OYSTER MORTALITY STUDY
Summary Report
1966-72

Fish Commission of Oregon
Management and Reseawrch Division
Gary G. Gibson

U. 8., Department of Commerce
National Marine Fisheries Service
Contract No. N 208-0133-72

May 1974

Iy
/,/ [Ty
J—

oy



CONTENTS

ABSTRACT . .. it iivirienennnannnss teearieeeenaaae Chesereanan e
INTRODUCTION........ Chtaseeeeaanee et ceeaas Ceeeas Cereenas oo
MATERIALS #D METHODS............ Cheereeenann seesman e s et aecenn
Mortality Stations......cc.eiiennrnnenncenen ciet e enaa eeeen
Yaquina Bay.......... Srerenes Cereemannens Chsreetaaserens
Tillamook and Coos BaysS.......oiciinnnennnnrnnneensonnns
Shell Growth in Yaquina Bay............. Cerereaaan Ceeeseanaa
Pacific Oysters.......covvireninnonaceannns Cere it .
Native O¥StersS. ... eiirsnreronnrsnesnsannes . N
Histological Samples....... e eerrerrean et cons NN
Hydrographic Data from Yaqulna Bay........ . Cerrercseae e
Condition Index.......civvvvuuennnns cveaans fesaasesens .o
Native Oyster Disease Study .......... fesecear i . .
Salinity Tolerance of Native Oysters........... eiestaaa e
Pacific Oyster Longevity Study.................. terenessan .
Outboard Motor ECffluent Experiment....... cesenseans Cerereenas
RESULTS AWD DISCUSSION.....vinvununss Ceraieieens i ederees e naeas
Mortality....... eraraees e e sr et reeeens P
Yaquina Bay.......coiiiiiiiiiiiiiiiiiiiii e crre e .
Tillamook and Coos Bays........... e rre et feeenen
Shell Growth in Yaquina Bay.....veciernrneieviansnonsonsnnnss
Pacific OysSters.....viviieieennrnecicnacansennsensanenns
Native Oysters........vevveuvnn fearseaenaen Crerseneas .
Histological Samples.......... Creraeaneaaa e eann. ceaen
Hydrographic Data from Yaquina Bay Cieseaeanaaasaes e e
Salinity....... Ceeesaean e Peenn fersaseserann .
Temperature.............. e eeeriasaenaeanas et .
Dissolved Oxygen.......... Chereceens Ceesanns rearaneeenes
Turbidity.......... et reeriereaeae Cerecttaeeeasnens .
Nutrients....... e heeenseeer s anens . e enennas .
Condition IndeX.....ov0vvuus Crseetessssseasesaan tesereaen .
Yaquina Bay........... Creararensesann . eesran e
Tillamook and Coos Bays............. Cessessensrenscssnes
Native Oyster Disease Study........cvvevennns Crrreeeserans .
Salinity Tolerance of Native Oysters........c.... rerenans ces
Pacific Oyster Longevity Study..... Cereeseerais et ane e veos
Outboard Motor Effluent Experiment..... Chreasesasreen cerraeas
APPENDIX TABLES- & & % & 2 65 ¢ 03 a0 LI ) * s s LI B L B A L2 ] LA I I * . » 4

N

LN -

Ot

13

13
13

13
13

13
15
15
15
16

16

16
17

17
17
19
19

21



TABLES

Table No. Page No.

1 Yearly Pacific Oyster lMortality in Yaquina Bay by

Station, July 1966-Marcih 1972. . ... iiierrvennanrnonnannn 10
2 Yearly native Oyster liortality in Yaquina Bay by

Station, July 1966-iarch 1872..... Creeeeiseesesreenanuna i1
3 Yearly Bay Mussel ilortality in Yaquina Bay, April

1970-March 1972............ e eereeseee e 11
4 Yearly Pacific Oyster Mortality in Tillamook and Coos

Bays, Decenmber 1966-March 1972. .. ittt inriencneancancen 12
5 mMonthly liean Condition Indexes for Hative and Pacific

Oysters in Yaquina Bay and for Facific Oysters in

Tillamook and Ccos Bays, June 1366-March 1968........... 16
6 Native Oyster Hortality (%) on a Natural Oyster DBed

in Yaquina Bay from May 196v-idarch 1970................. 17
7 Survival of Adult Hative Uysters in Different Salinities

R 18

8 Delayed Hortality of Native Oysters after Being Held in
Reduced Salinities for 14 days, then Held at 30 ppt

Salinity.....coeiiivinnnnns N 18
9 Survival and Growth of Four Age Groups of Pacific
Oysters in Yaquina Bay......... Ceeenna e eisesresesrenan 19

10 Cumulative belayed Mortality of Bay Mussels in Running
Seawater after an Initial 24-Hour Exposure tc a 10%
Solution of COutboard Motor Effluent........ccivvvnnnunnn 20
11 Cumulative Native Oyster lMortality during a 10-Day
Exposure to a 10% Solution of Outboard ilotor Effluent... 20
APPENDIX TABLES
A Salinities (ppt) from Yaquina Bay, April 1968-ilarch 1970 21

B Temperatures (OF) from Yaquina Bay, April 1968-
1 of o s B 0 0 . 25

C Dissolved Oxygen Values (ppm at Tray Level) from Yaquina
Bay, April 1968-March 1970.. .. ciiireienieennnennnnonens 29

D Seccni Disc Readings (ft) from Yaquina Bay, April 1968-
Harchh 1070, i ittt ittt iieienesersssenoeanassonsons 32

E Nutrient Values (uM) from Yaquina Bay, August 1971-
January 1972......... e eerene St seceerenraserianceneann 35



figure No.

FIGURES

Locations of the Oyster ilortality Stations in
Yaquina Bay.....oevveriiinenneenas fere e

Average Shell Growth of 300 Yearling Pacific Oysters
in Suspended Trays at Three Yaquina BEay Stations,
April 1968-liarch 1970......... feeiateresases e . 14



ABSTRACT

We monitored oyster mortality in Yaquina, Coos, and Tillamook bays from
July 1966-March 1972. Pacific oyster (Crassostrea gigas) mortality in
Yaquina Bay appears to be lower than in any other reporting area on the
Pacific Coast, generally less than 2% per year. Native oyster (Ostrea
luridaq) mortality ranged from 9.6-28.2%. Low salinity stress caused over
one-nalf of this mortality each winter. In Tillamook Bay, Pacific oyster
mortality generally averaged 4% per year; mortality in Coos Bay averaged
7% a year, excluding an unexplainable mortality of 19% during the summer
of 1968. Bay mussel mortality totaled 49.9% in 1970-71 and 19.3% during
1971-72. Predation by small crabs probably caused these high mortalities.

Shell growth of Pacific and native oysters in Yaquina Bay in 1968 and 1969
occurred almost entirely during April-September of each year.

During 1966-72, we sent 1,95 Pacific oysters, 2,400 native oysters, 1,400
bay mussels (Mytilus edulis), 100 bent-nosed clams {Macoma nasuta), 50 irus
macoma clams (Macoma irus), and 100 softshell clams (Mya arenaric) to the
University of Washington and the NiFS Oxford laboratory for histological
examination,

We monitored changes in hydrographic conditions (salinity, temperature,
dissolved oxygen, and turbidity) in Yaquina Bay. I also collected nutrient
samples (phosphate, silicate, and nitrate-nitrite).

We cooperated with the iIMFS Oxford laboratory on a study to determine the
nature and cause of a “neoplasm disease' of native oysters and bay
mussels in Yaquina Bay.

