4000 to 6400 larvae.

Now from the contour of the bay at Burns Point as well as from
the observatﬁion of oystermen we may say that it is probable that there
is a back-eddy or "whirlpool" at station 9A which oould account for the
differences from the results at Station 9 across the bay (see also
Tabla 23 ,» P 152 ),

We conclude first, that the general picture of the movement of
a Larvae Mags back and forth pgst an up-bay sampling station is confirmed,
and second, that other factore, presumably of the nature of back-eddies
make Btation 9A somewhat unsatisfactofy for sampling as compared with
fur regular Station 9.

3) Horizontal Section Down Oyster Bay, July 24, 1945.

On this date we took our boat up and down the bay at a time from

mid=-ebb to low tide, sampling at the stations designated in Fig. 47 .

(INSERT Fig. 47)

O~
R
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The stations ran all the wey from the mouth of Oyster Bay to
Stetion 9. Changes in the larvae counts (1 ft. samples, just below

the surface) are shown in Figure 48 ¢

(INSERT Fig. 48)

Bach point in the ocurves indicates one semple. It is olear that
the Larvee Mass ebbed down the bay until low slack tide, but weht no
farther than off the Patterson grounds on this =2.1 foot run-out. Hence
at a very low tide the mass of larvae still do not move more than half
way down the bay and so ere oonserved within this body of weter. Combining
this survey with others » We may say that the Larvee Mass moves back end
forth from above Station ¢ to jﬁst aroungi Deepwater Point.

4) Tidgl Cycle, Oyster Bay, Aug. 7, 1945.

Four stations were sampled regularly throughout a tide; Statiomns
’ ion BA

9, 9A off Burns Point, Station 8, andfeff—Bommaniwgrounds about half way
(Fi9 41) are
between Stations 8 and % The data/:eprasented in Table 50 P. 177 .

and, graphioally, in Figure 49 .

(INSERT Fig. 49)
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Studying Figure 49 from left to right we note the following:

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 counts were again obteimedat about 3 hours before
high tide.

o) All stations showed maxima at this stage of the tide. For this
there is no apparent explanation, but the general unevenness of the Station 9
ourve may possibly indjoate a curious serpentine swirling of the Larvae
Mass on this tide.

d) Mid-bay stations are lowest at high tide gnd low tide, thus
showing the tidai movement of the mass passed them.

o) Hichest counts were obtained at just past mid-ehb tide. This
is unusual as ocompared with the other cycles and may be explained on the
basis thet the low tide to come had a run-out to only 5.9 feet (ie. was
a "high" low-tide) so the ebbing tidal ocurrent velocity could not have
been strong and the larvme were not churned out of the surface layer.

During this cycle Tollefson operated a ourrent meter at Station 9
in order to determine actual velocities of warer movement during the
flooding tide. The curve of tidal current velocity is shown ta(%igure/@@&
sbows; smoothed by a moving average of threes. Note that the maximum
current at Station 9 during flooding occurs soon after slack water. It
would be interesting to extend such studies to ebbing tides and %o okeck
whether rapid ourrents do in fact mix surface with deeper layers and so
dilute the larvee by spreading them vertically.

Like Sta iom ¥A
The results of thks survey suggest that a loocation off=the—Eowman

Uskal
g=eunds may be a more satisfactory sampling station than ougAStation 9,
possibly because the location is farther away from channels in which the
tide runs swiftly. At the former locus the larmae counts showed a

beautifully uniform behavior, while the "jumpyness™ of counts at Station
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9, if typical, is not conducive to reliable results in ordinary sampling.
It is also to be noted that Station 9A at no time gave an adequate indication
of the maximum density of the Larvae Mass and so is indicated as unsatisfactory.
Modification of sampling prooedurses accordingly might result in a better
picture in the curves of lervas abundance. in the future.

5) Tidal Cyole and Horizontal Section in Oyster Bay, 4ug. 23, 1945.

The results of this survey are given in FEBReCOCXXXEIOXXXX IR

Figure 50 , Stations were the seme as shown in Figure 47 , and were

sampled at 1 foot depth.

(INSERT Fig. 50

It is fairly well indicated in this survey that the Larvae Mass
,xg.ovet down the bay with ebbing tide, though the picture is somewhat
‘irregular, possibly due to churning effect of the swifter ebb-tide
currents. But is is obvious that the mess moves up the bay on the flood,
maxima following from 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 maximum density of the
Larw;ae Mass.

6) Tidal Cycle Study of Oyster Bay, July 1, 1946.

In this study b Glud, Tollefson and Lindaay, we have a fine series
of samples during a big tidal rum-out in Oyster Bay, extending in location

8ll the way from the mouth of the bay up to its highest reaches above

Station 9. The stations are designated in Fige. 51 .

(INSERT Figs: 51)
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The dete are assembled in Teble 51 , P, 178, and set out pictorially
in Fig. 52 . Subsurface samples, usually at 6 foot depth, are available

for down-hay stations.

(INSERT Fig. 52)

This survey locates the Larvae Mass as moving between Station B
and Station I during the course of a tide. At high tide it appears that
the center 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. Maximum larvae count was obtdined in samples at Station C,
at 1 3/@ hours before high tide and larvae abundance at this loocation
was possibly still inoreasing at the time samples were discontinued.

As before, this flood maximum was higher than any maximum during ebb
tide. At Station 9 (D) maximum counts ;ere obtained at 5337 PM or 3
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 those taken at Stetions F and G are indiecative,
then the larvee of up=-bay stations at mid-and high-tide are concentrated
near the surface. At down-bay stations at low tide, however, the mass
of the larvee is not to be found at the surface but deeper. This finding

' seems to contradict our hypothesis that during the =lack; tide

currents the larvae are found predominantly at. the wsurface-. - .2

layers of water, for at low-slack tide they are definately not bo be found
in abundance at the surface down=bay. Yet it is still possible that the
mixing effect of the ebb tide ocurrent may persist during low-slack water.

Only further studies can clear up this point and explain why the larvae
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s

are sub-surface at low tide down-bay if this is In fact always the case.

7) Mud Bay Tidal Cycle, July 30, 1950.

e ST

On this date Lindsay, MoMillin, Wicksten and Sayce surveyed the

larvae picture in Mud Bay during a fair tidal run-out and return. 4

good stock of larvae of straight-hinged to near-setting size was present

in the bay at the time. Samples were teken periodically at the stations

shown in Fig. 53 , and Table, 52 p, 179 , and Fig., 54 are to

e e Y

be consulted for the findings.

(INSERT Fige. 53

Fig. 54)

The mass of the larvae were found at up-bay stations at high tide
and disappeared from there at 1qw tide. Maximum count and a true indigatiem
of the abundance of larvae was obtained only at Station A off Ellison's
plant on the west or channel side of the bay at full high tide. Hence
it is clear on the basis of present surveys that field trips should be

Station FA
planned to sample Oyster Bay at Bnq:nzéa 3 hours before high tide and at
Mud Bay off Ellison's at high tide.

At low tide the mass of the larvee were found in no surface samples
at any of the stations. Considering the Oyster Bay oycle just detailed
(Fig. 52 ), one may guess that in Mud Bay also the larvae are for some

reason yet unknown below the surface layer at low tide. A further

Investigation on this point would be worth whilejbo determine the location

of the Larva Mass throughout the whole exoursion of the tide.
0f particular importance is the faot that in this bay es in Oyster

Bay, the larvae are retained within the upper extent of the inlet.

e
I
"
&
.

Since the samples contained a fair portion of near-setting size larvae,

lder
this oonfinement of the mass is seen to apply al® to/garvae which have
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been drifting about for 20 to 30 days. Thus the maximum sample (A-3 at
7300 PM) had 2% setting size larvme as slso did D-1 at 33056 PM. Therefore
we may discerd the hypothesis once advanced thaf set failures in Mud Bay
are due to "leakage® of larvae out of the bay on low low-tide run-outs.
This suggestion was made on the basis that Mud Bey has a smaller water
volume than Oyster Bay, in the proportion roughly of 209 to 337, and so
might be expected to flush out more extensively. Now we must look for
reasons for the disappearance of the older larvee during “off years"

in Mud Bay, possibly in the direction of unfevorable salinkty changes

ag discussed previously (P.'££3: ) which graduelly deteriorate the larvae,

finally effecting 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 usuai procedures
sometimes failed to show an abundance of larvae commensurate with the
high rate of spatfall which later appeared. We have data on a tidal oyole
for this bay tsken at from just before a low ldw-tide to high tide.

Unlike the other cyecles, this was an sarly-season survey, taken before .
the larvae population had yet attained its maximum sabundance (see the
bay-year graph of Fig. 11 ). Sampling stations are shown in Fig. i? .

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 Larvae Mass moves up
the bay at flood tide and presummbly drifts to somewhere below Sunburn
Point with the ebbing tide. Maximum count was obtained off Victor at
sbout 1 1/2 hours before high tide. and greatest abundance at Station 12
was found an hour befors high tide. The Larvae Mass enters North Bay
proper from Case Inlet about 4 hours before high tide, and there is not
muoch difference between Victor, Allyn and Station 12 in sampling except
that the latter shows consistently higher counts. It is indicated that
at high tide the mass of larwae is above the power=-line towers in the region
of the Sargent oyster grounds.

Now this survey oontained only bottom samples, of varying depth
depending on the stage of tide. It is unfortunete that we have no
compareble surface samples at. one foot depth on this date. ’Counta of

North Bay surface samples on dates Bafore and after Jume 6th were

as follows:
June 2 June 12
Station 12 348 16, 36 (two samples)
Station 11 164 360
Station 10 568 336

We shall therefore consider 400 larvae per 20-gallon sample as being a
reasongble estimate of surface counts on the date of the tidal cyocle.
Sampling was poor from the start ( 1 1/3 hours before low tide)
until 2330 PM (4 hours before high tide) after which the larvae abundance
encountered was near the estimated surface sample value. But at their
maxima, the bottom samples exceeded by more than twice the probable
count at the surface.
In explanation of this important indication from the data available

we return agein to an interesting laboratory observation hamely, that when
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O. lurida larvae are placed in an aquarium and a layer of fresh water
placed on top the sea-water, the larvae rise to and remain at the inter-
face but do not enter the fresh water layer and are not seriously affected
by its presemce. This of course duplioates in miniature the Norwegian
oyster “pollen" in which oyster=-seed production at low air temperatures is
made possible by the thermal insulation of confined ponds with a surface
layer of fresh water.

propev, al Lhe M fread of Case L&ZJ
Now in North Bay,we have a relatively small area into which empty

one bolo ore zbové the ogster grovumds,
two large atreams',S(Sherwood Creey andf(Coulter Cree;)f It is therefore
possible that a significant sheet of fresh water may be prevalent in
this bay and indeed certein of our chlorinity tests seem to bear this out.
If so, the; the normal negative geotropism of the larvae may be counteracted
by their avoidance of fresher water with the result that they remain most
abundant at layers below the surface.

All this is conjecture to be sure, and further studies will be needed
to clarify the larvae picture in North Bay. But a practical result has
been gained, namely, the presoription that for adequate sampling in this bay
the stations should be visited at about one hour before high tide and

sub-surface samples taken.

The concept of & moving Larvae Mass which resulted from the tidal
cyole surveys has been our guide in plankton studies. At first it was
thought that one might apply a correction-factor by which larvae counts
at a given loocation at any stage of tide might be converted to the
"maximum available larvae®™, but we soon saw that this could not be done with~
out very complete series of plankton-tidal oycle studies so that we
pursued another alternative. We have been oareful to sample when and
where the pelagioc larvae would be found in meximum abundance. It

remains only to discuss why we have employed maximum larvee counts rather
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best
than averages as the preper measure of the effective larval population.

If the larvae were spottily distributed throughout the bay and if they
set all at once, at the firing of a gun so to speak, then mmimamty and only
then would average larval. counts be the best measure of magnitude of spatfall
to be expected. Neither of these assumptions are fulfilled. Instead,
the larvee form a whols mass which moves together, is densest centrally and
fades out at the periphery; while setting draws on this reserve of potential
oysters over a pretracted period of spatfall. Theoretically the population
of the entire mess ocould be determined but this is not practiocable in the
time available on field trips. Hence if one is restrioted to taking a few
samples on any day there are only 2 end-points attainabled szero count at
the periphery of the Larvee Mass or maximum counts near its cemter. It is
oclear that one has to choose the latter and that maximum éamplea are the
best indices of the potential setting population available in a bay. In
practice several samples are always teken and the maximum taken as the index
of the larvee populatién on a given date. Larval curves in the bay-year

graphs are all based on maximum larvae counts obtained.
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IMPORTANCE OF THE EARLY SET AND INSIGNIFICANCE OF THE LATER

The Setting Index or rate of spatfall on fresh cultch from week to
week is one thing and the spat acoumulated throughout the season on cultch
put out on a ocertain date is another. Still another consideration, and of
course the most important one from the practical viewpoint, is how much of
the accumulated spat survives through the summer and winter and therefore
effeotively adds to the recruitment of new seed oysterse.

It is apparently the experience of the oystermen that the first
wave of setting in the semson is the "good"ome" and that failure to catch
this set cannot be made up during secondary or later surges of spatfall,
This conclusion is amply confirmed and quan‘bitativély evaluated by our
studies in Oyster Bay.

Let us begin by refering to our data on seasonal cultc-h strings put
out in Dike 5, Oyster Bay, on successive dates in the summer of 1946. A4ll
strings were brought into the Laboratory in the fall and large and zmm small

spat noted and tabulated as follows:

Date Culteh No. Live spat per shell when string removed
string put into
bay
Larges Smalls
8mm diam. & over Under 8 mm diameter
June 18 135 €3
) 26 115 62
July 2 9% 856
9 0 168
15 3 209
23 0 210
- 30 0 243
Auge. 6 0 242
13 0 210
20 0 77
28 0 92

By refering to the graphical presentation of this reproductive season
(Fig. 19 ), it is olear that the earliest cultch, of June 18th, oaught

the maximum of spat which had time to grow to about one centimeter in diemeter



by the end of the season; while the oultch strings of July 30th and August
6th, put in just as the second wave of setting was beginning, caught the
maximum number of spat which, because of their tardy setting, did not have
time to achieve considerable growth by the end of the season. During this
same year (1946) Tollefson made a comprehensive infestigation of the mattér
which is now summarized.

On 9 different dates throught the setting season three sets of 12-shell
oultch strings were put out in each of 4 adjacent dikes at Burns Point in
Oyster Bay. One set was taken up in early fall on September 1llth,
another was removed from the dikes on January 6th, and/zgzrd was allowed
to remain out until April 10th or early Bpring of the year following the
catch, Surviving spat on the shells was counted and averaged for each
string. The results are presented in Tables 53 through 55 " and depicted .
in Figure 56 which also shows 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 lower than in Dike 5, as noted
above, but the same two merked peaks of spatting are evident in the strings
teken out of the water on Sept. 1llth. At this time most all spat on the
cultch put out from June 25 to July 23rd was large while strings set out
after that date showed only smell spet.

The graphical summary of the results of this study is most instructive.
It shows very dramatically that only cultch which was put out in time to
catch the first peak of spatfall ceme through the winter with a substantial

surviving set. Although later cultch caught great numbers of spst during
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a second wave of spatting, the mortality of this spat was around 93% by the
following springe It is also olear that almost all the spat which survived
to early January ocontinued to live until April and probe*ly would have
continued to survive from then on with what might be called normal mertality,
And this wes the ocase even though the month of January in 1947 was unusually
cold, the average air temperasture at Olympia falling 3.6°F below normal.
(Comparisonvwith seagsonal 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 which is not found in dike cultoching.)

The critic&l time for spat mortality therefore fell somewhere betwsen
early September and early January and the spats most affected 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 especially
clear in the culture of the Japanese, the Eastern and the European flat
oyster that mature larvae are very susceptable to cold water, so it is
reasonable fo suspect that the young spat share something of this sensitivity
and are often killed by Fall weather if they have just recently set. With

oitial inthe
regard to the larvae #and thequatting qi:sarJgazltheason, we find that
water temperatures in the bays of lower Puget Sound are always favorable.
Zhe here cfferved rgﬂaouaqf»4ﬂundn?9féﬂ2°f”‘?hfiﬂ
It would be interesting to test thkis hypothesis|by comparing with appropriate
controls the survival of late summer spat kept through fall and winter
at summer water temperature in laboratory tanks.

Hence at Burns Point in 1946 shell put out on June 25, before the first
setting peak, carried on the following spring a catch of gbout 75 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 propquy

timing the cultching operations and the necsssity for setting out cultch

just at the beginning of the first spatfall of the season. It is the oatch

of surviving seed oysters that matters, and the sharp drop in the survival
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curve with lateness of summer set shows that i_.t is e&s important to cultch
early enough as it is not to cultch too early.

8o clear-cut are the results from thisstudy bf 1946 spat survival
that one believes they will bear generalization, especially since experienced
oystermen themselves are of the opinion that late-caught spat are of little
importance and that consideratle "slippageW of late spat ococurs. If so,
our results show that the Olympia oyster im same of our bays "over-produces"
larvee late in the summer whioch can have no ohapce of surviving as spat and
that it is perhapé never worth while to catch the later spatfalls. Since
Hopkins did not teke into consideration the survival of spat, he was led to
the erronecus assumption that his demdnstration of important secondary
gaxkn setting peaks besides the initial early-summer spatfall provided
oystermen with additional opportunities for getting seed oys%era. Thus he
says (1937, P. 499): "of practical importance is the very prolific
late setting period, whioch follows the first on the next third and fourth
spring tide periods; for oyster growers are able to plant catch at this
time, also, therby improving their chance of obtaining a satisfaotory catch

Ocer sZady sreakes zﬂb: <:mnc£usnn« /&q¢44b 9%«»1Qavuaééh
. of seeds". EEXEMFTMBXTE K XM YFH ; KEFETHEXXNTAXE

The larger early=-caught spat on seasonal test cultch are usually

definitely set off from spat from later waves of setting, as one would
expect. Hence only the larger seed oysters are ineluded in the counts for
the seasonel strings given in the bay-year graphs. 4 review of these
seasonal cultch strings for all years in which the information in available
confirms the conclusion that the beginning of the first wave of spatfall

is the optimum time for oultching. Hence reference to the bay=-year graphs

eshames +ha ATl awmtvea



OYSTER BAY

MUD BAY

NORTH BAY

SOUTH BAY

OAEKLAND BAY

OYSTER BAY

MUD BAY

NORTH BAY

SOUTH BAY

OAKLAND BAY

OYSTER BAY

MUD BAY

NORTH BAY

91

SEASON OF 1944
Best catoch on cultch put out half-way toward first setting peek;
seasonal catch drops off soon after setting peak.
Poor set. Best catoh on shell put out at beginning of set,
deoreesing graduaelly thereafter,
Best catoh from beginning significant set to first setting peak,
decreasing rapidly thereefter.
Poor catoh on shell put out one week before beginning set;
maximum catch on cultoh put out at beginning of set, decreasing
gradually thereafter.
Very long, flat setting curve; best set on cultch put out after
Setting Index over 50, decreasing rapidly thereaftsr.
1945
Best ocatch on shell put out at beginning of set, decreasing thereafter.
Best catch on ocultch put out at first sign of set, decreasing
to low at first setting peak.
Precipitious setting peak; best catch at begirning set and first
gotting peak.
Best ocatch on shell put out at first sign of set, decreasing
ragidly thereafter.
Poor set; best ocatoch on shell laid out just before detting peake.
1946
Best catch at beginning set, decreasing gradually to time of
first setting peak and falling off rapidly thereafter.
Poo; set; best catch on shell put out one week before beginning
set,
Best set on cultch put out at beginning set, deoreasing rapidly

after first setting pesake.
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SOUTH BAY Poor set; best catch on cultch put out a week before set begins,

decreasing gradually thersafter.
1948

MUD BAY Best catoh on shell put out at beginning set, (S.I. = 500);
only half as much caught on shell placed out 12 days earlier.