In a laboratory study, I found native oysters tolerant to reduced salinity
during the winter. Significant winter mortality in a particular area in
Yaquina Bay can be expected only when salinities fall below 10 ppt for
more than 3 weeks.

Bay mussels reflected hign sensitivity to outboard motor effluent in a
laboratory experiment. HNative oysters showed a much higher tolerance
to the contaminant.



OYSTER MORTALITY STUDY
INTRODUCTION

Washington and California experience periodically high Pacific oyster
(Crassostrea gigas) mortalities, while Oregon has avoided such losses. In
1966, the Fish Commission of Oregon began an oyster mortality study
as part of a coastwide program concerning Pacific oyster mass mortalities.

Primary objectives of this study included: monitoring oyster mortality;
collecting hydrographic data for comparison to information from high
mortality areas in otner states; and supplying relatively disease-free
oysters to the University of Washington and the National !Marine Fisheries
Service for histological comparison to animals from higi mortality areas.

Other activities included: determining growth patterns of Pacific
and native oysters (Ostrea lurida); ascertaining seasonal condition indexes
for Pacific oysters; defining the nature of a "neoplastic disease' of
native oysters in Yaquina Bay; determining the low salinity tolerance of
native oysters; finding out the maximum age and size of Pacific oysters and
obtaining a qualitative understanding of the effects of outboard motor

effluent on native oysters and bay mussels (Mytilus edulis).

MATERIALS AND METHODS

Mortality Stations

Yaquina Bay. In 1966 we established seven subtidal stations in Yaquina
Bay (Figure 1). At the end of 2 years, due to similarity of mortality data, I
reduced the number of stations to four (stations B, C, E and G). I further
reduced the number to three at the beginning of the fifth year (stations C,
E,and 1c-estatlished station F); only two remained during the sixth and final

year (stations C and E).
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Two suspended trays at each station contained varied numbers of
Pacific and native oysters during the 6-year study. We based yearly
mortality rates on a beginning population of 400-1,300 Pacific oysters,
600-2,500 native oysters, and 450-600 bay mussels (last 2 years only). We
checked these animals every 2 weeks so that the effects of temporary envi-
ronmental stresses could be evaluated. The Pacific oysters ranged from
1 to 2 years of age (from planting); native oysters included 1- to 5-year-old
animals; only yearling bay mussels were used.

I placed an additional tray containing 500 native oyster spat from
Puget Sound of the 1967 year class in Yaquina Bay at station C in November
1967. We checked these animals at irregular intervals for mortality through
March 1969 to see if these animals would develop the neoplastic condition.

Tillamook and Coos Bays. Single intertidal stations within commercial

oyster beds were used to indicate Pacific oyster mortality in Tillamook and
Coos bays. We checked trayed oysters monthly during the first 4 years,
quarterly during the last 2. Each station initially contained 50 Pacific
oysters the first study year, 100 oysters the second and third years, and
150 animals the last 3 years. I used l1- to 3-year-old oysters at these

stations.

Shell Growth in Yaquina Bay

Pacific Oysters. I measured the same 300 l-year-old Pacific oysters

at Yaquina stations B, C, and E every 3 months from April 1968 through
March 1970. The mean product of heighth (commonly termed length) and width

determined shell size.

Native Oysters., One hundred native oysters of the 1567 year class were

used to determine shell growth at station C in Yaquina Bay from November 1967
through March 1969. iean shell length alone represented the size of native

oysters because of their more uniform shape.



Histological Samples

Histological samples included: Pacific oysters, native oysters, bay
mussels, bent-nosed clams (Macoma nasuta), irus macoma clams (Macoma irus),
and softshell clams (Mya arenaria). We sent the samples either preserved
or live to the University of Washington and to the NMFS Oxford, Maryland,
laboratory for histological examination. I prepared the animals by fixing
them in Davidson's Solution, then transferred them first into 50% and finally

70% ethanol.

Hydrographic Data from Yaquina Bay

During the first 2 years of the study, we collected salinity, temperature,
dissolved oxygen, pH, and turbidity data twice monthly at all six Yaquina
Bay stations (usually at high tide).l/ During the third and fourth years, I
obtained this information (no pH data) twice monthly at stations B, C, E,
and G during a daily high and low slack tide. Surface, mid-depth, and
bottom measurements described salinity and temperature conditions at éach
station; samples taken at tray level revealed dissolved oxygen values. I
determined turbidity with a Secchi disc.

I began collecting nutrient samples (phosphate, nitrate-nitrite. and
silicate) twice monthly in August 1971 at stations C and E during a daily
high and low slack tide. I expanded this program in February 1972 to include
temperature-salinity data and added stations B and G. The Oregon State

University Chemical Oceanography Department analyzed these samples.

Condition Index

We determined monthly condition indexes from June 1966-March 1968
for native and Pacific oysters from Yaquina Bay (stations A-F) and for

Pacific oysters from Tillamook and Coos bays (from trays and surrounding

1/ Hydrographie data for June 1966-November 1967 was reported in
“Hydrographic Data for Yaquina, Coos, and Tillamook Bays," Fish Commission
of Oregon mimeographed report, 1967. C. Dale Snow and Gary G. Gibson.
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beds). The following formula gave us condition index values:

dry weight of oyster tissue
Condition Index = volume of shell cavity x 100

We obtained dry weights by drying the oyster meats in an oven for
1 week at 194 F; we obtained shell cavity volumes by using a water

displacement method.

Native Oyster Disease Study

After the identification of a ‘‘neoplastic disease'' of native oysters
and bay mussels from Yaquina Bay, I cooperated with the Hational Marine
Fisheries Service in a study to determine the cause and significance of
the disease. During 1969 I collected shellfish samples at irregular intervals
from Yaquina Bay, and sent these live to the NMFS Oxford laboratory for
histological examination. We shipped monthly samples to Oxford from January
1970-5eptember 1971; we sent quarterly samples from November 18971-May 1972.
In January 1970, 1 obtained 2,500 native oysters from Puget Sound
and introduced them into Yaquina Bay. I suspended a tray containing
500 oysters at each of three locations within the native oyster producing
grounds. We maintained about 1,000 of these oysters in our laboratory.
Before introduction we sent a sample of the Puget Sound oysters to Oxford
for examination to establish that these animals did not contain the
neoplastic disease. From this introduction we hoped to obtain information
about the time and rate of transmission of the disease.
From May 1969-March 1970 I sampled the native oyster grounds in
Yaquina Bay for mortality. From one tongful of oysters (125-350 animals)
I counted the number of live oysters, gapers (entire or part of animal

remaining in shell) and unfouled boxes (no part of animal remaining in



a clean shell). Using the following ratio, I estimated monthly
mortality rates:

gapers + unfouled boxes
gapers + unfouled boxes + live oysters

We sent this information to the Oxford laboratory for further evaluation

and correlation with histological findings.

Salinity Tolerance of Native Oysters

To properly evaluate winter mortalities of native oysters in Yaquina
Bay, we needed to determine the low salinity tolerance of these animals.
In December 1968 we brought approximately 200 adult Yaquina Bay native oysters
into our laboratory for conditioning at a constant temperature of 59 F
for 2 weeks. Vhile conditioning, the oysters consumed a diet of unicellular
algae (Monochrysts sp. and Isochrysis sp.) totaling from 200-800 million
cells per day. I then placed five groups of 40 oysters each in 1 gallon
containers of water at salinities of 0, 5, 10, 15, and 30 ppt. A mixture of
filtered sea water and distilled fresh water produced the required salinities.
I changed the continuously aerated water in the containers every other day.
At the end of 2 weeks, I placed half of the oysters from each salinity group
in 30 ppt sea water and monitored them for delayed mortality. I continued
daily monitoring of the oysters held at the original salinities., Oysters
were considered ‘'dead’’ when they gaped and could not hold their valves closed.
I prepared all dead oysters for histological sectioning and sent them to the
University of Washington for analysis of the internal changes caused by low
salinity stress. Hopefully, pathologists could then distinguish the internzl
damage caused from a suspected disease, from tissue changes induced by low

salinity.



Pacific Oyster Longevity Study

In 1967 Dr. Kenneth Cihiew, University of Washington, terminated a study
in Yaquina Bay on the effects of the parasitic copepod (Mytilicola orientalis)
on Pacific oysters. Dr. Chew gave us the remaining 2-, 3-, 4-, and 5-year-
old experimental oysters which he had placed in trays at station C as
l-year-old animals in March of 1963, 1964, 1965, and 1966, Each tray ini-
tially contained 150 oysters.

This provided an opportunity to find out how long Pacific oysters live.

This study was terminated in March 1970.

Outboard Motor LEffluent Experiment

In March 1972 I ran an-:18 horsepower outboard motor in 260 liters of
raw sea water until a measured amount of mixed fuel (0.1 liter of oil and 4.8
liters of regular gas) passed through the motor. The motor consumed this
amount of fuel in 100 minutes at a speced of 1,200-1,500 rpms. I repeated
this procedure (using fresh sea water) six times over a 10-day period. After
each run, I drew a test sample (about 250 liters) from below the unburned
surface fuel layer of the water and filled a reservoir with this sample. A
floating siphon device in the reservoir provided a constant flow of effluent
(0.1 liter per minute)} into rumning sea water (0.9 liter per minute) where a
10% concentration of the contaminant formed just prior to the mixture's
contact with the test animals. The running sea water provided the necessary
food to the shellfish.

I also pumped raw sea water into a control tank containing the same number
of animals as in the test tank. Cne hundred native oysters and 150 bay
mussels in each tank provided the experimental population. Mussels averaged
47 mm in length,; oysters averaged 37 mm. Temperatures in the control tank

ranged from 50-52 F; test tank temperatures averaged 0.5 F higher.



I recorded pumping and mortality data during a 10-day exposure
to the effluent. I also collected mussel and oyster samples (both test
and control animals) after exposure periods of 1, 5, and 10 days. I
prepared some of these samples for histological examination at the NMFS
laboratory in Oxford, I froze the remaining samples for the NMFS laboratory
in Seattle, Washington, for chemical analysis of hydrocarbon accumulation

in the tissue of the shellfish.

RESULTS AND DISCUSSION

Mortality

Yaquina Bay. We recorded few Pacific oyster mortalities from 1966
through 1672 (Table 1). Yearly mortalities generally totaled less than 2%,
but higher mortalities occurred during 1969-70 and again in 1970-71., Dur-
ing 1969-70, I noted an unexplainable die off in one tray at station B,
No oysters died in an adjacent tray less than 3 feet away. I recorded
additional mortalities during February and March at two upper bay stations
(B and C) where extremely low salinities killed many marine animals during
the winter. The second high mortality year, 1970-71, resulted from culling
damage prior to the introduction of the replacement oysters into the trays.
All of the dead animals showed shell breakage, and I noticed shell repair
in many of the remaining live animals. The oysters which died could not
repair shell damage fast enough to prevent the invasion of marine organisms
into the mantle cavities.

In conclusion, Pacific oyster mortality in Yaquina Bay appears to be

lower than in any other reporting area on the Pacific Coast.
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Table 1. Yearly Pacific Oyster Mortality In Yaquina Bay
, by Station, July 1966-March 1972 (l-and 2-
Year-0ld Animals)

Number of Dead Oysters

Station
Date A B C D E F G Total Total % 1/
July 1966~ 1 2 4 3 5 3 1 19 1.8
June 1967
July 1967- 2 2 2 1 2 1 6 16 1.5
March 19638
April 1968- - 4 3 - 1 - 1 8 1.1
March 1969
April 1969- - 45 23 - K - 2 73 8.6
March 1970
April 1970- - -~ 40 - 11 66 ~ 117 26.0
March 1971
April 1971- - - 7 - 0 - - 7 1.8

March 1972

1/ Total percent mortality equals 100 minus the product of monthly
survival percentages.

Yearly native oyster mortality ranged from 9.6 to 28.2% during the

study period {(Table 2}, Over one-half of this mortality occurred at the
upper bay stations (A, B, and C) each winter, where low salinities severely
stressed these animals. Another significant mortality occurred almost yearly
at all stations in Yaquina Bay during April and May just prior to spawning.
We cannot explain the cause of this mortality. Native oysters sampled during
this time do not show any abnormal structures histologically; in fact, these
animals reflect a high degree of "fatness,'' a healthy condition prior to

spawning.
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Table 2. Yearly Native Oyster Mortality in Yaquina
Bay by Station, July 1966-March 1972

Number of Dead Oysters
Station
Date A 1] C D E F G Total Total % 1/

July 1966- 74 115 58 41 42 44 13 287 17.5
June 1967

July 1967- 24 16 11 12 10 4 9 86 9.6
March 1968
April 1963~ 129 18 - 15 - 47 209 28.2
March 1969
April 1969- - 132 28 - 18 - - 178 26.5
March 1970
April 1970~ - 106 40 - 53 - - 199 22.1
March 1971
April 1871- - - 102 - 50 - - 152 27.3
March 1972

1/ Total percent mortality equals 100 minus the product of monthly
survival percentages.
8ay mussel mortality totaled 49.9% in 1970-71 and 19.3% during 1971-72
{Table 3). The broken shells of many of the dead animals and the presence
of small crabs in the trays indicated that crabs caused the mortality. The
abundance of these crabs increased during the summer and fall; mussel

mortality also increased during this time.

Table 3. Yearly Bay lfussel Mortality in Yaquina Bay,
April 1970-March 1972

Number of Dead Mussels Total
Station Percentage
Date C E F Total Mortality
April 1970- 58 60 81 199 49.9
March 1971
April 1971- 47 69 - 116 19.3

March 1972
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Tillamook and Coos Bays. Ho significant Pacific oyster mortality

occurred at the Tillamook Bay station during the study until the winter
of 1571-72, when the intertidal trays were sanded in by storms, and

many of the oysters smothered (Table 4). Yearly mortality averaged only
% over the 5 years prior to 1971-72.

During the 6-year study, I reported a significant mortality only once
at the Coos bay station. In the summer of 1968, a 19% mortality occurred
in the intertidal trays, but I noted no unusually high mortality during
this time in younger oysters being cultured commercially on racks and

sticks in the area. Yearly mortality, uot including 1968-69, averaged 7%.

Table 4. Yearly Pacific Oyster ilortality
in Tillamoox and Coos Bays.
December 1966-ifarca 19572

Tillambok sSay Coos Bay

Date Total % 1/ Total % 1/
Get. 1966- 4.0 -
April 1967
Jan.-June - 12.0
1967
July 1967- 2.4 7.3
karch 1568
April 1963~ 4.6 27.1
Harch 1369
April 1969- 2.1 6.9
Harcn 1970
April 1870~ 7.3 &.7
tarch 1871
April 1971- 31.3 4.0

dMarcii 1572

1/ Total percent mortality equals 100 minus the product
of monthly (quarterly the last 2 years) survival
percentages.
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Shell Growth in Yaguina Bay

Pacific Oysters. Shell growth in 1968 and 1969 occurred almost entirely

during April-September (Figure 2). After 2 years in suspended trays, oysters
at station E grew 41.5% larger than those at station B and 28.4% more than
the oysters at station C. Higher salinities during winter months and intense
algal blooms during spring and summer months probably contributed to rapid
growth in the vicinity of station E.