SOUTH BAY (Data inadequate, but indicate major spatfall ocoured after our
records ceased.)

1950

OYSTER BAY Best ocatoch at just before first setting peak, falling off very
rapidly thereafter; poor catch on cultch put out 6 days before
setting peak.

MUD BAY Best catch on cultch placed at beginning of set, decreading rapidly -
from rirsf setting peak on; oultch placed 7 days before beginning
significant spatfall caught only 65% of best catch.

NORTH BAY Best catch on cultch placed out at beginning set, decreasing
gradually to setting peek and falling off very rapidly thersafter.

SOUTH BAY (Spatfall data inadequate.)

From this survey we can conclude 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 spgtfall which is rising towards the first
setting peak. Hence maximum surviving catch is assured by oultching at the
time determined by the prediction method herein developed which establishes
the date when the spatfall may be expected to be rising to its initial,

early~-summer pesak.
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HOW TIME QF OYSTER SETS CAN BE PREDICTED*

One of the most interesting and valuable results of these investigations

has been the revelation that by following the eir temperatures during the

first months of the year it is possible by the end of April to foretell

the date in Yune or July on which cultch should be in place for maximum

catch of oyster seede How this method of set-predictions was developed

will now be discussed in deteil.

We begin with the fact that the rate of chemicel reations end therefore
of biological processes is greatly influenced by tempersture, usually
rising rapidly with and in direct relation to inoreasing temperatures.
This means that at warmer water temperatures the oysters should spawn
earlier in the year ancf,f:eriod of pelagic larval 1life be run through
in briefer course, while at lower temperature the whole reéroductive cycle
will be correspondingly retarded. The clue to timing the set must therefore
lie in determining the quantitative relaetionships between temperature and
the rate of the aggregate of biological processes which result in setting
larvee. Since 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 intermal processes is determined accordingly.

To discover a relationship between the last stage of the reproductive
cycle (the beginning of spatfall) and temperature we need to know

precisely the dates at which setting began in the various bgys over several

*This method of predicting sets was amounced in the Puget Sound Oyster Bulletin
of May 24, 1951 and its antiocipations for thet year were fully confirmed.
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years as well as the effective water temperatures experienced by the spawning
. oyster smd=tre=3wrves during those years. Our studies with test oultch put
out and examined twice weekly have given us the former information, but we
lack complete data on water temperatures. This shortcoming however turns

out to have been an advantage in the end since, having to rely on air
temperature reports of the U, S. Weather Bureau for certaein years, it was
found that they were adequate to our needs and so there was opened the
possibility of circumventing the tedious and expensive gathering of water
temperature datae.

Our next step is therefore to discuss the relationship between air
temperature and water temperature in the oyster bays. For a year and a
half thermographs were kept operating in Oyster Bay, North Bay and Oaklmnd
Bay with the sensitive bulb at the leval‘of the oysters themselves thersby
giving continuous records of the temperatures experienced by spawning éyster
stoock in the dikes. In addition, a considerable series of determinations of
water temperatures at various depths was made by boat trips to all the bays.
Data on dike and open-water temperatures for several years and bays are
also available in Hopkins' report (1937).

When the water temperature date which we have is compared with monthly
air temperature at Olympia or at Grapeview, Washington, the outstanding
fact emerges that average water and air temperatures run very close
together throughout most of the year. This relationship is shown
graphically in Figures 57,58 and 59 .

Granting the close correspondence between water temperatures and air
tempera#ures, we now turn our aettention to.the differences. For the years
figured, in which we have adequate records, the major differences appesr to
be as followss

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 since they do not reflect the:effect of heating
confined water during exposure by low daylight tides as do the dike water

temperctures, (Fig. 57 ).
(INSERT FIGS. 57
58
59
59a)

3) During the cold winter months (December through February) average
water temperatures are considerably higher than eir temperatures. This is
doubtless explained by the high specific heat of water which acts as a
brake against extremes of temperature.

4) For the same reason, open water temperatures are somewhat lower
than air temperatures during the warmest months of the yeér. (Fig. 57 )

5) Warm or cold early spring air temperatures are directly reflgoted
in correspondingly warm or mmk® cooler water temperatures (Figs. 58 /&?598 )e

. The conclusion wﬁﬁ%from the relation of air to water temperatures
is simples 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 culteh for the greatest effective
seasonal catch.

The next.question is, How many months of early spring air temperatures
shall we take imto consideration s relevant to guiding the prediction of
set? Here we are guided by three considerations, the first of whioh is that
we must not have to rely on air temperature data of the later months of
May, June and July if we want to be able to predict spatting-time well
in advance. The second is that we shall use the minimum number of months
record which gives us what we need; and the third is that we can expect that

gonadal ripening requires several months to bring the sex products to

fruition, probably begimning 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 whioch to cheok this supposition,
we do know that winter oysters put immediately into warm-water aquaria
require a whole month at early summer temperature before they begin to spawn,
and it is therefore reasonable toc suppose that in the bays gemetogenesis
a sland-5bll in our coldest sttt

extends from January through February and Maroh and into April.

Now the effective temperature is the measured temperature multiplied
by the number of days it acts upon the oysters (time-calorio faqtor).
This meens that we ocannot jump from Janua;'y temperatures to April temperatures
and take the average as acting over the entire period. Instead we should
break down the period into successive increments of temperature multiplied
by the number of days during which it acted on the oysters. We will thus
give due weight to the effective temperature of each successive month by
treating monthly averages as x separate factors in obtaining a ocumulative
charaoterization of the over-all trend of early spring temperatures.

For this purpose we can choose almost any accurate index of the
absolute or/:fxe relative warmth of coolness of any given month. Imn
practice it is simplest to use the deviations from normal of the average
-monthly air temperatures as caloulated and published by the U, S. Weather
Bureau. Records from the weather bureau station at Olympia (Priest Point
park, at 69 feet elevatipn, on Budd Inlet) should be and are the mos'p relevant
for events in Oyster Bay, Mud Bay, and South Bay; while the data of Grapeview

on Case Inlet)
(20 feet elevation above mean low water/} are most appropriate for

‘ Zéons ).
corresponding events in North Bay(.s'« Fig. 1 )‘r Location of Lhese station )
To obtain an index of the cumuletive tremd of early spring air

temperatures we therefore take the algebraic sum of the deviations from
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normal of average air temperatures for Januaryg Februsry, March and April.
Thus for 1949 Olympia station air temperatures we have =9.4, =4.0, 40.l,
+1.3 as the deviation values. Adding the negative and subtracting the
positives, we obtain an index, which we #hall call the early spring Thermal
Trend, of =12.0. This procedure is followed for all the years with which we

183,184
are concerned, using the Weather Bureau data peproduced here in:Tables 56 & 57, Pps/

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 achieved on an inoreasing
spatfall, but in bays with low setting rates or off years we note our
maximal seasonal string ocatches and measgre the period from April 30th to
that time at which cultch should have been put out to obtain the maximum
surviving set. The two sets of figures are given in tabular- form below

(Table 58 & 58a)

(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 Thermel Trend indices
against hastening or delay of setting as measured by the time between the
end of April and initial significant spatfall. (Figs. 39 - 42 ¢ ¥
It will be noted at once 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 is a straight line. The mathematical significance of our
being able to draw such a line is that a sir~ple and regular relationship
is shown to exist between sarly spring air temperatures and the time of
oyster setting. Having the lines, we oan note slope and Y~-intercept

and write the equations of the lines. We also remakk the scatter of the

actual points with reference to the "ideal"™ line and understand the variation

TERRL
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TABLE 658 3 TIME OF BEGINNING SPATFALL IN RELATION TQ EARLY
SFRING TEMPERATURES

YEAR THERMAL TREND* NUMBER OF DAYS AFTER APRIL 30th ON WHICH FIRST WAVE
OF BPATFALL BEGAN
_ OYSTER BAY MUD BAY SOUTH BAY
1931 +7 ,20F 51 | 54
1932 -2.5 55
1933 -9.1 64 861
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 420.1
1942 +1.6 50 45
1943 -1l.4 45
1944 4244 ' 56 55 68
1945 +1.3 52 63 58
1946 +5.2 - 49 637 56
1947 46.1 48 50
1948 -6.7 62 73 78
1949 -12.0 71 71
1950 -19.4 73 © 80 84

* Summated deviations from normal air termperatures, January through April, st
Priest Point Park, Olympia, imxesistiexxim



1944
1946
1946
1947
1948
1949

1950

TABLE 58a1

THERMAL TREND*

+2.6°F
+2.1

+l'. 9

=87

-15.9

A\

TIME OF BEGINNING SPATFALL IN NORTH BAY IN RELATION TO
EARLY SPRING TEMPERATURES
NUMBER OF DAYS AFTER AFRIL 30th ON WHICH FIRST
WAVE OF SPATFALL BEGAN

58

58

53

46

60

66

71

*Summated devietions from normal air temperatures, Januery tkrough. April at
Grapeview, ¥n.
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and error invodved in each case.
Proceeding in this manner we find the following formulas for predicting

the proper time of cultoching, on the basis of early spring temperatures,

wherg======
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 algebraic 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.
Mud Bay:

D = 1.16 (53 - X) gives the date to + 4 days.

North Bayi

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 consideration bscause Olympia oyster
production is now negligible in this area; buf it is olear that if
conditions returned to favorable and oystering were successfully resumed,

a similar formula could be worked out for this bay.

Thus the relation we sought between early spring eir temperatures and
time of setting has been discovered and is expressed gquantitatively and
mathematically in the formulae given. The significance of these equatiomns
is that all that oystermen need in timing their cultohing operations is the
formula for their bay and the temperaturs data which are already carefully

all oitizens
end systemstically gathered foy”ﬁxmgby'ths U. S, Weather Bureau and its

associates. At the end of April the Thermal Trend for the year so far oan
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robable
be caloulated, substituted in the equation, and the/date of beginning set

determined.
where the error is + 3 days,

Thus in Oyster Bay for example,/the highest probability is that the
set will begin on the date predicted, somewhat less probablg that the actual
set will begin one day earlier or one day later, still less that it will
commence two days earlier or two days later, and so on to the situatiom
that it is highly improbable, on the basis of known previous seasons, that
spatfall 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 ocultch 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 cultching,
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
limits of error of the method the predictions will assure meximum catches.

At this point it is well to remakk that these formulese for timing
cultch are based solely on the experience of the years 1944 through 1950.

Had they been available during this period, timing of cultching operations

could have been successfully made for every one of these years on the basis

of these equations alone. Our reason for believing that they will prove

to be accurate in future years is that the period on which they are based
embraces near-averzge as well as the extremes exemplified by the extra-
ordinarily warm spfing of 1947 when spawning occurred at the end of April
and by the record cold spring of 1950. The - record of years to come may
however serve to refine the formulae by modifying their constants scmewhat.
Also as the "normal temperature™ is recalculated from decade to decade as
Weather Bureau date accumulates it may be necessary to change the constants

slightly. As they stand the equations are edequate to current practical

needs.
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Since we cannot foresee the future, one may test the formulae by epplying
them to the data of earlier years which did not fall under our study.

Hopkins (1937) chronicled the spatfall for several years in Oyster
Bay, and Mud Bay, and one of the oystermen, lMr. W. J. Waldrip, has put at
our disposal careful records of set on test shell in Oyster Bay for another
period of years. ZTherefore we may calculate from the formulae at what time
cultch should have been put out during the years in question and then turn
to the actual setting record to see whether this timing would have proved
to be the most propitious.

Let us begin by considering the season of 1934 in Oyster Bay and Mud
Bay. This wes an extraordinarily warm sprigg. Weather Bureau reports on
file enable us to calculate thelspring Thermal Trend Index of +17.8, far
above the value for the warmest spring of our own records (154?, + 6.1).
Applying the formulae for Oyster Bay end Mud Bay we find that cultech should
have been out on June 6 and June 10 respectively, according to our calculatiomns.
Now we turn to Hopkins' paper (1937, Fig. 26, and Table 25, PP 482, 483) end

note that on June 6, 1934, in Oyster Bay the spatfall was just beginning

at about 500 spat per bag of cultch shells per dey, attaining a peak of

8761 spat 6 days later. And on June 10 in kud Bay (Hopkins, 1937, Fig. 31,

Table 30, PP 485, 486), spatfall was also just beginning 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
precisely for the very best time for oultching which is just before the
first setting peak.

The season of 1935 on the contrary was unusually cold, having a spring
Thermal Trend of = 5.8. Caloulating the timing of cultoch as before, we find
predicted dates to be July lst and July 8th for Oyster Say and Mud Bay
respeoctively. Refering now to Hopkins' date (1937, Fige 33, Table 33, PP

488 and 489; Fig. 32, Table 31, P. 486) we find that July 1l marked the cress
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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. Henoce if the dates for

oultching had been followed, an ample set ocould have been obtained in both
bays, within the limits of (1) the possible destructive 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 -/) we may select for
checking our Oyster Bay formula the year 1941 when the spring Thermal Trend
was + 20,1, the highest of all years spatfall of record. This figure gives
us py caloulation June 4th as the proper time for cultching. Now on June
4th, 1941 no spatfall was occuring at Burns Point or on Waldrip's home
dike in Oyster Bay. First weak spatting was picked up on June 23rd, dribbling
along until a low metting peak of Setting Index = 580 on July 20th. The
formula eppears to have feiled in this ocase, but it is more reasonable to
believe that if was the spatfall that did so instead; for thére is little
doubt that the first set of this phenomenally warm season should have
oome long before July 20th. Spatting olimex on July éOth then very Likely
corresponded to the usual second wave of setting. Since the 1941 season was
at the height of a "depression" due to pulp mill pollution we may surmise
that this factor caused the failure of the first setting peak.

The 1936 season was interesting in that February was an unusually cold
month having an average air temperature of 7.4%F below even that of the
preceeding month of January. The corresponding deviation from normal
February temperatures was = 7.1°F, the lowest for any February during the
years of available spatting records. Does the formula prove equal to this
abnormal circumstence? Employing the equation for Oyster Bay we ocalculate
the proper cultching date for 1936 to be July lst or 62 days after April
30th. On that date Waldrip's records (Table 26 ) show that spatfall had

recently begun and was at a rate of 100 spat per 100 shells per day
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{S. I. = 100), gradually increasing to a peak of 4000 twelve days later.
Cultching on July lst would therefore have yitelded the maximum seascnal
catoh!

Finally we can check our formulae, against all the years of Hopkins'
and Waldrip's records by plotting the actual dates of beginning spatfall
against the Thermal Trend of these years. This is done in Figs. 60 and 61

from the data of Table 58 o

( INSERT Fig. 60

Examination of Figs 60 and 61 shows excellent agreement when
our forrmlee are used to "prediot" the beginning set during the years
1931 to 1940, for the points £xk all fall close to the identioal line
drawn for the 1944 to 1950 data. Time for beginning spatfall in Mud Bay,
1933, alone appears to be far out of line. Iurning to Hopkins' Table 29,
footnote 1 (1937, P. 485) however, we see that this author supposed that
his test cultch placed out on July 18th of that year did not begin ocatching
spats until the last day it was out (July 25th) whereupon it suddenly picked
up a oatch of 1494 spat! This assumption seems rather dubious and we may
reasonably expect that, as in other years generelly, the rate of spatfall
began at a slower pace and probably actually commenced nearer the 1llth of
July. than the 25th.

The formulae for timing cultech therefore pass the orucial test of
applicability to fresh data which they were not originally designed to
explain. We should hence expect that future setting seasons to be confirmatory
and have good reason to employ the formulae with confidence.

The method here proposed for long range prediction of the
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date on which spatfall may be expected to begin is unique. In the ocase of
the European flat oyster, 0. edulis, only short-term anticipations have been
possibleyin part owning to the fact that chance cooling of the waters

may on occassion largely destroy a onee-promising abundance of oyster larvae.
The seme is true of the Japanese or Pacific oyster; both in Japan and on

our Pacific coast sets are predicted only on short notice largely from the

character of the larvae pioture. Ostrea virginica, the Eastern oyster has

a rather sharp threshold temperature for spawning and these oysters also
mutually stimulate each other to spawning via their sex products with the
result that spawning occurs simultaneously and a populatipm of larvae all
of the same age is developed. Knowing the average duration of larval life
one can in some areas therefore prediot from the spawning daﬁg or from the
date on whioh threshold temperatures im reached approximately when setting
should ooccur.

Hopkins also worked out a method for forecasting the date of beginning
spatfall 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. ‘hen this rule is applied to
our own bay-year graphs (in which the low low-tides are indicated on the
base-line) it is found that for those instances in which the data are
sufficiently complete to permit a clear-cut decision (24 bay-years) the
rule holds good 63% of the time, whether one considers 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 accurate or a longer-range prediction method since
he considered, as already noted, that the second wave of spatfall could

profitably be cultochede The use of seasonal cultch has however shown that
the FEmmmccimEmirEfxsasdxsyshsesxmmexnzmxatxkhn later-caught spat do not



104

contribute importantly to the reocfuitment of seed oysters because of the high
mortality rate to which they ere subjeot(see PP. 87 = 92 )e

The dependability of the early summsr weather in lower Puget Sound
and the adaptation of the oyster larvae to such variations as obtain,
together with discovery of the quantitative relationship between air
temperature and the tempo of the reproductive oyocle of the Olympia oyster
has fherefore made possible a method for timing begimning spatfall which
for ease of determination, accuracy of forecast, 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 predicting time of Spetfall described above does not
even require our determining when the oysters begin to spawn; yet it may
conceivatly be of practical value for marketing purposés 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 begimnming set. But in this
case we use Grapeview air temperature records for all .bays and we omit,
in calculating the cumulative deviations from normel during January
through April, certain extremely low or unusually high deviations. Whether
this procedure be too arbitrary will be discussed in a moment, but first
we will show that it does yield workable relationships within the years
of record at our disposal.