Native Oysters. ifean shell length of the 1967 set native oysters

increased only 1.8 mm (12.4%) during November 1967-liay 1968, while rapid
growth occurred during June-August 1968 (86.5%). We noted no further increase

in shell sizes through March 1969.

Histological Samples

We sent a total of 2,400 native oysters, 1,750 Pacific oysters, 1,400
bay mussels, 100 bent-nosed clams, 50 irue macoma clams, and 100 softshell
clams to either the University of Washington or the NMFS Oxford laboratory

for histological examination.

Hydrographic Data from Yaquina Bay

Hydrographic conditions in Yaquina Bay change markedly between tides
and between seasons (Appendix Tables A-D).

Salinity. Generally high salinities prevail within the area of oyster
production between stations B and E during the summer; extremely low salin-
ities often exist for several weeks at a time during the winter (Table A).

Layering of fresh water over salt water occurs frequently during
periods of high stream flow, an example being January 8, 1969, during
high tide at station C when fresh surface water overlayed salt water with

a salinity of 19.2 ppt. This phenomencr often caused oyster mortality. A
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high native oyster mortality occurred at station B during January-February
1969 and 1970, while I noted very few mortalities during the same time at
station C, less than a mile down bay. Salinity information reveals that
'severe winter conditions existed at both stations at low tide, but substan-
tially higher salinities prevailed beneath the fresh-water layer at high
tide at station C than at station B.

Temperature. Temperature, like salinity, varied considerably as to
area, season, and tidal cycle. Greater yearly temperature extremes occur at
the upper bay stations than in the lower bay. From April 1968 through March
1970, I recorded maximum high tide summer temperatures of 67, 67, 62, and
61 F at stations B, C, E, and G, respectively, and maximum low tide temper-
atures of 70, 69, 65, and 61 F at the same stations. Ranges in minimum
winter temperatures were generally less than 4 F between the four stations.
Large differences in temperature frequently occur during the summer between
stations B and G due to oceanic upwelling; for example, on July 22, 1968,

I recorded a bottom temperature of 52 F at station G, and 70 F at station B.

Dissolved Oxygen. Generally high dissolved oxygen concentrations pre-

vailed throughout the study area, but in August 1968 and 1969, at the
upper bay stations, high temperatures forced readings down to 5-6 ppm. 1
also recorded low dissolved oxygen concentrations in July 1968 in lower
Yaquina Bay when values fell to 5 ppm due to upwelling. In March 1969 an
intense algal bloom at the upper bay stations caused supersaturation of
dissolved oxygen.

Turbidity. Secchi disc readings ranged from 1' at station B during
the winter to 11*' at station G during the summer. These extremes resulted
from the heavy influx of silt-laden fresh water into the head of the bay
during winter freshets and the intrusion of cold, clear sea water into the

lower bay during summer upwelling.
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Nutrients. Phosphate, silicate, and nitrate-nitrite values for August

1971-January 1972 appear in Appendix Table E.

Condition Index

Yaquina Bay. Pacific oyster mean condition index remains fairly
high throughout the year in Yaquina Bay, since spawning rarely occurs
in this estuary (Table 5). Hative oyster condition temporarily drops
each summer due to spawning. Young Pacific and native oysters which
replaced older animals in our trays, reflected low condition indexes
during January-iarch 1963 as expected for immature oysters.

Table 5. HMontily liean Condition Indexes for Native and
Pacific Oysters in Yaquina 3ay and for Pacific

Oysters in Tillamook and Coos Bays, June 1966~
March 1968

Yaquina Bay Tillamook Bay Coos Bay
Date Native Pacific Pacific 2/ Pacific 2/
June 1566 12,1 1/ 19.7 1/ - -
July 9.6 14.7 - -
August 13.6 16.2 - -
September 17.4 16,2 16.9 -
November 15.5 15.3 - -
December 14.3 14.4 14.0 9.6
January 1967 15.5 14.1 13.0 7.3
February 14.9 12.2 14,1 9.4
larch 13.8 13.3 13.3 8.1
April 14.9 13.8 - -
May 13.5 17.1 - 14.7
June - - 12.9 -
July 9.3 16.8 - -
August 9.6 16.8 - -
September 10.2 15.5 14.4 12.0
October 18.5 14.6 15.7 7.6
November 15.0 13.9 - 11.2
December - - 12.9 13.2
January 1968 11.9 7.2 12.8 10.7
February 10.1 16.0 14.2 3.9
larch 9.3 10.2 - 9.4

1/ Oysters before being placed in irays.
2/ Ineludes oysters from tray and surrounding beds.
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Tillamook and Coos Bays. Pacific oyster mean condition index

remained at a constant level at the Tillamook Station (Table 5). Coos
Bay oysters exhibited more variable '"fatness," but generally reflected

lower condition indexes than oysters in Yaquina and Tillamook bays.

Native Oyster Disease Study

The WMFS Oxford laboratory publishes separate pathology reports
concerning shellfish samples whiclh we submit to them. Ume such report,
describing a neoplasm disease, stated that 'histological examination
disclosed a 40% incidence of this disorder in native oysters collected
from Yaquina Bay during October 1969."

I noted generally low mortality in the monthly samples which I
collected on the native oyster bed in Yaquina Bay from May 1969~
March 1370 (Table 6). The 10% mortality recorded in February 1970
probably resultec from extremely low salinities that occurred over
the native oyster beds for several weeks.

Table 6. Native Oyster Mortality (%) on a Natural

Oyster Bed in Yaquina Bay from May 1969-
ifarch 1970

Date Mortality Date Mortality
iiay 1969 2.€ November 0.6
June 6.7 January 1970 6.0
July 3.0 February 10.1
September 1.1 March 1.2
October 0.0

Salinity Tolerance of Native Uysters

I found native oysters to be tolerant to low salanities during the
winter. Better survival in distilled water than in 5 ppt salinity, indicates

that low salinity (5 ppt or less) may be as lethal as fresh water (Table 7).



Table 7. Survival of Adult Hative Oysters in
Different Salinities at 59 F

Percentage Survival After:

Salinity 7 14 1/ 21 28 35 42 49
(ppt) days days days days days days days

0 160 95 65 20 0 0 0

5 o8 85 50 15 0 ] 0

10 100 92 87 82 62 10 0

15 98 98 98 88 83 83 83

30 100 97 97 97 97 97 87

1/ One half of oysters removed at the end of 14 days.

The threshold of survival appeared to be somewhere between 5 and
10 ppt salinity for 2-3 weeks at 59 F. Similar experiments with other
oyster species have shown that low salinity tolerance increased as
temperature decreased. Since winter temperatures nearer to 50 F
(compared to the experimental temperature of 59 F) prevail in Yaquina
Bay over the native oyster beds, significant mortality can be expected
when salinities fall below 10 ppt for more than 3 weeks. These conditions
occasionally occurred during winter freshets on the native oyster grounds,
and subsequent mortalities were observed.

Native oysters held at low salinities (0, 5, 10, and 15 ppt) for 2
weeks, then maintained in 30 ppt saltwater, experienced no significant
delayed mortality (Table 8).

Table 8. Delayed liortality of Native QOysters after Being

Held in Reduced Salinities for 14 Days, then Held
at 30 ppt Salinity

Initial Salinity Percentage Survival in 30 ppt Saltwater After:
(ppt) for 14 Days 7 days 14 days 21 days
0 78 78 78
5 160 94 94
10 100 89 89
15 95 95 95

30 100 100 100
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A preliminary experiment indicated that native oysters may tolerate

reduced salinity less during the summer.

Pacific Oyster Longevity Study

Table 9 shows the survival of four year classes of Pacific oysters
planted in Yaquina Bay.
Table 9. Survival and Growth of Four Age Groups of

Pacific Oysters in Yaquina Bay (Data Taken
Harch 1970)

Year Placed Year Planted Size (mm)
in Tray in Yaquina Bay Survival % Mean Length Mean Width
1966 1965 (1964 year class) 47 150 89
1965 1564 (14963 year class) 36 148 81
1964 1963 (1962 year class) 37 161 92
1963 1962 (1961 year class) 13 154 100

Low salinity stress probably caused the generally poor survival, since I
noted and removed mest of the mortalities just after periods of low salinity
each year. Growth data reveal only small differences in size among the

four groups

Outboard lMotor Effluent Experiment

After a 24-hour exposure to the outboard motor effluent, almost all
mussels showed stress (gaping). I noted no gaping oysters, although none
of them appeared to be pumping. After the 24-hour exposures I placed all
of the bay mussels in clean running seawater; the oysters remained in the
contaminant. At the end of 45 days, delayed mussel mortality totaled
76% (Table 10). At the end of 10 days in the effluent, native oyster
mortality (allowing for sampling) totaled 14% (Table 11). During the
experiment I noted only one mussel mortality and one oyster death

in the control tank.



Table 10. Cumulative Delayed Hortality of Bay iussels
in Running Seawater after an Initial 24-Hour
Exposure to a 10% Solution of Outboard ifotor

Effluent
Day No. Cunmulative Mortality %
3 12
9 61
10 66
45 76

Table 11. Cumulative Native Oyster liortality during a
10-Day Exposure to a 10% Solution of Outboard
iMotor Effluent

bay No. Cumulative Mortality %
3 2
4 3
7 10
10 1/ 14

1/ All oysters dead or sampled at the end of 10 days.

The high sensitivity of the bay mussels to the effluent suggests
that very small amounts of outboard motor wastes may adversely affect
ticse animals. Concentrations of outboard motor effluent in bays and
estuaries probably never reach the level used in our experiment, but by
comparing our observations on mortality with histopathological (tissue
damage) and histochemical (accumulated hydrocarbons) information, we
should obtain a clearer picture of the qualitative effects of outboard

motor contamination to shellfish.
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Table A. Salinities (ppt) from Yaquina Bay,
April 1968-March 1970 1/

Station Station

Date B C E G Date B C E G
4-16-68 4,2 5.2 12.6 23.1 7-8-68 28.0 29.3 31.2 32.4
Low tide 2 5.6 14.1 23.5 High tide 28.4 30.6 32.9 33,7
4.8 5.8 20.9 25.2 28.9 30.8 33.7 33.8
4-16-68 18.8 24.6 25.8 31.4 7-22-68 24.6 26.4 30.3 34,2
High tide 18.7 24.3 30,7 32.3 Low tide 24.6 26.3 31.9 34.4
22.0 24.6 31.0 31.9 25.2  26.7 32.3 34.6
4-30-68 10.3 11.4 17.9 26.0 7-22-68 27.2  26.8 30.2 32.0
Low tide 10.3 11.2 18.3 27.6 High tide 27.2 27.4 31.6 34,2
9.9 11.0 27.3 28.8 27.3  27.3 32,3 34.4
4-30-68 22.2 23.9 24.4 32.4 8-5-68 26.3 27.8 30.4 33.6
High tide 22.9 25.9 30.0 33.4 Low tide 26.1 27.8 31.5 33.4
25.0 26.3 31.4 32.5 27.2  29.4 32.8 34.0
5-13-68 24.8 25.9 17.9 27.7 8-5-68 29.4 32,0 33.0 34.9
Low tide -4 /A 74 28.1 High tide 29.7 32.5 34.9 35.1
2/ 26.7 21.7 29.1 30.3 33,3 35.1 35.4
. 5-13-68 28.0 29.0 29.1 32.8 8-28-68 17.4 19.7 25.9 33.0
High tide 28.6 31.0 32.1 33,2 Low tide 17.3 19.6 25.8 33.2
29.0 31.1 32,4 33.2 18.2 20.6 28.2 33.4
5-31-68 8.9 10.2 16.1 21.7 8-28-68 28.0 29.0 32.7 32.7
Low tide 2/ 10.3 17.1 23.9 High tide 28.6 30.0 32.8 33.0
8.9 10.5 22.6 24.0 29.4 32,0 32.9 33.2
5-31-68 17.5 19.9 19.9 27.3 9-11-68 20.6 23.1 27.7 33.6
High tide 19.0 20.0 25.0 27.4 Low tide 21.0 23.5 28.4 34.0
20.6 21.7 25.9 27.7 22.1  25.0 32.7 33.6
6-19-68 16.0 17.0 19.7 26.5 9-25-68 17.8 19.6 24.6 32.8
Low tide 16.0 17.1 24.3 27.2 Low tide 18.3 20.1 25.5 33.0
16.5 21.7 28.1 30.7 18.6 . 21.4 28.2 33,2
6-19-68 16.6 18.0 22.1 29.5 9-25-68 27.7 31.9 33.3 33.2
High tide 19.6 21.7 28.4 32.5 High tide 31.2 32.7 33.7 33.8
25.8 26.4 30.0 33.0 32.4  32.5 34.0 34,0
7-8-68 22.5 24.6 29.0 31.9 10-9-68 21.4 23.3  26.8 33.6
Low tide 22.2 25.0 30.3 33.4 Low tide 21.7 23.5 29.7 33.2
22.9 26.5 31.5 33.6 24.2 23.9 31,9 33.2

2/ Measurements are for surface, mid-depth, and bottom positions, respectively.

2/ Insufficient depth to make a difference in values.
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Station

2-7-69
High tide

Date

33.4
33.8
34.0

Station
21.4 32.3

32.4 33.8

32.7 33.7

29.1
29.9
31.8

Table A (cont'd)

High tide

Date
10-9-68

18.4
18.4
24.4

<t < 0

O -~ W
4 =i
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2-21-69
Low tide

10-31-68
Low tide

18.4
18.7
10.2
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3-21-69
Low tide
3-21-69
High tide
4-7-69
Low tide
4-21-69
Low tide
5-12-69
Low tide

6.6
20.6
23.9
26.9

0.8
8.0
11.5

5.2 19.1

0.0
4.5
4.6

20.1
8.0
2.1
2.5
5.0

10-31-68
High tide
11-14-68
Lecw tide
12-12-68
Low tide
1-8-69
Low tide
1-21-69
Low tide
1-21-69
Hizh tide