Thus when the number of days from April 30th to the beginning of
significant spawning (5% gravid oysters in our samples) for each bay-year
is plotted against the Thermal Trend we obtain the correlations shown
in Figs. 62 thréugh 65 , Drawning the best straight line through the
points of each graph and determining the equations for these lines, we
achieve the following formulese, in which

Dsp = number days after April 30th that first significant spawning
begins, and
X= the algebraic sum of the deviations from normel of average
mean air temperatures at Grapeview for January through April

with monthly deviation values of = 4 and less snd + 5 and

greater omitted from the ocalculations. (See Table 57, P. 184).

Oyster Bays
Dsp = 3.4 (X - 4.8) gives date of beginning of significent
spawning + 7 days.
Mud Bay:

Dsp = =~2.63 (X ~ 5.8) gives date + 7 days.
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North Bays:
Dsp = =2.63 (X = 7.0) gives date & 4 deys
South Bays
Dsp = -3.3 (X - 8.5) gives dete, of accuracy undetermined
because of insufficient years of datm.

The date 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

for Jenmuary 1 through April 30th, spawning will have already commenced

in April. Hence for unusually warm years we need a foretelling from March
3lst. On this score we can say that if the index of the Thermal Trend for
January through Eﬁf&& is + 4 or greater, spawning may be exp;cted 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 correlation between air temperature
and time of spewning shown in the graphs we have had simply to omit the
excessive deviations of February (=4.9) for 1933, of April (+5.4) for
1934, =m of March (=4.2) for 1935, of January (=7.1) for 1949 and Jamary
(-10.3) for 1950 when caloulating the Thermal Trend for these years. I
can hear my scientific friends soreaming in horror} How arbitrary! What
a ruthless and bissed manipulation of the datal But note what has been
gained therebys we have formulae which, had they been available in 1932-
1935 and 1944-1950, would have told us the probable date of begimning
spawning using only the Grapeview air temperature recorés for January
through March and April. And since these equations were applicatle in
those disparate years, when spawning was as much as & month earlier in some
years then in others, we have good reason to hope that they will hold also

for future years.
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Now to reply to possible objeotions to our rather arbitrary handling
of the temper;ture detae In the first place, it is obviously the water
temperature and not the air temperatures that affeoct the oysters directly
and determine the rate of the reproductive processes. If we had representative

armmual water temperature records for all our bays over & considerable

number of years one should, I am sure, be able to make very nest correlations
between these tempersastures and the rate of progression of the reproductive
cycle. 4And after one had thus kept weekly thermograph records in 4 bays for
e dozen years he should also be able to work out a more accursée
mathematical rel&tion between eir temperatures and water temperatures
characteristic for each bay whereby he could then dispense with reading
further water temperatures and obtain close predictions by following air
temperatures alone. But we wimply do not have this deta on water temperatures
over a lang period of years &o we have to do the best we can with the
eveilable air temperature data. Fortunately, it turns out that air
temperature records are adequate for the practiocdl objective.

In hendling this problem we try to use to full advantage whet air
vs. water temperature records we have. These are shown in Figs. 57 through 59
(PP.94 a-c) whioh should be oonsulted in oonneotioﬁ with the following
remarks.,

We are justified in omitting the extreme low deviations in air temperature
when they occur during the beginning months of the yeer because water
temperatures do not "follow them down" tut remain much higher, due to the
high specific 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 reasom of thermal
lag or because generation of the spawn requires a certein mxminimum period
of time and probably cennot in nature be hastened further by inecreases in

temperature above certain values.
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Finally, u‘ may ask, Why switch to Grapeview temperature data when the

ummanipulated Olympia records gave such good correlations for timing of
initial spatfall? Tﬂg answer is simply that we use them bedguse they work
better. How tgn that be? Quite possibly because the recording steticn
at Grapeviey is at 20 ft. above mean low water while that at Olympia 4%t is
69ft. Also, @apeview is surrounded by the waters of Lase Inlet. The
result is that the alr mass thermaliy tested at Grapeview is more moderated
by water temperatures than at Olympia, Januery end February normal temperatures
being scmewhat higher at the former station. Grapeview air temperatures
therefore correspond more closely during these months to water temperatures
in the region generslly and therefore probably reflect more closely the
effective temperatures involved in initiating the production of spewn. From
the fect that such temperature data may be used satisfactorily in this menner
for practioal results we should expect that & oomprehensive study of water
temperatures in the bays bthemselves would show that exoluding the excessive
variations in plus or minus direction give the best reflection of water
temperatures during the development of spewn.

It was stated by Korringa in 1940 that "Nb.investigator in Europe
has succeeded so far in deducing a reliable mathematiocal formuia,
exclusively built up of easily observable factors, such as water temperatures,
for the purpose of foreocasting swarming (iiberation of Spawé]. Such a
formula would render the time-consuming plankton-investigations superfluous.
The procedure just detailed al;aws us to prediot from data much easier to
obtain than water temperatures, namely, eir temperatures alone, not only
the probeble date of spawning but also the date of begimming spatfall,

The derivations given for the empirical formulae by which beginning
spawning time is determined may seem in certain of their steps to be
quite arbitrary end the predicted dates have an accuracy of only plus or

minus 7 days in certain bays. All that need be said on this soore is that
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if one should desire 2 more precise forecast, such could undoubtedly be
obtained by more extensive spawning surveys of the bays (not just at
one location in each bay) together with an investigation of actual over-all
water témperatures. A direct 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 successful predietion of
time of beginning spatfall renders such increased accuracy of spawning
prediction unnecessary in relation to the problem of cultchinge.

The formulae herein offered will, however, allow us to prediot
within a period of not grester then two weeks wﬁen spawning will begin
in the various kx oystering bays, and for most years and bays the foretelling
may be expected to be a good deal closer than this. fh;,prediotion
may be of considerable value in anticipating at what time e;oh year

marketable oysters will become"spawny".

The cirocumstance that each bay has its own characteristic time of
spawning and of setting in relation to air temperatures is explainable
in terms of the differences from bay to bay in all those topogrgphical
features which contribute to the rate of seasonal change in water
temperaturs. hence, in particular, 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 change
by Moutside" waters.

One -can .get a rough idea of the volume of the bays by integrating
(i.e. adding up) ell the rather evenly distributed soundings figures provided
for each bay in the U. S. Coast and Geodetic Survey chart of the region.
The values so calculated, which represent the relative volumes of the

oystering bays, are as followss
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Case Inlet 1,396
North Bay proper 109
Oyster Bay (Totten Inlet) 337
Little Sk&okum 8

Mud Bay (Eld Inlet) 209

Oekland Bey | 88

(to East entrance to Harmersley
Inlet)
Seuth Bay (Henderson Inlet) 65

North Bay, which merely subtends Case Inlet, draws on the largest body of "enclosed.”
water while South Bay, &t the other extreﬁe, is susceptable to the greatest
amoint of flushing within & given tidal range and its beds lie the
closest to the main tidal channels (Fige 1 ).
Using the data of Hopkins (1937, P. 453) we can compute from vertical
samples at various depths average monthly water temp;ratures at Mud Bay
and Oyster Bay in 1932 and compare them with those of the large, more
central mass of water at Seattle as recorded by the U. S. Coast and Ggodetic

Survery. This gives us the following table of ==
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AVERAGE WATER TEMPERATURES IN 1932

MONTH SEATTLE OYSTER BAY MUD BAY
Jeanuary 46,4 44,6 43.8
February 45:1 42.6 43.6
March 45.6 45.6 45.8
April 47.5 50.6 49.6
May 49.8 54.8 54.0
June 63.4 68.2 58,2
July 66.4 6l.4 60.3
August 56.2 6242 . 6146
September 54.& 69,2 88.6
October 53.4 56.2 56.8
November 5067 51.0 51.0
December 47.8 46.6 46.0

The above tabulatiom shows of course 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 significantly’
it is also shown that Mud Bay waters are somewhat cooler than those of
Oyster Bay as is reasonable from the lesser volume of the former and its
closer proximity to mein tidal chennels. ®“ence it is rendered reasonable,
for example, that the Oyster Bay oysters spewn end set before those in Mud
Bay end, on the seme type of argument, thet South Bay should "oome in"
last of all. As for North Bay, the great extent of water in Case Inlet
probably balances the effect of the proximity of its mouth to main channels,
leading to a timing of the reproductive cycle very similar to that of
Oyster Bay.

It remains to ask why the prediction of the initia},ouvert stage

of the reproductive cyecle (spawning) should present & more involved problem
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than thet of predicting the final stage (setting) which involves both

the tempo of spawning and rate of larvee development. ZIhe reason is
implied in what has already been suggested; namely, (1) that the
development of the gonad, while devendent on water temperature, apparently
does not follow pronounced deviations in air temperatures; but (2) that
these deviations are reflected in the early summer temperatﬁras attained
in the bays which do influence the rate of development of the larvae

to setting.



113

HOW INTENSITY OF SET IS PREDICTED

Even if cultohing operations can be acourately timed, oystermen need
to know also whether the set will be of sufficient magnitude to justify the
expense of preparing the cultch. To approach & 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 contribute to a good set.

In the first place, we may discard at once certain factors which
appear to have no relation to setting intensity. One of these is the
early or late beginning of the reproductive season, for in 1946 setting
begen on June 18 while beginning spatfall did not oecur until July 12 in
1950 and yet the catch was very similar, eto. A seocond is the percentage
of gravid oysters during the first wave of spewning, for neither the maximum
percentage nor the cumuletive percentage by 10 day periods éver the inttial
spawning peak is significantly related to suocess of set. It will be noted
however that the total abundance of larvae and particularly the abundance
of large larvae are directly related, as expected, to the magnitude of the
rate of spatfall or Setting Index which, during the first wave of spatting,
is ocorrelated with the final surviving seasonal catoch.

These relationships permit of certain general rules which guide us
in the anticipation of over-all megnitude of spatfall. They have already
been presented on .Pp. 23 - 24.

8ince Oyster Bay and North Bay seem now to yield consistantly good
catches we conclude that prediction of intensity of spatfall in these bays
is of little importance. In Mud Bay however, the set may be a complete

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
that good plenkton larvae populations may be present during the early part
of the season without ylelding significant spatfall. It would therefore
be of great value to be able to foretell such setting failures in order
that ocultoh may be withheld and not wasted; or transfered to other bays where
good catches may be expected.

Although we had at first suspected 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 case and that, if anything, the larvae in Mud Bay
are even kept orowded up toward the head of the bay by the tidal ourrents.
Hence it was necessary to look in other directions for a possible explanation.

We therefore foeus our attention on the efficiency of conversion
of larvee into spat or in other words, the relative proportion of the larvae
that actually participate in the spatfall. To indicste this we could find
what percentage of the larvae finally survive to large size, but still
better it would seem is to determine the ratio of larvae ebundance to
rete of actual spatfall. To do this we divide the maximum Setting Index
by the maximum larvae count preceeding the first setting peak. The
resulting figure (here called an "index of setting efficiency") is at least
a rough expression of the favorability of conditions for the development
of larvae to setting, whatever may be the circumstanoces which determine
their actual abundance.

Waen such calculations are made for the Mud Bay seasons we have the

followings
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YEAR 1944 1945 1946 1947 1948 1949 1950 1951

INDEX OF SETTING EFFICIENCY .06 1.1 04 1.2 .92 «16 «93 .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 slichtly higher,
while during good years we have a value near unity, Larvee size studies
may therefore indicath® whether lowered setting effiociency was due to
disappearance of larvae before attaining full development.
avadable

In the years for which we have adsgmebe 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 piocture during these years, comparing the
Mud Bay larva size measurements both with that of other bayé during the
same year and with Mud Bay itself during years of satisfactory spatfall.

It is olear from the bay-year graphs of 1944 (Figs. 9 through 11)
that spewning and abundance of larvee 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. Henoce the
spatting failure ocannot be attributed to failure in the produoction of
oyster larvas.

When we compare the larvee picture in these bays with reference to size
of oyster larvae, however, g marked difference is manifest. Figures 66
through 68 show the proportionate distri*-ution of lervae size groups
in plankton samples during 1944 in the three bays, size in microns (1 mioron =
0.000039 inches) being the maximum diameter of the larval shell parallel

with the hing. This data has also been tabuleted in Tables 59, 60 and 61.
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By ocomparing the above charts it is apparent at once that no significant”

proportion of oyster larvas ever reached near setting size in Mud Bay

Yis  (1744) _
during 4he year, of spat failure. The cause of spat failure may therefore

be sought in whatever condition resulted in the demise of the larval
oysters after they were half grown. New larvae were fairly continuously
being supplied to the bay all during June and July but only a very few
survived to setting size and the Setting Index never exceeded 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. Henod we may further conoclude that the causative condition was one
that acted slowly and that the oyster larvee eventually died after being
exposed to it for about a fortnight,

Is this conoclusion confirmed by the data of other ysars? 1946 was
also a year of set feilure in Mud Bay. Proportions of large, medium and
small larvae found in the plankton tows of the three principle bays
during this year is graphiocally shown in Figure 69 e Again it will
be noted that in Mud Bay no major group of large larvae was found in thel
plankton as was the case in the other two bays. In Oyster Bay expecially
it is clear that the two setting peaks of the se;son 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 & smooth mode with a peak value of 3400 around July 1lth (Fig. 15 ).
Comparable spatting rate in Oyster Bay was 7400, and in North Bay, 9000
during this year. Some precise measurements ¢n plankton larvae were made
during June (Table 69 ), but for the most part we simply counted the
number of obviously large larvae of around 250u diameter and over in the
sarples and calculated the percentages thereof. This is rather rough
procedure to be sure, but it is sufficient to answer the guestiont In a
year of good spatfall is the larvae picture different from that in a bad
year? Reference to Table. - 14, ps 143 = - shows that during the
1945 season oyster larvzce 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 sampde and a peak proportion of 15 per cent. ’

A comparison of the larvae picture in Mud Bay during years of spatting
fail::e end of succoss therefore indicates that in Mud Bay setting failures
::Eytgi direct result of failure of the larvae to survive to setting size.
It is further indicated that the primary cause is a condition which acts
with ocumulative effect on the larvae, permitting them to survive mmiy the
early weeks of larval life but eventually resulting in their death before
setting can take place. This condition may be such that when it ocours
the larvae are always killed off soon after they pass the mid=point of
their pelagio life in which case one could reliably foretell spatting
failures by the larvae pictute obtained through plankton samples; but it is
also conceivable that if the hypothetical deleterious condition is of a
somewhat lower intensity the larvae may not suoocumb 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 prediction of the spatting
failure to beoome possible at all.

Now we do not yet know what oauses eventual death of the larvae and
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oonsequent spatting failures in Mud Bay during certain years. Tﬁe answer
must be found through field investigations, but we need an hypethesis to
gikide our studies since a blind striking in the dark would probably zet us
nowhere., Until evidence proves otherwise we shonld procede on the simplest
assumption that a single cause is responsible for this phenomenon. It has
already been shown in the horizontal plankton sections during a tidal

oycle that the large larvae are not swept out of'any of the bays by tidal

action. Our suggestion at the present time is that spatting failures in Mud

Bay are due to abnormal salinities, whether altove or belgw a certain optimum

rmse.
Thet salinity may be the key to the problem in Mud Bay is a speculation

arising from certain suggesi?ve rela%;onships between rainfall recorded at
Ta]"le 63 ]

Priest Point Park, Olympia;/and spatting failures in this bay. If we assemble

the precipitation data as in Table 61 » these relationships vaguely

appears

( INSERT Table 61)

In pursuing this possibility one seeks in every way for a correlation
between peculiasrities in rainfall and set failures; test and confirmation
come later. Now reference to Table 61 will substantiate the following
statements. Failure in :spatfall occured in those years in whichi

1) Winter precipitation wes exceedingly low, (1944).

2) Precipitation during the "larvae months" of April through Jume

‘was abnormally low even though thet of the early months was high

(1934, 1935, 1951); and

3) April through June precipitation was atmormally high, but did not
compensate an abnormally low rainfall in the winter months.
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TABEE 61 1 SUMMATED DEVIATIONS FROM NORMAL RAINFALL IN RELATION

TO SPATFALL IN MUD BAY

YEAR  MAXIMUM RAINFALL DEVIATION FROM NORMAL
SETTING December through 4pril through
INDEX Marol} ) - June

1932  11s0* +5.19 inches -1.12 inches

1933 4000* +4,98 -1.91

193¢ 300" (failurs) +5.45 ~4.,86

1935 60 (failure) .

1944 42 (failure) -11.77 #0.86

1945 3500 ~4.94 =215

1946 14 (failure) 40,34 +3.73

1947 1600 ' =3.67 -'1,26

1948 5000 8d.74 +65.07

1949 600 (fair) -8.83 -2.63

1950 2800 46,98 -2.52

1961 70 (failure) 6.08 -4,28

# Number spat daily per bag of shell, Hopkins' data (1937).
For reminder, Setting Index equals number spat per 106 - Japanese oyster shell
faces per day.
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(1946, as contrasted with 1948).

In pursuing this speculation we assume that the only way rainfall could
affect survival of larvae is through decreasing salinity by diluting a bay
with rainwater or by increasing it in dry spells when e;;poration from the
bay is not oompensateds We further note that the effeot of rainfall and run-
off should be most noticeable in the upper half of the bays where the water
is shallow and major stream inflow received, which is just the part of the
bgy to which the oyster larvae are confined. Now we add the further notion
that & bay may behave scmewhat like a bowl: if it is filled to overflowing
additional water poured in merely'spillsougband'wa 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 receptacle becomes lower and lower.

Applying these hypotheses to the above statements we chme out with the
folloﬁing interpretations of them in terms of salinity:

1) If winter precipitation is extremely low and April through Jume
does not compensate for this by high precipitstion, 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 luw-precipitation in the "larval month;“Dwill still result in
sbnormally high salinity detremental to larvae (1951, 1934, 1935).

- 3) If April through June precipitation is abnormally high but does
not compensate an abnormally low rainfall in the winter months (i.e. merely
"£illing up the bay" to normal), then salinity will be abnormally low and
larvae will be affeoted thereby.

Hence it may be possible that rainfall can affecg salinity of the bay
water in éither direction of increase or decrsase to such an extent that the
survival of larvae is affected.

It is interesting to note the setting season of 1949 in Mud Byy in

this oconnection. Maximum rate of spatfall attained was - equivalent to a
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1 This is a hydrographical speculation, 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" om the assumption that
rainfall during these months carries over as a salinity difference effective
during the months (May and/or Jume and/or July) in which the larveae whioch
produce the initial set are present in the bays.
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Setting Index of 600. Hence this set was "betwixt and between", neither a
failure nor half the magnitude of the spatting in good years. Now it can be
seen in Table 61 that the winter months deviation from normal in precipitation
was = 8,83 inches and that of the later months = 2.562 inches, giving a total
of = 11,46 inches which is only a bit more rainfall than in 1944 in which
the set was a failure and the comparable figure was =~ 12.63 inches. Thus
1949 precipitation may have been just on the borderline as regards adverse
effect on survival of oyster larvae.

If the circumstances are such that the set in Mud Bay can be wiped
out by abnormal preoipitatién, then we might expeot that the other bays
would be affected also at least to a minor extent. That such may be the
oase is indicated in the following table of setting maxime in the three

al

princip¥® bays during the years of our surveyi

MAXTMUM SETTING INDEX
first peak of setting

Year MUD BAY OYSTER BAY NORTH BAY
1544 42 2300 6500

1945 3500 9000 9000

1946 14 2700 1300

1947 1600 17600 3500+
1948 5000+ 7000 9500

1949 600 $000 2500

1950 2800 4000 4200

1951 50 4000 1200

It will be seen from this table of comparative setting figures that, in
general,the years of spatting failure in Mud Bay were also years of decreased
setting intensity in other ba&s. In this connection it should be noted that

Oyster Bay had a lower over-all spatfall in 1946 than in 1944 even though the
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maximum Setting Index for the former year was higher, for the area under the
regardless of "peaks"

setting ourve (i.e. the cumulative set} see Figs, 9 and 19 ) was
zreater in 1944, Hence the diminution in setting in Oyster Bay paralleled
that in Mud Bay for these two years, though at a far higher level.

All these remarks are presented as and clearly stated to be mere
speculations They may be wholly invelidated by further investigations.
It is not claimed that they make a convinecing argumept nor a clear picture.
All that is asserted is that in the absence of any other or better clues to
the setting feilures in Mud Bay whioch stand out as an anomaly in the oystsr
situation in lower Puget Sound, there is sufficient probability that salinity
is the significant factor to justify expenditures in time and equipment to
settle the question one way or another. Such a study could reveal that the
weaknesses in "the case for rainfall" here presented are due ¥o the faoct
th&t rainfall at Priest Point Park, Olympia, is not always charaoteristio
also of Mud Bay and its watershed, and that svaporation and other factors
complicate the picture so that the relationship between Priest Point
precipitation, and salinity of Mud Bay is a ocomplex one. Direct and adequate
study of the primary factor, the salinity of the water itself to which
the oyster larvae are subjected during their pelagic life, may out through
all these difficulties and eventually allow one to predict spatting
failures in Mud Bay on the basis of abnormal salinity. If this proves
to be the ocase, then these speculations will have amply justified themselves
in originating such a study. Furthermore it could appear that optimum
salinity is a vital secret in the culture of oyster larvae to setting
in the laboratory and in artifiocial ponds. In the meantime, one mey be
on the lookout for setting failure in Mud Bay in any year in which early
spring rainfall is markedly abnormsl. y

If abnormal salinities are the cause of oo;Fpse of setting during

certain years in Mud Bay, then these failures should be more closely
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correlated with the actual salinity of the bay water than with rainfall
which affects salinity far more indirectly than air temperature affeéts
water temperature. For rainfall is generally more sharély localized then
air temperature and, as mentioned, precipitation 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 oomplicate the relationship
between rainfell 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 samples from the bays of
lower Puget Sound and Hopkins (1937) presents many tables of such datag.

A oontientious and laborious review of the salinity data how;ver has not
proved rewarding. After careful anelysis we can at most conclude the
followings

1) There is an annual cycle of salinity but the variation is not
greaty, During the rainy early months of the year salinity is lowest and
rises to a peak late in the summer, thersupon decreasing through the winter
to the spring lowe.

2) Salinity does not contradict rainfall, for seasons of high rainfall
never show high salinity; but the correlation between rainfall as recorded
at Priest Point Park, Olympie, and salinity is very inexacot, doubtless owing
to the multiple factors mentioned above. Thus there is a very general
relationship between rainfall data and available bay water saelinities,
as one would expect from the diluting action of precipitation, but the
correlation appears to be so loose that one cannot obtain a precise
indication of salinities from rainfall record. |

3) Since good oyster sets occur regularly in Oyster Bay end Nérth Bay

an
salinity data from these waters can be of little valuq/hzga¥t is probable
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that spat failures in Oakland Bay and South Bay are due to other factorse.

4) Hopkins' extensive salinity data unfortunately does not extend
to 1934 and 1935 in Mud Bay which were just the years of setting failure
during the period of his investigation. His studies,did, however, lead
him to remark that "The salinity on the oyster grounds in Mud Bay is more
variable theh in Oyster Bay-=-~---and heavy rains affect the water more
quickly in the former" (1937, p. 449). That greater variability ocours in
salinity of off=shore waters in Mud Bay than in Oyster Bay was also noted.
In this place it may also be mentioned that although Hopkins found lower
prevailing salinites in Little S8kookum and Oakland Bay than in Mud Bay,
this faoct does not render untenable the hypothesis that spat failure im
Mud Bay may be due to abnormal (eg. low) salinity, for it must be remembered
thet each bay is a genetically isolated population of oysters which do
not interbreed with oysters of other bays. Honce the oysters in any one
of these bays may have physiological, as they undoubtedly have morphological,
differences from those of other bays. In a manner of speaking, this means
of course that oyster larvae of Oakland Bsy (but not of Little Skookum?)
oould have "learned" to tolerate lower salinities. In any event the sets
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 teken are simply inadequate to a
determination of the summated average effective salinity to which oyster
larvae are subjected from week to week during their pelagic life.

Certain femeral oyoles and trends as mentioned above are evident, but the
variation in such samples is much 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 salinity in Mud Bay during the larvse séason or

some sort of integrating eleotrical oconductivity recorder 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 confined. Only
such a study might demonstrate that salinity is a crucial factor in sucocess
of setting in Mud Bay and permit one, from & precise knowledge of the water
salinity during the two weeks following initial major liberation of larvae
from spawning, to forecast whether those larvae may be expected to survive
through to setting. In the meantime we shall have to be guided as best we
may be the empirical rules (given on P. 118 ) derived from the apparent

relationship between sbnormal rainfall and spat feilure.

2) Range and Stage of Bide in Reference to Setting

The demonstration of a Larvae Mass which moves back and forth
in the bay with the ebb and flooding of the tide enables one to clear
up very simply a question concernming the relation of stages of tide to rate
of setting brouéht up by Hopkins in his 1937 paper (pp.489 - 493). Hopkins
determined the spat ocaught hourly during a complete tidal cycls at three
looations in Oyster Bay and found a marked change in spatfall from hour
to hour. Heaviest setting ocoured generally during "half-tides®, ie.
during mid-flooding water, mid-ebbing or during a low highetide. Water
temperature, pH, salinity and ocurrent-velocity were also determined
along with setting rate because it was assumed that the variation in the

spatfall was due to conditions of the water as such. Howewer, no

satisfactory correlation between any of these factors and intensity of
settirg wes shown.

Turning to one of the studies on variation in larvae aburdance
with stage of tide (Fig. 45 ) we note that the abundance of larvae and

therefore of setting larvae at Stetion 9 (neer Dike 5) presents a curve

strikingly similar to Hopkins' histograms of setting rate in hmikgkk
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relation to height of tide. Hence it follows that the very simple and
reeasonable explanstion of Hopkins'results is ﬁhat larvae set more when
there are more larvae to set! That is to say, the center Qf the Larvae
Mass passes over a given spot like Stetion 9 or Dike b at a certain stage
of the tide, in this oase during half-ebb and especially at half-floed
tide. Setting still occurs at high or ebb tide not in spite of changes
in physical or chemical state of the water but simply because the outer
fringe of the Larvee Mass is still over the station and so some larveae
are available for settinge.
/ﬁvﬁigsfgézyzzszgging be ‘valid then setting intensity et down=-bay stations
likBADike 8 on the Steele grounds should show meximum spatting on late
ebb and early flood tide according to the larvee counts there during these
stages of the tide (Station H-6 in Fig. 50 and Station G in Figure 52 ).
This expectation is not confirmed by Hopkins' findipgs (see his Fige 35, P.490)
which showed instead highest setting at the peak of the highest high tide
east shore
in Dike S, But thig«location was not included among the sampling stations
in any of our plankton tidal cycles so it is possible that local off-channel,
in=-shore eddies may determine hourly fluctuations in larvae abundance at
this particular point somewhat different from the back and forth movement
of the Larvae Mass of the bay in general. Since larvae abundance so
simply explains the fluctuetions in setting rates at Hopkins' up-bay stations
it is considered likely that a locdl study of larvee density over Dike S
in reference to tide would oclear up the discrepancy. At any rate the
markedly lower intensity of spatting which he oontinually observed at Dike
S as compared to Dike § shows that by reason of its location down~hay Dike
§ fails to tap the major Larveae Mass.
The possibility of this interpretation of Hopkins' results wes anticipated
by Korringa (1940, p. 200) who noted that Hopkins negleocted the all-important

factor of abundance of setting larvae in connection with both his bourly
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gsetting studies and his tests of vertical distribution of spatting intensity.
Investigations in variation in larvee sbundence at different stages of the
tide specifically confirm that this abundance and not water conditions is

one of the most important factors in determining rate of spatfall.

Attention to the fluctuation in larvae abundance at any point in relation
to the stages of the tide thus clearly indicates that this is the major
factor 1n/§§z:1i£ setting and that oonditions of the water, if influential,
play but a minor part. Hopkins' experiments can then be used in a different
menner, namely, to demonstrate that cultch over which the Larvae Mass
passes draws on the maximum density of setting larvae in the mass for its
oumulative spatfall, picking up spat as the mass passes over it going
up~-bay on the flood and again as it comes down the bay on ebbing tide.

We conclude that physical factors like current velocit&, correlated
with stage and range of the tides themselves, are probably not relevant
to the problem of spat failure in lMud Bay. Prevailing salinities, at any
stage or range of tide ray be involved as discussed above. TYet range of
tide may possibly account for cultching failures in certain yesrs, not
through conditions of the water but with reference to distribution of the
setting larvae, as will now be developed.

In his paper on the Olympia oyster (1937), Hopkins considered that
there was suffioclent correlation between spatting intensity and range of
tides to permit the oconclusion that "times of meximum frequency of setting
fall within periods of spring tides when tidal range is greatest®. His
figure 33 (p. 489) is stated to show this relationship most clearly since
2 0 3 day test oultch was used for the data therein visualized, and the
ambiguities in his: other bay-ysar diagrams are ettributed to the fouling
of 7 - day test cultech resulting in a less def;nite loogtion of the
precise peaks in spatfmll. We shall see again, however, that certain of

Hopkiné' conclusions are vitiated by the incompleteness of his data;
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for he did not make quantitative studies &f the planktonic oyster larvae
and a relisble correlation between range of tide and setting cannot be
esteblished unless one ocan 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 or. 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 maximum abundance. On this basis it was suggested by Mr. Cedric
Lindsey that range of tide at time of set%%ng might affect delivery of
setting larvae to the cultch in Mud Begy and therefore have a bearing on
success or failure of the set in that bay. This possibility was
therefore surveyed as follows:

Reference is made to Figure 53 showing a horizontal plankton section
tkrough Mud Bgy on a cycle 8f tides. It will be noticed that maximum
larvae counts 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 reet” or greater
will bring the larvae in the region of Station A, Now this is just the
area of the bulk of commercial cultching in Mud Bay as it is also the location

of our station for test cultch.

* Since there is no reference tide station for Mud Bay we use the +3.6
feet correction factor 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 thepxawmxkxx the present connection. Suffice it to say
that in 1961 the larvee ebundance reached a satisfactory maximum of over
3000 per 20 gallons in Mud Bay and somewhere between 2% and 5% of these
attained near-setting size in July 9th samples. Nevertheless the setting
intensity never exceeded 70 spet per 100 Pacific oyster shells per day,
which is poor.

That is to say, according to the larvae data the peak of spatting in
Mud Bay should have been reached around July Sth. Refering to 19561 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 meen that the larvae which were apparently ready to
set had only half & chance of reaching the cultching area tho;gh it is
diffiocult to explain why the set was not therefore.at least half as good
a8 normal instead of being in fact unusuelly low.

Turning how to the other years of our study in Mud Bay we may analyze
them with reference to whether (1) the larvee picture was favorable, ie.,
showed a thousand or so larvae in the samples and growth toward setting
size, (2) the tides were favorable or not when the larvee were ready 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 rairfall of the season was normel or abrnormal and
therefore the salinity presumebly altered accordingly (see Table 62) RXEY

This survey reveals the following:

( INSERT Table 62)
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YEAR -

1944

1945

1946

1947

1948

1949

1950

1951

SPATFALL SUCCESS IN MUD BAY IN RELATION TO CERTAIN FACTORS

MAXTINUM
SETTING INDEX
42

3500

14

1600

5000+

600

2800

70

128 a

TABLE .62 13

LARVAE PICTURE
insufficisnt
large larvae

good

insuffioient
large larvae

fair

good

good

good

good

TIDES AT LARVAE FEAK

good

good .

good

poor only for &
few days, then
good

good

poor

good

poor

RAINFALL

very abnormal

not very
abnormal

abnormally high
June
precipitation

not very
abnormal

early dry
season balanced
by later rain

quite
abnormal

not very
abnormal

éarly rain

0ssibl

balanced by later
dry months
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From this review of the setting seasons in Mud Bay we see th&t spatting
fgilures can be accounted for either by abnormmal rainfall (1944, 1946, and
possibly 1951) er by the ocourdnce 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
Figure 33, P. 486, shows that iﬁ 1935 the setting peak in Mud By did
coincide sharply with a run of spring tides. The seme is the case with the
set in all the other seasons of his study of this bay (1931 - 1934). In
fact we note that Hopkins' principle of maximum setting at spring tides
holds very well for Mud Bay, although perhaps for different reasons than
he thought (ie. "Frequency of setting appears to be associated with
swiftness of ourrent"), while the dase for this rule does not ssem to ‘me at
all clear~cut With reference to Oyster Bay. Of course we do)not know
the larvae pioture for Mud Baey, 1931 through 1935, and &0 cen never in
eny instence tell whether the larvae happened to be reasdy to set on a
spring tide or were picked up on the cultch because there was & spring
tide maximum. It is improbable however that this relation of setting
maxima to spring tides was in every case a coincidence. and therfore Hopkins!'
observations do add some evidence for the idea that two daily high high-tides
were necessary to bring the setting larvae to his Mud Bay setting stationms,
which were even farther up the bay than ours.

If ebsence of spring tides in Mud Bay at the time when the larvae are
prepared to set in abundence may explain setting failures during some
years, why then are sets in Oyster Bay and in North Bay so generally
successful in spite of the fact that during some years neap tides come during
the setting maxima? To answer this question we refer to plankton studies
in these bays during a tidal oyole. In the case of Oyster Bay we note
that the maximum larvee ebundance 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 appeasred in great abundance fatther up the bay. If one can
generalize from this one study it may be said that in Oyster Bay the larvae
are not carried all the way up to the head of the inlet as is the case in
Mud Bay., Practice confirms thiq,for the seed grounds in Oyster Bay are
reletively down-bay, in the region of Station 9 or Dike 5 and Burns Point.
This being the case, Oyster Bay should not be affedted by tidal range in
this area and it is note This circumstance rather than imprecise location
of dates of maximum setting due to fouling of 7-day oultch explains the
exceptions to his rule in the case of Oyster Bay which Hopkins could not
otherwise aocount for.

Refering now to the one tidal study in North Bay (Fig. 55 ) we find
that there is not much difference between larvae abundance at the khree
stations in North Bay proper at the end of Case Inlet and therefore again
we do not have in this bay, as in Mud Bay, any indication of the oconcentrating
of the larvae toward the head of the bay at high water. Hence in North Bay,
too, the set apbears 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
anomely in the picture of the bays of lowsr Puget Sourd. Poor spatting
in Oakland Bay and South Bay are due to the failure for one reason or
ghother to produce sufficient abundance of setting larvae. Variation in
spatfall from year to year in Oyster Bay and North Bay is probably correlated
with changes in spawning population due to marketing of oysters as well as
to changes in weathe;, abundance of larvae predators (eg. Noctiluca, ®m
Pleurobrachia), etc., and in any case a satisfactory catch now seems always
possible. But in Mud Bay there may béd poor sets although larvae are
amually produced in rather favorable numbers. Now we have only three

Years during our study in which distinot Mud B,y set failures ocoured; two

Af +haoa (1044 and 1048) were toward the beginning of our investigations
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and the third (1951) almost falls outside the perview of this paper. Hence

at this time the best we can do on the basis of these three cases is to
conjecture the reasons for spat failures in liud Bay in the hope of

providing some degree of probability in antiocipating such bad seasons

when cultehing im unprofiteble. Future Btudies, based on these suggestions,

may then in time lead to a thorough knowledge of the conditions for a

satisfactory 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 indireotly to abnormal rainfall.

The notion regarding the relation of range of tide to spatting suocess
complicates the picture in Mud Bay but this complexity is by no means
umeanageable. Wg can cut right through it by stating that, ﬁntil we have
more certain knowledge from further cases of -spdtfailures in Mud Bay, one
may be on the lookout for such failurez when--===-=

1) the total sbundance of larvae is less than 1000 per 20 gallons
and the number of near-setting size larvae less than 100, and/br

2) the precipitation as recorded 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 beginnipg
of the first wave of setting. When any one or any combination of these
okrcumstances is the case, mmixikkexakmwemsxxrmxzmxiixkkmixm then the spatting
possibilities are precarious and the chances are small that a profitable ocatch
will be obtained in commeroial cultch accord ng to the observations so

far acoumulated.



OYSTER BAY
(Dike 5,
Olympia Oyster
COO)

MUD BAY

(Dike B,
Brenner Oyster
CO.)