19.4
19.1
0

5~28-69
Low tide

[ oA ]
* @ -
< < W

NOow
E ) -
iR

2~ 7-69
Low tide
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Station Station
Date B C E G Date B C E G
5-28-69 24.7 26.4 28.1 31.1 9-16-69 31.0 31.1 32.3 32.8
High tide 24.8 27.2 28.9 31.6 High tide 31.0 31.6 32.5 32.8
25.6 27.4 30.8 31.5 31.5 32.1 32.9 32.8
6-10-69 18.7 20.6 25.8 31.0 10-6-69 25.0 25.8 29.1 30.6
Low tide 19.0 20.5 26.5 30.7 Low tide 2/ 25.6 28.9 30.7
21.7 23.4 29.0 31.4 25.1 26.7 29.5 31.1
6-10-69 24.6 26.0 28.1 29.3 10-6-69 27.3 27.8 29,1 30.4
High tide 24,6 26.7 29.1 31.2 High tide 26.9 28.4 29.3 31.4
‘ 25.6 27.6 29.5 31.6 27.1 28.9 30.2 31.9
6~26-69 17.0  19.0 23.5 31.1 10-21-69 20.3 22,1 25.9 28.5
Low tide 17.3  19.0 25.6 31.5 Low tide 20.4 22.2 26.9 30.7
18.2 22.0 27.6 31.6 20.6 27.2 28.9 31.2
6-26-69 23.1 23.4 28.2 28.2 10-21-69 27.3 28.9 30.2 31.2
High tide 23.7 25.4 28.9 30.7 High tide 27.6  28.5 31.0 31.6
25.2  26.4 29.5 30.6 28.0 28.0 31.4 31.8
7-25-69 23.1 25.1 28.4 31.2 11-18-69 12,6 15.6 20.8 27.8
Low tide 23.0 24.7 29.4 31.5 Low tide 2/ 16.1 21.0 28.9
23.3 25.9 30.3 32.7 F74 16.7 24.6 29.3
7-25-69 25.9 29.3 30.7 32.4 11-18-69 24,0 24,6 28.9 29.0
High tide 26.7 29.9 31.4 33.7 High tide 24.0 25.1 29.1 31.2
26.9 29.5 32.3 33.6 24,6 27.6 29.4 31.4
8-15-69 20.9 21.1 28.6 31.2 12-5-69 18.4 18.4 23.4 28.6
Low tide 21.3 22.2 28.2 31.6 Low tide 2/ 18.3 24.7 28.6
21.2 22.2 29.4 31.8 4 18.3 26.0 29.0
8-15-69 30.3 30.4 32.4 32.8 12-5-69 25.2  27.2 28.9 30.4
High tide 30.3 31.4 32.8 33.0 High tide 25.2 27.1 29.1 30.4
30.8 31.5 32.8 33.2 25.6  27.2 29.4 31.2
§-29-69 22.7 23.8 28.5 31.4 12-30-69 5.6 7.2 11,2 14.9
Low tide 22.9 23.8 28.5 31.6 Low tide F74 7.2 13.2 19.1
23.0 24.0 28.3 31.8 2/ 7.5 23.9 26.0
8-29-69 31.2 31.5 32.3 32.0 12-30-69 5.5 5.6 12.0 16.1
High tide 31.4 31.9 32.1 32.3 High tide 5.9 8.1 21.3 24.8
31.4 31.9 32.3 32.3 7.9 22,0 25.4 30.8
9-16-69 25.6 27.2 31.5 32.8 1-28-70 0.0 0.0 1.6 3.3
Low tide 25.6 27.2 32.0 32.8 High tide 0.0 0.0 16.¢ 21.4
26.1 28.2 32.1 32.8 0.0 6.0 18.4 27.6
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Station

Table A (cont'd)
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Table B. Temperatures t°F) from Yaquina Bay,

April 1968-March 1970 1/

25,

Station Station
Date B C E G Date B C E G
4-16-68 53 52 52 51 7-8-68 64 62 60 58
Low tide 2/ 82 51 52 High tide 64 60 55 50
52 52 50 52 63 60 52 50
4-16-68 53 53 53 52 7-22-68 70 69 63 54
High tide 53 52 51 51 Low tide 70 69 62 53
53 52 50 50 70 68 62 52
4-30-68 58 58 58 55 7-22-68 67 67 62 60
Low tide 58 58 57 55 High tide 67 66 61 52
58 58 55 54 67 66 61 51
4-30-68 59 58 58 54 8-5-68 68 68 65 60
High tide 58 57 54 53 Low tide 68 67 62 87
57 57 54 53 67 65 61 55
5-13-68 57 57 57 54 8-5-68 65 62 €2 58
Low tide F74 y-74 2/ 54 High tide 64 62 58 55
&/ 57 56 53 64 61 56 54
5-13-68 56 55 53 53 8-28-68 64 64 63 60
High tide 58 54 53 53 Low tide 64 64 62 60
54 54 56 53 64 64 62 60
5-31-68 64 64 63 61 8-28-68 64 63 61 61
iow tide 2/ 64 62 60 High tide 64 62 61 61
64 64 61 60 62 62 61 60
5-31-68 62 60 60 56 9-11-68 65 64 62 58
High tide 60 60 57 55 Low tide 65 64 62 58
60 59 56 55 64 63 60 58
6-19-68 67 67 66 61 9-25-68 63 63 62 58
Low tide 67 66 €2 61 Low tide 63 63 61 S7
66 65 59 55 63 62 60 56
6~19-68 66 65 63 56 9-25-68 64 60 58 58
High tide 65 64 58 52 High tide 62 59 57 55
62 61 57 50 60 59 56 54
7-8-68 70 69 62 57 10-9-68 57 56 56 52
Low tide 70 69 60 55 Low tide 56 56 55 51
69 67 59 51 56 56 54 51

1/ Measurements ave for surface, mid-depth, and bottom positionms, respectively.

2/ Insufficient depth to make a difference in values.
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Station Station
Date B C E G Date B C E G
10-9-68 56 55 54 52 2~7-69 44 44 44 46
High tide 55 54 52 51 High tide 44 44 45 46
54 53 52 51 45 45 46 46
10-31-68 54 54 S5 55 2-21-69 47 47 47 47
Low tide 54 54 55 585 Low tide 47 47 47 47
54 55 55 54 47 47 47 48
10-31-68 53 53 53 53 2-21-69 47 48 48 48
High tide 54 54 53 53 High tide 47 48 48 48
54 54 53 53 47 48 48 49
11-14-68 50 50 50 49 3-21-69 51 51 50 50
Low tide 50 50 50 50 Low tide 51 51 50 50
50 51 53 53 51 51 50 50
11-14-68 50 50 49 48 3-21-69 52 52 51 51
High tide 50 50 53 52 High tide 52 52 51 51
52 53 53 53 52 51 50 50
12-12-68 49 49 49 48 4-7-69 55 54 54 53
Low tide 49 49 49 48 Low tide 55 54 54 53
49 49 49 50 56 55 53 53
12-12-68 48 48 49 49 4-7-69 54 54 54 54
High tide 48 48 49 50 High tide 54 53 52 52
48 49 50 51 54 53 52 52
1-8-69 47 47 47 48 4-21-69 57 57 56 55
Low tide 47 47 47 48 Low tide 57 57 56 55
47 47 48 48 57 57 55 54
1-8-69 47 47 48 48 4-21-69 57 57 56 54
High tide 47 47 48 49 High tide 56 56 54 54
48 49 49 50 56 55 54 54
1-21-69 43 43 44 45 5-12-69 64 64 62 57
Low tide 43 43 44 45 Low tide 64 64 60 55
44 44 46 47 64 64 60 54
1-21-69 45 46 47 48 5-12-69 60 59 56 53
High tide 46 47 48 49 High tide 60 58 54 49
47 47 48 49 60 57 54 49
2-7-69 43 43 43 44 5-28-69 63 63 60 58
Low tide 43 43 44 45 Low tide 63 63 60 58
43 43 44 45 62 62 59 57



Table B (cont'd)
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Station
Date B C E G
2-9-70 50 50 50 50
Low tide 2/ 50 50 50
2/ 50 50 50
2-9-70 52 52 52 53
High tide 52 52 53 53
52 52 53 53
2-24-70 49 49 50 50
Low tide 2/ 49 50 50
50 50 50 50
2-24-70 52 53 52 53
High tide 52 53 52 53
52 53 53 53
3-10-70 51 50 51 52
Low tide 2/ 50 51 51
2/ 50 51 51
3-10-69 53 53 53 53
High tide 52 52 53 53
52 52 53 53
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Table C. Dissolved Oxygen Values (ppm at Tray Level)
from Yaquina Bay, April 1968-March 1970
Station Station

Date B C E G pDate B C E G

4-16-68 10.0 10.4 9.5 8.8 8-28-68 5.4 5.4 6.0 7.0

Low tide Low tide

4-16-68 10.2 8.9 9.0 9.0 8-28-68 6.4 6.5 8.2 8.5

High tide High tide

4-30-68 9.4 9.4 8.3 8.3 9~25-68 6.4 6.4 6.8 7.0

Low tide Low tide

4-30-68 8.8 8.2 9.1 10.0 9-25-68 7.0 7.5 7.4 7.3

High tide High tide

£-13-68 6.9 6.9 7.0 7.8 10-9-68 7.3 7.5 8.0 7.8

Low tide Low tide

5-13-68 8.0 8.0 10.2 10.8 10-9-68 8.2 8.4 8.4 8.8

High tide High tide

5-31-68 7.5 7.4 7.0 7.6 10-31-68 8.5 8.6 8.7 9.2

Low tide Low tide

5-31-68 8.2 8.2 8.0 8.2 10-31-68 8.4 8.4 8.5 8.6

High tide High tide

6-19-68 8.2 8.8 9.1 9.6 11-14-68 9.6 9.4 9.4 9.3

Low tide Low tide

6~19-68 7.5 7.5 6.6 6.0 11-14-68 9.2 9.3 8.6 8.9
~High tide High tide

7-8-68 7.5 7.8 6.5 6.5 12-12-68 10.2 10.3 10.0 10.2

Low tide Low tide

7-8-68 6.9 6.4 5.6 5.0 12-12-68 10.3 10.5 10.0 9.9

High tide High tide

7-22-68 7.9 8.1 7.1 6.2 1-8-69 10.6 10.6 10.3 10,2

Low tide Low tide

7-22-68 6.8 6.4 6.7 5.4 1-8-69 10.7 10.7 10.0 9.6’

High tide High tide

8-5-68 6.2 6.6 7.6 10.7 1-21-69 10.7 10.7 10.1 9.5

Low tide Low tide

8-5-68 6.3 6.5 9.0 9.7 1-21-69 10.2 8.9 9.2 9.0

High tide High tide



Table C (cont'd)
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Station Station _
Date B C E G Date B Cc E G
2-7-69 11.1 11.2 10.7 10.2 6~26-69 8.9 8.0 8.3 8.8
Low tide High tide
2-7-69 10.8 10.9 10.1 10.2 7-25-69 8.6 9.4 9.0 9.2
High tide Low tide
2-21-69 10.6 10.7 10.2 9.6 7-25-69 8.5 8.6 8.0 6.2
Low tide High tide
2-21-69 10.4 10.3 9.8 9.8 8-15-69 5.9 5.8 6.8 6.4
High tide Low tide
3-21-69 10.9 11.2 11.1 10.1 8-15-69 7.2 6.7 6.4 6.2
Low tide High tide
4-7-69 8.9 9.0 9.4 9.2 8-29-69 5.4 5.5 6.4 8.0
Low tide Low tide
4-7-69 9.4 9.3 9.5 9.8 8-28-69 8.0 8.2 8.4 8.8
High tide High tide
4'21-69 9.0 gol 807 806 9-16’69 6.4 6-6 7;1 6.0
Low tide Low tide
4-21-69 9.1 8.6 8.9 9.6 9-16-69 7.6 7.4 6.9 7.0
High tide High tide
5-12-69 8.9 9.0 8.6 7.4 10-6-69 8.2 8.0 8.4 9.6
Low tide Low tide
5-12-69 8.2 7.6 6.8 5.3 10-6-69 7.6 7.9 8.3 8.7
High tide High tide
5-28-69 7.4 7.5 8.1 8.8 10-21-69 8.2 8.0 8.4 9.0
Low tide Low tide
£-23-69 8.2 8.0 7.7 9.0 10-21-69 8.1 8.6 8.8 8.9
High tide High tide
6~10-69 7.6 7.6 7.4 8.0 11-18-69 9.2 9.2 9.0 9.2
Low tide Low tide
6-10-69 7.0 6.7 7.2 7.8 11-18-69 8.3 8.8 9.2 9.1
High tide High tide
6-26"69 8.9 1002 9:.1 900 12"'5-69 996 9.4 900 902
Low tide Low tide



Table C (cont'd)

Station
Date B C E G
12-5-69 8.5 8.8 8.9 9.0
High tide
12"’30"69 10.2 9.9 9.4 9;1
Low tide
12-30-69 10.0 10.1 8.9 8.8
High tide
1-28-70 10.4 10.4 9.6 2,2
High tide
2-9-70 10.0 10.1 9.7 9.4
Low tide
2-9-70 9.6 9.2 9.1 9.0
High tide
2-24-70 10.2 10.2 9.4 9.0
Low tide
2-24-70 9.3 9,0 9.3 9.0
High tide
3‘10“70 9.? 809 9»4 806
Low tide
3-10-70 8.9 8.7 9.0 9.4

High tide
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Table D, Secchi Disc Readings (ft) from Yaquina Bay,
April 1968-March 1970
Station Station
Date B C E G Date B C E G
4-16-68 p 74 2.0 2.5 4.0 8-5-68 4.0 4.0 5.0 7.0
Low tide Low tide
4-16-68 4.0 4.5 4.5 5.5 8-5-68 4.0 5.0 5.0 7.5
High tide High tide
4-30-68 3.5 3.5 4.5 4.5 8-28-68 3.5 3.5 4.0 6.0
Low tide Low tide
4“30"68 4.5 5:0 500 605 8"28'68 4.5 5.0 ?00 1000
High tide High tide
5-~13-68 1/ 2.5 2.5 2.5 9-11-68 5.0 5.0 5.0 8.0
Low tide Low tide
5-13-68 2.5 3.0 3.5 5.5 9-25-68 4.0 3.5 4.0 5.5
High tide Low tide
5-31-68 3.0 3.0 3.5 4.0 9-25-68 5.0 5.5 7.0 7.5
Low tide High tide
5-31-68 3.5 4,0 4.5 10.0 10-9-68 4.5 4.5 6.0 8.5
High tide Low tide
6-19-68 3.5 4.0 4.0 5.0 10-9-68 5.5 6.0 6.5 10.0
Low tide High tide
6-19-68 4.0 4.0 4.5 7.0 10-31-68 5.0 5.0 6.0 7.0
High tide Low tide
7-8-68 3.5 3.5 4.0 8.0 10-31-68 6.0 6.0 5.5 6.5
Low tide High tide
7-8-68 3.5 4.0 4.0 11.n 11-14-68 3.0 3.0 3.5 3.0
High tide Low tide
7-22-68 3.0 3.5 4.5 10.0 11-14-68 3.0 3.0 3.0 4.5
Low tide High tide
7-22-68 3.5 4.0 4.5 6.0 12-12-68 1.0 1.0 1.0 1.5
High tide Low tide