DATE

May 6

May 12
May 15
May 18
May 23
May 29

June
June
June
June
June
June
June
June
June
July
July
July
July
July
July
July
July
Aug °
Ang .
Aug .
Aug.
Aug .
Aug .
Aug °

12
15
19
23
26
29

10
13
17
20
24
31

10
14
17
21
24

May 23
May 29

June
June
June
June
July

5
iz
19
26
3

July 31

Aug.
Aug.
Aug.

7
14
2l
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TABLE 4

FIELD DATA, 1942

PERCENT OF OYSTERS SPAWNING*
AS FEMALES
White-sick Gray-siock Total

8
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14
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31
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13
17
20
24
31

11
14
17
21
24

12
19
26

10
17
24
31

14
21
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TABLE 4 3 FIELD DATA, 1942 (oont'd)

DATE PERCENT OF OYSTERS SPAWNING* MID-DATE RATE OF
AS FEMALES SPATFALL**

White-siock Gray sick Total .
OAKLAND BAY May 29 5 o] 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 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 o] 0 Aug. 7 o)

Aug. 21 0 o] 0 Aug. 21 o

*Percentage of oysters in a sample of 100 mature individuals bearing
unshelled (White-sick) and conchivarous larvae (Gray-sick).

**Number of spat per 20 Ostrea gigas shells per week. Mid-date of the
7-day period is given. Bample of 20 shells from a chicken wire bag
containing about 100 were examined for spat.



OYSTER BAY
(Dike 5,
Olympia Oyster
Co.

MUD BAY

DATE

May 3
13
18
21
25
29

June 2

11
15
18
22
25
29
July 2

10
13
16
20
24
27
30
Aug. 3

13
18
21
24
29
June 2

11
15
18
22
26
29
July 2

10
13
16
20
24
27
30
Aug. 4

PERCENT OF OYSTERS SPAWNING*

White-sick Gray-sick Total

HOOOWKHKEHOMOO PN
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TABLE 6: FIELD DATA, 1943

AS FEMALES
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June

July

Aug.
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1
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7
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DATE

NORTH BAY May 15
(State Dike) 19
23

26

29

June 2

12
16
19
23
26
30
July 3

10
14
17
21
24
27
31

OAKLAND BAY May 29
June 2
4

8

11

15

18

22

25

29
July 2
6

10

13

- 16

20

24

27

30

A.ug. 3

* Percentage of oysters in a sample of 100 mature individuals bearing unshelled
(White-sick) and oconchivarous larvae (Gray-siock).

** Maximum spat per day per glass plate (70 square inches, wmder surface omly).
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TABLE 5 : FIELD DABA, 1943 (cont'd)

PERCENT OF OYSTERS SPAWNING*

White~siok Gray-sick Total
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TABLE 6 1 SPAWNING, 1944

OYSTER BAY MUD BAY NORTH [BAY
DATE PERCENT OF OYSTERS SPAWNING DATE PERCENT OF OYSTERS SPAWNING ' DATE PERCENT of OYSTERS SPAWNING
AS FEMALES AS FEMALES AS FEMALES
White=-sick Gray=-sick Total White~-sick Gray-sick Total White-aﬁck Gray-siock Total
fay 6 0 0] 0] May 4 0 0 0 May 4 0 o 0
31 32 0 32 11 © 7.6% 0 76 11 0 0 0
19 16 12 28 19 13.8 1.1 . 14.9 : 19 18.8 6¢2 25,0
22 2067 10.3 31.0 22 10.9 0 10.9 26 842 8.2 16.4
26 14.5 26,1 40.6 26 18.0 3.9 21.9 June 3 4.4 4.4 8.8
lvme 3 9.3 2.9 11.6 June 3 " 16.7 6.7 23.4 6 8.6 10,3 18.9
6 1.6 8.1 9.7 6 8.6 8.6 17.2 10 2840 0 28.0
10 0 4 4 10 20.0 6.0 26.0 17 0 5.7 5.7
14 0 3.2 3e2 14 1.5 Teb 9.0 - 20 0 3.0 3.0
17 b o 5 17 1.7 8.3 10.0 23 8.8 3.8 7.6
20 Te3 1.8 9.1 . 20 68 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 0 5.1
28 345 1.8 5.3 28 0 5 6 7 8.9 0] 8.9
30 4.0 11.8 15.8 July 1 2 8 10 11 363 0] 3.3
uly 4 Tel 3¢6 10,7 4 3e4 0 3.4
7 6.0 4.0 10.0- 7 3.2 1.6 4.8
11 Te3 1.8 9.1 11 5.3 0 5.3




DATE

May

June

July

12
19
26

10
37
20
23

11

BOUTH BAY

PERCENT OF OYSTERS SPAWNING
AS FEMALES

White-sick Gray-sick Total

0
0
3.1
5.7
1.9
6.0

6.8
6.0
1.6
6.0
1.8

0
1,5

3.6

0

1.5
3.1
9.3
1.9
8.0
3.6
10.2
6.0
4.8

8.0

3.6
0

DATE

Msy 4

19
22
26
June 3

10
14
17
20
23
28
30
July 4

[35mwr

OAKLAND BAY

PERCENT OF OYSTERS SPAWNING

AS FEMALES

White-sick Gray-siok Total

0
o
3.9

OR O KH®OO
e © ©® L
o0 =N W

0.
0

0

0
4.0.
11.5
5.4
8.5
10.3
3.2
1.7
5.8

7ol
3.6
645
3.8

0

0
5.9
6.5
14.0
18.1
10.8
156.3
1043
3.2
5.0
TeT

8e3
10.7
11.3 3
3e8
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TABLE 7 s SPAWNING, 1945

OYSTER BAY MUD BAY NORTH |BAY
(Dike 5b, Olympia Oyster Co.) (Bremmer Dike) (Nelson|Dike)
DATE PERCENT OF OYSTERS SPAWNING DATE PERCENT OF OYSTERS SPAWNING DATE PERCENT OF|OYSTERS SPAWNING
AS FEMALES AS FEMALES A8 [FEMALES
White-sick Gray-siok Total White~-sick Gray-sick Total White~-sick|Gray~sick Total
Mey 4 0 0 0 May 4 0 (v 0 Mey 4 0 ' 0 o
11 7e3 0 7.3 11 o 0 o 26 4.7 9,8 14.0
22 9.0 0 9.0 26 12.3 0 12.3 30 6.7 8.6 14.3
26 13.0 9.8 2243 30 20.6 o2 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 1.8 5.4 7.2
12 1.9 9.4 11.3 .19 5.0 8.4 13.4 24 1.4 l.4 2.8
16 1.7 1.7 3e4 24 2.7 11.0 13.7 27 2.8 2.6 5.2
19 3.4 1.7 6.1 27 1.4 9.6 - 11.0
24 3.6 7.4 10.9 30 0 34 3.4
27 3.1 9.2 12.3
30 1.7 8.4 10.1




DATE

May 4

June 12
16
19
24
27
30

SOUTH BAY

PERCENT OF OYSTERS SPAWNING

AS FEMALES

White-sick Gray-sick Total

0
12.5
3.8
4.8
240
3.7
0
10.0

0
12.5
17.0
2.4
5.9
3.7
3.2
4.0

0
25.0

20.8

Te2
7.9
7.4
3.2
14.0

DATE

May

June

4

11
22
26
30

12
16
19
24
27
30

|3 Cont.

OAKLAND BAY
(State Dikse)

PERCENT OF QYSTERS SPAWNING

AS FEMALES

White~gick Gray-sick Total

0

0
5.4.
18.5
1.7
3.6
15.9
2l.2
3.6
Teb
6.1
2.9
302

0

0

0

0
10.3
1.8
9.6

Tel
667
4.6
2.9
6.3

0

0
5.4
18.5
12.0
be4
25.4
21.2
10.7
14.2
10.7
5.8
96
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DATE

May 8
20
27

June 4
b i
18
26

July 2

15
23

PERCENT OF OYSTERS SPAWNING

White~-sick Grey=-sick Total

= O
'S

DHOPOOMO®O

OYSTER BAY

AS FEMALES

NOONPOSOIFG)O

)

(o]

#SOO}#QHQ#NO

DATE

May 8

27
June 4
11
18
25
July 2

15
23

MUD BAY

TABLE 8 ;3

PERCENT OF OYSTERS SPAWNING DATE

AS FEMALES

White-sick Gray=-sick Total

PPN OOEDDNO

@

OWOOW»NMNIPODNMNOO

(v}

MDMHNDNOREREONDO OO
N o O

May 8
20
. 27
June 4
11

18

25

July 2

15
23

SPAWNING, 1946

NORTH

PERCENT OF
AS

White=-sick

0
8
30
12
10
4
6 .
16

o,O

BAY

OYSTERS SPAWNING
FEMALES

Gray=-sick Total

COPORNROPOMNMOO

0
8
32
12
14
4
12
16
4
6
0
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SOUTH BAY OAKLAND BAY
DATE PERCENT OF OYSTERS SPAWNING DATE PERCENT OF OYSTERS SPAWNING
AS FEMALES ' AS FEMALES
White-sick Gray-sick Total White=-sick Gray-siock Total
May 8 0] 0 0 May 8 0 0 0
20 4 0 4 20 0 0 0
27 20 0 20 27 4 0 4
June 4 20 8 28 June 4 12 2 14
11 10 12 22 11 6 6 12
18 4 14 18 18 16 2 18
25 0] 4 4 . 2B Q 4 4
July 2 2 2 4 July 2 6 0 6
9 8 2 10 9 4 2 6
15 6 4 10 15 4 0 4
23 2 0 2 23 2 0 2




DATE

May 21

June 4

10
16
25

duly 1

OYSTER BAY

PERCENT OF OYSTERS SPAWNING

AS FEMALES

White-sick Gray-siok Total

6.7

6.0

4.8

3.7

6.8

8.3
1.2
7.9
1.8

8.3

15.0
7.2
12,7
5.5
8.3

6.8

PERCENT OF OYSTERS SPAWNIHG

MUD BAY

AS FEMALES

TABLE 9 ;

White-sick Gray=-sick Eotal

5.3

9.2

78

340

0

34

15.7

245

5.3

2345
2.5

3.0
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SPAWNING, 1947

NORTH BAY

PERCENT OF OYSTERS SPAWNING

AS FEMALES

White-siok Gray-sick Total

3.4

4.5

5.9

0.8

TeS

Te8

3.9

10.6

4.2

12.0

13.7
3.9

10.6



SOUTH BAY

PERCENT OF OYSTERS SPAWNING

AS FEMALES

White-siek Gray-sick Total

3.0

16,7

9.4

0

7.3

6.2

3.0

16.7

Te3

15.6

39 ot

OAKLAND BAY

PERCENT OF OYSTERS SPAWNING
AS FEMALES

White-siek Gray-sick Total

2 0 2
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TABLE 10: SPAWNING, 1948

OYSTER BAY MUD BAY NORTH BAY L,
DATE PERCLNT OF OYSTERS SPAWNING  PERCENT OF OYSTERS SPAWNING  PERCENT OF OYSTERS SPAWNING
AS FEMALES AS FEMALES . AS FEMALES
White-sick Gray-sick Total White-siek Gray-sick Total White=sick Gray-sick Total

May 27% 0 0 0 0 0 0 0 o o0

June 3 1.9 0 1.9 " 4.4 0 4.4 16,3 0 16.3
7 16.2 0 16.2 3.9 0 5.9 19.0 1.9 20.9
10 15.9 8.2 24.1 244 0 2.4 16.5 8.6 25,1
14 19.6 5.4 2540 10.6 5.6 16.2 5.3 14.0 19.3
18 11.1 1.6 12.7 13.4 1.2 14.6 17.3 6.7 24.0
21 16.3 2.5 18.8 21.4 2.9: 24.3 5.8 5.8 11.6
24 ol 16.4  23.6 10.0 10.0  20.0 9.5 1.6 11.1 |
28 4.1 8.2 12.3

* Adequate samples of both May 24 and kay 27 showed no spawninge
This is quite interesting in showing & preciptous development of spawn,
especially in the always precipitous North Bay.




SOUTH BAY

FERCENT OF OYSTERS SPAWNING
AS FEMALES

White-sick Gray-sick Total

0 0 0
2.6 0 2.6
3.3 ) 3e3
9.6 0 9.6
14.0 2.3 16.3
0.8 4.2 5.0
8.9 0 ’ 849

13.5 0.9 14.4

3a ol

OCAKLAND BAY

PERCENT OF OYSTERS SPAWNING
AS FEMALES

White-sick Gray-sick Total

0 0 0
0 0 0
0 0 0
3e0 1.0 4,0
0 0 0




DATE

May 27

June 2

13

16

140

TABLE 111 SPAWNING, 1949

OYSTER BAY MUD BAY
PERCENT OF OYSTERS SPAWNING PERCEnT OF OYSTERS SPAWNING
AS FEMALES . AS FEMALES
White-sick Gray=-sick Total White=-sick Gray=-sick Total
8.0 0 8.0 12.3 0 12.3
11.5 1.2 12.7 21.3 0 21.3
14.6 13.3 27.9 16.0 4.0 20.0
18.7 2.7 2l.4 - 12,0 10.7 22.7

2.7 6.7 9.4

NORTH BAY

PERCENT OF OYSTERS SPAWNING

AS FEMALES

White=sick Gray=-sick Total

6.4

7.9

6.6

6.6

10.7

0

0

5.3

1.3

6e7

6.4
7.9
11.9
7.9

17.4



OYSTER BAY

DATE PERCENT OF OYSTERS SPAWNING
AS FELALES

White=-sick Gray-sick Total
June 3 10.0 0 10.0

8 15.0 0 15.0
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TABLE 12; SPAWNING, 1950
MUD BAY

PERCENT OF OYSTERS SPAWNING
AS FEMALES

White~sick Gray=-sick Total
4,0 0 4.0

12.0 0] 12.0

NORTH BAY

PERCENT OF OYSTERS SPAWNING
AS FEMALES

White-sick Gray-siok Total
6.0 0 6.0

3.0 0 3.0
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- OYSTER BAY
(Combined Stations 7, 8 & 9)
DATE MAXTMUM % LARGE NUMBER
TOTAL LARVAE LARGE
COUNT LARVAE
May 10 0 0 0
17 32 0 0
26 252 (4] 0
June 2 1,152 -0 0
12 17,400
16 7,040 2.7 90
19 3.840 2.6 100
26 7,896 6e5 434
July 3 836 3.7 51
17 7,162 6.9 493
‘ 27 ~ 12,000% 4,7 94
Aug. 7 100% 18.1 13
14 2% 0 (4]
28 200% 7.0 14
SOP. 5 bx 5.9 0

*Average, plus.

A T
TABLE 13: PELAGIC LARVAB, 1944

MUD BAY
(Combined Stations 3 & 4) (
DATE MAXIMUM % LARGE  NUMBER
T a8 TOTAL  LARVAE LARGE
COUNT LARVAE
May 10 44 0 0
17 36 0 0
June 2 544 0 0
15 700 0 0
26 563 1.6 9
July 3 3,200 3.2 102
17 1,472 0.4 6
24 512 ) 0
27 300 0.8 2
31 36 0 0
Aug. 7 8 0 0
9 44 0 0
14 0 o) 0




VAE, 1944

(Combined Stations

DATE

May 11
17
25
June 2
12
15
19
20
July 3
20
24
27
31
Aug. 7
14
28
Sep. 5
12
Oot. 9

NORTH

MAXIMOM
TOTAL
COUNT

36

4

12
568
360
3,884
2,884
456
700
496
184
212
40

80

12

20

4

4

0

i
1

BAY

16, 11, 12)

o LARGE NUMBER
VAE  LARGE

* LARVAE
0 0
0 0
0 0
0 0
0 0
4.6 179
9.6 277
15.3 70
11.2 78
4.5 22
9.7 18
747 16
5.0. 4

lbtz- <:c>r\*7

DATE

May 17 .

June 2
15
26

July 3
7
24
27
31

 Aug. 7

8
9
14
28
Sep. 2

MAXIMUM % LARGE

SOUTH BAY

TOTAL LARVAE

COUNT

0]

8
28
252
2,132
676
86
24
172
0
32
16
20
0
0

@ W D

13.9

NUMBER
LARGE
LARVAE

DATE

May 17
25
June 2
12
15
19
July 3
20
24
27
31
Allg. 7
14
21
28
Sep. 5

Oc'b. 9

OAKLAND BAY

(Combined stations 19 & 20)

MAXIMOM % LARGE

TOTAL
COUNT

0
8

144
504
1,316
1,036
180
520
656
1,200
1,800
160
12

16
32 .
12

NUMBEE

LARVAE LARGE

LARVAR

MOOOO0OOO

72
22
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E1l4 s

PELAGIC LARVAE, 1945
NORTH BAY
(Combined Stations
DATE MAXTMUM
TOTAL
COUNT
May 29 4
June 8 1,012
20 1,348
29 648
July 10 600
20 416
Auge. 3 56
8 44

% LARGE
LARVAE

36

15

4.5
17.6
43

11, 12, 124)

NUMBER
LARGE
LARVAE

0
0
485
97
6
19
10
19

SOUTH BAY

Combined Stations 15, 15A & 15B)
DATE MAXTMUM % LARGE NUMBER

TOTAL LARVAE LARGE
COUNT LARVAE

May 23 O 0 0
June 2 12 0 0

16 0 0 o)

22 176 0 0

26 956 2 19
July 3 1,060 0.1 1

6 868 1.4 12

9 552

10 816 2.5 20

13 336 19 64

17 236 . 9 21

24 132 75 10

30 144 3 4
Aug. 3 168 7 12

8 32 0 0

30 12 33 4
Sep. 8 0 0 0

DATE

May 18
23
29

June 2

16
20
22
26
29
July 3

13
17
20
24
27
30
Aug- 3

15
24

(Combine

MAXIMUM

TORAL
COUNT

0
0
4
36
616

(&)
9,304
1,084
216
28
488
288
256
104
572
382
232
512
124
600
124
16

OAKLAND BAY
d Stetions)

% LARGE
LARVAE

=t

Og(OHOOHOO:O HOMMOOOOOOOOO
L]
~N N

O=PpOOO0OO0OO0OO0OOCOO0 Eéé
<KW

N

o o
mHmOOIFOCﬂO
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(Combination of Stations 8 & 9)

DATE

May 18
23
29
June 2
8
15
20
22
. 29
July 3
13
17
20
24
30
) Aug. 3
7
16
30
Sep. 8

[y

OYSTER BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
0 0
16 0
420 0
2,836 0
6,484 0
4,216 0
38,578 Under 1
2,588 6
16,880 3
7,784
13,104 4,5
9,816 9.7
3,628 21
3,632 7
3,896 9.7
7,472 9
1,868 16
644 31
52 13
16 25