1/ Insufficient depth to obtain reading,



Table D (cont'd)
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Station Station
Date B C E G Date B C E G
12-12-68 1.0 1.0 1.0 1.5 5-28-69 4.0 4.5 5.0 6.5
High tide Low tide
1-8-69 1.0 1.¢ 1.5 2.5 5-28-69 4.0 4.0 4.5 6.5
Low tide High tide
1-8-69 1.5 1.5 2.0 3.5 6-10-69 4.0 4.5 5.0 8.0
High tide Low tide
1-21-69 3.0 3.0 3.5 6.0 6~10-69 5.0 5.0 7.5 11.0
Low tide High tide
1-21-69 5.0 5.5 5.5 8.0 6-26-69 4.5 4,0 5.5 7.0
High tide Low tide
2-7-69 4.0 4,5 5.0 7.5 6-26-69 4.0 5.0 5.5 7.0
Low tide High tide
2-7-69 5.0 5.0 6.5 8.5 7-25-69 4.0 4.5 5.5 9.0
High tide Low tide
2-21-69 4.0 4,5 4,5 6.5 7-25-69 4.5 5.0 5.0 11.0
Low tide High tide
2-21-69 6.0 6.0 7.5 8.5 8-15-69 3.0 3.5 4.0 6.0
High tide Low tide
3-21-69 3.5 3.5 3.0 7.0 8-15-69 4.0 4.5 7.0 8.0
Low tide High tide
3-21-69 5.0 6.0 7.0 9.5 8-29-69 3.0 3.5 3.5 4.0
High tide Low tide
4-7-69 1/ 1/ 6.0 5.5 8-29-69 4.0 4.0 6.5 6.5
Low tide High tide
4-7-69 7.0 7.0 3.5 8.0 9-16-69 4.5 5.0 4.5 7.5
High tide Low tide
4-21-69 1/ 4,0 5.5 6.0 9-16-69 5.5 5.5 7.0 11.0
Low tide High tide
4-21-69 4,5 5.0 6.5 8.0 10-6-69 1/ 6.0 5.5 8.5
High tide Low tide
5-12-69 4.0 4.0 4.0 8.0 10-6-69 5.0 6.0 6.0 8.0
Low tide High tide
5-12-69 5.0 5.5 7.0 9.5 10-21-69 5.0 6.5 6.5 10.0
High tide Low tide



Table D {cont'd)

Station
Date B C E G
10"21"69 SQO 605 705 8.5
High tide
11-18-69 1/ 6.0 6.0 6.5
Low tide
11-18-69 5.0 5.0 5.0 7.0
High tide
12-5-69 1/ 5.0 7.0 5.0
Low tide
12-5-69 6.0 7.0 8.5 10,0
High. tide
12-30-69 1/ 5.0 5.0 5.0
Low tide
12-30-69 1/ 5.0 5.0 6.0
High tide
1-28-70 1.8 1.5 1.5 1.8
High tide
2-9-70 1.5 2.0 2.0 2.0
Low tide
2-9-70 3.0 3.5 3.5 6.0
High tide
2-24-70 1/ 4.5 5.0 4.0
Low tide
2-24-70 4.0 4.0 5.0 8.5
High tide
3-10-70 1/ 4.6 5,0 5.0
Low tide
3-10-70 4.0 6.0 6.0 9.0

High tide
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Table E. Nutrient Values (uM) from Yagquina Bay,
August 1971-January 1972

Station- Nitrate +
Tide Depth Sample Phosphatel/ Silicate Nitrite

Date (ft) (ft) No. (uM) {uM) (urt)
8-10-71 - 0.5 0 Al 1.21 49.4 6.2
3 A2 1.66 49.8 8.2
0 B1 1.46 36.9 3.4
7 B 2 1.62 32.2 2.7
8.4 0 A3 1.39 18.3 1.5
11 A4 1.14 13.4 0.8
0 B3 0.79 15.8 0.7
15 B4 0.62 10.1 1.4
8~24-71 0.7 0 A5 1,31 41.1 6.1
4 A6 1.51 40,5 6.0
0 BS 1.48 26.4 3.7
7 B 6 1.87 33.4 3.2
7.5 0 A7 1.14 28.6 2.7
11 A8 1.00 23.8 1.6
0 B7 0.83 17.8 1.2
15 B 8 0.91 13.9 1.3
9-9-71 1.6 0 A9 1.31 58.4 10.5
5 Al0 1.54 60.9 10.7
0 B9 1.19 45.2 6.8
8 B10 1.63 31.8 4.4
8.9 0 All 1.48 29.1 4.1
13 Al2 1.12 25.3 3.8
0 Bl1 0.97 20.0 4.3
17 B12 1.19 17.9 4.7
9-24-71 3.1 0 Al13 1.15 57.0 12.3
6 Al4 1.65 54.3 12.4
0 B13 1.42 52.5 12.2
10 Bl4 1.27 61.3 11.6
7.7 0 Als 1.08 46.1 11.2
11 Alé 1.15 40.2 10.6
0 B15 0.95 38.5 9.4
15 Blé6 0.59 20.5 3.5
10-7-71 2,1 0 Al7 1.25 66.0 10.9
5 Al8 1.35 63.7 10.4
0 B17 1.51 44,1 6.8
9 B18 1.26 30.2 5.7
9.5 0 Al9 1.02 22.4 7.0
13 A20 1.34 28.6 3.6
0 B19 1.01 20.6 7.7
17 B20 1.26 21.4 9.0

1/ PO,'s probably within +0.10 or so. Samples had a lot of silt and detri
wkgch affeeted the 904-cmalysie. e ! detritus
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Table E. (cont'd)

Station- Nitrate +

Tide Depth Sample Phosphatel/ Silicate Nitrite
Date (ft) (ft) No. M) fuM) (uM)
10-21-71 3.2 0 A2l 0.80 36.1 6.2
7 A22 1.57 57.1 10.8
0 B21 1.14 58.6 11.0
10 B22 1.28 31.8 7.9
8.5 0 A23 1.25 59.9 11.1
11 A24 1,13 28.3 7.5
0 B23 1.17 28.8 7.3
15 B24 1.09 15.4 6.0
11-11-71 7.1 0 A25 0.84 80.0 28.0
11 A26 0.99 38.0 11.0
0 B25 0.87 62.0 0.0
14 B26 1.04 32.0 9.0
- 3.0 0 A27 0.74 116.0 39.0
6 A28 0.89 64.0 30.0
0 B27 0.77 94.0 33.0
10 B28 0.84 54,0 16.0
11-29-71 9.4 0 A29 0.69 138.0 83.0
11 A30 1.06 60.0 30.0
0 B29 0.61 132.0 71.0
15 B30 0.77 44.0 17.0
- 2.4 0 A3l 0.84 107.0 80.0
6 A32 0.74 96.0 78.0
0 B31 1.14 123.0 65.0
10 B32 1.47 103.0 59.0
12-13-71 8.2 0 A33 0.54 91.0 70.0
10 A34 0.90 94.0 39.0
0 B33 0.89 37.0 59.0
13 B34 0.76 50.0 17.0
- 0.8 0 A35 0.68 130.0 78.0
4 A36 0.72 94.0 79.0
0 B35 0.67 127.0 67.0
7 B36 1 0.99 119.0 61.0
12-30-71 10.0 0 A37 0.64 154.0 59.0
12 A38 1.03 46.0 17.0
0 B37 0.96 77.0 28.0
15 B38 1.05 35.0 14.0
- 1,6 0 A39 1.36 133.0 57.0
2 A40 1,32 135.0 60.0
0 B39 1.19 121.0 54.0
5 B40 2.41 46.0 41.0
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Table E. (cont'd)

Station- Nitrate +
Tide Depth Sample Phosphatel/  Silicate Nitrite
Date (ft) (ft) No. (uM) (uM) (ui)
1-28-72 8.2 0 A4l 1.36 62.0 22.0
10 A42 0.57 149.0 51.0
0 B41 0.89 101.0 40.0
15 B42 1.47 45.0 17.0
- 1.0 0 A43 0.78 126.0 58.0
2/ Ad4 2/ 2/ 2/
0 B43 1.83 65.0 40.0
5 B44 1.59 84.0 46.0

2/ Insufficient depth to make a difference in values.