NUMBER
LARGE
LARVAE

OCO0OO0O0O0O0O

1565
476

690
952
762
247
378
672
299
200

DATE

May 23
June 2
15
22
26
29
July 3
6
10
13
17
24
30
A:ug. 3
8
30

TABLE 14

NUMBER
LARGE
LARVAE

MUD BAY
(Average of 8tations 3 & 4)
MAXTMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE

0 0
12 0
324 0
1,162 0.3
1,760 2
2,792 1.8
24432 4
516 303
572 3
4,812 5
1,076 7
152 15
248 1.6
48 8
124 2

0 0
12 33

Sep' 8
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TABLE 15 : PELAGIC LARVAE, 1946

OYSTER BAY MUD BAY NORTH BAY
(Combined Stations 7, 8 and 9) (Combined stations 3 and 4) (Combined, Allyn|Dock & Station 12)
DATE MAXIMUM  AVERAGE  NUMRBER DATE MAXINUMY  AVERAGE  GUMBER DATE -  MAXIMOM AVERAGE  NUMBER
TOTAL % LARGE LARG TOTAL % LARGE LARGE TOTAL % LARGE LARGE
COUNT LARVAE LARVAE COUNT LARVAE LARVAE COUNT ~ |LARVAE LARVAE
May 28 1744 0 0 Mey 28 4 0 0 June 4 20 Y 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 1,6 6 17 32 0 0
; 23 1652 32 23 524 0 0 23 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 740 496

29 76 4




DATE

June

July

Aug °

4

13
19
25

17
23

14

SOUTH BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
0 0
0 0
240 0
344 )

416 0
260 0
952

56 0
96 0
96 10
0 0

NUMBER
LARGE

OHOOPOOOOOO

O

(LM cont

(Combined stations 19 and 20)

DATE

May 28
June 4
13
19
27
July 2

17
23
Aug. 1

OAKLAND BAY
KAXIVMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
0 0
36 0
656
424 0
172 0
132
80 0
44 0
8 0
56 0
32 0

NUMBER
LARGE
LARVAE

OCOO0OO0OORROORBROO
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TABLE 163 PELAGIC LARVAE, ]

OYSTER BAY MUD BAY
DATE MAXTMUF ~ AVERABE  NUNBER DATE MAXTKUM  AVERAGE  NUMBER
TOTAL % LARGE  LARGE TOTAL % LARGE  LARGE
COUNT LARVAE  LARVAE COUNT LARVAE  LARVAE
May 27 520 0 0 June 7 116 0 0
June 12 7472 67 501 12 184 0 0
19 10880 12.3 1338 19 164 0 0
30 1096 22 241 30 1452 9.5 138



1947

DATE

May 27
June 12
19
30

T TR GWW

b

RSP ——

& VRS

 MAXTNUM
| TOTAL
- COUNT

L3

[ 220
£92
128

388

NORTH BAY

NUMBER
LARGE
LARVAE

NN OO

45 cont.

SOUTH BAY

DATE MAXIITM  AVERAGE NUMBER
TOTAL % LARGE  LARGE
COUNT LARVAE LARVAE

June 19 616 0 0
30 1336 2 27



DATE

June 15
22
28
July 1

12
16
19

OYSTER BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
1124 0
3824 0
2088 o}
6320 1
12,224 9

2472

NUMBER
LARGE
LARVAE

63
1100

MUD BAY
MAXTMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
1224 0
4912 0.

804 )
6416 .0
192 50
2424 33
5200 ?

TABLE 173

NUMBER
LARGE
LARVAE

146

PELAGIC LARVAE, 1948
NORTH BAY
MAXIMUM  AVERAGE = NUMBE]

TOTAL % LARGE LARGE
COUNT LARVAE . LARVAl

620 0 0
3216 0 0
112 1 1
4364 4 175
5440 4 218



SOUTH BAY

MAXTMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE

148
112
724
1168
40

. 328
832

L MO O0O000

ile GOV

OAKLAND BAY
MAXTMUM  AVERAGE  NUMBER

TOTAL % LARGE LARGE
COUNT LARVAE  LARVAE

108 ) 0



ATE

ay 27
une 2

13
16
17
20
23
26
30
uly 5

11
18
21
27

OYSTER BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
16 0

416 0

8032 0

12928 0

16256 ?

3096 ?

8736 ?

10864 9

3976 19
13536 345
11856 5

8640 1.5
6960 107
2088 25 -
2632 16

978
755
474
593
130
696
522
421

MUD BAY

MAXTMUM  AVERAGE

TOTAL % LARGE

COUNT LARVAE

712
1592
1280

oNoNoNoNe)

1376
584
3562
608
3632
384
768
448
1192
328

asﬂﬂo

©

NN
)
(4]

TABLE 18: PELAGIC LARVAE, 1949

NUEBER
LARGE"
LARVAE

CO0OO0OO0O

61
135
23
146

30
23

147

NORTH BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
0 0

72 0

688 0

1208 0

344 0

976 4

112 ?

228 4

112 7

1016 11

1488 8

344 25

384 16

400 13

128 11

oocoo

W =W O

112
119
86
61
52
14

SOUTH BAY

- MAXIMUM  AVERAGE

TOTAL % LARGE

COUNT LARVAE
32 0
8 0
216 0
68 0
152 0
368 0
250 0
96 0
144 0

NUMBER
LARGE
LARVAE



DATE

Jggg 3
12
15
19
22
23
26
29

July 3

10

13-

17
20
24
27
31
Aug, 3

OYSTER BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
0 0
0 0
36 0
604 0
556 0
1164 0
7656 0
5200 0

(548) 0
10400 5
6112 13
7368 26
4776 . 33
2836 66
6928 9
9046 20
2216 39
2312 0e7

NUMBER
LARGE
LARVAE

OCO0OO0OO0O0OO0O

520
795
1916 -
1576
1872
2161
1809
864
16

MUD BAY
MAXIMUM  AVERAGE
TOTAL % LARGE
COUNT LARVAE
0 0

0 0

0 0

0 0

0 0

44 0

352 0

960 0

1396 0

3328 0

(a72) 0

1440 2

712 36

1416 22

2472 8.5
2144 29

572 7

52 38

o eoNoNoNeNeol
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TABLE 19: PELAGIC LARVAE, 1950
NORTH BAY
NUMBER MAXIMUM  AVERAGE  NUMBER

LARGE TOTAL % LARGE LARGE
LARVAE COUNT LARVAE LARVAE

0 0 0

0 0 0

0 0 0 -

0 0 0

0 0 0

24 0 0
0 2544 0 0
0 4936 0 0
0 (40) 0 0
0 (136) 0 0
0 1640 11 180
29 420 20 42
250 352 5 18
312 1048 , 20 210
210 1008 14 141
622 5360 22 1179
40 1097 30 328
20



SOUTH BAY
MAXTMUM  AVERAGE
“TOTAL % LARGE
COUNT LARVAE
0 0
0 0
4 o}

88 0
548 0

(14) 0
648 0
416 8
240 18.5

NUMBER
LARGE
LARVAE

OAKLAND BAY
MAXIMUM  AVERAGE

TOTAL % LARGE
COUNT LARVAE

4 per 5 minute  tow

16 n 1] " "
20 1] " " : ]
18 0

34 12

8 0

|4g Cond

NUMBER
LARGE
LARVAE
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TABLE 213 COMPARISON OF REPEAT SAMPLES AT ALL STAT IONS DURING

CERTAIN DATES in 1945

STATION NUMBER OF LARVAE PER 20 GALLON 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 68 876
17 32 4
18 20 0
19 1316 196
20 776 1036
21 620 84 120

22 4 o
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DATE

May 29

June 2

15

20

22
29

July 3

10
13
17
20
24
a7
30

Aug- 3

15
30

Sep» 8

TABLE 23 3
9 94

280 2836
6484 1956
564 4216
1956 33984
3224 33600
2588 700
3688 5408
9816 716
1940 2068
244 276
T472 1356
844 392
44 0

0 0

1562

COMPARISON OF LARVAE SAMPLES AT ADJACENT STATIONS

ON THE SAME DATE AND HOUR, 1945

Number of Larvae per 20 gallon sample

STATION NUMBERS

12

940

' 1136-

344

124

28

124

1012

1144

388

416

56

16

700

480

488

220

236

68

108
168

154

636

28

816

240

92

132

144

20

12

158

336

32

20

616

1436

1084
16
488
288

132

40
436
332

232

600

124

20A

36

9304

88

28

412

256

62
108
252
16
76
64
24

92
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TABLE 243 VERTICAL DISTRIBUTION OF PLANKTON LARVAE, 1945

DEPTH IN FEET NUMBER OF LARVAE
STATION 3
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
Bottam 22 ft. 2 32
3 36
6 104
9 196
15 612
20 1076
July 24 0 0
3 152
6 120
9 108
16 116
20 56
30 16
STATION 8
June 29 0 4
3 140
July 20 0. 28
1 1/2 hrs. 6 136
after low 9 1972
tide 15 3628
20 1636
STATION 9
June 20 ) 33,600
94 S 38,628
(94) 6 o - 20,048
June 29 0 8480
(94) 3 468
5 452
June 29 (o] 65784
(9) 1 4044



4748
3092 [a €=y

3
5

July 20 0 2068

(94 ] 1980

1/4 flood

1 1/2 hrs after

low tide :

STATION 10

July 20 - 0 24

3/4 £lood to . 1 4

floed 2 36

chart depth = 60' 3 16

4 1/2 hrs 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
i 760
3 1060

July 17 0 236
2 108

STATION 20

July 1¥ 0 436

low 3 52

water

July 27 0 76
9 512
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TABLE: 25 s MOVING VS STATIONARY PUMP SAMFLES, 1945
‘Depth of samples one foot unless otherwise indiecated

NUMBER OF LARVAE
PER 20 GALLONS

o ‘e ' A

STATION 3 June 26

Moving 6 inches 1384

Stationary 1 foot 1760

Stationary 2 feet 1356
STATION 8 July 3

Moving 608

Stationary 972
STATION 4 July 3

Moving 1720

Stationary 2432
STATION 8 June 29

Moving 16

Stationary 4
STATION 8 July 3

Moving 7424

Stationary 3928
STATION 9 June 20

Moving 3960

Stationary 3224
BTATION © June 29

Moving 15,880

Stationary 8,480
STATION 9 July 3

Moving ( station 9 to 94) 2280

Stationary (station 9) 3688

Stationary (station 94) 5408
STATION 11 June 20

Moving 620

Stationary 548
STATION 12 June 20

Moving (station 12 to 124) 1348

Stationary 2station 12) 1136

Stationary (station 124) 1144
STATION 12 June 29

Moving (station 12 to 124) 144

Stationary (station 124) 388
STATION 15 June 26

Moving 556



STATION 15

STATION 15

STATION 20

STATION 20

July 8
Moving
Stationary

July 13
Moving

Stationary (station 15)
Stationary (station 15B)

June 29
Moving (station 20 to 204)
Statidnary gstation 20)
Statidnary (station 204)

July 3
Moving (station 20 to 204)
Stationary istation 20)
Stationary (station 204)

636
700

240
220
336

16
28

412
488
412

s Cont
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TABLE 2631 SETTING RECORDS OF W. J. WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 1936

BURNS POINT DIKE WALDRIP'S HOME DIKE
DATE NUMBER TOTAL SETTING NUMBER TOTAL SETTING
OF DAYS SPAT INDEX* OF DAYS8" = SPAT INDEX
SHELL PER 5 SHELL PER b
IN BAY SHELLS IN BAY SHELLS
June 16 1l 0 0 1 0 0
17 1l 0 0 1 () 0
18 1 0 0 1l 0 (o]
19 b 0 0 1 0 0
20 1 0 o] 1l 0 0
21 1l 0 0 1 0 0
22 1l 0 0 1l 0 0
23 1 0 0 1 0 0
24 1 0 o 1 o 0
25 1l 0 0 l 0 0
26 1 0 0 1 0 0
27 1 0 0 1 (o] 0
28 1l 0 0 1 0 0
29 1 1l 20 1l 0 0
30 1 1l 20 1 0 0
July 1 1 5 100 1 0 0
2 1 5 100 1 0 0
3 1 15 300 1l 2 40
5 2 30 300 2 10 100
6 ' 1l 10 200
7 2 68 680 1 10 200
9 2 130 1300 2 20 200
13 4 800 4000 4 39 196
14 1l 158 3160 1 29 580
156 1l 75 1500
16 1l 54 1080 2 17 170
17 1l 856 1700
18 l 94 1880 -
19 l 80 1600
21 2 170 1700 ) 49 196
23 ' 2 20 200
29 8 "Shells covered
with seed"
30 1l 0 0
31 1 0 0

* Average spat per 100 shells per day
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TABLE 2731 SETTING RECORDS OF We Je. WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 1987

BURNS POINT DIKE WALDRIP'S HOME DIKE
DATE NUMBER TOTAL SETTING NUMBER TOTAL SETTING
OF DAYS  SPAT INDEX OF DAYS  SPAT INDEX
SHELL PER 5 SHELL PER §
IN BAY SHELLS IN BAY SHELLS
June 23 Put out 5 shells
30 7 17 49 7 0 0
July 4 4 88 440 4 118 590
6 1 103 2060 1 165 3300
6 1l 242 4840
7 2 148 1480 1 245 4900
8 1 225 4500
10 2 600 5000
12 2 500 5000
18 4 260 1250
17 1l 18 360
18 1 36 720
19 l 22 440
20 1 19 380
21 14 175 250 1 17 340
23 2 45 450 1l 21 420
24 .1 24 480
25 1l 24 480
- 27 2 41 410
Aug. 1 5 1 20
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TABLE 293 SETTING RECORDS OF We. J. WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 1939

BURNS POINT DIKE WALDRIP'S HOME RIKE
DATE NUMBER TOTAL SETTING NUMBER TOTAL SETTING
OF DAYS8  SPAT INDEX OF DAYS  SPAT IRDEX
SHELL PER 5 SHELL PER &
IN BAY SHELLS IN BAY SHELLS
June 7 Put out first shells
8 0 0
10 0 0
12 0 0
13 0 0
14 0 0
15 0 o]
16 0 0
17 0 0
18 o) o)
19 0 0
20 0 0
2l 0 0
22 0 1 9 20
23 A tow by Towneend & Erickson showed only 2 in advanced stage
24 1 3 60
25 ' | 6 100
26 1 6 100
27 6 31 125 1 9 180
28 p | 20 400
29 - 1 5 100 (bag upset)
30 3 113 733 1 13 260
July 1 1 124 2480 1 37 740
2 ) 80 1600
3 2 180 1800 | 98 - 1960
4 1 100 2000
6 1 65 1300
6 : 61 1250
7 1 71 1420
8 1 64 1280
11 3 368 2453
12 1 158 3160
13 X 102 2040
14 1 53 1060
15 1 42 840
17 2 44 440
18 1 8 160
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TABLE 30: SETTING RECDRDS OF We J. WALDRIP AT TWO

LOCATIONS 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 § SHELL PER 5
IN BAY SHELLS IN BAY SHELLS
June 1 Put out test shellz .
2 0 0
3 0 0
4 0 0
6 (o} 0
7 1 0 0 1 1 20
8 1 up set 1 2 40
9 1 2 40
10 2 2 20 1l 2 40
11 1 V] 0
12 1 0 0
14 2 0 0
15 1 1 20
16 1 1 20
17 6 1 4 1l 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
25 Neap tide 1 4 80
27 ' 2 6 60
29 2 4 40
30 12 13 20 1 3 60
July 1 i X 3 60 1 2 40
2 1 2 40
3 2 20 200 1 7 140
& : 1 11 220
5 2 13 130 1 3 80
6 ¥ ) 180
7 b § 4 80
8 1 8 160
9 1l 4 80
12 3 1 7
13 1 1l 20
14 1 2 40
16 9 36 78 1 0 0
18 g b 100
19 g 8 b 4 20
21 2 b 60
24 3 12 80
29 6 16 84



TABLE 31: SETTING RECORDS OF W. J« WALDRIP AT TWO

LOCATIONS IN OYSTER BAY, 1941

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 §
IN BAY SHELLS IN BAY EHELLS
May 27 Test shells put out
28 1 0 0 1 0 0
29 1 0 0 1l o] 0
30 1 0 0 1l o 0
31 1 0] 0 1 0 0
June 2 2 0 0 2 0 0
3 1l 0 0
b 1 0 0
6 1 0 0
7 b ¢] 0 1 o] 0]
8 1 0 0] 1 0 0
9 1 0 o] 1 0] 0
10 1l 0 0 1 0] 0
11 1 0 0
12 1 0 0
13 1 0] o)
14 1 0 0
15 1 0 0
16 1 0 o]
17 1 0 0
18 1 o] 0
19 1 0 0
20 1 0 0
2l 1 0 0
22 1 0 0
23 1 1 20
24 1. 0 0
25 1 1l 20
26 1 0 0
27 1 0 0
28 1 0] o] 1 o) 0
29 1 0 0
30 1 0 0
July 1 l 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
29 L] ' zak



DATE

June

July

25

@D AN

10

12
13
14
15
16
17
18
21
a3
24
26
27
28
30

oo,
=

TABLE 323

LOCATIONS IN OYSTER BAY, 1942

161

BURNS POINT DIKE

NUMBER
OF DAYS
SHELL

IN BAY

Put out
4
3

=N Ll 0N

DO M

TOTAL
SPAT

PER 6
SHELLS

shells
0
0

= O N Ot o on

(S ]

SETTING
INDEX

10

50
60

320
€0
20
20
10

20
20

SETTING RECORDS OF W. Je« WALDRIP AT TWO

WALDRIP!'S HOME DIKE

NUMBER
OF DAYS
SHELL

IN BAY

R W ey

(V]

N

e S el

TOTAL
SPAT

PER 6§
SHELLS

O0O0O00O000O0

o

OOKHKFMEHEMFROOO o

SETTING
INDEX

0O000O000O0OO

20
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TABLE 33 1+ SETITING INDEX, 1944

OYSTER BAY | " MUD BAY
MIDSDATE  NUMBER OF3 SETTING = NID<DATE  NUMBER OF3 SETTING
SPAT  SHELLS DAYS INDEX SPAT  SHELLS DAYS INDEX
FOUND COUNTED 1IN BAY FOUND COUNTED IN BAY
June 16 2 24 3 3 June 17 O 24 & 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 3 916 4 18 24 & 12
4 1,542 23 8 838 i - 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 2,315 27 18 24 11 7
27 4,677 24 11 1,772 29 10 24 8 5
29 38,480 24 8 1,812 | Aug. 5 O 24 6 0
Adug. 3 1,063 24 14 1,097 | 9 0 24 7 0
5 1,001 24 6 695 12 0 24 7 0
9 1,079 23 7 670 15 0 24 5 0
- 12 926 24 7 551 19 0 24 7 )
15 728 23 6 527 23 0 24 10 )
19 1,144 24 7 681
23 1,283 24 10 534
26 1,115 23 8 606
31 375 22 5 341
Sep. 3 1,652 24 7 983
11 1,470 24 9 681
15 109 ~ 24 7 65
22 157 24 14 a7
2¢ 74 24 11 28
Oct. 3 18 24 8 8
12 15 24 5 12
18 9 12 12 6



\bﬂ” e
v 4
NORTH BAY SOUTH BAY

ID-DATE  NUMBER OF 3 SETTING = MID-DATE NUMBER OF3

8PAT SHELLS  DAYS INDEX SPAT SHELLS  DAYS
FOUND COUNTED IN BAY FOUND COUNTED 1IN BAY
we 19 61 22 4 69 July 2 16 24 3
20 933 22 6 707 4 19 24 6
26 2,271 24 9 1,081 8 180 24 7
30 12,760 18 11 6,439 11 900 24 7
uy 4 2,684 24 7 1,598 16 19 24 3
8 8,611 24 8 1,829 le 128 24 10
12 1,179 24 9 646 21 165 24 8
16 1,454 24 6 1,010 26 287 24 8
18 - 241 25 6 193 29 104 24 7
22 4,193 24 7 2,496 Aug. 1 81 23 6
25 1,180 25 8 576 5 2l 24 7
. 29 840 24 7 500 8 83 24 8
g 2 198 24 7 116 12 39 24 7
. 6 284 24 7 169 16 18 24 6
9 46 24 ;4 27 lg 2 24 7
12 248 24 4 148 25 6 24 10
15 68 24 6 47 26 b 24 8
19 238 12 7 281 31 o 24 6
23 &8 24 10 24 Bep. 11 0 12
27 T4 24 9 34 18 1 12
ko8, 8 24 5 7 3 0 2¢
epe 1 86 12 6 48 Oot. 7 0] 24
718 24 9 6 12 o 24
11 32 24 9 15 2¢ O 24
13 o 24 4 0
21 48 24 12 17
10 1

b, 2 2 24




Ly R BT ATV NI WY s B A

[u 3 Cons
OAKLAND BAY
MID=-DATE NUMBER OF3s SETTING
SPAT SHELLS DAYS INDEX
FOUND COUNTED IN BAY
June 17 13 22 6 10
20 36 24. 6 25
24 29 23 8 16
27 34 24, 7 20
July 1 23 23 6 17
& 30 12 7 36
8 11 26 7 6
11 21 12 7 25
156 3 24 7T 2
18 89 24 7 53
22 140 24 7 83
25 320 24 8 167
29 240 24 7 143
Aug. 2 516 24 7 306
5 361 24 7 216
9 26 24 7 15
j2 21 24 7 12
15 16 24 6 11
19 11 24 7 6
24 19 24 12 7
26 10 24 8 5
Sep. 1 9 24 3 12
5 34 24 12 12
- 18 15 24 7 9
24 5 24 11 1l
Octe. 7 0 24 0
12 O 24 0
29 O 24 0
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TABLE 34: SETTING INDEX, 1945

MID-DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY

June 18 3 0 1065 1l
20 124 0 9818 1l
23 706 7550
24 10 5
27 1161 21 4179 11
July 1 779 36 1081 33
4 1906 930 1408 38
8 3039 1806 1748 66
11 5342 3397 2804 109
13
15 6796 2326 1876 199
18 7378 1191 689 132
22 3317 443 102 53
25 1983 215 218 40
29 1687 71 281 21
Aug. 1 3439 17 119
2 7
4 3082 35 71 0.2
8 5026 61 451 3
12 6043 18 416 17
14 12 177 4
17 9135
19 1950
20 1686 53 14 5
25 3029
. 27 2120 147 28 3
Sep. 4 211 54 33 2
12 405

20 3

OAKLAND BAY

[« N/ o]
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TABLE 35; 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 ouf; : out

June 8 7 o 7 0 7 0 7 (o)

15 7 191 7 0 7 046 7 0

22 7 549 7 o] 7 452 7 0 7 0

29  § 504 7 0 7 1310 7 0 7 4,7
July 4 8 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 1456 8 0

22 ' 3 6

27 7 150 7 0.6 7 452 7 1.6 7 17
Avuge 3 ‘ 7 0.6 7 216 7 10.5 7 14

4 7 234

10 7 15564 7 0.7 7 2.4 7 6.1 7 0.7

17 7 2048 7 0 7 Te7 7 11.6 7 0

24 8 848 8 0.5 8 3 8 372 8 0.5
Sep. 10 26 0 26 6 26 4 26 0.7



MID-DATE

June 18
21
22
29

July 4

12

OYSTER BAY

1485

17500

8883

7500

7000

TABLE 361

MUD BAY

477

1627

30

165

SETTING INDEX, 1947

NORTH BAY

500

3318

3136

1000

SOUTH BAY

123

OAKLAND BAY
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TABLE 37: SETTING INDEX, 1948

MID«DATE 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 &

14 7020 1713 1780 50 39

17 4625 ’ 162
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TABLE 38 3 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: SETTING INDEX, 1950

MID-DATE  QOYSTER BAY  MUD BAY NORTH BAY SOUTH BAY OAKLAND BXY

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 y

6 562 156 450



OYSTER BAY
DATE SPAT*
PER
SHELL
June 23 80
30 86
July 8 8l
11 79
14 68
21 63
Aug. 1 1

MUD BAY
DATE SPAT=*
PER
SHELL
June 24 5.25
July 2 4.17
7 3633
14 3.33
21 1l.17
Aug. 1 0

TABLE 41s SEASONAL CULTCH, 1944
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NORTH BAY
DATE SPAT*
PER
SHELL
June 23 37
30 39
July 7 33
16 o0
2l 2.5
29 1.2
Aug. 5 1.0
12 0.4
18 O

¥ 4 M or over in diameter; both sides of shell counted.

SOUTH BAY
DATE SPAT*
PER
SHELL
July 1 4
7 14
14 7
2l 6
29 2
Aug. 8 0
15 o
22 0
28 O

| July 7

14
21
29
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TABLE 42; SEASONAL STRINGS, 1945* SPAT PER SHEIL**

DATE OYSTER BAY  MUD BAY  NORTH BAY  SOUTH BAY  OAKLAND BAY
PUT OUT
June 19,20 107 70 . 34 2.5 —
27 62 52 43 2.5 0.7
July 4 63 61 33 2.0 0.7
11 77 27 16 0.7 0.4
18 45 4 16 0.4 2.6

25 17 1 8 0 1.4

* Strings wepe teken to laborabory Oct. 3, 1945

** These are spat counts for strings put out during first setting peak. Large and
small spat were not distinguished. We therefore assume that they were large
and that fouling prevented late-catch spat----as the magnitude of the counts
indicates.
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TABLE 43: SEASONAL STRINGS, 1946 SUMMARY OF LIVE SPAT FPER SHELL

OYSTER BAY MUD BAY NORTH BAY SOUTH BAY
DATE LARGE SMALL TOTAL LARGE SMALL TOTAL LARGE SMALL TOTAL LARGE SMALL TOTAL
June 18 134.6 62.9 197.5

25 116.4 62.4 177.8 T2 W27 .99 72,7 5648 129,65 2.0 .66 2466
July 2 92.8 85.6 178.3 .83  .083 .91 45,9 20.4 66.3 1.91 o583  2.49
5 ' ‘ _ ‘ _ _ ' 1.68 1.08 1.66

9 : . 168,6% o6 .4 .9 25.6 22,1 47.7 1.45 1.9  3.35

15 2.75 208.9 211.6 16 o35 .49 14.0 26.6 40.6 1.09 3.36 4.45
20 A . _ . 1.0 4.4 1.44

28 209.9* 25 .26 72 T.54 8.3 1.09 4.81 5.9

%0 ~ 242,5% 26 25 1.8  37.4 39.2 1,18 5.0 6.18
Auge 6 85,9 155.7 241.6 .25 .25 083 1.0 1.1 41  3.16  3.57
13  81.7 127.9 209.6 083  .083 67 87 16 3.66 3.72

20 .4 76,7 77.1 .083  .083 76 .75 . 5.0 5.0

28 91.6 91.6 085 .083 o583 583 1.76  1.75

* read as "small" only.



TABLE 443
DATE OYSTER BAY
PUT OUT
July 1 257.36
8 149.2
17 70.25
Aug. 6

* Strings were taken in
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SEASONAL STRINGS, 1947

MUD BAY NORTH BAY
32.3 2.4
3.9 7.8
67.7 8.1
.33

Sep. 11, 1947

e e e =S

AVERAGE SPAT PER SHELL

SOUTH BAY

2.75
1.16

5.6



173

TABLE 451 SEASONAL STRINGS, 1948™* SPAT PER SHELL

DATE OYSTER BAY MUD BAY NORTH BAY SOUTH BAY OAKLAND BAY
PUT OUT .
July 1 992.1* 59.5* 987.5 e -

5 530.6"* 84.9* 53640 23.7 -

8 697.6" 74.1* 193.6 50.9 8.0

12 674.4* © 115.1* 42.0 62.5 -

16 - 108.9 - 42.8 --

19 362.4 - 20.9 - -

** Taken in Sep. 5, 1948 exdept those marked * which were taken in July 15, 1948.

NB Totals represent both large spat from the first wave of setting and small,
late~-set spat, the two not being distinguished.
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TABLE 49: Tidal Cycle Study of Oyster Larvae at Oyster Bay
Station SA, July 9, 19L5

Standard Number Larvae Standard Number Larvae
Time ‘Dépth per 20 Gal, - Time Depth per 20 Gal,
10:008% O 904 l4230PM 0 1,216

9:442 6 0 Lisly5 9 l,108
10:12 0 342 5:00 0 1,96l
10:30 0" 388 5:15 3 L,812
10:35 6 L 5:30 0 3,96l
10:L0 3 260 5:35 9 3,060
11:00 0 528 6:00 0 7,196
11:05 3 16l 6:05 3 5,800
11:10 6 L 6:30 0 6,732
11:30 0 1,60L 6235 9 L, 348
11:35 3 8L 7:00 0 1,080
11:40 6 0 7:05 3 5,600

~12:00 O 1,496 7:30 0 220
12:05PM 3 500 7:35 9 1,100
12:30 0 2,036 - 8:00 0 200
12335 3 22l 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 1D:00 0 U

1:40 6 - T2 10:05 3 96

145 9 £56 1030 0 164

2:00 0 396

2:05 3 476

2:10 6 552

2:15 9 3Lk

2310 0 1,480

2'11-5 3 15653

3:00 0 3,276

3:30 0 5,508

3:35 9 h"9h0

14200 0 3,456

L1205 3 3:96)4




"STANDARD TIME
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———————————

TABLE 603 P%g%ITON LARVAB SURVEY, OYSTER BAY, 4ug. 7, 1945

9
10400 AM 36
10230 72
10:50
11300 80
11:30 36
11:45
12;00 N 24
12330 FM 16
12246
1:00 116
1:20
1130 128
1345
2300 1304
2118
2330 2684
2343
2150
3300 3060
3315
3330 1412
3345
3350
4300 1868
4115
4330 1508
4340
4150
5300 1256
5:15
53130 1020
5145
5350
6300 604
6316
6230 2360
6140
6250
7300 916
7315 )
7330 1936
7240
7:80
8300 2664
8:10
8230 32562
9:00 2916
9330 1140
10:00 3408
10330 1176

9a

456

1208

804

800

840

1266

392

1140

Bowman's

112

248

356

2204

3428

2816

2268

1392

856

740

NUMBER OF LARVAE PFR 20 GAL, BAMPLE AT STATIONj

8

368

1672

168

248

504

364

468

e ]



19

TABLE 61t HORIZONTAL TIDAL CYCLE, July 1, 1946

TIME DEPTH NUMBER LARVAE TIME DEPTH NUMBER LARVAE
PER 20 Gal. |, PER 20 Gal.
STATION A STATION D (oont'd)
8100 AM Surface 76 3415 surface 23
8350 9 4312 45
9342 5 4:35 71
43568 PM 3 5308 356
6120 66 65337 2208
7300 174 6313 1956
73150 106 6342 1564
5145 78 7 725 846
STATION B STATION E
8216 AM  surface 19 7307 AM surface 112
9100 32 . 8100 14
10:07 6 8130 61
10342 12 93203 546
41156 PM 7 9145 682
4345 158 10:21 94
51156 176 10456 244
5150 712 11150 ' 124
63140 722 12325 PM 16
72286 1251 1:15 19
13145 25
STATION C & R 2420 28
8325 AM surface 18 2455 33
9:10 87 3338 26
10222 11 43106 43
10450 8 4428 613
11130 9 5300 448
3230 PM 2 5330 1471
4300 4 6100 11381
4330 138 6333 9566
8343 89 7216 1112
5115 15662
5145 2028 STATION F
6120 2458 7300 AM 54
6150 3292 8110 11
8140 28
STATION D 9410 583
7110 AM  surface 282 9357 544
7145 64 10130 456
8120 738 11105 404
83186 1074 11345 45
9185 316 12310 PM 82
10;d@ 98 12345 18
10146 92 1110 16
11312 5 58 2116 7
11430 88 2340 4 e
123086 el 3300 55 My
124456 20 3330 39 Gy
;uso PM 26 3458 5282
21156 3
2145 $ e 6 £t. gt
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TABLE 51 (Cont'd)

TIME DEPTH NUMBER LARVAE TIME DEPTH NUMBER LARVAE
PER 20 Gal. PER 20 Gal.
STATION F (cont'd) STATION H (ocont'd)
5345 surface 1796 53107 . surface 284
6128 2412 5307 6 ft. 452
6128 6 ft. 1016 6300 surface 364
7108 surface 809 6300 92
' 6:50 . 6 ft. 262
STATION G 7230 . surface 86
6:56 AM surface 33
8300 178 STATION I
8140 321 6230 surface 10
8340 6 fte 308 81156 6
9318 surfaoce 2964 9302 11
10:00 1424 9:02 6 ft. 3l
10300 6 ft. 2624 9144 surface 6
10140 surface 346 10:20 43
11:12 124 10:20 6 ft. 329
11455 44 10155 surface 2
12135 PM 27 11:25 15
1300 : 6 11:25 6 ft. 291
1:50 34 12:00 surface 25
1:50 6 ft. 46 12345 FPM - 19
2340 surface 55 12345 6 ft. © 732
33115 48 23240 surface 32
3330 476 2140 6 ft. 1197
33230 6 fte 1415 2340 3 ft. 270
4:10 surface 779 3358 surface 110
6140 ' 716 3355 6 ft. 247
5140 6 ft. 780 4130 surface 16
5140 3 ft. 392 5120 ' 44
5150 surface 243 5320 6 fte. 44
6336 772 6106 surface 148
6236 6 ft. 668
7320 surfaoce 94 STATION J
11:00 AM surface 0
STATION H 11:40 29
6235 AM surface 11 11340 6 ft 154
8306 17 12:07 PM surface 7
8147 93 121556 89
81347 6 ft. 212 12355 6 fte. 289
9138 surfeace 47 2300 surface 227
10:10 36 3100 6 £t/ 337
10:10 6 ft. 704
10148 surface 7 STATION K
11110 104 12:12 FM surface 0
11:10 6 ft. 708 1:00 42
11453 surface 124 1:00 6 £t 27
12:35 FPM 138
121356 6 ft. 1110
2:356 surface 303 - sLarvae ocounts are number of larvae per
2135 6 ft. 1546 20 gallon sample. All samples taken
2135 8 %, 2035 at surface (1 foot depth) unless
2145 surface 131 otherwise designated.
3145 6 ft. 663

4322 surface 156



(779 TABIE 52: HOKIZONTAL TIDAL CYCIE, JUIY 30, 1950

Showing Number of Larvae per 20 Gal. Sample

3tandard ~Section A Section B Section C Section D Section B
7:00 = 7:15aM  LLS 6ls 0 48
TeI5 - 7:30 16 120 2l 0 o 0
7230 = T:L5 0 8 32 0 0
7:45 - 8:00 128 16 o o
B:00 - 8:15 2848 16 8 0
8:15 - 8:30 2L 2L 0 0
8:30 - 8:h5 616 2k 0
8:5 - 9:00 0 0 0
9:00 - 9215 8 16 0
93115 - 9:30 0 L0 0 0 0
9:30 - 9:L5 88 80 0 0
9145 =10:00 16 2 96 8 2l
10:00-10:15 0 16 32 0
10:15-10:30 8 - 72 go 24 0
10:30-10:L5 0 0 8
10:45-11:00 0 120 L0 0
11:00-11:15 0 56 0 0
11:15-11:30 8 16 16 8
11:30~11:L5 8 0 0o 8 32 0
11:45-12:00 0 56
12:00-12:15PM 88
12:15-12:30
12:30-12:145
12:45- 1:00
1:00 - 1:15
1:15 - 1:30
1:30 - 1:45
1:L5 - 2:00 56
2:00 - 2:15 160 Lo L6l 0
2:15 - 2:30 2l 88 g6 16
2:30 - 2:Lh5 120 160 8 L0 8
2:5 - 3:00 8 1 él, 8
3:00 ~ 3:15 0 o0 L8 352 0
3:15 - 3:3C 0 128 626 72
3:30 = 3:45 0 320 152 . 96 0
3:L5 - L300 Lo 1,08 26l
4:00 - L:15 1,c8 696 672 L8
L:1S - L4230 232 232 8 2L
L:30 - L:li5 1256 L72 0 96
:55 5 +00 192 128 752 176

1008

32
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TABLE 53: AVERAGE LIVE SPAT PER SHELL ON SEASONAL CULTCH AT FOUR

BURNS POINT DIKES ON SEPTEMBER 11, 1946

DATE CULTCH DIKE STATIONS ' AVERAGE OF
PUT OUT No. 1 No. 2 No. 3 No. 4 4 STATIONS
June 25 81 135 75 97 97
July 2 122 141 60 80 96

9 80 42 48 64 59

15 33 128 35 19 54

23 21 8l 10 46 40

30 92 206 55 22 94
Aug. 8 34 170 94 82 96

14 229 125 T 130 187 168

20 78 83 48 65 69
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TARLE 543 AVERAGE LIVE SPAT PER SHELL ON SEASONAL CULTCH AT FOUR

BURNS POINT DIKES ON JANUARY 6, 1947

DATE CULTCH DIKE STATIONS AVERAGE OF
PUT OUT 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 B 17

30 12 48 29 18 27
Aug. 8 10 42 7 1 ' 15

14 11 48 31 0 23

20 0 4 1 0 1
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TABLE 56: AVERAGE LIVE SPAT PER SHELL ON SEASONAL CULTCH AT FOUR

DATE CULTCH
PUT OUT

July 2
9
15
23
30

Aug. 8
14
20

No. 1
68
49

23

13

BURNS POINT DIKES ON APRIL 10, 1947

No. 2
89
54
31
50
34
33

36

DIKE STATIONB
NOQ 3

51
29
10
7

12
20

18

No. 4

59

34

10

AVERAGE OF
4 STATIONS

67
a2
18
16
13
16

17



YEAR

1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
11948
1949
1950
1951
n

A
D

1

83

TABLE 6561

AVERAGE ATR TEMPERATURES3

JANUARY
n = 38.4

A D
42.0 + 3.6

38.4 0.0
37.2 = 1.2
42.8 + 4.4
38.4 0.0
40,8 + 2.4
29.2 - 9.2
40.0 + 1.6
41.2 + 2.8
41.4 +3.0

42.3 + 3.9
372 = }e2
34.28 - 4.2
39.4 +1.0

40.8 + 2.4
41.8 + 3.4
34.8 = 3.6
38.2 =0.2

29.0 =9.4

27.9 =10.5

FEBRUARY
n = 40.5

A
41.2

38.1
35.2
44.3
40.6
33.4
37.6
41.6
36.0
4.2
43.8
41.5
41,8
40.8
42.0
41.8
42.0
38.8
3645

38.7

D
+0.7

2.4
-503
+3.8

+0.1

+3.7
+3.3
+1.0
+1.3
+0.4
+1.5
+1l.1
+1.5
=1.7

-4.0

Deviation from normal

MARCH
n = 44.6

A
46.5

44.5
43.0
49.5
40.3
41.6
46.9
44.8
41.6
48.4
51.4
44.6
43.4
44.3
43.4
45.2
48.6

43.0

D
+0.9

-0.1

=]l.6

-4,3
-5.0

+2.3

=3.0
+3.8
46.8

0.0
-1.2

"003

40.6
+4.0
-1.6
+0id

‘3.9

Data from U. S. Weather Bureau Reports.

Priest Point Park, Olympia, Wash.

AFRIL
n = 49.4

A
50.4

49.4
48.4
54.1
47;8
51.0
47.8
62.0
51.6
53.0
56.6
5l.2
52.1
50.6
48.0
439.5
53.6
46.2
50.7

46.2

D
+1.0

0.0
-1.0
+4.7
~-1.6
+1.6
=l.6
+2.6
+2.2
+3.6
+6.1
+1.8
2.7
+1.3
-1l.4
+0.1
+4.2
=3.2
+1.3

"302

normal average temperature for the month since
Average temperature

MAY
n = 55.0

A
57.9

54.6
6l.1
56.9
54.4
56.3
54.8
57.4
5642
69.8
57.2
56.4
54.2
55.8
57.9
59.5
59.8
54.4
68.1

53.0

D
+2.9

-0.4
=3.9
+1.9
=0.6
+1.3
=0.2
+2.4
+1.2
+4.8
+2.2
+1l.4
=0.8
+0.8

+2.9

JUNE
n = 59,8

A
5%.1

61.2
58.2
60.7
59.9
60.4
61.2
62.2
59.4
64.2
62.8
61l.2
60.2
60.4
60.0
59.2
6l1.2
63.4

59.1

61.2

D
=0.7

+0.6
+1.4
+2.4
=0.4
+H.4
+3.0
+1l.4
0.4
+0.7
+0.2
=0.6
+1.4

+3.6

+1.4
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1932
1933
1934
1936
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1943
1949
1860

1081

AVERAGE AIR TEMPERATURES3

JANUARY
n= 39.0

A
43.4

88.1
87.8
43.5
38.6
42.4
31.7
40.8
42.8
43.2
43.0
39.4
36.4
41.0
42.4
4l.1
37.2
41.4
31.9
2847
89.2

D
+.4

""0.9

-1.2
+.5
=0.4
2.4
=5.3
+L.8
+3.8
+,.2
+4.0
0.4
-356
2.0
+5.4
2.1
~1.8
2.4
=T.1
=103

)

0.2

Cia

FEBRUARY
n = 4l.2

A
43.1

40.4
8643
465.5
42.0
3548
39.8
£1.8
39.6
45.2
45.5
42.8
42.6

42,5

42.7

42?2
4.4
40?2
87.9
40.5
4.7

D
+1.9

0.8
~4.9
+4.3
0.8
-5.4
-1.4
+0.6
-1.6'
#0
4.3
+1.4
.4
+1.3
+1.5
+1.0
+5.2
~1.0
=348
-0.9
40.5

L

TABLE

MARCH
n = 45,6

4
46.2

45.2
43.5
49.6
41.4
43.6
47,2
44.2
45.3
48.8
620
45.4

4.1

45.0
48,8
44.1
46.2
43.5
46.0

D
40.6

0.4
2.1
+4.0
~4.2
-1.0
+1.6
~1.4
-0e3
+3.2
6.4

~0.2

-1.5
-1.0
-1.0
-0.6
3.2
-1.5
046
-2.1
0.4

= normal average temperatpre fqr the month
A = Average temperature
D = Deyiation from normal

Data from U. 8. Weather Bureau Reports,

5712

Grapeview, Wash.

AFRIL
n = 50.2

A
51.0

5044
48.6
5546
49.0
53,1
48.0
5146
62.9
53.4
54.6
Biimf
52.1
50.5
48.4
49.6
52.4
47.2
51.8
47,6

62.2

D
+l.4

+0.2
-1.6
+5.4
-1.2
42.9
-2.2
1.4
+2.7
+3.2
4.4
42.5

+1,9

40.3

=1.6
=046
2.2
-agb
+.1
-2’6
4+2.0

MAY
n = 66.6

A
58.4

54.6
52.1
57.6
55.8
5840
5504
§7.0
56.8
594
57.0
5645
54.6
56.4
5748
58.8
5942
B4ed
5846

83,7

D
+2.8

"1.0

40.2
2.4
0.2
+a4
+1,2
+5.8
+1.4
40.9
-1.0
0.2
+2.2
+3.2
+5.6
-1.2
+5.0
~1.9

JUNE
n = 80,7

A
59.8

61.8
58,6
61.2
61.4
62.4
61.4
818
69.6
63.6
61.6
60.2
59.2
60,2
60.1
59.4
6046
63.4
5949
6240

D
=0.9

40.7
+.,.1
~1.1
+2.9
+0.9
«0eb
=15
=05
=0.6
=1.3
0.1
42,7
=0.8
+1.3






Nawwr—

BAY

Mud Bay

Oyster Bay

North Bay

South Bay

Oaklend Bay

STATION DATE

(<}

WO W mw

June
June
June
June
June

June
June

June

June

26

15
15

22

26

26

under
1l 68 158
4
0.6
1l
1l

*Approximately 100 specimens measured

17

15

186

- 177

16
15
14

36
14

24
20

TABLE 59 3
183 189
7 10
14 20.5
16 14
ir " 7
20 20
25 22
10 10
24 16
10 10




\gCe

C

227

23 240
3 1
L 4 1
2 &
2
4 1
1

246 253
1
0.6 2
3 4
1l
1 2
2
1 1
2
1 1

257

266

272

279

2856 298
1
2.
5 6
1

over
298

17
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TABLE 60

NORTH BAY, Larva 8ize Groups: 1944
Percentages of each size: Best Average

Date 8tations Diameter in Microns
156u 168u 180u 192u 204u 216u 228u 240u 252u 264u 276u 288u 300u 312u 324u

May 25 11 & 67
FE* 67
June 2 10 13 83 4.3
11 8 64 20 8
~—  10.5 73.5 10 6.1
June 15 10 8 42 11 9.4 862 T8 T8 4,7 5.1
11 26 43 8.6 10.3 1.7 5eZ 542
12 18 48 31 A8 4.8 . 438 n bl 146
17 46 18.56 B.1 6.6 4.7 B.9 4.9 1.5 0.8
June 19 10 16 45 17 2.9 2.9 5.8 7.5 1.6 2.9 2.9 2.9
11 18 2 14.516 3.2 i0 3.2 6.4 1.6 1.6
12 13 13 29 12 27 5.3 2.7 1.3 1.8 2.7 4.0
0e4 16.3 S2.7 14.5 16:5 5.6 22 5.9 81 1.5 7.4 2.8
June 26 10 82 50 5.8 5.8 2.9 2.9 2.9 1.5 4.4 1.6
11 1.8 14 20 12.511 7.1 5.4 T.1 7.1 3.6 3.6 5.4
12 4.8 21 287 8 6.3 13 1.8 8.2 3.2 1.8

010»
o 1o
e
:1*&
o fe
23
-3
[ 38 ¥ 2
©

2.2 19 ¥2.38.8 T.T T.T E.

F
July § 10 27 38 14 6.1 9.1 1.5 1.6 1.5 p
11 1.1 22 83 8 4.5 4.5 Q§§ 8 2.3 5.4 2.3 1.1 1.1
hog

6
: 0.5 20 37 0.6 4.2 Fgf éﬁ%’ ""‘64. ‘ o8

B.0 2.2 7.8 T.8 0.5
1.5

P

N

O.-3
g
(™

.1 2.0 1.7 1.8 ©.8

9.6
July 84 11 20 36 30 2.2 2.2 3.2 é;é 2.2 4.4
TR pRdbERed-oBaY
‘July 2012 7.7 2% 15 7.7 19 7.7 . 1.8 5

8
12a 56 22 6.8 3.4 3.4 0 SR 7T N b 4
B1.8 2.4 10,9 5.6 11.2 3.8 %‘:ﬂ ’6"5' : . '1'% 1.0 0.9

July 27 11 5.7 20 46 8.8 2.9 2.9 2.9 5.7 2.9 2.9
: (R | 18 17 8.7 8.8 5.7 1.9 8.7
9.3 31 82 Te.1 B8.5 2.8 2

*Best Average of all stations
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3
TABLE 61z LARV% SIZE GROUPS, | 1946

OYSTER BAY : MUD BAY NORTH BAY
DATE STATION!SIZE GROUP IN PERCENT. DATE STATION{ SIZE GROUP IN PERCENT. = DATE STATION!SIZE | GROUP IN PERCE
'Smalls Medium: Larges [lSmalh Mediums Larges: Smalls | Medium: Lasges
‘under 185 to 256u ) lunder 185 to 255u under {185 to 255u
184u 250u & 184u 250u & 184u 250u &
over over over
May 28 94 68,7 3l.2 0 June 14 4 100 0 0 - June 14 Allyn 66.7 |[33.3 0
: doock
June 14 8 59.4 40.6 O June 19 3 . 98,5 1.6 0 June 21! 12 &  75.6 [21.9 2.4
| dook
June 19 8 41,9 50.0 8.1 June 27 3% 956.0 5.0 0 June 26 dock 50 20 30
June 27 8&9A 60.4 35.8 3.8 July 2 3 80,9 17,5 1.6 ' July 2 dock 51.7 |38.0  10.3
Julyl 9 &8  14.6 39,8 45,5 July 9 334 51.3 42.7 6.0 | July 9 89.6 7.0 3.5
July 9 8&9A 84.4 11.7 3.9 July 23 4444 66.1 33.9 0 . July 23 56.3 44,7 0
July 23 8&9 64.2 33.6 242 ; | Auge 8 100 0 0
Aug. 1 9 44.4 47.8 78
Aug. 7 849 28.3 63.0 8.7
Aug. 14 B8&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




DATE

June 19
June 25
July 2
July 9
July 17
July 23
Auge. 1

Aug. 7

SOUTH BAY

STATION(SIZE GROUP IN PERCENT,
Smalls Mediums Large:
'under 185 to

16 &
15B
15
15C
16
15
15
156 B

15
15 A&B

184u

92.1
66.7
84.4
67¢2
65.6
70.6
81.2

737

250 u

7.8

333
15.6
32.8
34,4
29.4
18.8

2643

255u
&
over

0

0

o O

T

|
| DATE
|

June 13
June 19

June 27

S July 2

< July 9

' July 17

Aug. 1

\<€<6 cont.

OAKLAND BAY

STATION(SIZE GROUP IN PERCENT,
Smalls Medium: Large:

junder 185 to

184u
20 94,4
19 & 57.4
20
19 & 100
20
19 & 71.1
20
204A 88.9
204 55.2
19 & 54,5
20

250u

26.7
11.1
41.4

43.2

255u .
&
over
2.8

0

0

202



YEAR

1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950

1951

n
 \
D

Data from U. 8, Weather Bureau Reports.

JANUARY
n = 8.46

A
8.99

6487

11.08
12,49
12.95
12.94
4.56
5434
8.18
4.59
5.59
3.87
3.1
6425
6.58
8.91
7.86
5490
2,71
7.26

10.26

D
40.53

-1.59
+2.62
+£.03
+4.49
+4.48
-3.91
-3.12
~0.28
-2.87
-4.59
-5.33
-2.21
-1,88
40.45
-0.60
~2.56
-5475
-1.21

+2.34

FEBRUARY

n = 6.

A
5.71

10.05
4.37
2.14
4.539
9.54
11.72
4.46
9.14
11.33
2.45
4.38
5.42
3.49
8.15
7.14
7.07
6480
12.16
10.41

8.71

48

D
‘.77

+3.57
-2.11
-4.34
-2.09
+2.86

+5,24

"2?02

+2.66
+4.85
-4.03
-2.10
-1.06
-2.99
+1.67
+0.66
+0.59
+0.32
+5.88
+5.93

+2.23

v 4

TABLE 63
AVERAGE RAINFALL;:

Priest Point Park,

MARCH

n = 5.

A
6480

7.65
17.92
5.92
7.25
4.71
3.71
7.50
3.73
7.12
1.93
8.58
7403
2.34
7.29
6.04
3.68
5433
3.81
10.28

5.41

09

D
+1.71

+2.56
+2.83
40,83
+2.16
~0.38
~1.38
+2.41
-1.36
+2.03
~3.18
-1.51
+1.94
2475
+2.20
+0.95
-1.41
+0.24
~1.28
+5.19

+0.32

normal average rainfall for the month
Average rainfall
Devietion from normal

&

APRIL
n = 3.34

A
4,39

4.93
0.35
1.26
1.38
0.71
7.43
3.87
0.54
8.54
1.21
1.84
4.67
3.9
2.42
4.17
3.54
5.26
1.44
3.36

0.73

D
+1.05

+1959
-2.99
-2.08

-1'96

~2.63

+4,09
40.53
=2.80
40.20
-2.13
=1.50
+1.33
+0.60
0.92
+0.83
40,20
+1.92
=1.90
40.01

'2.61

Olympia, Washe.

MAY

A
1.63

1.20
3.32
2.69
0.57

3.88

1.66

0.83
1.88
3.94
4.22
1.91
3.27
1.11
2.74
0.43
0.15
5.79
2.14
0.98

2.34

n=2.42

D
=079

-1.22
40.90
40.27
~1.86
+1.46
=0.76
-1.59
-0.54
+1.52
+1.80
=0.51
+0,85
-1.31
10.32
=1.99
-2.27
+3.37
-0.28
-1.44

=0.08

4.49
0.10
1.77
0.07
0.5¢
4.78
5.40

0.13

0.07
1.48
2.80
1.95
le4s
0404

6.48

- 2040

1.37
1.14
0.50

0.00

"l.49
40.18
-1.52
-1.05
+3.19
+3.81
~1l.46
=0.17
-1.52
-0.11
+1.21
+0.36
=0.15
«1,56
+4.89
+0.81
=0.22
=0.45
~1.09

-1.59



coN

. 10.85

DECEMBER
n = 9,21
rA 5
9.86 +0.66
+1.64
27.12 +17.91
10.10 +0.89
6.52 -2.69
10.64 +1.43
13.30 +4.09
6.02 =3.19
13.33 .12
4.86 =5.36
9.48 +0.27
7.29  +1.92
6.39 =-3.82
2.28  =6.93
7.49 =1.72
8.96 ~2.28
6.47  -2.74
1,73 =7.48
10,28 +1.07
10.40 +1.19
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DATE
PUT OUT

June 20
23
26
30

July &
8
11
18
21
27

Aug. 2

174

TABLE 46 : SEASONAL STRINGS, 1949% SPAT PER SHELL

OYSTER BAY

241
314
380
361
690
398
436
-477
372
292

100

MUD BAY

251
178
307
588
449
374
554
215
192
95

66

* Taken into the Laboratory Aug. 9, 1949

NORFHE BAY

1061
790
1026
495:
1069
804
823
290
336
537

299
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TABLE 483 PLANKTON LARVAE SURVEY OF OYSTER BAY

STATION 9, Aug. 8, 1944

STANDARD TIME HEIGHT OF TIDE NUMBER OF LARVAE PER
IN FEET 20 GAL. SAMFLE
93200 AM 12.4 8
9330 11.3 48
10:00 10.2 40
10230 8.6 612
11300 " 69 : 32
11:30 5.6 : 140
12:00 N 4.3 224
12330 PM 2.9 100
1400 1.7 ‘ 48
1:30 0.9 84
2300 0.45 12
2130 0.4 64
3300 0.8 ) ) 8
3330 1.5 8
4100 2.8 4
4130 4.3 36
5300 5.9 212
5134 7.4 772
6200 9.4 720
6130 11.2 444
7100 12.6 148
7130 14,0 120
8:00° 156.0 84
8130 15.6 56
9:00 15.8 76
9430 15.5 76

10200 14.5 420
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*SPRING THERMAL TREND INDEX

Figure 39 Oyster DAY

Correlation between Time of Tapinning Spatfall

and upring Thermal Trend (algeuraic sum ol deviations from
nomel of air temperatures at Iriest roint rark, Llym>ia,

Jamary through ipril)e.
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Figure L0

¥MUD BAY Correlation betweon time of boginsirg oyster
set and Spring Thermal Trend (algebraic sum of tie ceviaticns
from nomal of air t/ampcraturcs at Prisest ‘oint sark

Olympia, January tihrough April).
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Figure L2A Map of Mud Bay Showing Dike sStation (Spawnine and Setting
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LIVE SPAT PER SHELL AT TIME CULTCH WAS REMOVED FROM BAY
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Figure 56 Survival of Spat in Relation to Time of Setting during the
Season of 1946 at Burns Point in Oyster Bay.
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